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fiz; f'k{kkFkhZ]

lekt dh vko';drk,¡] [+kkl rkSj ij fo'ks"k lewgksa dh t+:jrsa] le; ds lkFk&lkFk cnyrh jgrh gSa vr,o
mudh vk'kkvksa dks iwjk djus ds fy, i¼fr;ksa dks Hkh cnyrs jguk pkfg,A f'k{kk ifjorZu dk ,d lkèku
gSA lgh rjhds dh f'k{kk ;fn lgh le; ij nh tk,] rks mlls lekt ds oSpkfjd n`f"Vdks.k esa ldkjkRed
ifjorZu yk;k tk ldrk gS vkSj ubZ pqukSfr;ksa dk lkeuk djus vkSj dfBu ifjfLFkfr;ksa ij fot; gkfly
djus dh {kerk izkIr dh tk ldrh gSA le;&le; ij ikB~;p;kZ dks v|ru cukdj ge mi;qZDr y{;
dks izHkkoh :i ls izkIr dj ldrs gSaA u cnyus okyh ikB~;p;kZ ls dksbZ mn~ns'; iwjk ugha gksrk] D;ksafd
;g O;f"V vkSj lef"V dh rRdkyhu vko';drkvksa vkSj vkdka{kkvksa dh iwfrZ ugha djrkA

blh mn~ns'; ls ns'k Hkj ds f'k{kkfon~ fu;fer le; vUrjky ij ,df=kr gksrs gSa vkSj vko';d vkSj mi;ksxh
ifjorZuksa ds ckjs esa fopkj&foe'kZ djrs gSaA ifj.kkeLo:i jk"Vªh; ikB~;p;kZ :ijss[kk (,ulh,iQ 2005)
rS;kj dh xbZ ftlesa f'k{kk ds fofHkUu Lrjksa izkbejh] izkFkfed] ekè;fed rFkk mPprj ekè;fed Lrj ij
okafNr@vko';d f'k{kk ds izdkjksa dks foLrkj ls izLrqr fd;k x;kA

bl :ijs[kk ds lkFk&lkFk vU; jk"Vªh; rFkk lkekftd eqn~nksa dks è;ku esa j[kdj geus mPprj ekè;fed
Lrj ij HkkSfrdh dh ikB~;p;kZ dks jk"Vªh; 'kS{kf.kd vuqlaèkku ,oa izf'k{k.k ifj"kn (NCERT) ,oa fo|ky;h
f'k{kk cksMks± dk ifj"kn~ (COBSE) }kjk iznÙk lkekU; ØksM ikB~;p;kZ ds vuqlkj bls v|ru rFkk
vko';drk vuq:i cukdj la'kksfèkr fd;k gSA ikB~; lkexzh fuekZ.k ,uvkbZvks,l ds lHkh eqDr ,oa nwj
vfèkxe iz.kkyh }kjk iznku fd, tkus okys dk;ZØeksa dk vfHkUu vkSj vko';d vax gS] blfy, geus
vè;;u&lkexzh dks f'k{kkFkhZ&vuqdwy] #fpdj vkSj vkd"kZd cukus ij fo'ks"k è;ku fn;k gSA

eSa mu lHkh fon~okuksa ds izfr vkHkkj O;Dr djrk gw¡] ftUgksaus bl lkexzh dks #fpdj vkSj mi;ksxh cukus
esa egÙoiw.kZ Hkwfedk fuHkkbZ gSA eq>s mEehn gS fd vki bls vkd"kZd vkSj vuqdwy ik,¡xsA

jk"Vªh; eqDr fo|ky;h f'k{kk laLFkku dh vksj ls] eSa vkids mTToy vkSj liQy Hkfo"; dh dkeuk djrk
gw¡A

(MkW- ,l-,l- tsuk)
vè;{k

jk"Vªh; eqDr fo|ky;h f'k{kk laLFkku

vè;{k dk lans'k



funs'kd dh dye ls

fiz; f'k{kkFkhZ]

Lokxre~

jk"Vªh; eqDr fo|ky;h f'k{kk laLFkku dk 'kSf{kd foHkkx ges'kk vkidh vko';drkvksa ds vuq:i u,
dk;ZØe rS;kj djus dh dksf'k'k djrk gSA O;kid rqyukRed vè;;u ds mijkar geus ik;k fd gekjh
ikB~;p;kZ vf/d dk;kZRed] thou ls tqM+h gqbZ rFkk lgt gSA geus ns'k ds izeq[k f'k{kk'kkfL=k;ksa dks
vkeaf=kr dj muds funsZ'ku esa HkkSfrdh ikB~;p;kZ dks la'kksf/r djds v|ru cuk;k gSA

lkFk gh] geus iqjkuh rFkk fujFkZd lwpukvksa dks gVkdj ubZ rFkk mi;ksxh lkexzh dks tksM+k gS rFkk vfèkxe
lkexzh dks vkids fy, vkd"kZd vkSj izHkkoh cukus dk iz;kl fd;k gSA

eq>s fo'okl gS fd vki bl ubZ lkexzh dks #fpdj vkSj vkd"kZd ik,saxs ftlesa vkidks djus ds fy,
cgqr ls fØ;kdyki feysaxsA vkxs vkSj lq/kj ykus ds fy, fn, x, vkids lq>koksa dk Lokxr gSA

vkids lq[kn rFkk liQy thou dh dkeuk djrk gw¡A

(MkW- dqynhi vxzoky)
funs'kd ('kSf{kd)

jk"Vªh; eqDr fo|ky;h f'k{kk laLFkku



f'k{kkFkhZ dks i=k

fiz; f'k{kkFkhZ]

jk"Vªh; eqDr fo|ky;h f'k{kk laLFkku (jk-eq-fo-f'k-la-) ds la'kksfèkr HkkSfrdh ikB~;Øe esa vkidk Lokxr gSA HkkSfrdh
ds ikB~;Øe dks vc vkB ekWM~;wyksa esa ckaVk x;k gS] ftuesa fofHkUu Fkheksa ij dqy feykdj 30 ikB gSaA bu vkB
ekWM~;wyksa esa eq[;r% ;kaf=kdh] fo|qr] izdk'k rFkk HkkSfrdh ds vU; {ks=kksa dh ,slh vk/kj Kku fu:fir djus okyh
fo"k;oLrq lfEefyr gS ftldh vxz.kh {ks=kksa esa izxfr djus ds fy, rFkk bl rF; ds izfr iz'kalkRed Hkko fodflr
djus ds fy, vko';drk gS fd HkkSfrdh vf/dka'k fLFkfr;ksa esa ,d egRoiw.kZ Hkwfedk fuHkkrh gSA

ekWM~;wy VIII esa vuqiz;ksx ;qDr fof'k"V {ks=k] tSlsμvèkZpkyd] bysDVªkWfudh rFkk lapkj lfEefyr fd, x, gSaA

HkkSfrdh ikB~;Øe ds rhu Hkkx gSaA Hkkx 1 rFkk 2 lS¼kafrd {ks=k ls lacafèkr gSa rFkk Hkkx 3 esa izk;ksfxd dk;Z gSA Hkkx
1 esa pkj ekWM~;wy lekfo"V gSaA ekWM~;wy I esa xfr] cy ,oa ÅtkZ ls lacafèkr lkr ikB gSaA ekWM~;wy II esa Bksl ,oa
rjy inkFkks± dh ;kaf=kdh ij nks ikB gSa vkSj ekWM~;wy III esa Å"eh; HkkSfrdh ij vkèkkfjr rhu ikB gSaA ekWM~;wy IV

esa nksyu ,oa rjaxksa ij nks ikB gSaA Hkkx nks esa vU; pkj ekWM~;wy lekfo"V fd, x, gSaA ekWM~;wy V esa fo|qr ,oa pqacdRo
ls lacafèkr 5 ikB gSa] tcfd ekWM~;wy VI esa izdkf'kdh ,oa izdk'kdh; midj.k ij pkj ikB gSaA ekWM~;wy VII esa
ijek.kq ,oa ukfHkd ls lacafèkr pkj ikB gSa vkSj ekWM~;wy VIII esa vèkZpkyd ;qfDr;ka ,oa lapkj ij rhu ikB gSaA

lkoZtfud ijh{kkvksa  (ih-bZ-) esa ikB~;Øe dk cks> gYdk djus ds fy, ;g fu'p; fd;k x;k gS fd mPprj ekè;fed
HkkSfrdh ds dqN vkèkkjHkwr ikBksa dks f'k{kd vafdr ewY;kadu i=k (Vh-,e-,-) esa ewY;kadu gsrq j[kk tk,A ;s ikB
gSaμek=kd] foHkk,a ,oa lfn'k] lery esa xfr] xq#Rokd"kZ.k] n`<+ fiaM dh xfr] Bkslksa ds izR;kLFk xq.k] xSlksa dk v.kqxfr
fl¼kar] Å"ek lapj.k ,oa lkSj ÅtkZ] ljy vkorZ xfr] izdk'k dk ijkorZu ,oa viorZu] izdk'kh; ;a=k rFkk lapkj
iz.kkfy;kaA ekWM~;wy VIII rd ds vU; ikB lkoZtfud ijh{kkvksa (ih-bZ-) ds fy, gSaA

ge vk'kk djrs gSa fd vki bl vfèkxe lkexzh dks u dsoy mi;ksxh ik,axs] cfYd Lo;a dks U;k;laxr <ax ls lkspus
okys balku] tks lekt esa ,d xq.kkRed varj yk ldrk gS] ds :i esa cnyus esa Hkh lgk;d gksaxsA gesa vk'kk gS fd
;g ubZ Lo&vfèkxe lkexzh vkidks HkkSfrdh ds u, ;qx esa ys tk,xhA

bl ikB~;Øe ls lacafèkr fdlh Hkh izdkj dh dfBukbZ ;k 'kadk lekèkku ds fy, gesa fy[kus esa ladksp u djsaA ge
vkids lq>koksa vkSj vkykspukvksa dk Hkh Lokxr djrs gSa] D;ksafd ;s gesa HkkSfrdh dh bl Lovè;;u lkexzh lqèkkj
djus esa lgk;d gksxhA

ge vk'kk djrs gSa fd vki bl ikB~;Øe dks #fpdj ik,axs vkSj blds vè;;u esa vkuan izkIr djsaxsA

y{; ij n`f"V dsafnzr djsa vkSj fu'kkuk lkèks!!!

vkidh liQyrk ds fy, 'kqHkdkeuk,a

(MkW- vkyksd dqekj xqIr)
ikB~;Øe leU;od] HkkSfrdh
bZ&esy%  aophy@nios.ac.in



HkkSfrdh ,oa blds {ks=k esa Hkkjr dk ;ksxnku

HkkSfrd foKku dh og 'kk[kk gS ftldk laca/ izÑfr rFkk nzO; ,oa ÅtkZ ds xq.kksa ls gSA HkkSfrdh
dh fo"k; oLrq esa 'kkfey gS% ;kaf=kdh] Å"ek] izdk'k ,oa vU; fofdj.k] èofu] fo|qr] pqEcdRo
,oa ijek.kq lajpukA ;g nzO;] ÅtkZ vkSj bu nksuksa ds chp dh vU;ksU;fØ;kvka dk oSKkfud vè;;u
gSA

egf"kZ d.kkn~] vkpk;Z vk;ZHkV~V rFkk HkkLdjkpk;Z vkfn Hkkjrh; Hkwfe ds izkphu euhf"k;ksa us vius
;qx ds vU; nk'kZfudksa dh rqyuk esa cgqr vkxs dh vUrnZ̀f"V;k¡ izLrqr dh FkhA egf"kZ d.kkn~ nzO;
o ijek.kq fl¼kUr ds izkphure leFkZdksa esa ls ,d Fks vkSj os txr dh lHkh ?kVukvksa dks ijek.kq
ds inksa esa le>kus ds fy, fo[;kr FksA vkpk;Z vk;ZHkV~V izkphu Hkkjr dh vizfre xf.krh; izfrHkk
Fks ftUgksaus u dsoy fnu&jkr vkSj ½rqvksa ds Øe dks Øe'k% i`Foh dh ?kw.kZu ,oa ifjØe.k xfr;ksa
ls tksM+dj O;Dr fd;k Fkk U;wVu ls cgqr igys xq:Ro cy dh ladYiuk Hkh nh FkhA HkkLdj
vkpk;Z ,d vlk/kj.k xf.krK Fks ftUgksaus fdlh Hkh le; fdlh Hkh [kxksfyd fiaM dh fLFkfr
ds ifjdyu ds fu;e fu/kZfjr fd, FksA mudh ifjdyu fof/;k¡ Hkkjr ds dqN Hkkxksa esa vkt
Hkh izpfyr gSaA

HkkSfrdh ges'kk ls ,d izsj.kknk;h fo"k; jgk gSA rFkkfi 20oha 'krkCnh ds iwokZ¼ esa nzqr Øe esa
gqbZ ewyHkwr [kkstksa us gekjh fnd~dky] nzO; vkSj ÅtkZ laca/h ladYiukvksa esa vkewypwy ifjorZu
yk fn;kA iwoZorhZ 'krkCnh dk ,dvU; cM+k y{k.k fdlh ubZ [kkst vkSj mlds vuqiz;ksxksa ds chp
mÙkjksÙkj ?kVrk le; vUrjky jgk gS tks 'krkfCn;ksa ls ?kV dj ek=k dqN o"kZ jg x;k gSA ;g
foKku vkSj izkS|ksfxdh ds chp fudV laca/ cu tkus ds dkj.k gh gks ldkA blfy, ;g LokHkkfod
gh gS fd Kku&lekt dk Hkkoh fodkl] m|e&{kerkvksa ls lUu¼] lqizf'kf{kr oSKkfud ekuo lalkèkuksa
dh miyC/rk ij cM+s ifjek.k esa fuHkZj djsxkA HkkSfrdh dk vè;;u djus] bl fo"k; esa vPNs
ifj.kke ykus vkSj laiks"; jk"Vªh; o`f¼ vkSj fodkl ds izØe esa Hkkx ysus ds fy, ;g i;kZIr
cM+k izsj.kk lzksr gksuk pkfg,A

vk/qfud dky esa Hkh Hkkjrh; HkkSfrdhfonksa ,oa vfo"dkjdksa ds :i esa vusd ,slh izfrHkk,a izdV
gqbZ ftUgksausa HkkSfrdh ds fofHkUu {ks=kksa essa viuk flDdk tek;kA buesa ls vusd us fo'o ds fofHkUu
Hkkxksa es izkSUur oSKkfud vuqla/ku esa egRoiw.kZ ;ksxnku fd;kA

izks lh- oh- je.k (ftUgsa muds jeu izHkko ds fy, 1930 dk HkkSfrdh dk ukscsy iqjLdkj feyk)]
izks- gkseh tgk¡xhj HkkHkk (Hkkjrh; ijek.kq ÅtkZ dk;ZØe ds eq[; f'kYih ds :i esa fo[;kr)] izks-
es?kukn lkgk ([kxksyHkkSfrdhfon~ ftUgksaus rkjksa dh jklk;fud vkSj HkkSfrd n'kkvksaa dh O;k[;k ds
fy, lkgk lehdj.ksa izLrqr dh)] MkW- txnh'k pUnz cksl (jsfM;ks ,oa ekbØksoso izdkf'kdh vuqlaèkku
ds vxznwr) izks- lR;sUnz ukFk cksl (vYcVZ vkbUlVkbu ds lkFk feydj fo|qr pqEcdh; fofdj.kksa



ds xSl or~ O;ogkj laca/h ,d fl¼kUr ds fodkl ds fy, izfl¼)] MkW- lqcze.;e~ pUnz'ks[kj
(Hkkjh rkjksa dh fodkl voLFkkvksa laca/h vuqla/ku ds fy, 1983 ds ukscsy iqjLdkj fotrk)]
Mk- iz'kkUr pUnz egkyuksfol (Hkkjrh; lkaf[;dh; laLFkku ds laLFkkid)] Mk- foØe lkjkHkkbZ] izks-
lrh'k /ou] izks- ds-,l- Ñ".ku] izks- Mh-,l- dksBkjh] izks- ts-oh- ukyhZdj] izks- bZ-lh-th- lqn'kZu]
izks- v'kksd lsu] izks- jktk leUuk] MkW- ,-ih-ts- vCnqy dyke (iwoZ jk"Vªifr] Hkkjr rFkk Hkkjr esa
felkby ,oa ukfHkdh; vL=k dk;ZØeksa ds fodkl esa viuh fu.kkZ;d Hkwfedk ds fy, izfl¼) rFkk
,sls vusd lEekfur HkkSfrdhfon~ jgs gSa ftUgksaus u dsoy gekjs jk"Vªh; oSKkfud laLFkkuksa ds fuekZ.k
esa cfYd oSf'od foKku ds fodkl esa Hkh viuk cgqewY; ;ksxnku fd;k gSA vkt oSKkfud fodkl
ds fy, vUrjkZ"Vªh; lg;ksx dks vkeaf=kr fd;k tk jgk gSA gekjs vusd HkkSfrdhfon~ bu vUrjkZ"Vªh;
iz;klksa dk fgLlk gSaA

izfØ;k dk Kku vFkkZr fcuk ladYiuk ij idM+ cuk, dsoy mÙkj ikus ds fy, leL;k dks gy
djuk dkiQh ugha gSA mPprj ekè;fed Lrj ij HkkSfrdh dks csgrj <+ax ls le>us ds fy, vki
dks izfØ;kRed vkSj ladYiukRed nksuksa gh izdkj ds Kku dks fodflr djus dh vko';drk gksxhA
Lo&f'k{kkFkhZ ds :i esa vkidks ,dyO; tSlh ftKklk] yxu] vè;olk;  ,oa {kerk dk izn'kZu
djuk gksxkA vkRefo'okl vkSj foKku lh[kus esa lPph :fp] mRlkgh vkSj viuh igy ij liQy
Lora=k f'k{kkFkhZ cuus ds fy, vko';d dkS'kyksa ds fodkl esa lgk;d gksaxsA vuqHko n'kkZrk gS fd
feytqy dj lh[kus ls csgrj ifj.kke izkIr gksrs gSaA

HkkSfrdh vkids Hkkoh o`fÙkd thou ds fy, ,d etcwr lgkjk lkfcr gks ldrh gSA vusd fo'ofo|ky;h
Lukrd ikB~;Øeksa ds fy, HkkSfrdh ,d iwoZ vko';drk gksrh gSA tks f'k{kkFkhZ HkkSfrdh dks xaHkhjrk
ls u ysus dh xyrh djrs gsa vFkok ekè;fed ,oa mPprj ekè;fed Lrjksa ij bldh mis{kk djrs
gSa] os vius Hkkoh thou esa ,sls vusd o`fÙkd volj [kks nsrs gSa tks vU;Fkk mUgsa fey ldrs
FksA Hkkoh o`fÙk dh n`f"V ls HkkSfrdh ds egRo ij ftruk Hkh cy fn;k tk, de gSA vkxs fn,
x, fo"k;ksa esa vFkkZr HkkSfrd foKkuksa] thou ,oa LokLF; foKkuksa] vUrfj{k ,oa lapkj vfHk;kaf=kdh
,oa rduhdh foKkuksa tSls daI;wVj foKku] usVofd±x] lkWÝVos;j fodkl vkfn esa fMxzh izkIr djus
ds fy, vkidks HkkSfrdh dk vPNk Kku gksuk vko';d gSA mPprj ekè;fed Lrj ij HkkSfrdh
lh[kus ls fuEufyf[kr {ks=kksa esa o`fÙk pquus esa lgk;rk fey ldrh gS%

HkkSfrdh f'k{kd vFkok ysDpj

oSKkfud ;k vUos"kd

vfHk;kaf=kdh vkSj izkS|ksfxdh

Hkkjrh; LFky lsuk@Hkkjrh; ok;q lsuk@Hkkjrh; ty lsuk

lsok p;u vk;ksx (,l-,l-lh-)

ekuo lalk/u ,oa iz'kklu esa daI;wVu ,oa vU; o`fÙk;k¡



vkidh vè;;u lkexzh dk fodkl eqDr ,oa nwjLFk&vè;;u osQ HkkSfrdh fo'ks"kKksa osQ ,d ny }kjk fd;k x;k gSA
Lo% vè;;u osQ fy, blesa ,d lqlaxr izk#i dk vuqlj.k fd;k x;k gSA fuEufyf[kr fcUnq vkidks lq>k;saxs fd bl
eqfnzr lkexzh dk loksZÙke mi;ksx vki oSQls dj ldrs gSaA

'kkh"kZd ,d vfxze laxBd gS vkSj ikB dh fo"k;&oLrq dk vkHkkl vkidks nsrk gSA bl ij fopkj dhft,A
izLrkouk ikB dh fo"k; oLrq dks mosQjrh gS vkSj vkiosQ iwoZ Kku ,oa vklikl osQ okrkoj.k esa ?kVrh
izko`Qfrd ifj?kVukvksa ls mldks tksM+rh gSA bls vPNh rjg if<+,A
mís'; fo"k; oLrq dks ikB i<+ ysus osQ i'pkr vkidh okafNr miyfCèk;ksa osQ lkFk tksM+rs gSaA bUgsa ;kn
jf[k,A
fo"k; oLrq dks ikB esa nh xbZ voèkkj.kkvksa esa vUrfuZfgr ,drk dks è;ku esa j[krs gq, [kaMksa ,oa mi [kaMksa
esa ck¡V dj izLrqr fd;k x;k gSA ikB~; oLrq dks è;ku ls if<+, vkSj i`"B ij NksM+s x, gkf'k, esa fVIif.k;k¡
fyf[k,A ,d [k.M iwjk dj ysus osQ i'pkr~ blls lacafèkr ikB~xr iz'uksa osQ mÙkj nhft, ,oa vkafdd iz'u
Lo;a gy dhft,A blls vkidks vius cksèk Lrj dks tk¡pus dk volj feysxkA vkidks ,d [k.M dks rc
rd ckj&ckj i<+uk pkfg, tc rd fd vkidks bl ij vfèkdkj izkIr u gks tk;A
oqQN LFkkuksa ij vkidks fo"k; olrq frjNs v{kjksa ;k eksVs v{kjksa esa fy[kh feysxhA  ;g bl ckr dk
lwpd gS fd ;g egRoiw.kZ voèkkj.kk gSA bUgsa ;kn dhft,A
lkfèkr iz'u vkidks voèkkj.kkvksa dks le>us rFkk fopkjksa dks lqfuf'pr djus esa lgk;rk djsaxsA okLro
esa leL;kvksa dks gy djuk HkkSfrdh&izf'k{k.k dk ,d vfuok;Z vax gSA budks Lo;a gy dhft, vkSj fdlh
fn, x, mnkgj.k esa i<+k;h tkusokyh voèkkj.kk ij è;ku nhft,A
dk;Zdyki ljy iz;ksx gS tks vki vklkuh ls miyCèk (de [kpZ okys) inkFkksZa dk mi;ksx dj ?kj ij
;k dk;Z&LFky ij vklkuh ls dj ldrs gSaA buosQ }kjk vki HkkSfrdh dks djosQ lh[k losaQxsA budks Lo;a
dhft, vkSj izs{k.kksa o vius fu"d"kksZa esa lacaèk LFkkfir dhft,A
ikBxr iz'u izR;sd [k.M esa foosfpr voèkkj.kksa ij vkèkkfjr gSaA bu iz'uksa osQ mÙkj iz'u osQ uhps NksM+s
x;s LFkku ij fyf[k, vkSj vius mÙkjksa dks ikB osQ var esa fn;s x;s laf{kIr mÙkjksa ls feykb,A ;g vkidks
viuh izxfr dk cksèk djk;saxsA ;fn vki vius mÙkjksa dh xq.krk ,oa lR;rk ls larq"V ugha gS rks ihNs ykSfV,
vkSj ml [k.M dks fiQj ls if<+,A
vkius D;k lh[kk vfuok;Zr% vè;;u fcUnqvksa osQ nzqr iqujkorZu osQ fy, fn;k x;k lkj gSA vki pkgsa rks
bl lwfp esa vU; fcUnq tksM+ ldrs gSaA
ikBkar vH;klksa y?kq] nh?kZ ,oa vkafdd iz'uksa fo"k; dk ,d lan'kZ izkIr djus esa vkidh lgk;rk djsaxsA
budk lkoèkkuh iwoZd vH;kl dhft,A vius lgikfB;ksa ;k ijke'kZnkrkvksa ls bu ij ppkZ dhft,A
ikBxr iz'uksa osQ mÙkj : budh lgk;rk ls vki tku losaQxs fd vkius ikBxr iz'uksa osQ tks mÙkj fn, gS
og fdrus lgh gSaA
vkWfM;ks: dfBu ;k vewrZ voèkkj.kkvksa dks Bhd ls le>us osQ fy, oqQN fo"k; {ks=kksa esa vkWfM;ks dk;ZØe
miyCèk gSA vki budks FM osQ Kkuok.kh ij lqu ldrs gSa ;k jk-eq-fo-f'k-la- osQ ewY;kafdr izdk'kuksa osQ
,dd ls lagr fMLdks osQ #i esa [kjhn ldrs gSaA
fofM;ks: vkiosQ fo"k; ls lacafèkr oqQN va'kks dks Li"V djus osQ fy, fofM;ks dk;ZØe cuk, x, gSaA vki
budks vius vè;;u osQUnz ij ns[k ldrs gSa ;k jk-eq-fo-f'k-la- osQ ewY;kafdr izdk'kuksa osQ ,dd ls lagr
fMLdksa osQ #i esa [kjhn ldrs gSaA
www }kjk lalwfpr oqQN pquh xbZ osclkbV gSa ftudks vki vfrfjDr Kku izkIr djus osQ fy, ns[k ldrs gSaA
nwj cSBs vè;;u Lor% izsj.kk] vkRe&vuq'kklu ,oa vkRe fu;a=k.k osQ vkèkkj ij gh gks ikrk gSA vr%
vkidks fu;fer vè;;u dk LoHkko cukuk pkfg,A bl iz;kl esa ,d nSfud dk;ZØe cukuk ykHknk;d
gksxkA vius vè;;u osQ fy, ?kj esa ,d ,slk LFkku fuèkkZfjr dj yhft, tgk¡ gok vkSj jks'kuh Bhd ls
miyCèk gksA ijUrq] ogk¡ 'kksj ugha gksuk pkfg, rkfd vè;;u osQ le; vkidk è;ku Hkax u gksA

vius ikB oSQls i<sa+

www



mPprj ekè;fed ikB~;Øe
fo"k; lkexzh ij ,d fogaxe n`f"V

ekWM~;wy ikB ikB dk uke ewY;kadu dk izdkj
la[;k Vh-,e-,-/ih-bZ-

ekWM~;wy-I 01 ek=kd] foek,a ,oa lfn'k Vh-,e-,-
xfr] cy ,oa ÅtkZ 02 ljy jSf[kd xfr Vh-,e-,-

03 xfr ds fu;e ih-bZ-
04 lery esa xfr Vh-,e-,-
05 xq#Rokd"kZ.k Vh-,e-,-
06 dk;Z] ÅtkZ vkSj 'kfDr ih-bZ-
07 n`<+ fiaM dh xfr Vh-,e-,-

ekWM~;wy-II 08 Bksl ds izR;kLFk xq.k Vh-,e-,-
Bkslksa ,oa rjyksa dh ;kaf=kdh 09 rjy inkFkksZa osQ xq.k ih-bZ-

ekWM~;wy-III 10 xSlksa dk v.kqxfrd fl¼kar Vh-,e-,-
Å"eh; HkkSfrdh 11 Å"ekxfrdh ih-bZ-

12 mQ"ek LFkkukUrj.k ,oa lkSj mQtkZ Vh-,e-,-

ekWM~;wy-IV 13 ljy vkorZ xfr Vh-,e-,-
nksyu ,oa rjaxs 14 rjax ifj?kVuk,a ih-bZ-

ekWM~;wy-V 15 fo|qr vkos'k ,oa fo|qr {ks=k ih-bZ-
fo|qr ,oa pqEcdRo 16 fo|qr foHko ,oa laèkkfj=k ih-bZ-

17 fo|qr /kjk ih-bZ-
18 fo|qr pqacdRo rFkk fo|qr/kjk osQ pqacdh; izHkko ih-bZ-
19 fo|qr pqEcdh; izsj.k rFkk izR;korhZ /kjk ih-bZ-

ekWM~;wy-VI 20 izdk'k dk ijkorZu vkSj viorZu Vh-,e-,-
izdkf'kdh ,oa izdkf'kd ;U=k 21 izdk'k dk fo{ksi.k ,oa izdh.kZu ih-bZ-

22 rjax ifj?kVuk ,oa izdk'k ih-bZ-
23 izdk'kh; ;a=k Vh-,e-,-

ekWM~;wy- VII 24 ijek.kq dh lajpuk ih-bZ-
ijek.kq ,oa ukfHkd 25 fofdj.k ,oa nzO; dh }Srh izÑfr ih-bZ-

26 ukfHkd vkSj jsfM;ksèkfeZrk ih-bZ-
27 ukfHkdh; fo[kaMu ,oa lay;u ih-bZ-

ekWM~;wy- VIII 28 v¼Zpkyd ,oa v¼Zpkyd ;qfDr;k¡ ih-bZ-
v¼Zpkyd ;qfDr;k¡ ,oa lapkj 29 v¼Zpkyd ;qfDr;ksa osQ vuqiz;ksx ih-bZ-

30 lapkj ra=k Vh-,e-,-

dqy ikB = 30

f'k{kd vafdr ewY;kadu i=k ds ikB (Vh-,e-,-) = 12

lkoZtfud ijh{kkvksa ds ikB  (ih-bZ-) = 18



i`- la[;k ewY;kadu ds izdkj
Vh-,e-,-/ih-bZ-

ekWM~;wy  - 1: xfr] cy ,oa ÅtkZ

01 ek=kd] foek,a ,oa lfn'k 1 Vh-,e-,-
02 ljy jSf[kd xfr 35 Vh-,e-,-
03 xfr ds fu;e 61 ih-bZ-
04 lery esa xfr 90 Vh-,e-,-
05 xq#Rokd"kZ.k 114 Vh-,e-,-
06 dk;Z] ÅtkZ vkSj 'kfDr 145 ih-bZ-
07 n`<+ fiaM dh xfr 179 Vh-,e-,-

ekWM~;wy  - 2: Bkslksa ,oa rjyksa dh ;kaf=kdh

08 Bksl ds izR;kLFk xq.k 215 Vh-,e-,-
09 rjy inkFkksZa osQ xq.k 236 ih-bZ-

ekWM~;wy  - 3: Å"eh; HkkSfrdh

10 xSlksa dk v.kqxfrd fl¼kar 281 Vh-,e-,-
11 Å"ekxfrdh 308 ih-bZ-
12 mQ"ek LFkkukUrj.k ,oa lkSj mQtkZ 327 Vh-,e-,-

ekWM~;wy  - 4: nksyu ,oa rjaxs

13 ljy vkorZ xfr 351 Vh-,e-,-
14 rjax ifj?kVuk,a 372 ih-bZ-

ikB~;Øe 419

izfriqf"V iQkWeZ 437

fo"k; lwph



ekWM~;wy  - 1
xfr] cy ,oa ÅtkZ

01 ek=kd] foek,a ,oa lfn'k

02 ljy jSf[kd xfr

03 xfr ds fu;e

04 lery esa xfr

05 xq#Rokd"kZ.k

06 dk;Z] ÅtkZ vkSj 'kfDr

07 n`<+ fiaM dh xfr
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ikB~;Øe (Curriculum)

vkSfpR;

HkkSfrdh ,d ekSfyd foKku gS D;ksafd ;g fo'o osQ vfHky{k.kksa tSls le;] varfj{k] xfr] vkos'k] nzO; vkSj fofdj.k
ls lacaèk j[krk gSA izkÑfrd fo'o dh izR;sd ?kVuk osQ oqQN igyw ,sls gSa] ftudk buosQ lanHkZ esa voyksdu fd;k
tk ldrk gSA HkkSfrdh dk vè;;u osQoy vko';d :i ls HkkSfrd 'kkL=kh cuus osQ fopkj ls u djosQ izÑfr dks
roZQlaxr vkèkkj ij le>us dk ekè;e gks ldrk gSA dEI;wVj] baVjusV] jkWosQV&iz{ksi.k] mixzg] jsfM;ks] Vhoh] lapkj]
ystj vkfn lHkh rduhdh fodklksa dh vkèkkjf'kyk HkkSfrdh gh gSA euq"; dh fofHkUu lkekU; xfrfofèk;ksa tSls Hkkj
mBkus vkSj yach owQn esa Hkh bldk mi;ksx gSA bl izdkj HkkSfrdh ,d loZO;kih foKku gS vkSj bldk vè;;u gekjs
thou ls tqM+h xfrfofèk;ksa ls lacafèkr D;ksa vkSj oSQls tSls iz'uksa dk leqfpr mÙkj ikus esa lgk;d gSA

LowQyh f'k{kk osQ fy, jk"Vªh; ikB~;Øe izk:i esa fo'ks"k :i ls mYys[k fd, x, eqn~nksa dks è;ku esa j[krs gq, gh
HkkSfrdh dk ikB~;Øe bl izdkj fodflr fd;k x;k gS fd ;g osQoy HkkSfrdh dh ewyHkwr ladYiukvksa dk gh
mYys[k ugha djrk oju~ mudk nSfud thou dh xfrfofèk;ksa ls Hkh lacaèk LFkkfir djrk gSA HkkSfrdh osQ fu;eksa dk
mi;ksx vkSj muosQ nSfud thou esa izHkko dks ikB~;Øe esa fo'ks"k LFkku izkIr gSA HkkSfrdh dh fo"k;oLrq] ftlls
lHkh vkSj fo'ks"k :i ls HkkSfrdh dks viuh thouo`fÙk osQ :i esa viukus osQ bPNqd yksx gks ldrs gSa] dks ikB~;Øe
dk lkjHkkx cuk;k x;k gSA blosQ vykok ikB~;Øe esa bysDVªkWfuDl] lapkj] ukfHkdh; HkkSfrdh tSls fo"k;ksa dks 'kkfey
fd;k x;k gS] ftudk nSfud thou esa cgqr cM+k mi;ksx gSA

;|fi xf.kr HkkSfrdh osQ cgqr ls dfBu iz'uksa dks le>us osQ fy, ,d egÙoiw.kZ vkèkkj gS rFkkfi lekdyu ,oa
vodyu tSls dfBu xf.krh; vkèkkjksa dks iz;ksx esa u ykdj xf.krh; x.kukvksa dh ctk; HkkSfrdh dh ladYiukvksa
osQ Li"Vhdj.k ij tksj fn;k x;k gSA

ikB~;Øe osQ mn~ns';

mPprj ekè;fed HkkSfrdh ikB~;Øe dk mn~ns'; f'k{kkFkhZ dks fuEu ckrksa esa l{ke cukuk gS

 HkkSfrdh dh ladYiukvksa] ewyHkwr fl¼karksa] fu;eksa vkSj izfØ;kvksa osQ ckjs esa Kku ,oa cksèk izkIr djuk
rkfd HkkSfrd ?kVukvksa osQ dkj.kksa o izHkkoksa dk varl±caèk le>k tk losQ_

thou Lrj lqèkkjus esa HkkSfrdh osQ ;ksxnku dk egÙo le>uk_

HkkSfrdh esa #fp mRiUu djuk vkSj ftKklk dk Hkko txkuk_

O;fDr;ksa dh dk;Z {kerk lqèkkj dj mudks O;olk; ls lacafèkr dk;ks± dks fuiq.krk ls djus ;ksX; cukuk_

bl izfØ;k osQ vax :i esa bl ikB~;Øe dk mn~ns'; f'k{kkFkhZ esa fuEufyf[kr ;ksX;rk,a fodflr djuk Hkh gSμ

izk;ksfxd fuiq.krk,a tSls izs{k.k ysuk] midj.kksa dk ifjpkyu ,oa izs{k.kksa rFkk izk;ksfxd fu"d"kks± dh fjiksfV±x dk
laizs"k.k&uSiq.;A
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iz'uksa dks gy djus dh {kerk mnkgj.k osQ rkSj ij ,d fLFkfr ;k vkadM+ksa osQ fo'ys"k.k osQ dkj.k o izHkko
osQ chp lacaèk LFkkfir djus dh{kerkA

oSKkfud n`f"Vdks.k dk fodkl ftlls fu.kZ;ksa dk vkèkkj lR;kfir rF; gksa u fd osQoy jk;] lkFk gh ubZ
voèkkj.kkvksa ,oa [kkstksa dks Lohdkj djus dh bPNk dk gksukA

oSKkfud Kku osQ laHkkfor nq#i;ksx osQ fo"k; esa tkudkjhA

ikB~;Øe dh lajpuk

mPprj ekè;fed Lrj dh HkkSfrdh esa fl¼kar vkSj iz;ksx nksuksa ?kVd gS_

(i) HkkSfrdh ikB~;p;kZ osQ lS¼kafrd Hkkx esa vkB ekWM~;wy lfEefyr gS ftuesa HkkSfrdh dh os vkèkkjHkwr
ladYiuk,a vkSj ifj?kVuk,a 'kkfey gSa] tks bl Lrj ij f'k{kkFkhZ dks tkuuh pkfg,A bu vkB ekWM~;wyksa
esa eq[; :i ls HkkSfrdh] fo|qr] izdk'k vkfn fo"k; gSa vkSj os Hkkx Hkh gSa tks fd vfèkd vxzorhZ
HkkSfrdh osQ {ks=k esa izos'k osQ fy, U;wure tkudkjh iznku djrs gSa vkSj ftuls bl ckr dh egÙkk
le>h tk ldrh gS fd HkkSfrdh cgqr&lh fLFkfr;ksa esa ,d egÙowi.kZ Hkwfedk fuHkkrh gSA ekWM~;wy
vkB esa vuqiz;ksx vkèkkfjr vèkZpkyd] bysDVªkWfudh ,oa lapkj tSls fof'k"V {ks=k 'kkfey gSaA fofHkUu
ekWM~;wyksa osQ fy, fuèkkZfjr vad vkSj muosQ vè;;u osQ fy, vuqekfur le; uhps lkj.kh esa fn;k
x;k gSμ

ekWM;wy dk uke vad U;wure vè;;u dh
vofèk (?kaVs)

1- xfr] cy ,oa ÅtkZ 14 45

2- Bksl ,oa rjy inkFkks± dh ;kaf=kdh 06 20

3- Å"ek HkkSfrdh 06 25

4- nksyu vkSj rjaxsa 06 20

5- fo|qr vkSj pqacdRo 16 45

6- izdkf'kdh vkSj izdkf'kdh midj.k 14 25

7- ijek.kq vkSj ukfHkd 08 25

8- vèkZpkyd ;qfDr;ka vkSj lapkj 10 35

oqQy 80 240

(ii) HkkSfrdh esa iz;ksx

HkkSfrdh esa iz;ksx ,d vfuok;Z vo;o osQ :i esa gSA l=kkar ijh{kk esa blosQ fy, 20 izfr'kr vad fuèkkZfjr gSaA mu
iz;ksxksa ,oa fØ;kvksa dh lwph ikB~;Øe esa nh xbZ gS] tks fd fo|kfFkZ;ksa }kjk laiUu fd, tkus gSA
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ekWM~;wy 1 % xfr] cy ,oa ÅtkZ

izLrkouk % lkoZf=kd ekud ek=kdksa dh fo'ks"krk crykus osQ lkFk&lkFk foekvksa vkSj lfn'kksa osQ vuqiz;ksxksa dk Hkh
bl ekWM~;wy esa lfoLrkj o.kZu fd;k x;k gSA HkkSfrdh dk foLrkj&{ks=k] ekiu dh vko';drk] xfr vkSj fojke dh
voèkkj.kk o xfr osQ dkj.k vkSj fofHkUu izdkj dh xfr;ksa dk nSfud thou osQ mnkgj.kksa dh lgk;rk ls o.kZu fd;k
x;k gSA xq#Ro dk egÙo] dk;Z o ÅtkZ dh ladYiuk dk fo'ks"k mYys[k fd;k x;k gSA n`<+ fiaMksa dh xfr osQ vkèkkjHkwr
rF;ksa o ?kw.kZu xfr dh nSfud thou esa egÙkk Hkh le>kbZ xbZ gSA

1- bdkbZ 1-1 % ek=kd] foek,a ,oa lfn'k lgk;d n`'; (ohfM;ks) dk;ZØe

HkkSfrd txr ,oa ekiu 1- ek=kd] foek,a ,oa lfn'k Hkkx&1

HkkSfrdh dk izHkko {ks=k ,oa vkuan 2- ek=kd] foek,a ,oa lfn'k Hkkx&2

HkkSfrdh osQ fu;eksa dh izÑfr

HkkSfrdh] izkS|ksfxdh ,oa lekt

ekiu dh vko';drk

ekiu osQ ek=kd&ewy ,oa O;qRiUu

ek=kd iz.kkfy;ka] SI ek=kd

nzO;eku] yackbZ vkSj le; dk ekiu

ek=kdksa osQ vioR;Z ,oa vuqoR;Z

ekid ;a=kksa dh ;FkkFkZrk

ekiuksa esa =kqfV

lkFkZd vad

HkkSfrd jkf'k;ksa dh foek,a

foeh; lw=k ,oa foeh; lehdj.k

foekvksa osQ vuqiz;ksx

lfn'k vkSj vfn'k

lfn'k vkSj mudk xzkiQh; fu#i.k

lfn'kksa dks tksM+uk vkSj ?kVkuk

lfn'kksa dk nks fn'kkvksa (yacor) esa fo;kstu

bdkbZ lfn'k

vfn'k ,oa lfn'k xq.ku

2- bdkbZ 1-2 ljy jSf[kd xfr lgk;d n`'; (ohfM;ks) dk;ZØe

fLFkfr] nwjh vkSj foLFkkiu] fLFkfr lfn'k ,oa foLFkkiu lfn'k 1- ljy jSf[kd xfr Hkkx&1

pky] osx vkSj Roj.k 1- ljy jSf[kd xfr Hkkx&2

vkSlr vkSj rkR{kf.kd osx
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vodyu ,oa lekdyu dh izkFkfed ladYiuk,a

vkisf{kd xfr

fLFkfr&le; ,oa osx&le; xzkiQ

leku ,oa leku :i ls Rofjr xfr

xq#Ro ds v/hu xfr lfgr fLFkj Roj.k ;qDr xfr;ksa osQ lehdj.k

3- bdkbZ 1-3 U;wVu osQ xfr osQ fu;e

cy o tM+Ro dh voèkkj.kk

xfr dk izFke fu;e

laosx dh voèkkj.kk

xfr dk nwljk fu;e

xfr dk rhljk fu;e

vkosx

jSf[kd laosx dk laj{k.k fu;e ,oa mlosQ vuqiz;ksx

laosaQnzh cyksa dk larqyu

?k"kZ.k LFkSfrd vkSj xfrt] ?k"kZ.k dks izHkkfor djus okys dkjd

?k"kZ.k dk egÙo vkSj ?k"kZ.k de djus osQ mik;

cy funsZ'kd vkjs[k rduhd

tM+Roh; ,oa vtM+Roh; funsZ'kkad v{kksa dk izkjafHkd Kku

4- bdkbZ 1-4 % lery esa xfr

iz{ksI; xfr (mM~M;u&dky] ijkl vkSj vfèkdre maQpkbZ)

iz{ksI; dk iz{ksi iFk

,d leku o`Ùkh; xfr

vfHkosaQnzh; Roj.k

nSfud thou esa o`Ùkh; xfr

ÅèokZèkj o`fÙk esa xfr

5- bdkbZ 1-5 % xq#Rokd"kZ.k

lkoZf=kd xq#Rokd"kZ.k dk fu;e

xq#Ro tfur Roj.k rFkk i`Foh ij maQpkbZ] xgjkbZ vkSj v{kkalksa
osQ lkFk blds eku esa ifjorZu (osQoy lw=k)
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oSQiyj ds xzgh; xfr osQ fu;e (dksbZ O;qRifÙk vodyu ugha)

xzgksa dh xfr&d{kh; osx vkSj iyk;u osx

mixzg&HkwrqY;dkyh vkSj èkqzoh;

xq#Ùoh; foHko ,oa xq#Ùoh; fLFkfrt ÅtkZ

varfj{k vUos"k.k osQ {ks=k es Hkkjr dh miyfCèk;ka

mixzgksa osQ vuqiz;ksx

6- bdkbZ 1-6 % dk;Z] ÅtkZ ,oa 'kfDr lgk;d n`'; (ohfM;ks) dk;ZØe

,d fu;r cy }kjk fd;k x;k dk;Z 1- dk;Z] ÅtkZ vkSj 'kfDr Hkkx&1

,d ifjorZu'khy cy }kjk fd;k x;k dk;Z 2- dk;Z] ÅtkZ vkSj 'kfDr Hkkx&2
(xzkiQ&fofèk) fLizax osQ mnkgj.k lfgr

dk;Z ÅtkZ izes;

laj{kh vkSj vlaj{kh cy

;kaf=kd ÅtkZ (xfrt vkSj fLFkfrt ÅtkZ,a) mnkgj.k lfgr

ÅtkZ laj{k.k (fLizax] isaMqye vkfn)

izR;kLFk ,oa vizR;kLFk la?kV~V

'kfDr vkSj blosQ ek=kd

7- bdkbZ 1-7 % d.kksa osQ fudk; vFkok n`<+ fiaM dh xfr

n`<+ fiaM dh xfr] nzO;eku osaQnz] ;qXe] cy&vk?kw.kZ

tM+Ro&vk?kw.kZ] ifjHkze.k&f=kT;k vkSj bldh lkFkZdrk

tM+Ro&vk?kw.kZ lacaèkh lekarj v{kh; ,oa yacor v{kh; izes;

vkSj lkèkkj.k izdj.kksa esa mudk mi;ksx (dksbZ O;qRifÙk ugha)

?kw.kZudkjh fiaM dk larqyu

leku pky ls ?kw.kZu dj jgs n`<+ fudk; osQ fy, lehdj.k

(dksbZ O;qRifÙk ugha)

dks.kh; laosx vkSj dks.kh; laosx laj{k.k dk fu;e lkèkkj.k vuqiz;ksxksa osQ lkFk

,d lkFk gksus okyh ?kw.kZu vkSj LFkkukarjh; xfr;ka mnkgj.k lfgr

(xsan] csyu] xfrikyd pØ dh ur lery ij xfr)

?kw.kZu ÅtkZ
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ekWM~;wy 2 % Bksl ,oa rjy inkFkks± dh ;kaf=kdh

izLrkouk % oLrqvksa dk Bksl] nzo vkSj xSlksa esa oxhZdj.k varjvkf.od cyksa osQ vkèkkj ij fd;k tkrk
gSA bl ekWM~;wy esa Bkslksa dh izR;kLFkrk dh O;k[;k dh xbZ gS vkSj lkFk gh Bkslksa osQ izR;kLFk O;ogkj
osQ lkekU; vuqiz;ksxksa dh Hkh fo'ks"k O;k[;k dh xbZ gSA rjyksa osQ ;kaf=kd xq.kksa tSls mRIykou] i`"B ruko]
osQf'kdk"k.kZ vkfn dh nSfud thou osQ mnkgj.kksa }kjk O;k[;k dh xbZ gS vkSj muosQ vuqiz;ksxksa dk fo'ks"k

mYys[k fd;k x;k gSA

8- bdkbZ 2-1 % Bksl inkFkks± osQ izR;kLFk xq.k

izR;kLFk O;ogkj ,oa gqd dk fu;e] izfrcy&rU;rk oØ

varj&vkf.od cy

;ax fu;rkad] vk;ru izR;kLFkr] xq.kkad] n`<+rkad] laihM~;rk

Ioklksa vuqikr

Bkslksa osQ izR;kLFk O;ogkj osQ oqQN vuqiz;ksx tSls oSQUVhyhoj] xMZj (èkju) vkfn

izR;kLFk ÅtkZ

9- bdkbZ 2-2 % rjyksa osQ xq.k

nzoLFkSfrd nkc vkSj mRIykodrk

ikLdy dk fu;e vkSj blosQ vuqiz;ksx

llatu vkSj vklatu cy

i`"B ruko vkSj i`"Bh; ÅtkZ

Li'kZ dks.k vkSj osQf'kdk fØ;k

i`"B ruko osQ vuqiz;ksx] cwans] cqycqys vkSj fMVjtsaV~l

rjyksa osQ izokg osQ izdkj

jsukWYM la[;k

';kurk vkSj LVksd dk fu;e]

vaR; osx

cuksZyh dk izes; (dksbZ O;qRifÙk ugha) vkSj blosQ vuqiz;ksx

ekWM~;wy 3 % Å"ek HkkSfrdh

izLrkouk % rkih; ÅtkZ fl¼kar ij ppkZ dh xbZ gSA xSlksa osQ v.kqxfr fl¼kar osQ vkèkkj ij xSlksa osQ O;ogkj vkSj
xSl fu;eksa dk o.kZu fd;k x;k gSA rki dh ladYiuk] Å"ekxfrdh osQ fu;eksa vkSj muosQ gekjs nSfud thou esa
vuqiz;ksxksa osQ ckjs esa bl ekWM~;wy esa crk;k x;k gSA Ñf".kdk fofdj.k] Å"ek batuksa ,oa jsizQhftjsVj dh dk;Ziz.kkyh
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dh O;k[;k dh xbZ gSaA fofoèk iz.kkfy;ksa }kjk Å"ek dk LFkkukarj.k vkSj muosQ fofoèk ifjfLFkfr;ksa esa vuqiz;ksxksa
ij fo'ks"k tksj fn;k x;k gSA Å"eh; iznw"k.k vkSj xzhu gkml izHkko osQ ckjs esa Hkh bl ekWM~;wy esa fopkj fd;k
x;k gSA

10- bdkbZ 3-1 % xSlksa dk vq.kxfrd fl¼kar lgk;d n`'; (ohfM;ks) dk;ZØe

rkih; ÅtkZ 1- Å"eh; HkkSfrd ,oa blds vuqiz;ksx

Å"ek] rki] Bkslksa] nzoksa vkSj xSlksa esa rkih; izlkj

oSQykWjhfefr] vlkekU; izlkj vkSj blosQ izHkko

xSlksa dk v.kqxfr fl¼kar

lacaèk 
2

21
PV mn c

3
= dh O;qRifÙk

v.kqxfr fl¼kar osQ vkèkkj ij xSlksa osQ O;ogkj lacaèkh fu;eksa dk fuxeu

vkn'kZ xSl voLFkk lehdj.k

xfrt ÅtkZ vkSj rki esa lacaèk

Lokra=; dksfV vkSj ÅtkZ le foHkktu fu;e

xSlksa dh fof'k"V Å"ek vkSj C
P
 vkSj C

v
 osQ chp lacaèk

ekè; eqDr iFk dh voèkkj.kk vkSj ,oksxSMªks la[;k

11- bdkbZ 3-2 % Å"ek xfrdh

Å"eh; lkE;] Å"ekxfrdh dk 'kwU; dksfV fu;e
vkSj rki dh voèkkj.kk

Å"ekxfrd pj ,oa Å"ekxfrd&lkE;

Å"ek xfrd izØe&lerkih] :¼ks"e] mRØeh.k;]
vuqRØe.kh; vkSj pØh; izØe

Å"ek] dk;Z ,oa vkarfjd ÅtkZ] Å"ekxfrdh dk izFke fu;e

lwpd&vkjs[k] xqIr Å"ek] f=kd~ fcanq

dkuksZ pØ vkSj bldh {kerk&Å"ekxfrdh dk nwljk fu;e

Å"eh; batu vkSj jsizQhftjsVj

dkuksZ batu dh lhek,a
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12- bdkbZ 3-3 % Å"ek lapj.k ,oa lkSj ÅtkZ

Å"ek LFkkukarj.k dh fofèk;ka] pkyu] laogu vkSj

fofdj.k

Ñf".kdk fofdj.k vkSj fdj[kkSiQ dk fu;e]

vo'kks"k.k ,oa mRltZu {kerk

ohu dk foLFkkiu fu;e

LVhiQu dk fu;e

lkSj ÅtkZ

lkSj fu;rkad

xzhu gkÅl izHkko

U;wVu dk 'khryu fu;e

ekWM~;wy 4 % nksyu ,oa rjaxsa

izLrkouk % vkorhZ xfr ls tqM+s inksa dh O;k[;k osQ lkFk ljy vkorZ xfr dk o.kZu lkekU; mnkgj.kksa dh lgk;rk
ls fd;k tk,xkA iz.kksfnr nksyuksa] vuqukn vkSj voeafnr nksyuksa dks Hkh bl ekWM~;wy esa xq.kkRed :i esa izLrqr fd;k
tk,xkA

13- bdkbZ 4-1 % ljy vkorZ xfr

vkorZ xfr&vk;ke] vkorZdky] vko`fÙk vkSj dyk

lanHkZ o`Ùk vkSj ljy vkorZ xfr lehdj.k

le; osQ iQyu osQ :i esa foLFkkiu & vkorhZ iQyu

fLiazx&nzO;eku ra=k vkSj ljy yksyd osQ mnkgj.k

SHM esa ÅtkZ & xfrt ,oa fLFkfrt

voeafnr nksyu (dksbZ O;qRifÙk ugha)

iz.kksfnr nksyu vkSj vuqukn (dksbZ O;qRifÙk ugha)

14- bdkbZ 4-2 % rjax ifj?kVuk,a lgk;d n`'; (ohfM;ks) dk;ZØe

rjax fuekZ.k ,oa lapj.k 1- èofu ,oa rjaxsa

rjax nSè;Z] vko`fÙk] pky vkSj muosQ lacaèk
rjax vk;ke vkSj rjax lehdj.k

vuqnSè;Z vkSj vuqizLFk rjaxsa
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ljy vkorhZ xfr dk lehdj.k

,d ekè;e esa rjax xfr vkSj mldh pky osQ fy, lw=k

fdlh xSl esa èofu dh xfr dks izHkkfor djus okys dkjd

rjaxksa dk vè;kjksi.k&rjaxksa dk O;frdj.k

rjaxksas dk ijkorZu ,oa viorZu

vizxkeh rjaxsa vkSj foLian (osQoy xq.kkRed foospu)

laxhr Lojksa osQ vfHky{k.k (vfèkLojd vkSj izlaoknh)

JO;rk nsgyh] èofu&rhozrk vkSj èofu iznw"k.k

fo|qr paqcdh; rjaxsa vkSj muosQ xq.k

fo|qr pqacdh; rjax o.kZØe

MkWIyj izHkko vkSj blds vuqiz;ksx (osQoy xq.kkRed)

izdk'k dh pky fLFkjrk

ekWM~;wy 5 % fo|qr vkSj pqacdRo

izLrkouk % bl ekWM~;wy esa fLFkj fo|qr ,oa ?k"kZ.k fo|qr dh vkèkkjHkwr ladYiukvksa dk o.kZu fd;k tk,xk] ,d
fcanq vkos'k }kjk mRiUu fo|qr {ks=k ,oa fo|qr foHko dh O;k[;k dh tk,xhA fofHkUu izdkj osQ la/kfj=kksa muosQ la;kstuksa
vkSj vuqiz;ksxksa dh O;k[;k dh tk,xhA fo|qr èkkjk ,oa fo|qr èkkjk osQ Å"eh; vkSj pqacdh; izHkkoksa dk Hkh o.kZu
fd;k tk,xkA èkkjk osQ pqacdh; izHkko vkSj fo|qr paqcdh; izsj.k izHkkoksa dks fo'ks"k :i ls le>k;k tk,xkA fo|qr
'kfDr dk mRiknu vkSj izs"k.k rFkk de oksYV~rk vkSj ckfèkr fo|qr vkiwfrZ dh Hkh O;k[;k dh tk,xhA

15- bdkbZ 5-1 % fo|qr vkos'k vkSj fo|qr {ks=k lgk;d n`'; (ohfM;ks) dk;ZØe

?k"kZ.k fo|qr&fo|qr vkos'k vkSj mudk laj{k.k 1- fo|qr pqEcdro Hkkx&1

owQykWe dk fu;e 2- fo|qr pqEcdro Hkkx&1

vè;kjksi.k fl¼kar 3- fo|qr LFkSfrdh ,oa blds vuqiz;ksx Hkkx&1

vkjs[k dh lgk;rk ls ,d fcanq vkos'k osQ dkj.k
fo|qr&{ks=k o {ks=k dh rhozrk n'kkZuk

,d fo|qr {ks=k esa vkosf'kr d.k ij cy

,d leku fo|qr {ks=k esa fo|qr f}èkzqo dk O;ogkj

fo|qr vfHkokg vkSj fLFkj oS|qfrdh esa xkWl dk fu;e (dksbZ O;qRifÙk ugha)
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xkWl osQ izes; osQ mi;ksx }kjk ,d fcanq vkos'k] yacs rkj rFkk
xksykdkj dks'k (osQ vanj vkSj ckgj) vuar lery iV~Vh osQ
dkj.k fo|qr {ks=k dh x.kuk djuk

oku&Ms xzkiQ tfu=k

16- bdkbZ 5-2 % fo|qr foHko o la/kfj=k

,d fcanq vkos'k }kjk fo|qr foHko

,d fo|qr f}èkqzo }kjk fdlh v{kh; ;k fuj{kh; fLFfkr esa fo|qr foHko

fcanq vkos'kksa osQ fudk; dh oS|qr fLFkfrt ÅtkZ

fo|qr {ks=k vkSj fo|qr foHko esa lacaèk&lefoHko ry

pkyd o pkyd osQ vanj fo|qr {ks=k

fLFkj fo|qrh; ifjj{k.k

la/kfj=k vkSj lekarj IysV la/kfj=k dh èkkfjrk

fofHkUu izdkj osQ la/kfj=k vkSj muosQ vuqiz;ksx

Js.kh o lekarj Øe esa la/kfj=kksa dk la;kstu

,d la/kfj=k esa laxzghr ÅtkZ

ijkoS|qfrdh vkSj èkqzo.k

ijkoS|qrksa dk èkkfjrk ij izHkko

17- bdkbZ 5-3 % fo|qr èkkjk

,d pkyd esa fo|qr èkkjk

bysDVªkWuksa osQ viokg osx dh ladYiuk

vksg~e dk fu;e] vksgeh vkSj vuvksg~eh izfrjksèk]

izfrjksèkdksa dh o.kZ dksfMax

eqDr ,oa c¼ bysDVªkWu

izfrjksèkksa dk la;kstu (Js.kh vkSj lekarj)

fdj[kkSiQ osQ fu;e vkSj fo|qr ifjiFk esa muosQ vuqiz;ksx

OghV LVksu lsrq&fl¼kUr ,oa blds vuqiz;ksx

fo|qr okgd cy vkSj foHkokarj
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izkFkfed ,oa f}rh;d lsyksa dk izkFkfed fooj.k

foHkoekih vkSj blosQ vuqiz;ksx

fo|qr èkkjk dk rkih; izHkko & twy dk rkih; fu;e

18- pqacdRo 5-4 % pqacdRo vkSj fo|qr èkkjk osQ pqacdh; izHkko

NM+ pqacd vkSj bldk pqacdh; {ks=k

fo|qr èkkjk dk pqacdh; izHkko

fc;ks&lkok dk fu;e vkSj blosQ }kjk fdlh fo|qrokgh oqaQMyh osQ

osaQnz esa pqacdh; {ks=k Kkr djuk (xq.kkRed foospu)

,Eih;j dk ifjiFk fu;e vkSj bldh lgk;rk ls ,d èkkjkokgh rkj] NYys (osQ osaQnz) ;k lhèks ;k VkjkW;Mh
lksysuksbM osQ dkj.k pqacdh; {ks=k dk eku Kkr djuk

foLFkkiu èkkjk dh ladYiuk

,d pqacdh; {ks=k esa fdlh vkos'k ij yxus okyk cy] ykWjsat cy

,d leku pqacdh; vkSj oS|qr {ks=kksa esa xfreku vkos'k ij cy % lkbDyksVªksu

,d leku pqacdh; {ks=k esa j[ks ,d fo|qr èkkjkokgh rkj ij yxus okyk cy

èkkjk ywi dk ,d f}èkzqo dh Hkkafr O;ogkj] pqacdh; f}èkzqo vkSj pqacdh; vk?kw.kZ

ifjØe.kdkjh bysDVªkWu dk pqacdh; f}èkqzo vk?kw.kZ

fdlh pqacdh; f}èkzqo (NM+ pqacd vFkok èkkjkokgh oqaQMyh) osQ dkj.k blosQ v{k vkSj v{k osQ yacor~ fcanqvksa
ij pqacdh; {ks=k rhozrk

,d leku pqacdh; {ks=k esa j[ks pqacdh; f}èkzqo ij cy vk?kw.kZ

py oqaQMy xSYosuksehVj vkSj bldk vkehVj vkSj oksYVehVj esa :ikarj.k

i`Foh dk pqacdh; {ks=k (osQoy fooj.kkRed)

yksg pqacdh; inkFkZ&{ks=k (Mksesu) fl¼kar (xq.kkRed)

fo|qr pqacd vkSj mudh izcyrk dks izHkkfor djus okys dkjd

19- bdkbZ 5-5 % fo|qr pqacdh; izsj.k o izR;korhZ èkkjk

iSQjkMs dk fo|qr pqacdh; izsj.k lacaèkh fu;e

ysat dk fu;e] Hkaoj èkkjk,a

Loizsj.k o ikjLifjd izsj.k&pksd oqaQMyh

izR;korhZ èkkjk vkSj oksYVrk (dyk vkjs[k }kjk iznf'kZr xbZ)] 'kh"kZ o ewy ekè; oxZ eku

ifjiFk] ftuesa osQoy R, L ;k C vyx&vyx yxk gks] I vkSj V osQ chp esa dyk lacaèk
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LCR Js.kh ifjiFk (osQoy dykn'kZd vkjs[k) vkSj vuqukn

tfu=k (izR;korhZ èkkjk vkSj fn"V èkkjk)

VªkaliQkWeZj vkSj muosQ vuqiz;ksx

fo|qr 'kfDr dk izs"k.k

fuEu oksYVrk dh leL;k vkSj ckfèkr fo|qr vkiwfrZ (LFkk;hdkjh vkSj izrhid dh voèkkj.kk,a)

ekWM~;wy 6 % izdkf'kdh vkSj izdkf'kd midj.k

izLrkouk % izdk'k osQ ijkorZu osQ laf{kIr ifjp; osQ ckn] ewyHkwr fl¼karksa tSls viorZu] iw.kZ vkarfjd ijkorZu]
o.kZ foiFku izdh.kZu dk o.kZu bl ekWM~;wy esa fd;k tk,xkA blosQ vfrfjDr izdk'k dk O;frdj.k] viorZu vkSj
èkqzo.k dk Hkh xq.kkRed o.kZu fd;k tk,xkA blosQ vykok izdk'k osQ xq.kksa dk vuqiz;ksx] vusd izdkj osQ izdkf'kdh
midj.kksa osQ fuekZ.k dk o.kZu Hkh fd;k x;k gSA jeu izHkko dk izkFkfed Kku Hkh bl ekWM~;wy esa ik losaQxsA

20- bdkbZ 6-1 % izdk'k dk ijkorZu vkSj viorZu lgk;d n`'; (ohfM;ks) dk;ZØe

xksykdkj niZ.kksa }kjk izdk'k dk ijkorZu] 1- rjax izdkf'kdh ,oa blds vuqiz;ksx Hkkx&1
fpg~u iz.kkyh vkSj niZ.k lw=k 2- rjax izdkf'kdh ,oa blds vuqiz;ksx Hkkx&2

izdk'k dk viorZu] LuSy dk viorZu lacaèkh fu;e 3- fdj.k izdkf'kdh dk ifjp; ,oa bldk vuqiz;ksx

iw.kZ vkarfjd ijkorZu vkSj bldk rarq izdkf'kdh
esa vuqiz;ksx

ysalksa dh ,dy oØh; lrg ij viorZu

ysal fuekZ.kd&lw=k vkSj vkoèkZu

U;wVu dk lw=k

izfrfcacksa dh fLFkfr Kkr djus dh foLFkkiu fofèk

ysal dh 'kfDr

ysalksa dk la;kstu

n`f"V nks"k vkSj mudk fujkdj.k (fudV n`f"V vkSj nh?kZ n`f"V)

21- bdkbZ 6-2 % izdk'k dk o.kZ foiFku vkSj izdh.kZu

izdk'k dk o.kZ foiFku] fopyu dks.k

banzèkuq"k vkSj bldk fuekZ.k

izfrfcac fuekZ.k esa nks"k] xksyh; foiFku vkSj o.kZ foiFku (xq.kkRed foospu)

ok;qeaMy esa izdk'k dk izdh.kZu

jeu izHkko dk izkFkfed ifjp;
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22- bdkbZ 6-3 % rjax ifj?kVuk vkSj izdk'k

gkbxsu dk rjax&fl¼kar ,oa rjax&lapj.k

O;frdj.k] ;ax dk f}fNnz iz;ksx

izdk'k dk foorZu&,dy fNnz ls (xq.kkRed)

èkzqo.k] czsosLVj dk fu;e vkSj bldk nSfud thou esa mi;ksx

23- bdkbZ 6-4 % izdkf'kd midj.k

ljy vkSj la;qDr lw{en'khZ vkSj mudh vkoèkZu {kerk

ijkorhZ vkSj viorhZ nwjchu

foHksnu {kerk vkSj jsys fud"k

[kxksy foKku esa mi;ksx

ekWM~;wy 7 % ijek.kq vkSj ukfHkd

izLrkouk % ijek.kq dh lajpuk dk o.kZu djus osQ fy, vusd ijek.kq ekWMy fn, x, gSa vkSj mudh lhek,a vkSj
vuqiz;ksxksa dk bl ekWM~;wy esa o.kZu fd;k x;k gSA ukfHkdh; o jsfM;ks lfØ;rk dh O;k[;k dh xbZ gS vkSj muosQ
vuqiz;ksx fn, x, gSaA ukfHkdh; ÅtkZ osQ 'kkafrfiz; mi;ksx dk fo'ks"k :i ls mYys[k fd;k x;k gS rFkk lkFk gh
vkèkqfudre izo`fÙk;ksa dk Hkh o.kZu fd;k x;k gSA

24- bdkbZ 7-1 % ijek.kq dh lajpuk

vYiQk d.k izdh.kZu vkSj jnjiQksMZ dk ijek.kq ekWMy

gkbMªkstu ijek.kq o ÅtkZ d{kkvksa osQ fy, cksj dk ekWMy

gkbMªkstu LisDVªe

mRltZu vkSj vo'kks"k.k LisDVªe

larr ,oa vfHkyk{kf.kd ,Dl&fdj.ksa

25- bdkbZ 7-2 % fodj.kksa ,oa nzO; dh }Srh izÑfr

dk;Z iQyu vkSj bysDVªkWuksa dk mRltZu

izdk'k fo|qr izHkko vkSj bldh O;k[;k

izdk'k fo|qr ukfydk vkSj blosQ vuqiz;ksx

nzO; rjaxsa&Msfolu vkSj teZj dk iz;ksx

bysDVªkWu lw{en'khZ (ckWDl esa] ijh{kk esa iwNs tkus ds fy, ugha)
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26- bdkbZ 7-3 % ukfHkd vkSj jsfM;ks èkfeZrk

ijek.kq nzO;eku ek=kd] nzO;eku la[;k] ukfHkd dk vkdkj

leLFkkfud vkSj leHkkfjd

ukfHkdh; cy] nzO;eku&ÅtkZ rqY;rk

nzO;eku {kfr vkSj caèku ÅtkZ oØ

jsfM;ks èkfeZrk&vYiQk] chVk ,oa xkek mRltZu

ukfHkd dh vèkkZ;q vkSj {k; fu;rkad

jsfM;ksèkfeZrk osQ vuqiz;ksx

27- bdkbZ 7-4 % ukfHkdh; fo[kaMu rFkk lay;u

ukfHkdh; vfHkfØ;k,a

ukfHkdh; fo[kaMu& Ükà[kyk vfHkfØ;k

ukfHkdh; lay;u&rkjksa esa ÅtkZ

ijek.kq ÅtkZ dk nq#iz;ksx&ijek.kq ce vkSj gkbMªkstu ce (ckWDl% ijh{kk esa iwNs tkus ds fy, ugha)

ukfHkdh; ÅtkZ osQ 'kkafrfiz; mi;ksx&orZeku #>kuksa osQ lkFk

ukfHkdh; fofdj.k ls ladV vkSj cpko osQ mik;

ekWM~;wy 8 % vèkZpkyd vkSj ;qfDr;k¡ vkSj lapkj

izLrkouk % vèkZpkydksa dk yxHkx lHkh bysDVªkWfud ;qfDr;ksa osQ fuekZ.k esa egÙoiw.kZ LFkku gSA vèkZpkydksa dh mi;ksfxrk
dk vkèkkj Li"V djus osQ vykok fofHkUu izdkj dh mipkyd ;qfDr;ksa vkSj muosQ vuqiz;ksxksa dk o.kZu bl ekWM~;wy
esa fd;k x;k gSA lwpuk ,oa lapkj izkS|kfxdh osQ bl ;qx esa bysDVªkWfudh ,oa lapkj izkS|ksfxdh dh ewy ladYiukvksa
dk Kku lHkh osQ fy, vko';d gSA lapkj ra=kksa] lapkj rduhdksa vkSj ekè;eksa osQ fo"k; esa] ftudk ge fuR; mi;ksx
djrs gSa] muosQ dk;Z fl¼kar le>k, x, gSaA

28- bdkbZ 8-1 % vèkZpkyd ,oa vèkZpkyd ;qfDr;ka lgk;d n`'; (ohfM;ks) dk;ZØe

Bkslksa esa ÅtkZ Lrj vkSj ÅtkZ cSaM 1- vèkZpkyd ;qfDr;ka

ÅtkZ cSaMl osQ vkèkkj ij inkFkh± dk pkyd] fo|qrjksèkh
,oa vèkZpkydksa esa oxhZdj.k

uSt vkSj vinzO;h vèkZpkyd

p-n lafèk&bldh lajpuk (fuekZ.k) vkSj xq.k

p-n lafèk dh ck;flax



 433HkkSfrdh

ikB~;Øe

p-n lafèk Mk;ksM osQ vfHkyk{kf.kd oØ

Mk;ksMksa osQ izdkj&tsuj Mk;ksM] izdk'k mRltZd Mk;ksM vkSj lkSj&lsy

tsuj Mk;ksM] L.E.D.] izdkf'kd Mk;ksM ,oa lkSj&lsy osQ I-V vfHkyk{kf.kd oØ

VªkaftLVj pnp vkSj npn

VªkaftLVj osQ vfHkyk{kf.kd oØ

28- bdkbZ 8-2 % vèkZpkyd ;qfDr;ksa osQ vuqiz;ksx

p-n lafèk ,d fn"Vdkjh osQ :i esa

tsuj Mk;ksM oksYVrk fu;ked osQ :i esa

VªkaftLVj ,d izoèkZd osQ :i esa (mHk;fu"B mRltZd)

VªkaftLVj ,d nksfy=k osQ :i esa

roZQ }kj vkSj mudk izkiu (Realization)

vfi }kj] vFk }kj] u }kj] uFk }kj] ukfi }kj (Øe'k% OR, AND, NOT, NAND, NOR Gates)

30- ;wfuV 8-3 % lapkj iz.kkyh

ekud lapkj iz.kkyh

lapkj iz.kkyh osQ vo;o

flXuyksa osQ izdkjμ,ukykWx ,oa fMthVy

lapkj esa fo|qr pqacdh; rjaxsa

funf'kZr ekè;e (laizs"kd ykbusa] izdkf'kr rarq)

vfunf'kZr ekè;e ,oa ,saVsukμHkw&rjax lapkj] O;kse rjax lapkj] vkdk'k rjax lapkj ,oa mixzg lapkj

ekWMqyuμ,ukykWx AM ,oa FM] fMftVy (PCM)

foekWMqyu

lapkj vuqiz;ksx

iz;ksxksa dh lwph

lewg&A

1- fn, x, csyukdkj crZu (tSls fVu dk xksy fMCck] oSQykWjhehVj) dk vkarfjd O;kl ,oa xgjkbZ ofuZ;j oSQyhilZ
dh lgk;rk ls Kkr djosQ bldh èkkfjrk fudkfy,A ekid&flfyaMj dk iz;ksx djosQ vius ifj.kke dh iqf"V
dhft,A

2- LØwxst }kjk ,d rkj dk O;kl Kkr dhft,A
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3- LiSQjksehVj }kjk ,d vory niZ.k dh oØrk&f=kT;k Kkr dhft,A

4- ljy yksyd dks de vk;ke osQ fy, nksfyr djkdj fofHkUu yackb;ksa osQ fy, vkoÙkZ dky Kkr dhft, vkSj
yksyd dh yackbZ ,oa vkoÙkZ dky osQ oxZ esa xzkiQ [khafp,A xzkiQ dk iz;ksx djosQ lsosaQM yksyd dh yackbZ
Kkr dhft,A

5- lfn'kksa osQ lekarj prqHkqZt osQ fu;e dk iz;ksx djosQ nh xbZ oLrq dk Hkkj Kkr dhft,A

6- 'khryu&dky rFkk oSQykWjhehVj ,oa ifjos'k osQ chp rkikarj osQ yksxsfjFe esa xzkiQ cukdj U;wVu osQ 'khryu
fu;e dh iqf"V dhft,A

7- feJ.k fofèk dk iz;ksx djosQ fn, x, Bksl dh fof'k"V Å"ek Kkr dhft,A

8- c<+rs Øe esa Kkr Hkkj yVdk dj fLaizx dh yackbZ esa laxr o`f¼ Kkr dhft,A fLizax ds fy, Hkkj&yEckbZ o`f¼
oØ cukdj blds fLizax fu;rkad dk ifjdyu dhft,A

9- C;wjsV dks ikuh ls Hkjdj blosQ oqQy vk;ru dk 1@2] 1@4] 1@8 ---------- [kkyh gksus esa yxk le; Kkr dhft,A
fudkys x, ikuh osQ vk;ru vkSj fudkyus esa yxs le; esa xzkiQ [khafp,A ifj.kke dk fo'ys"k.k dhft, vkSj
jsfM;ks lfØ;&{k;rk ls bldh rqyuk dhft,A

lewg&B

10- vuqukn LrEHk o Lofj=k foHkz.k dk iz;ksx djds (i) ok;q LrEHk esa mRiUu èofu dk rjaxnSè;Z Kkr dhft,A
(ii) dejs ds rkieku ij ok;q esa èofu dk osx Kkr dhft,A

11- vuqukn ufydk esa nks vyx&vyx Lofj=kksa osQ fy, izFke ,oa f}rh; vuqukn dh fLFkfr Kkr djosQ mudh
vko`fÙk;ksa dh rqyuk dhft,A

12- fn, x, Lofj=k }kjk lksuksehVj osQ rkj dks iaQMkesaVy eksM+ esa vuqukfnr dj rkj osQ ruko ,oa vuqukfnr yackbZ
osQ oxZ esa xzkiQ [khafp,A xzkiQ ls rkj osQ izfr bdkbZ nzO;eku dh x.kuk dhft,A

13- vory niZ.k dh fofHkUu oLrq nwfj;ksa u osQ fy, izfrfcac nwfj;ksa v osQ eku Kkr dhft,A 1/u vkSj 1/v esa
xzkiQ [khapdj niZ.k dh iQksdl nwjh dk eku fudkfy,A

14- mÙky ySal osQ fy, 1/u ,oa 1/v esa xzkiQ cukdj mldh iQksdl nwjh Kkr dhft,A

15- mÙky ySal dk iz;ksx djosQ mÙky niZ.k dh iQksdl nwjh Kkr dhft,A

16- mi;qDr mÙky ySal osQ lkFk tksM+dj ,d vory ySal dh iQksdl nwjh Kkr dhft,A

17- ,d dkap osQ fizTe osQ fy, vkiru dks.k (i) ,oa fopyu dks.k (D) esa xzkiQ [khafp,A xzkiQ dk mi;ksx djosQ
dkap dk viorZukad Kkr dhft,A

18- ,d voru niZ.k vkSj ,d fiu iz;ksx djosQ nks ikjn'khZ nzoksa osQ vioZrukadksa dh rqyuk dhft,A

19- ,d [kxksyh; nwjn'khZ leaftr dhft, vkSj bldh vfHkoèkZu {kerk Kkr dhft,A
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lewg&C

20- ,sehVj] oksYVehVj ,oa Kkr eku okyh izfrjksèk oqaQMfy;ksa dk iz;ksx djosQ (Js.kh ,oa lekarj Øe esa) izfrjksèkksa
osQ la;kstu osQ fu;eksa dk lR;kiu dhft,A

21- foHkoekih dk iz;ksx djosQ nks fn, x, izkFkfed lsyksa osQ emf dh rqyuk dhft,A

22- ehVj lsrq dk iz;ksx djosQ fn, x, rkj osQ inkFkZ dh izfrjksèkdrk Kkr dhft,A

23- foHkoekih dh lgk;rk ls fn, x, lsy dk vkarfjd izfrjksèk Kkr dhft,A

24- mi;qDr Js.kh izfrjksèk ,oa oksYV ehVj dh lgk;rk ls nh xbZ oqaQMyh dk izsjdRo Kkr dhft,A

25- ,d xSYosuksehVj }kjk R-C ifjiFk esa èkkjk dh o`f¼ ,oa gzkl dh izfØ;k dk vè;;u dhft, vkSj ifjiFk
dk dky&fu;rkad Kkr dhft,A

26- nh xbZ p-n lafèk osQ vxz vfHkur ifjiFk osQ fy, vfHkyk{kf.kd oØ [khafp, vkSj fn, x, Mk;ksM dk LFkSfrd
,oa xfrd izfrjksèk Kkr dhft,A

27- mHk;fu"B mRltZd la;kstu esa n-p-n VªkaftLVj osQ vfHky{k.kksa dk vè;;u dhft,A  bu vfHky{k.kksa }kjk
1 kΩ yksM izfrjks/ ds lkFk oksYVst&yfCèk (Av) rFkk èkkjk&yfCèk (β) dh x.kuk dhft,A

28- fn, x, naM&pqacd osQ fy, pqacdh; cy js[kk,a [khapdj U;wVªy fcanq vafdr dhft, tcfd pqacd dkμ

(d) mÙkjh èkqzo i`Foh osQ HkkSxksfyd mÙkjh èkzqo dh vksj laosQr djrk gksA

([k) mÙkjh èkzqo i`Foh osQ HkkSxksfyd nf{k.kh èkzqo dh vksj laosQr djrk gksA

29- v¼Z fo{ksi fofèk }kjk fn, x, py oqaQMy èkkjkekih dk vkarfjd izfrjksèk Kkr dhft,A bl èkkjkekih dks
0-3V ds oksYVehVj esa cnfy,A bldk lR;kiu Hkh dhft,A

vè;;u ;kstuk

HkkSfrdh ikB~;Øe vkidks vfèkxe voljksa dk tks iSosQt iznku djrk gS] mlesa 'kkfey gSaμ

eqfnzr Lo vfèkxe lkexzh (SLM)] tks nks Hkkx esa gSaμHkkx&1 ,oa Hkkx&2A

vkWfM;ks ,oa ohfM;ks dk;ZØeksa osQ :i esa iwjd lkexzhA

NIOS osclkbV (www.nios.ac.in) rFkk ;wV~;wc ij miyCèk HkkSfrdh osQ ohfM;ks V~;wVksfj;yA bu V~;wVksfj;yksa
osQ fyad dk mYys[k SLM esa lacafèkr ikBksa esa fd;k x;k gSA

30 O;fDr'k% laioZQ dk;ZØe (PCPs) l=k vkiosQ vè;;u osaQnz ij vk;ksftr fd, tk,axsA budk 'ksM~;wy tkuus
osQ fy, Ñi;k vius vè;;u osaQnz ij laioZQ dhft,A

vkiosQ vè;;u osaQnz ij lk{kkr O;fDr'k% laioZQ dk;ZØe (PCPs) osQ vfrfjDr] eqDr fo|kok.kh ij vkWfM;ks
laizs"k.k osQ ekè;e ls ykbo O;fDr'k% laioZQ dk;ZØe (PCPs) Hkh oscdkLV fd, tkrs gSa ftUgsa vki NIOS

osclkbV (www.nios.ac.in) osQ ekè;e ls ,Dlsl dj ldrs gSaA



HkkSfrdh 436

ikB~;Øe

ewY;kadu ;kstuk

f'k{kkFkhZ dk ewY;kadu f'k{kd vafdr ewY;kadu ,lkbaesaV (Vh- ,e-,-) osQ :i esa larr O;kid ewY;kadu (CCE)
osQ ekè;e ls rFkk lkoZtfud ijh{kk osQ ekè;e ls nksuksa izdkj ls fd;k tk,xkA uhps dh lkj.kh esa bl lacaèk esa
foLr`r lwpuk nh xbZ gSμ

ewY;kadu fofèk ikB~;Øe@ fo"k;oLrq vofèk vad izfr'kr

f'k{kd vafdr ewY;kadu i=k Lo fuèkkZfjr 20
(Vh- ,e-,-)

lkoZtfud@ vafre ijh{kk 3 ?kaVs 80



 1HkkSfrdh

ek=kd] foek,a ,oa lfn'k ekWM~;wy  - 1
xfr] cy ,oa ÅtkZ

fVIif.k;k¡

1

ek=kd] foek,a ,oa lfn'k

foKku ,oa fo'ks"k :i ls HkkSfrdh esa ge ;FkklaHko 'kq¼ ekiu dk iz;kl djrs gSaA foKku
osQ bfrgkl esa 'kq¼ ekiu ls vusd u;s vkfo"dkj vkSj egRoiw.kZ fodkl gq, gSaA Li"Vr;k]
izR;sd ekiu osQ mi;qDr ek=kd gksrs gSaA mnkgj.k osQ fy, ;fn vki vius dejs dh yEckbZ
ekisa rks bldks ,d mi;qDr ek=kd esa vfHkO;Dr fd;k tkrk gSA blh izdkj ;fn vki nks
?kVukvksa osQ chp osQ varjky dk ekiu djrs gsa rks bls fdlh nwljs ek=kd osQ :i esa vfHkO;Dr
fd;k tkrk gSA fdlh HkkSfrd jkf'k osQ ek=kd dh O;qRifÙk varjkZ"Vªh; le>kSrs osQ }kjk fu;r
ewyHkwr ek=kdksa osQ }kjk dh tkrh gSA ewyHkwr ek=kdksa dh èkkj.kk foekvksa dh ladYiuk dks
tUe nsrh gS ftlosQ HkkSfrdh esa egRoiw.kZ vuqiz;ksx gSaA

vki vè;;u djsaxs fd HkkSfrd jkf'k;k¡ lkekU;r;k nks lewgksa esa foHkkftr dh tk ldrh
gSa& vfn'k ,oa lfn'kA vfn'k jkf'k;ksa dk osQoy ifjek.k gksrk gS tcfd lfn'k jkf'k;ksa dk
ifjek.k ,oa fn'kk nksuksa gksrs gSaA lfn'k jkf'k;ksa dh xf.krh; izfØ;k vfn'k jkf'k;ksa osQ fy;s
iz;qDr izfØ;k ls oqQN fHkUu gksrh gSA lfn'k ,oa vfn'k jkf'k;ksa dh ifjdYiuk fofHkUu izko`Qfrd
?kVukvksa dh HkkSfrdh dks le>us esa lgk;d gSaA bldk vuqHko vki bl ikB~;Øe esa djsaxsA

mís';

bl ikB dk vè;;u djus osQ i'pkr~ vki %

HkkSfrdh ds {ks=k] blds fu;eksa dh izÑfr vkSj HkkSfrdh ds fl¼kUrksa ds gekjs nSfud thou
esa vuqiz;ksxksa dk o.kZu dj ldsaxs_

ekiu esa lkFkZd vadksa dh la[;k Kkr dj ldsaxs vkSj ekiu esa muds egRo dks le>k
ldsaxs_

ekSfyd ,oa O;qRiUu jkf'k;ksa esa Hksn dj ik;saxs rFkk buosQ SI ek=kd crk losaQxs_

fofHkUu HkkSfrd jkf'k;ksa dh foek,a fy[k losaQxs_
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foeh; fo'ys"k.k osQ iz;ksx }kjk lehdj.kksa dh 'kq¼rk dh tk¡p dj losaQxs ,oa vKkr
jkf'k;ksa dh foeh; izo`Qfr fu/kZfjr dj ik;saxs_

vfn'k ,oa lfn'k jkf'k;ksa esa Hksn crk losaQxs ,oa buosQ mnkgj.k izLrqr dj losaQxs_

nks lfn'kksa dks tksM+ o ?kVk losaQxs ,oa fdlh lfn'k dks mlosQ ?kVdksa esa fo;ksftr dj
losaQxs_

nks lfn'kksa dk xq.kuiQy Kkr dj losaQxsA

1-1 HkkSfrd txr vkSj ekiu

1-1-1 HkkSfrdh% iz;kstu ,oa iszj.kk

HkkSfrdh dk dk;Z&ifjlj cgqr foLr`r gSA vR;Ur fofo/rkiw.kZ izkÑfrd ifj?kVuk,a blds
vè;;u {ks=k esa vkrh gSaA blesa 'kkfey gSa% ;kfU=kdh_ mQ"ek ,oa mQ"ekxfrdh_ izdkf'kdh_
rjaxsa ,oa nksyu_ fo|qr ,oa pqEcdÙo_ ijekf.od ,oa ukfHkdh; HkkSfrdh_ bysDVªkWfudh ,oa
dEI;wVj vkfnA cgqr le; ls] dqN leL;kvksa ds gy dh vko';drk dks ysdj tSo&
HkkSfrdh] jlk;u&HkkSfrdh] [kxksy&HkkSfrdh] e`nk&HkkSfrdh] Hkw&HkkSfrdh bR;kfn fo"k;ksa dk
fodkl fd;k x;k gS vkSj blls HkkSfrdh dk {ks=k vkSj fodflr gqvk gSA HkkSfrdh esa ge
rkjksa] xzgksa tSls fo'kky rFkk ewy d.kksa tSls lw{e fiaMks dk] 1025 m (czgek.M dk lkbt+)
tSlh fo'kky rFkk 10–14 m (ijek.kq ukfHkd dk lkbt) tSlh vYi nwfj;ksa dk] 1055 kg
(czgek.M dk nzO;eku) tSls fo'kky vkSj 10–30 kg (bysDVªkWu dk nzO;eku) tSls lw{e
nzO;ekuksa dk vè;;u djrs gSaA

HkkSfrdh laHkor% lHkh foKkuksa dk vk/kj gSA vfHk;kaf=kdh vFkok izkS|ksfxdh esa gq, lHkh
fodkl HkkSfrdh ds vuqiz;ksxksa ds vfrfjDr vkSj dqN Hkh ugha gSaA

HkkSfrdh ds vè;;u usa vusd egRoiw.kZ [kkstksa] vkfo"dkjksa vkSj muds vuqiz;ksxksa dks tUe
fn;k gS] mnkgj.kkFkZ%

(i) ,d fxjrs gq, lso ls xq#Rokd"kZ.k dk cks/]

(ii) ty] rkih; ,oa ukfHkdh; 'kfDr&la;U=kksa }kjk fo|qr mQtkZ dk mRiknu (fo|qr foghu
txr vkSj mlds thou dh dYiuk djds nsf[k,)A

(iii) VsfyiQksu ,oa Vsfyfotu }kjk fo'o ds fdlh Hkh Hkkx ls lans'k ,oa n`'; izkIr djukA

(iv) i`Foh ls jkscksV fu;U=k.k iz.kkyh dk mi;ksx dj ds pUnzek ij vorj.k rFkk eaxy tSls
xzgkas ,oa vU; [kxksfyd fiaMksa dk vè;;uA

(v) Ñf=ke mixzgksa vkSj mixzgksa ij yxs VsfyLdksiksa dh lgk;rk ls ckg; vUrfj{k dk
vè;;uA

(vi) ysllZ vkSj muds vusd vuqiz;ksx

(vii) mPp xfr dEI;wVj] rFkk ,sls vusd vuqiz;ksxA
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1-1-2 HkkSfrd fu;ekas dh izÑfr

HkkSfrdhfon~ czg~ek.M dk vUos"k.k djrs gSaA oSKkfud izØeksa ij vk/kfjr muds vUos"k.k ds
ifjlj esa lw{e voijek.kqd d.kksa ls ysdj fo'kky rkjs rd vkrs gSaA

HkkSfrd fu;e izk:fidr% ,sls fu"d"kZ gksrs gSa tks ckj ckj nksgjk, x, iz;ksxksa vkSj dbZ o"kks±
rd fy, x, izs{k.kksa ij vk/kfjr gksrs gSa vkSj ftUgsa oSKkfud lekt }kjk lkoZHkkSfed ekU;rk
izkIr gks pqdh gksrh gSA HkkSfrd fu;e&

• de ls de vius oS/rk {ks=k ds vUrxZr lR; gksrs gSaA

• lkoZHkkSe gksrs gSaA mUgsa czg~ek.M esa gj dgha ykxw fd;k tk ldrk gSA

• ljy gksrs gSaA mUgsa izk:fidr% ,d xf.krh; lehdj.k ds inksa esa O;Dr fd;k tk
ldrk gSA

• fujis{k gksrs gSaA czg~ek.M esa dqN Hkh mUgsa izHkkfor ugha dj ldrkA

• LFkk;h gksrs gSaA [kksts tkus ds ckn vifjo£rr jgrs gSa (gkykafd] muesa dqN mixeu@
vFkok viokn gks ldrs gSa)A

• loZ'kfDreku gksrs gSaA czg~ek.M esa gj oLrq dks mudk ikyu djuk gh gksrk gSA

1-1-3 HkkSfrdh] izkS|ksfxdh ,oa lekt

izkS|ksfxdh] HkkSfrdh ds fu;eksa dk vuqiz;ksx gksrh gS] ftlds }kjk gekjs HkkSfrd thou Lrj
dh xq.koÙkk esa lq/kj ds fy, e'khuksa] ;qfDr;ksa vkfn dk fuekZ.k fd;k tkrk gS ;k muesa
lqèkkj yk;k tkrk gSA mnkgj.k ds fy,%

(i) fofHkUu izdkj ds bUtu (Hkki] iSVªksy] Mht+y vkfn) mQ"ek xfrdh ds fu;eksa ij
vk/kfjr gksrs gSaA

(ii) lapkj ds lk/u tSls jsfM;ks] VsfyiQksu] Vsfyfotu vkfn fo|qr&pqEcdh; rjaxksa ds
izxeu ij vk/kfjr gksrs gSaA

(iii) fo|qr tuu fo|qr pqEcdh; iszj.k ds fl¼kUr ij vk/kfjr gksrk gSA

(iv) ukfHkdh; fj,DVj fu;af=kr&ukfHkdh;&fo[k.Mu ds fl¼kUr ij vk/kfjr gksrk gSA

(v) tsV ok;q;ku rFkk jkWdsV U;wVu ds xfr ds f}rh; ,oa r`rh; fu;eksa ij vk/kfjr gksrs
gSaA

(vi) ,Dl&fdj.kksa] ijkcSaxuh fdj.kksa rFkk vojDr fdj.kksa dk mi;ksx fpfdRlk foKku esa
funku ,oa jksxgj.k ds fy, fd;k tkrk gSA

(vii) eksckby iQksu] ifjdfy=k vkSj lax.kd bysDVªkfudh ds fl¼kar ij vk/kfjr gksrs gSaA

(viii) ysllZ bysDVªkWu la[;k mRØe.k dh ifj?kVuk ij vk/kfjr gksrs gSaA

bl izdkj ds cgqr ls mnkgj.k fn, tk ldrs gSaA
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1-1-4 ekiu dh vko';drk

izR;sd ubZ [kkst lekt dh lajpuk vkSj blds yksxksa ds thou esa Økafrdkjh ifjorZu ykrh
gSA D;k vki bl rF; dks dqN mnkgj.kksa }kjk Li"V dj ldrs gSa\

HkkSfrdh] tSlk ge tkurs gSa] foKku dh ,d 'kk[kk gS ftlesa izÑfr vkSj izkÑfrd
ifj?kVukvksa dk vè;;u fd;k tkrk gSA fdlh ifj?kVuk ds lEiw.kZ ,oa mi;qDr vè;;u
ds fy, blls lac¼ jkf'k;ksa dk ekiu vfuok;Z gksrk gSA mnkgj.k ds fy, fdlh d.k dh
xfr ds vè;;u ds fy, fdlh {k.k fo'ks"k ij blds foLFkkiu] osx ,oa Roj.k dk lgh
ekiu djuk gksrk gSA ftlds fy,] le; vkSj nwjh dk ekiu djuk iM+rk gSA blh izdkj]
fdlh xSl dh voLFkk ds iw.kZ vè;;u ds fy, vk;ru] nkc vkSj rki dk ekiu vko';d
gksrk gSA fdlh nzo ij mQ"ek ds izHkko dk vè;;u djus ds fy, mldk nzO;eku] vk;ru
vkSj rki ekiuk iM+rk gSA vr% ge ns[krs gSa fd izR;sd izkÑfrd ifj?kVuk dk vè;;u
djus ds fy,] nwjh] le;] rki] nzO;eku] cy vkfn jkf'k;ksa dk ekiu djuk gksrk gSA blls
ekiu dh vko';drk Li"V gks tkrh gSA

1-2 eki osQ ek=kd (Unit of Measurement)

HkkSfrdh osQ fu;eksa dks nwjh] pky] le;] cy] {ks=kiQy] vk;ru] fo|qr/kjk] vkfn HkkSfrd
jkf'k;ksa osQ inksa esa O;Dr djrs gSaA ekiu osQ fy;s izR;sd HkkSfrd jkf'k dk ,d ek=kd fu;r
fd;k tkrk gSA mnkgj.k osQ rkSj ij] le; dk ekiu feuVksa] ?kaVksa ;k fnuksa osQ :i esa fd;k
tk ldrk gSA ysfdu fofHkUu O;fDr;ksa osQ chp mi;ksxh oSpkfjd vknku iznku gsrq bl ek=kd
dh rqyuk lHkh dks Lohdk;Z ekud ek=kd ls dh tkuh pkfg;sA mnkgj.kr;k] tc ge dgrs
gSa fd fnYyh ,oa dydÙkk osQ chp dh nwjh yxHkx 2000 fdyksehVj (km) gS rks ge ewyHkwr
ek=kd km osQ :i esa rqyuk djrs gSaA blh izdkj vki laHkor;k nzO;eku osQ ek=kd fdyksxzke
,oa le; osQ ek=kd lsoaQM ls ifjfpr gksaxsA ekud ek=kdksa osQ lanHkZ esa lHkh dk ,d er
gksuk vko';d gSA rkfd tc ge 100 fdyksehVj] 10 fdyksxzke ;k 10 ?kaVs dgsa rks nwljs
yksx bls le> losaQA foKku esa ewyHkwr ek=kdksa osQ lanHkZ esa varjkZ"Vªh; erSD; vko';d
gS vU;Fkk lalkj osQ ,d Hkkx osQ O;fDr;ksa }kjk izkIr ijh{k.kksa osQ ifj.kkeksa dks nwljh Hkk"kk
osQ O;fDr ugha le> ik;saxsA

ekuk vki ikuh esa ,d jlk;u dh foys;rk dk ijh{k.k dj jgs gSaA ;fn vki jlk;u dk
nzO;eku rksyksa esa ,oa ikuh dk vk;ru di osQ ifjek.k ls O;Dr djsa rks D;k vkidk tkikuh
fe=k vkiosQ ijh{k.k osQ ifj.kkeksa dks le> ik;sxk\

vkiosQ fe=k dh le> esa ijh{k.k osQ ifj.kke vkuk vlaHko gS D;ksafd og nzO;eku osQ ek=kd
rksyk ,oa vk;ru&ekiu osQ fy;s iz;qDr di ls lqifjfpr ugha gSA D;ksafd ;s ifjek.k osQ
ekud ek=kd ugha gSaA D;k vc vkioQks loZekU;] ekud ek=kdksa dh vko';drk Li"V gqbZ\

;kn j[ksa fd foKku esa ,d ijh{k.k osQ ifj.kke rHkh LFkkfir ekus tkrs gSa tcfd
leku ifjfLFkfr;ksa esa vU;=k og ijh{k.k fd;s tkus ij leku ifj.kke izkIr gksaA
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Hkkjrh; ijaijkvksa esa ekiu

Hkkjr esa izkphu dky ls gh ;FkkØe ekiu dh ifjikVh jgh gS] euqLe`fr dk fuEufyf[kr
m¼j.k bl ckr dks Hkyh&Hkk¡fr Li"V djrk gS%
¶jktk dks izR;sd 6 ekg esa ckVksa ,oa rqykvksa dk ijh{k.k dj ;g lqfuf'pr dj ysuk
pkfg;s fd ekiu lgh gSa ,oa bUgsa jkteqfnzr dj fn;k x;k gSA¸

& euqLe`fr] 8ok¡ vè;k;] 'yksd la- 403
gM+Iik dky esa ekiu osQ laosQr cgqrk;r esa feyrs gSaA leku :i ls pkSM+h lM+osaQ]  4
: 2 : 1 vuqikr dh b±Vsa] yksFky esa ik;k x;k gkFkh nk¡r dk iSekuk ftldh U;wure eki
1.70 mm Fkh] "kViQydh;  0.05, 0.1, 0.2, 0.5, 1, 2, 5, 10, 20, 50, 100, 200 ,oa 500
bdkbZ;ksa osQ Hkkj (1 bdkbZ = 20 xzke) ik;s x;s]
ekS;Z dky esa yackbZ osQ fuEu ek=kd izpyu esa Fks %

8 ijek.kq = 1 jt%d.k 8 jt%d.k = 1 fy{kk

8 fy{kk = 1 ;wdekè; 8 ;wdekè; = 1 ;oekè;

8 ;oekè; = 1 vaxqy 8 vaxqy = 1 /ueqZf"V

eqxy dky esa 'ksj'kkg ,oa vdcj us Hkkj ,oa ekiu osQ {ks=k esa ,d:irk iquLFkkZiu dk
iz;kl fd;kA vdcj us yackbZ ekius osQ fy;s 41 vaxqy dk xt vkjaHk fd;kA tehu
dk {ks=kiQy&ekiu osQ fy;s ch?kk iz;qDr fd;k (1 ch?kk = 60 xt × 60 xt)A
nzO;eku ,oa vk;ru osQ ek=kdksa dk Li"V mYys[k vk;qosZn esa Hkh ik;k tkrk gSA

1-2-1 ek=kdksa dh SI i¼fr

loZekU; ek=kdksa dh vko';drk dks è;ku esa j[krs gq;s 1971 esa vk;ksftr pkSngoha tujy
dkUizsaQl vku osV~l ,.M estjl esa 7 ewy ek=kdksa dh i¼fr dks viuk fy;k x;kA bu
7 ek=kdksa ij vkèkfjr SI ek=kd iz.kkyh cuhA SI varjkZ"Vªh; ek=kd i¼fr (Système
International d’Unités) dk laf{kIrhdj.k gSA ;g iz.kkyh ehfVªd iz.kkyh osQ uke ls yksdfiz;
gSA SI ek=kd ,oa muosQ izrhd lkj.kh 1-1 esa lwphc¼ gSaA

lkj.kh 1-1 % vk/kjHkwr SI ek=kd

jkf'k ek=kd izrhd

yEckbZ ehVj m

nzO;eku fdyksxzke kg

le; lsdUM s

fo|qr/kjk ,sfEi;j A

rki osQfYou K

T;ksfr rhozrk oSQUMsyk cd

inkFkZ dh ek=kk eksy mol

yEckbZ osQ ek=kd ehy] xt ,oa iqQV vkt Hkh Hkkjr ,oa vU; ns'kksa esa oqQN dk;ks± esa iz;qDr
gksrs gSaA ysfdu oSKkfud dk;Z osQ fy;s ge lnSo SI ek=kdksa dk gh iz;ksx djrs gSaA
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SI iz.kkyh ehfVªd iz.kkyh gSA bldk iz;ksx vklku gS D;ksafd bl iz.kkyh esa ewy ek=kdksa ls
NksVs vkSj cM+s ek=kd nl osQ vioR;ks± ;k viorZdksa osQ :i esa O;Dr fd;s tk ldrs gSaA
ek=kdksa osQ viorZdksa ,oa vioR;ks± dks fo'ks"k uke fn;s x;s gSaA ;s lkj.kh 1-2 esa lwphc¼
gSaA

lkj.kh 1-2 % nl dh ?kkr osQ iwoZyXu

nl dh ?kkr iwoZyXu izrhd mnkgj.k

10–18 ,Vks a ,VksehVj (am)
10–15 isQEVks f isQEVksehVj (fm)
10–12 ihdks p ihdksehVj (pF)
10–9 usuks n usuksehVj (nm)
10–6 ekbØks μ ekbØksu (μm)
10–3 feyh m feyhxzke (mg)
10–2 lsaVh c lsaVhehVj (cm)
10–1 Mslh d MslhehVj (dm)
101 Msdk da Msdkxzke (dag)
102 gsDVks h gsDVksehVj (hm)
103 fdyks k fdyksxzke (kg)
106 esxk M esxkokV (MW)
109 xhxk G xhxkgVZ~l (GHz)
1012 Vsjk T VsjkgVZ~l (THz)
1015 isVk P isVk fdyksxzke (Pkg)
1018 ,Xtk E ,Xtk fdyksxzke (Ekg)

lkj.kh 1-3 % oqQN nzO;ekuksa dh
ifjek.k dksfV

nzO;eku fdyksxzke
bySDVªkWu 10–30

izksVksu 10–27

vehuks vEy 10–25

gheksXyksfcu 10–22

Ýyw ok;jl 10–19

fo'kky vehck 10–8

o"kkZ dh cw¡n 10–6

phaVh 10–2

ekuo 102

lsVuZ 5 jkosQV 106

fijkfeM 1010

ìFoh 1024

lw;Z 1030

vkdk'kxaxk 1041

czãk.M 1052

lkj.kh 1-4 % oqQN yEckbZ;ksa dh
ifjek.k dksfV

yEckbZ ehVj

izksVkWu dh f=kT;k 10–15

ijek.kq dh f=kT;k 10–16

fo"kk.kq dh f=kT;k 10–7

fo'kky vehck dh f=kT;k 10–4

v[kjksV dh f=kT;k 10–2

euq"; dh Å¡pkbZ 100

lokZf/d Å¡pk ioZr 104

i`Foh dh f=kT;k 107

lw;Z dh f=kT;k 109

lw;Z ,oa i`Foh osQ eè; nwjh 1011

lkSj ifjokj dh f=kT;k 1013

fudVre rkjs dh nwjh 1016

vkdk'kxaxk dh f=kT;k 1021

n`';eku czãk.M dh f=kT;k 1026
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lkj.kh 1-3 ls czãk.M dh fofHkUu oLrqvksa osQ nzO;eku] lkj.kh 1-4 ls fofHkUu oLrqvksa osQ
lkbt ,oa lkj.kh 1-5 ls czãk.M dh fofHkUu ?kVukvksa osQ le; varjkyksa dk vuqeku yxk;k
tk ldrk gSA

1-2-2 nzO;eku] yackbZ vkSj le; osQ ekud ek=kd

,d ckj ek=kdkas dh SI i¼fr osQ mi;ksx dk fu'p; dj ysus osQ ckn gesa ewy jkf'k;ksa
osQ fy;s ekud ek=kdksa dk leqPp; (Set) fuf'pr dj ysuk pkfg;sA vc ge nzO;eku] yEckbZ
,oa le; osQ ekud ek=kdksa dks ifjHkkf"kr djrs gSa %

(i) nzO;eku % nzO;eku dk SI ek=kd fdyksxzke gSA
fdyksxzke dk ekud 1857 esa LFkkfir fd;k x;kA
;g IysfVue&bjhfM;e feJèkkrq osQ cus ,d fof'k"V]
vlk/kj.k :i ls LFkk;h csyu dk nzO;eku gS] ftls
izQkal osQ isfjl fLFkr Hkkj rFkk ekiu osQ varjkZ"Vªh;
C;wjks (International Bureau of Weights and

Measures) esa j[kk x;k gSA blh feJ/krq osQ
vkfnizk:i fdyksxzke cukdj lalkj osQ lHkh ns'kksa dks
ns fn;s x;s gSaA Hkkjr dk jk"Vªh; vkfnizk:i fdyksxzke
la[;k 57 gS tks jk"Vªh; iz;ksx'kkyk (National

Physical Laboratory) ubZ fnYyh esa lqjf{kr gS]
(fp=k 1-1)A

lkj.kh 1-5 % oqQN le; varjky dk ifjek.k dksfV

varjky lsoaQM

izdk'k }kjk ukfHkd dks ikj djus esa yxk le; 10–23

n`';eku izdk'k rjaxksa dk vkorZdky 10–15

ekbØksosOt dk vkorZdky 10–10

E;wvkWu dh v/Z vk;q 10–6

mPpre JO; èofu dk vkorZdky 10–4

euq"; osQ ân;Lian dk vkorZdky 100

eqDr U;wVªkWu dh v/Zvk;q 103

i`Foh osQ ?kw.kZu dk vkorZdky (fnu) 105

i`Foh osQ ifjØe.k dkvkorZdky (o"kZ) 107

euq"; dh vk;q 109

IywVksfu;e-239 dh v/Zvk;q 1012

ioZr  Ük`a[kyk dh thou vof/ 1015

i`Foh dh vk;q 1017

czãk.M dh vk;q 1018

fp=k 1-1% fdyksxzke dk
vkfnizk:i
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(ii) yEckbZ % ehVj dks ,d izko`Qfrd ?kVuk osQ :i esa ifjHkkf"kr fd;k tkrk gSA fuokZr
esa izdk'k }kjk 1/299792458 lsoaQM esa pyh xbZ nwjh dks ,d ehVj dgrs gSaA

;g ifjHkk"kk bl rF; ij vkèkkfjr gS fd fuokZr esa izdk'k dh pky 299792458 ehVj
izfr lsoaQM gSA

(iii) le; % lhft;e - 133 ijek.kq dks viuh ewy fLFkfr osQ nks vfrlw{e Lrjksa osQ chp
9192631770 dEiu djus osQ fy;s vko';d le; dks ,d lsoaQM osQ :i esa ifjHkkf"kr
fd;k x;k gSA

lsoaQM dh ;g ifjHkk"kk ,d ;qfDr] osQ fodkl esa lgk;d fl¼ gqbZ ftls ijek.kq ?kM+h
dgrs gSa] (fp=k 1-2)A Hkkjr dh jk"Vªh; HkkSfrd iz;ksx'kkyk esa lqjf{kr lhft;e ?kM+h
dh vfuf'prrk  ± 1 × 10–12  lsoaQM gS tks fd ,d lsoaQM esa ,d fidkslsoaQM dh =kqfV
osQ rqY; gSA orZeku esa 1015 esa 5 Hkkx dh =kqfV rd dh ?kM+h fodflr dh tk pqdh
gSaA bldk vFkZ ;g gS fd ;fn ?kM+h 1015 lsoaQM rd pys rks blesa ± 5 lsoaQM ls de
=kqfV vk;sxhA ;fn lsoaQM dks o"kks± esa ifjo£rr fd;k tk; rks ,d vk'p;Ztud ifj.kke
izkIr gksrk gS fd ;fn ;g ?kM+h 60 yk[k o"kks± rd pyrh jg losQ rks blosQ }kjk le;
ekiu esa ± 1 lsoaQM ls de =kqfV vk;sxhA ;g iz;klksa dh pje lhek ugha gSA izkekf.kdrk
dks vkSj vf/d c<+kus osQ fy;s fujarj iz;kl tkjh gSA varrksxRok ge
1018  lsdaM esa ± 1 lsdaM dh =kqfV okyh ?kM+h cukus dh vk'kk djrs gSaA vkidh rduhdh
miyfC/ laca/h tkudkjh osQ fy;s crk nsa fd ;fn ;g ?kM+h czãk.M osQ tUe (ftls
fcx cSax dgk tkrk gS) osQ le; pykbZ tkrh rks vkt rd blesa ek=k ± 2 lsoaQM dh
=kqfV vkrhA

fp=k. 1.2 : ijek.kq ?kM+h

lhft;e ijek.kq ?kM+h
(S60,000)

lhft;e csfj;e V;wc
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uohu [kkstksa esa ifj'kq¼ ekiu dh Hkwfedk

ykMZ jSys }kjk ukbVªkstu osQ ?kuRo ekiu osQ fy;s fd;s x;s iz;ksx bl rF; dk ,d
vfrfof'k"V mnkgj.k gS fd 'kq¼ ekiu u;s vkfo"dkjksa esa lgk;d gks ldrs gSaA

,d iz;ksx esa mUgksaus ,d uyh esa yky xeZ rk¡cs osQ Åij ,oa nzo veksfu;k osQ chp
ls gok osQ cqycqys xqtkjs vkSj bl izdkj izkIr 'kq¼ ukbVªkstu dk ?kuRo ekikA ,d
nwljs iz;ksx eas mUgksaus gok dks lh/s yky xeZ rk¡cs osQ Åij xqtkjk vkSj 'kq¼ ukbVªkstu
dk ?kuRo ekikA nwljs iz;ksx esa izkIr ?kuRo igys iz;ksx ls izkIr ?kuRo dh rqyuk esa
0-1» vf/d ik;k x;kA bl iz;ksx ls gok esa ukbVªkstu ls Hkkjh xSl dh mifLFkfr
osQ laosQr feysA ckn esa mUgksaus bl xSl&vkxZu dh [kkst dh vkSj blosQ fy;s mUgsa
ukscsy iqjLdkj izkIr gqvkA

nwljk mnkgj.k ekbosQylu vkSj ekSysZ dk vliQy iz;ksx gSA ekbosQylu O;frdj.kekih
dk iz;ksx djrs gq;s os i`Foh dh xfr dh fn'kk ,oa blosQ vuqizLFk fn'kk esa pyus okyh
izdk'k rjaxksa osQ vè;kjksi.k ls izkIr O;frdj.k fp=kke (Interference pattern) esa 0-
4 ¯izQt pkSM+kbZ osQ LFkku ifjorZu dh vis{kk dj jgs FksA mudk ;a=k O;frdj.k fp=kke
esa visf{kr ifjorZu dh vis{kk lkS xquk laosnu'khy FkkA bl izdkj os bZFkj dh rqyuk
esa i`Foh dh xfr ekiu dh vis{kk dj jgs Fks vkSj bl ckr dks fl¼ djuk pkg jgs
Fks fd bZFkj dk okLro esa vfLrRo gSA ysfdu tc mudk ;a=k dksbZ ifjorZu (shift)

lalwfpr ugha dj ldk rks oSKkfud nqfu;k esa foijhr ifj.kkeksa dh O;k[;k dks ysdj
yach cgl fNM+ xbZA blls yackbZ laoqQpu ,oa le; foLiQkj.k dh voèkkj.kkvksa
dk tUe gqvk ftudh ifj.kfr lkis{krk osQ fl¼kar esa gqbZA

LisDVªksLdksih dh ,d ubZ rduhd ls fdlh ukfHkdh; vfHkfØ;k esa fu£er u;s ijek.kqvksa
osQ vo'ks"kksa dk lalwpu lw{erk ls djuk laHko gks ldkA blesa dbZ ubZ [kkstsa laHko
gqb±aA

1-2-3 lkFkZd vad

tc dksbZ fo|kFkhZ fdlh js[kk dh yEckbZ 6-8 cm ekirk gS rks mlds ekiu esa vad 6 rks
fuf'pr gS tcfd 8 vfuf'pr gS D;ksafd 0-8 ls tjk de ;k T;knk eki gksus ij Hkh izs{kd
mls 0-8 gh fy[krk gSA izk;% ekiu ds os lc vad tks fu'p;kRedrk ls Kkr gS tek igyk
vfu'p;kRed vad fey dj lkFkZd vad dgykrs gSaA

bl izdkj 1.4 cm esa nks lkFkZd vad gSaA fdlh jkf'k ds lkFkZd vad mlds ekiu esa iz;qDr
;U=k dh ;FkkFkZrk ij fuHkZj djrs gSaA fdlh jkf'k esa ftrus vf/d lkFkZd vad gksaxs mlds
ekiu esa izfr'kr =kqfV mruh gh de gksxhA ;fn ekiu esa lkFkZd vadksa dh la[;k de gksxh
rks blesa izfr'kr =kqfV vf/d gksxhA

fdlh jkf'k esa lkFkZd vadksa dh la[;k fuEufyf[kr fu;eksa dk vuqlj.k djds izkIr dh tk
ldrh gS%
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(i) fdlh la[;k esa tks vad 'kwU; ugha gksrs os lHkh lkFkZd gksrs gSaA mnkgj.k ds fy,
315-58 esa ik¡p lkFkZd vad gSaA

(ii) nks u&'kwU; (non-zero) vadks ds chp ds lHkh 'kwU; lkFkZd gksrs gSaA mnkgj.kkFkZ
5,300,405,003 esa nl lkFkZd vad gSaA

(iii) ekiu esa fy[ks x, n'keyo i'pkr ds 'kwU; ;k u&'kwU; vad ds nkfguh vksj fy[ks
x, lHkh 'kwU; lkFkZd gksaxsA bl izdkj 50-00 esa pkj lkFkZd vad gS vkSj 0-04050
esa Hkh pkj lkFkZd vad gSaA è;ku nsa fd 0-04050 esa n'keyo ds i'pkr igyk 'kwU;
lkFkZd ugha gS ijUrq vkf[kjh 'kwU; lkFkZd gSA

(iv) n'keyo fHkUu esa n'keyo i'pkr vkSj u&'kwU; vad ls igys ds lHkh 'kwU; lkFkZd
ugha gksrs gSaA mnkgj.kkFkZ 0-00043 esa dsoy nks lkFkZd vad gSa ijUrq 2-00023 esa N%
lkFkZd vad gSA bl ckr ij Hkh è;ku fn;k tk, fd n'keyo ls igys izFkk ds #i
esa fy[kk x;k 'kwU; Hkh lkFkZd ugha gksrk gSA

(v) la[;k esa vfUre u&'kwU; vad ds i'pkr fy[ks x, lHkh 'kwU; lkFkZd gksrs gSa c'krZs
;g la[;k okLrfod ekiu dks O;Dr djrh gksA mnkgj.k ds fy, ;fn nks fiaMksa ds
chp dh nwjh 4050 m (fudVre ehVj eki esa) gS rks 4050 m esa 4 lkFkZd vad gSaA

(vi) ek=kd ifjorZu ls lkFkZd vadksa dh la[;k ugha cnyrhA mnkgj.k ds fy,] ;fn fdlh
oLrq dh yEckbZ 348.6 cm nh xbZ gS rks blesa 4 lkFkZd vad gSaA ;fn yEckbZ ehVj
esa 3.486 m fy[ksa rks vHkh Hkh blesa pkj lkFkZd vad gSaA

(vii) fdlh iw.kZ la[;k esa vfUre u&'kwU; vad ds nkfguh vksj ds 'kwU; lkFkZd ugha gksrsA
mnkgj.k ds fy, 5000 esa dsoy ,d lkFkZd vad gSA

ekiu esa lkFkZd vadksa dk egRo

tSlk igys mYys[k fd;k tk pqdk gS] fdlh jkf'k esa lkFkZd vadksa dh la[;k dk fu/kZj.k
ekiu dh ;FkkFkZrk ls gksrk gSA ekuk fd fdlh flDds dk O;kl 2 cm gSA ;fn dksbZ fo|kFkhZ
bldk O;kl ehVj Ldsy ls ukirk gS tks 0.1 cm rd gh Bhd Bhd ekiu dj ldrk gS
rks fo|kFkhZ bldk O;kl 2.0 cm vFkkZr dsoy nks lkFkZd vadksa rd crk,xkA ;fn O;kl dk
ekiu o£u;j dSfyilZ tSls fdlh ;a=k }kjk fd;k tk, tks 0.01 cm rd Bhd Bhd eki
ldrk gS rks og O;kl dks 2.00 cm vFkkZr rhu lkFkZd vadks rd fy[ksxkA blh izdkj] ;fn
ekiu isapekih tSls fdlh ;a=k }kjk fd;k tk, tks 0.001 cm rd Bhd&Bhd uki ldrk
gS rks O;kl 2.000 cm vFkkZr~ pkj lkFkZd vadks rd fjdkWMZ fd;k tk,xkA vr% ekiu dk
vfHkys[ku ekid ;a=k dh ;FkkFkZrk dks è;ku esa j[krs gq, fd;k tkuk pkfg,A

x.kukvksa dk ifj.kke O;Dr djus esa lkFkZd vadksa dk egRo

ekuk fd dksbZ fo|kFkhZ ,d ?ku dh dksj ehVj Ldsy ls ekirk gS tks 3.2 cm vkrk gSA og
x.kuk }kjk bl ?ku dk vk;ru ifjdfyr djrk gS vkSj bls (3.2 × 3.2× 3.2) ?ku
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lsUVhehVj ;k 32.768 cm3 fjiksVZ djrk gSA ;g ifj.kke xf.kr dh n`f"V ls rks lgh gS ijUrq
oSKkfud ekiu dh n`f"V ls ;FkkFkZ ugha gSA vk;ru dk tks lgh eku crk;k tkuk pkfg,
og gS 33cm3 A ,slk blfy, gS D;ksafd ?ku dh dksj dh eki esa dsoy nks lkFkZd vad
gSa vr% ifj.kke esa Hkh nks gh lkFkZd vad gksus pkfg, tcfd 32.768 esa ik¡p lkFkZd vad
gSa tks Bhd ugha gSA

tksM+] ?kVk] xq.kk vkSj Hkkx lafØ;kvksa esa lkFkZd vad

(i) tksM+ vkSj ?kVk& ekuk gesa rhu jkf'k;ksa 2.7m, 3.68m rFkk 0.486 m dks tksM+uk gSA
bu jkf'k;ksa esa igyk eki dsoy ,d n'keyo vad rd gh Kkr gS vr% ;s jkf'k;k¡
,d n'keyo vad rd gh fuf'pr gksaxhA blfy, bu jkf'k;ksa dk ;ksx 6.848 u fy[k
dj 6-8 fy[kk tkuk pkfg,A

blh izdkj 2.65 × 103 cm vkSj 2.65 × 102 cm dk ;ksx Kkr djus ds fy, igys
lHkh la[;kvksa dks 10 dh leku ?kkrksa ds inksa esa O;Dr djuk pkfg,A rc
jkf'k;k¡ gks tk;saxh] 2.65 × 103 cm rFkk 0.263 × 103 cmA D;ksafd igyh la[;k nks
n'keyo vadkas rd Kkr gS budk  ;ksx Hkh 2 n'keyo vadksa rd gksuk pkfg,A vr%
2.65 × 103 cm + 0.263 × 103 cm = 2.91 ×103 cm.

;gh ckr ?kVkus dh lafØ;k ij Hkh ykxw gksrh gSA mnkgj.k ds fy, 4.6 cm esa ls
2.38 cm ?kVkus ij ifj.kke 2.2 cm gksxk u fd 2.22 cm

(ii) xq.kk ,oa Hkkx& ekuk fd fdlh IysV dh yEckbZ 3.003 m vkSj pkSM+kbZ 2.26 m ekih
xbZ A x.kukRed ifjdyu ds vqulkj bldk {ks=kiQy 6.78678 m2 gksxkA ijUrq
oSKkfud ekiu dh n`f"V ls ;g lgh ugha gSA bl ifj.kke esa N% lkFkZd vad gSaA fdUrq
U;wure lkFkZd vadksa dh la[;k (pkSM+kbZ ds ekiu esa) dsoy rhu gSA vr% ifj.kke
dks Hkh dsoy rhu lkFkZd vadksa rd gh fy[kk tkuk pkfg,A vr% {ks=kiQy dk lgh
eku 6.79 m2 gksxkA

;gh fof/ Hkkx ds fy, Hkh ykxw gksrh gSA mnkgj.k ds fy, 248-57 dks 56-9 ls Hkkx
nsus ij HkkxiQy 4-3685413 izkIr gksrk gSa ijUrq ifj.kke dks rhu lkFkZd vadks rd
gh fy[kuk gS D;ksafd Hkktd esa lkFkZd vadksa dh la[;k rhu gS tks nksuksa la[;kvksa esa
U;wure gSA vr% ifj.kke gksxk% 4-37A

blh izdkj] ;fn dksbZ fiaM 142 s esa 1452 m pyrk gS rks bldh pky] xf.krh;

ifjdyu ls 
1452
142

 m
 s  vFkok 10.225352 ms–1 gksxh ijUrq oSKkfud ekiuksa esa bls

10.2 ms–1 fy[kk tk,xk D;ksafd le; ds eku esa dsoy 3 lkFkZd vad gSaA

(iii) x.kukvksa esa iz;qDr fu;rkadksa ds eku& ;fn o`Ùk dh f=kT;k 3.35 cm gks rks {ks=kiQy
(πr2) dk ifjdyu djus ds fy, π dk eku nks n'keyo vadksa rd (vFkkZr π =
3.14) gh fy;k tkuk pkfg, (3.1416 ugha)A vr% o`Ùk dk {ks=kiQy = πr2 = (3.14
× 3.35 × 3.35) cm2 = 35.2 cm2 gksxk u fd 35.23865 cm2A
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(iv) ;fn fdlh ekfir jkf'k dks fdlh fu;rkad ls xq.kk fd;k tkrk gS rks xq.kuiQy esa lHkh
vad lkFkZd gksrs gSaA mnkgj.k ds fy,] ;fn fdlh xsan dk nzO;eku 32.59 g gS rks
,slh 10 xsnksa dk nzO;eku 32.59 × 10 = 325.90 g gksxkA è;ku nhft, fd blesa
lkFkZd vadksa dh la[;k ik¡p gSA

1-2-4 O;qRiUu ek=kd

vc rd geus nzO;eku] yackbZ vkSj le; ekiu osQ fy;s rhu ewy ek=kdksa dks ifjHkkf"kr
fd;k gSA vusd jkf'k;ksa osQ ekiu osQ fy, gesa vU; ek=kdksa dh vko';drk gksrh gS ftUgsa
ewy ek=kdksa osQ fofHkUu la;ksxksa }kjk izkIr fd;k tkrk gSA bu ek=kdksa dks O;qRiUu ek=kd dgrs
gSaA mnkgj.kr;k yackbZ ,oa le; osQ ek=kdksa dh lgk;rk ls pky ;k osx dk ek=kd izkIr
gksrk gS ftls ms–1 }kjk n'kkZ;k tkrk gSA nwljk mnkgj.k yackbZ osQ ek=kd dh Lo;a osQ lkFk
vU;ksU; fØ;k gS ftlosQ }kjk {ks=kiQy ,oa vk;ru osQ ek=kdksa dh O;qRifÙk gksrh gS vkSj mUgsa
Øe'k% m2 vkSj m3 }kjk n'kkZ;k tkrk gSA

vc ge vkils vkidh lqifjfpr HkkSfrd jkf'k;ksa o buosQ ek=kdksa dh lwph rS;kj fd;s tkus
dh vis{kk djrs gSaA

oqQN O;qRiUu ek=kdksa dks fo'ks"k uke fn;s x;s gSaA fuEu lkj.kh esa lk/kj.kr;k mi;ksx esa vkus
okys O;qRiUu ek=kd fn;s x;s gSaA

lkj.kh 1-6 % fo'ks"k uke okys O;qRiUu SI ek=kdksa osQ mnkgj.k

jkf'k uke izrhd ewy ek=kd izrhd

cy U;wVu N kg m s–2

nkc ikLdy Pa N m–2

ÅtkZ@dk;Z twy J N m

'kfDr okV W J s–1

SI iz.kkyh osQ ek=kdksa osQ iz;ksx dk ,d ykHk ;g gS fd ;s ,d lac¼ leqPp; (coherent

set) cukrs gSa vkSj fdUgha nks SI ek=kdksa osQ xq.ku ;k ijLij foHkkTku }kjk izkIr O;qRiUu ek=kd
,d vU; SI ek=kd gksrk gSA mnkgj.kr;k] cy ,oa yackbZ osQ SI ek=kdksa dk xq.ku dk;Z
osQ SI ek=kd dks fu£er djrk gSA ek=kdksa dks fy[ks tkus osQ Øe esa oqQN lko/kuh cjrh
tkuh pkfg;s] mnkgj.kr;k] Nm dks blh Øe esa fy[kk tkuk pkfg;sA ;fn Hkwy ls ge bls
mN fy[k nsa rks ;g feyhU;wVu cu tkrk gS tks fd iw.kZr;k vyx ckr gSA

;kn j[ksa fd HkkSfrdh esa dksbZ Hkh jkf'k lgh ek=kdksa osQ lkFk iz;ksx dh tkuh pkfg,
vU;Fkk ;g fujFkZd gksxhA

mnkgj.k 1.1 : vkuUn] jhuk ,oa oSQiQ osQ vè;kid us mUgsa ,d chdj esa Hkjs ikuh dk vk;ru
ekius dks dgk

vkuUn us 200 fy[kk_ jhuk us 200 mL fy[kk_ oSQiQ us 200 Lm fy[kk

dkSu lk mÙkj lgh gS\
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gy : igys mÙkj esa dksbZ ek=kd ugha gS vr% blls dksbZ vk'k; Li"V ugha gksrk] rhljk mÙkj
Hkh Bhd ugha gS D;ksafd Lm ek=kd ugha gksrkA osQoy nwljk mÙkj lgh gSA ;g feyhyhVj
ek=kd dks n'kkZrk gSA

,d iqLrd dk nzO;eku kg ;k g esa vfHkO;Dr fd;k tk ldrk gSA vki xzke osQ fy;s gm
iz;ksx u djsa D;ksafd xzke dk lgh izrhd g gS u fd gmA

ukei¼fr ,oa izrhd

(i) ek=kdksa osQ izrhdksa esa iw.kZ fojke dk iz;ksx ugha fd;k tkuk pkfg, vkSj bls ,dopu
esa iz;ksx fd;k tkuk pkfg,A mnkgj.k osQ fy,] isafly dh yackbZ 7cm fy[kh tkuh
pkfg;s u fd 7cm. ;k 7cmsA

(ii) ;fn ,dy iwoZyXu miyC/ gksa rks nksgjs iwoZyXuksa dks iz;ksx ugha fd;k tkuk pkfg,A
mnkgj.kr;k] usukslsoaQM osQ fy;s ns fy[kk tkuk pkfg, u fd mμs; blh izdkj
fidksiSQjM osQ fy;s pF iz;ksx fd;k tkuk pkfg, ufd μμfA

(iii) ,d ek=kd osQ izrhd osQ iwoZ ,d iwoZyXu iz;ksx fd;k tkrk gS rks iwoZyXu vkSj
izrhd osQ la;ksx dks ,d izrhd ekuk tkuk pkfg;s ftls fcuk dks"Bdksa osQ iz;ksx
osQ /ukRed ,oa ½.kkRed ?kkrksa osQ :i esa fy[kk tk ldrk gSA mnkgj.kr;k]
μs–1, cm2, mA2

μs–1 = (10–6s)–1 (u fd 10–6s–1)

(iv) cm s–2 osQ LFkku ij cm/s/s dk iz;ksx u djsa] blh izdkj 1 Iokt = 1 g s–1cm–1 fy[ksa
u fd 1 g/s/cm

(v) tc ,d okD; esa fdlh ek=kd dks iwjk fy[kk tkuk gks rks NksVs v{kjksa dk O;ogkj
fd;k tkuk pkfg;s u fd cM+s v{kjksa dkA mnkgj.kr;k] 6 hertz fy[kk tkuk pkfg;s
u fd 6 HertzA

(vi) cM+h la[;kvksa dks i<+us dh lqfo/k osQ fy;s nk;sa ls ck;sa 3 osQ lewg esa O;ofLFkr
fd;k tkuk pkfg;s fdUrq dksbZ vYifojke iz;ksx ugha fd;k tkuk pkfg;s] mnkgj.kr;k]
1 532; 1 568 320

vYcVZ vczkge ekbosQylu
(1852&1931)

teZu vejhdh HkkSfrd 'kkL=kh] vkfo"dkjd ,oa iz;ksxdÙkkZ ftUgksaus
ekbosQylu O;frdj.kekih dk fuekZ.k fd;k vkSj eksysZ osQ lkFk
feydj] bZFkj osQ lkis{k i`Foh dh xfr irk yxkus dk iz;kl fd;k
ftlesa ;s vliQy jgsA rFkkfi] vliQy iz;ksx us oSKkfud txr
dks iqjkus fl¼karksa ij iqu£opkj djus dks izsfjr fd;k ftlosQ
iQyLo:i uohu HkkSfrdh dk vkfoHkkZo gqvkA
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cká niZ.kksa osQ iz;ksx }kjk mUgksaus nwjchuksa dh foHksnu {kerk c<+kus dh ,d rduhd
fodflr dhA vius u{k=kh; O;frdj.kekih vkSj gqo~Ql osQ 100" nwjchu dh lgk;rk
ls mUgksaus rkjksa osQ ckjs esa oqQN ifj'kq¼ eki fy;sA

vc vkidh izxfr dks ij[kus dk le; vk x;k gSA fuEu iz'uksa dks gy djsa ;fn vkidh
dksbZ leL;k gks rks ikB osQ var esa fn;s x;s mÙkjksa dks ns[ksaA

ikBxr iz'u 1-1

1. HkkSfrdh ds fu;eksa dh izÑfr dh foospuk dhft,A

2. HkkSfrdh ds fu;eksa ds vuqiz;ksx gekjs thou Lrj dh xq.koÙkk esa lq/kj gsrq fdl izdkj
lgk;d gSa\

3. ekiu esa lkFkZd vadksa ls D;k vfHkizk;% gS\

4. lac¼ fu;eksa dks m¼r djrs gq, fuEufyf[kr jkf'k;ksa esa lkFkZd vadksa dh la[;k crkb,A

(i) 426.69 (ii) 4200304.002 (iii) 0.3040 (iv) 4050 m (v) 5000

5. fdlh fn, x, fiaM dh yEckbZ 3.486 m gSA ;fn bl yEckbZ dks lsaVhehVj esa 348.6
cm O;Dr fd;k tkrk gS rks D;k bu nksuksa n'kkvksa esa ekih xbZ yEckbZ esa lkFkZd vadksa
dh la[;k esa dksbZ ifjorZu gksxk\

6. foekvksa ds fl¼kUrksa ds dksbZ pkj vuqiz;ksx fyf[k,A ;s fdl fl¼kUr ij vk/kfjr gSA

7. lw;Z dk nzO;eku 2 × 1030 kg gSA izksVkWu dk nzO;eku 2 × 10–27 kg gSA ;fn lw;Z dks osQoy
izksVkWuksa }kjk cuk eku ysa rks lw;Z esa izksVkWuksa dh la[;k dk ifjdyu dhft,A

8. igys izdk'k dh rjaxnS?;Z dks ,saXLVªe esa O;Dr fd;k tkrk Fkk] ,d ,saXLVªe 10–8 cm osQ cjkcj
gksrk gSA vc izdk'k dh rjaxnS?;Z dks uSuksehVj esa O;Dr fd;k tkrk gSA ,d uSuksehVj esa fdrus
,saXLVªe gksrs gSaA

9. ,d jsfM;ks LVs'ku 1370 kHz oaQiu vko`fÙk laizsf"kr dj jgk gSA bl oaQiu vko`fÙk dks
GHz esa O;Dr dhft,A

10. ,d MsdkehVj esa fdrus MslhehVj gksrs gSa\ ,d GW esa fdrus MW gksrs gSa\

1-3 HkkSfrd jkf'k;ksa dh foek,a

bl ikB~;Øe esa vki ftu HkkSfrd jkf'k;ksa osQ ckjsa esa i<+saxs muesa ls vf/drj ik¡p ewy
foekvksa osQ :i esa O;Dr dh tk ldrh gSA nzO;eku dks (M), yackbZ dks (L), le; dks (T),
fo|qr /kjk dks (A) o rki dks (θ) }kjk O;Dr fd;k tkrk gS D;ksafd ;kaf=kdh esa lHkh jkf'k;ksa
dks nzO;eku] yackbZ ,oa le; osQ :i esa vfHkO;Dr fd;k tk ldrk gS] vr% gekjs orZeku
iz;kstu osQ fy;s osQoy bUgha rhu foekvksa dks O;ogkj esa ykuk i;kZIr gksxkA fuEu mnkgj.kksa
ls ;g ckr Li"V gks tk;sxh fd fdl izdkj HkkSfrd jkf'k;ksa dh foekvksa dks M, L ,oa  T
dh ?kkrksa osQ la;ksx osQ :i esa O;Dr fd;k tk ldrk gS %
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(i) vk;ru osQ fy;s yackbZ osQ rhu ekiksa dh vko';drk gksrh gSA vr% bldks yackbZ esa
rhu foekvksa (L3) osQ :i esa vfHkO;Dr fd;k tkrk gSA

(ii) nzO;eku dks vk;ru ls foHkkftr djus ij ?kuRo izkIr gksrk gSA bldk foeh; lw=k
ML–3  gSA

(iii) pky] bdkbZ le; esa pyh x;h nwjh vFkok yackbZ@le; gS] bldk foeh; lw=k
LT–1 gSA

(iv) Roj.k bdkbZ le; esa osx ifjorZu gS vFkkZr~ yackbZ izfr bdkbZ le; izfr bdkbZ le;]
bldk foeh; lw=k  LT–2  gSA

(v) nzO;eku ,oa Roj.k dk xq.kuiQy cy dgykrk gSA bldk foeh; lw=k  MLT–2  gSA

blh izdkj ge vU; HkkSfrd jkf'k;ksa dh foek;sa fy[k ldrs gSaA

Lej.k jgs fd HkkSfrd ek=kkvksa ls lacaf/r vad foeh; egRo osQ ugha gSaA bl izdkj ;fn
x  dh foek L gS rks 3x  dh foek Hkh  L gh gksxhA

nzO;eku ,oa osx osQ xq.kuiQy laosx rFkk cy ,oa foLFkkiu osQ xq.kuiQy dk;Z dh foek,a
fyf[k,A

Lej.k jgs foek,a ,oa ek=kd ,d&nwljs osQ i;kZ;okph ugha gSaA mnkgj.k osQ fy, pky
dks ehVj@lsoaQM (ms–1) ;k fdyksehVj izfr ?kaVk osQ :i esa ekik tk ldrk gS ysfdu bldh
foek,a lnSo yackbZ dh foek dks le; dh foek ls foHkkftr djosQ ;k  LT–1  }kjk n'kkZ;h
tk;saxhA

foeh; fo'ys"k.k fdlh jkf'k ;k jkf'k;ksa osQ la;kstu dh foekvksa dh tk¡p dh ,d
izfØ;k gSA foeh; fo'ys"k.k dk ,d egRoiw.kZ fl¼kar ;g gS fd fdlh lehdj.k osQ nksuksa
vksj izR;sd jkf'k dh foek leku gksuh pkfg;sA vr% ;fn  x = p + q, rks p vkSj q dh ogh
foek;sa gksaxh tks fd  x dhA blls gesa lehdj.kksa dh lR;rk vkSj fdlh lehdj.k esa iz;qDr
jkf'k;ksa dh foek,sa irk py tkrh gSaA fuEu mnkgj.k foeh; fo'ys"k.k dh mi;ksfxrk dks n'kkZrs
gSaA

1-3-1 foekvksa (vFkok foeh; lehdj.kksa) ds vuqiz;ksx

foekvksa (;k foeh; lehdj.kksa) ds fuEufyf[kr pkj vuqiz;ksx gSaA

(i) fofHkUu HkkSfrd jkf'k;ksa esa laca/ LFkkfir djuk (;k lw=k dh O;qRifÙk)A

(ii) fn, x, lw=k (vFkok fofHkUu HkkSfrd jkf'k;ksa ds chp laca/) dh laxrrk dh tk¡pA

(iii) ,d ek=kd iz.kkyh ls nwljh ek=kd iz.kkyh esa cnyuk] rFkk

(iv) fdlh HkkSfrd jkf'k ds ek=kdksa dh O;qRifÙkA

mi;qZDr vuqiz;ksx bl fl¼kUr ij vk/kfjr gSa fd fdlh HkkSfrd n`f"V ls lgh laca/
@lehdj.k@lw=k ds nksuksa vksj ds izR;sd in dh foek,a leku gksaxhA ;g foekvksa dh lekaxrk
dk fl¼kUr dgykrk gSA
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mnkgj.k 1.2 : vkidks igys ls gh ;g Kku gS fd m nzO;eku osQ d.k dh xfrt ÅtkZ 
1

2
mv2

,oa fLFkfrt ÅtkZ  mgh gS tgk¡ v  d.k dk osx]  h  /jkry ls Å¡pkbZ vkSj  g  xq#Roh; Roj.k
gSA ;s nksuksa vfHkO;fDr;k¡ ,d gh HkkSfrd jkf'k] ÅtkZ dks n'kkZrh gS vr% budh foek,a Hkh
,d leku gksuh pkfg;sA bls nksuksa vfHkO;fDr;ksa dh foek,saa fy[kdj fl¼ djsaA

gy : 
1

2
mv2 dh foek,s M.(LT–1)2  ;k ML2T–2 gSa (Lej.k jgs vadksa dh dksbZ foek ugha gksrh)A

mgh dh foek;sa M.LT–2.L ;k ML2T–2 gSaA Li"Vr;k nksuksa vfHkO;fDr;k¡ leku gSa vkSj leku
HkkSfrd jkf'k dks fu:fir djrh gSaA

vc ge ,d nwljs mnkgj.k }kjk ,d HkkSfrd jkf'k dks vU; HkkSfrd jkf'k;ksa osQ :i esa vfHkO;Dr
djsaxsA

mnkgj.k 1.3 : gekjk vuqHko crkrk gS fd fojkekoLFkk ls izkjaHk djosQ ,dleku Roj.k ls
xfr'khy dkj }kjk r; dh xbZ nwjh x, le;  t rFkk Roj.k a ij fuHkZj djrh gSA foeh; fo'ys"k.k
dk mi;ksx djosQ r; dh xbZ nwjh dk O;atd Kkr dhft,A

gy : ekuk jkf'k x t, dh ?kkr m (tm) ,oa a dh ?kkr n (an ) osQ lekuqikrh gSA bls ge]  x ∝
tm. an  fy[k ldrs gSa tgk¡ α lekuqikr dk izrhd gSA

nksuksa vksj foekvksa osQ :i esa vfHkO;Dr djus ij ge ikrs gSa fd

L1 ∝ Tm (LT–2)n,

;k

L1 ∝ Tm–2n Ln.

nksuksa vksj dh L o T osQ ?kkrksa dh rqyuk djus ij ge ikrs gSa fd  n = 1 o  m = 2, vr%

x ∝ t2 a1,  ;k  x ∝ at2.

ge foeh; fo'ys"k.k }kjk osQoy ;gha rd igq¡p ldrs gSaA blls gesa vkafdd xq.kd izkIr
ugha gksrs D;ksafd vadksa dh dksbZ foek;sa ugha gksrhaA vkafdd xq.kd gesa fl¼kar ;k ijh{k.k
ls izkIr gksrs gSaA bl mnkgj.k esa gesa Kkr gS fd iw.kZ laca/  x = (1/2)at2  }kjk fu:fir gksrk
gSA

vkafdd xq.kdksa osQ vykok nwljh jkf'k;ksa tSls dks.k o f=kdks.kferh; iQyuksa osQ dks.kkad
(T;k] dksT;k vkfn) ,oa y?kqxf.kdh; iQyu foekghu gksrs gSaA  sin x  esa  x, sine (T;k)
iQyu dk dks.kkad (Lora=k pj) dgykrk gSA  ex  esa x pj?kkrkadh iQyu dk dks.kkad (Lora=k
pj) dgykrk gSA

vc ge ,d NksVk lk fojke ysrs gSa vkSj fuEu iz'uksa dh lgk;rk ls vkidh izxfr dh tk¡p
djrs gSaA
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ikBxr iz'u 1-2

1. ljy yksyd }kjk fd;s x;s iz;ksx n'kkZrs gSa fd bldk vkorZdky (T) bldh yackbZ
(l) o xq#Roh; Roj.k (g) ij fuHkZj djrk gSA foeh; fo'ys"k.k dh lgk;rk ls  T  dk
l ,oa  g ls laca/ LFkkfir dhft,A

2. dYiuk dhft;s fd ,d d.k r f=kT;k osQ o`Ùkkdkj iFk esa v osx o a Roj.k ls xfr'khy
gSA foeh; fo'ys"k.k }kjk n'kkZb;s fd  a ∝ v2/r A

3. vkidks ,d lehdj.k mv = Ft fn;k x;k gS] m  nzO;eku]  v  osx] F  cy ,oa t le;
gS bl lehdj.k dh foeh; lR;rk dh tk¡p dhft,A

1.4 lfn'k ,oa vfn'k

1-4-1 lfn'k ,oa vfn'k jkf'k;k¡

HkkSfrd foKku esa ge HkkSfrd jkf'k;ksa dks nks lewgksa esa oxhZo`Qr djrs gSaA ,d n'kk esa ge
osQoy mudk ifjek.k O;Dr djosQ mudh iw.kZ tkudkjh ns nsrs gSaA mnkgj.kr;k] ;fn ge
dgsa fd fdlh xsan dk nzO;eku 50 g gS rks ;g nzO;eku osQ fo"k; esa iw.kZ tkudkjh gSA blh
izdkj ;g dFku fd ikuh dk ?kuRo 1000 kg m–3 gS] Lo;a esa iw.kZ gSA bl izdkj dh jkf'k;ksa
dks vfn'k jkf'k;k¡ dgrs gSaA
nwljh vksj oqQN jkf'k;ksa dh iw.kZ tkudkjh osQ fy;s ifjek.k ,oa fn'kk nksuksa dh vko';drk
gksrh gSA bldk ,d ljy mnkgj.k osx gSa
osQoy ;g dFku fd jsyxkM+h dk osx 100

km h–1 gS i;kZIr ugha gSA gesa jsyxkM+h dh
xfr dh fn'kk Hkh n'kkZuh iM+sxhA nwljk
mnkgj.k cy gSA gesa ifjek.k osQ lkFk cy
dh fn'kk Hkh n'kkZuh vko';d gSA bl izdkj
dh jkf'k;k¡ lfn'k dgykrh gSaA ,d lfn'k
jkf'k esa ifjek.k ,oa fn'kk nksuksa fufgr
gSaA
foLFkkiu] Roj.k] laosx] dks.kh; laosx ,oa vk?kw.kZ vkfn lfn'k jkf'k;k¡ gSa ftudk iz;ksx ;kaf=kdh
esa fd;k tkrk gSA
ÅtkZ D;k gS\ vfn'k ;k lfn'k\
lkspsa D;k ÅtkZ ls fn'kk lacaf/r gS ;fn ugha rks ;g ,d vfn'k jkf'k gSA

1-4-2 lfn'k fu:i.k

,d lfn'k dks ,d rhjkafdr js[kk }kjk fu:fir fd;k tkrk gSA fp=k 1-4 esa lfn'k  AB dks
mnkgj.kLo:i ysaA blesa js[kk dh yackbZ fdlh iSekus esa blosQ ifjek.k dks crykrh gS vkSj

fp=k 1-3% foLFkkiu lfn'k
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rhj bldh fn'kk dks crykrk gSA lfn'k CD dh fn'kk
Hkh lfn'k AB osQ leku gS ¯drq ifjek.k fHkUu gSA
lfn'k EF dk ifjek.k] lfn'k CD osQ cjkcj gS ysfdu
bldh fn'kk fHkUu gSA fdlh Hkh lfn'k esa vkjafHkd
¯cnq (AB esa ¯cnq A) lfn'k iqPN ,oa vafre ¯cnq
(AB esa B) lfn'k 'kh"kZ dgykrk gSA
,d lfn'k dks bldks fu:fir djus okys 'kCn osQ

Åij rhjkadu }kjk n'kkZ;k tkrk gS] mnkgj.kr;k] A
r

lfn'k A
r

 dk ifjek.k A vFkok | A
r

| gSA eqnz.k esa lfn'k
jkf'k dks eksVs v{kj tSls A }kjk n'kkZ;k tkrk gSA

;fn nks lfn'kksa dh fn'kk ,oa ifjek.k ,d gksa rks os lerqY; dgykrs gSaA bldk vk'k; ;g
gqvk fd lHkh lfn'k tks ,d nwljs osQ lekukarj gks] leku ifjek.k okys gksa vkSj ,d gh
fn'kk esa gksa os lHkh lerqY; ekus tk;saxsA fp=k 1-5 esa n'kkZ;s x;s lfn'k A, B vkSj C leku
gSa] vr% A = B = C ysfdu D A osQ lerqY; ugha gSA

;gk¡ lfn'k D dk ifjek.k A osQ cjkcj gS ysfdu bldh fn'kk foijhr gS] bls A dk ½.kkRed
lfn'k ekuk tk ldrk gSA vr% D = –A ;k A = –D

,d HkkSfrd lfn'k jkf'k dk ifjek.k
n'kkZus osQ fy;s lnSo ,d vkuqikfrd
iSekus dk p;u fd;k tkrk gSA mnkgj.kr;k
fnYyh ,oa vkxjk osQ chp osQ 200 km

osQ lfn'k foLFkkiu dks 100 km = 1 cm

osQ iSekus ls n'kkZ;k tk ldrk gSA blh
izdkj  20 N  osQ cy dks 10N = 1cm

osQ iSekus esa 2cm ls lfn'k }kjk n'kkZ;k
tk ldrk gSA

mijksDr mnkgj.kksa ls ;g Li"V gksrk gS fd ;fn ge fdlh lfn'k dks mlosQ lekukarj foLFkkfir
djsa rks ;g vifjo£rr jgrk gSA bl egRoiw.kZ ifj.kke dks lfn'kksa osQ ;ksx esa mi;ksx fd;k
tkrk gSA ns[ksa ;g oSQls gksrk gS\

1-4-3 lfn'kksa dk ;ksx

;kn j[ksa fd osQoy leku izdkj osQ lfn'kksa dk ;ksx fd;k tk ldrk gSA mnkgj.kr;k
nks cyksa vFkok nks osxksa dks tksM+k tk ldrk gSA ysfdu ,d cy rFkk ,d osx dks ugha tksM+k
tk ldrkA

;fn vki lfn'k A vkSj lfn'k B dk ;ksx djuk pkgrs gSa rks loZizFke lfn'k A dks iqu% n'kkZ;sa
(fp=k 1-6 (a)) blosQ fy;s ,d js[kk (;Fkk pq) A osQ lekukarj [khapsA fiQj lfn'k B dks

fp=k 1.4 : lfn'kksa dh fn'kk;sa vkSj
ifjek.k

fp=k 1.5 : rhu lfn'k leku gaS ysfdu pkSFkk
lfn'k D leku ugha gSA
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bl izdkj cuk;sa fd bldk iqPN Hkkx lfn'k A osQ 'kh"kZ ls tqM+ tk;sA blosQ fy;s lfn'k
B osQ lekukarj js[kk  qr  lfn'k A osQ 'kh"kZ ls [khapsA vc lfn'k A osQ iqPN ¯cnq ,oa lfn'k
B osQ 'kh"kZ ¯cnq q dks feykus ij nksuksa lfn'kksa dk ;ksx izkIr gks tk;sxk vkSj budk ifj.kkeh
lfn'k ifjek.k ,oa fn'kk esa js[kk  pr }kjk n'kkZ;k tk;sxkA vc vki vklkuh ls fl¼ dj ldrs
gSa fd lfn'k ;ksx Øefofues; gS vFkkZr~  A + B = B + A tSlk fd fp=k 1-6 (b) esa n'kkZ;k
x;k gSA fp=k 1-6 (b)  esa ge ns[krs gSa fd  pqr ,d f=kdks.k gS ,oa bldh Hkqtk;sa pq ,oa
qr Øe'k% lfn'k A ,oa lfn'k B osQ ifjek.k ,oa fn'kk dks n'kkZrh gSa] ,oa f=kdks.k dh rhljh
Hkqtk pr ifj.kkeh lfn'k pr dks n'kkZrh gS ftldh fn'kk p ls r dh vksj gSA blls gesa nks lfn'kksa
dk ifj.kkeh lfn'k dk fu;e izkIr gksrk gSA

;fn nks lfn'kksa dks ifjek.k ,oa fn'kk esa fdlh f=kHkqt dh nks Øekxr Hkqtkvksa }kjk
n'kkZ;k tk;s rks buosQ ifj.kkeh lfn'k dks f=kHkqt dh rhljh Hkqtk dks foijhr Øe
esa ysdj n'kkZ;k tkrk gSA bls ^lfn'kksa dk f=kHkqth; fu;e* dgk tkrk gSA

nks ;k vf/d lfn'kksa dk ;ksx ifj.kkeh lfn'k dgykrk gSA fp=k 1.6(b) esa pr  A ,oa B dk
ifj.kkeh lfn'k gSA f=kHkqt dh rhuksa Hkqtkvksa osQ vuqfn'k ,d Øe esa yxs rhu cyksa dk ifj.kkeh
cy D;k gksxk\ ;fn vki lksprs gSa fd ifj.kkeh cy 'kwU; gksxk rks vki lgh lksprs gSaA

vc ge nks ls vf/d lfn'kksa dk ;ksx Kkr djuk lh[krs gSaA

nks ls vf/d lfn'kksa A, B vkSj C dk ifj.kkeh Hkh nks lfn'kksa A vkSj B osQ ifj.kkeh dh Hkkafr
izkIr fd;k tk ldrk gSA igys ge A vkSj B dk
ifj.kkeh (A + B) izkIr djrs gSa fiQj bldk ;ksx C
osQ lkFk fd;k tk ldrk gSA oSdfYid :i ls vki
B vkSj C dk ;ksx izkIr dj ldrs gSa (fp=k 1-7)A
nksuksa fLFkfr;ksa esa ifj.kkeh lfn'k leku jgrk gSA vr%
lfn'k ;ksx lkgp;hZ gS] vFkkZr~  A + (B + C) = (A
+ B) + C

blh izdkj ;fn vki rhu ls vf/d lfn'kksa dk ;ksx
izkIr djuk pkgsa rks ifj.kkeh lfn'k izFke lfn'k
osQ iqPN dks vafre lfn'k osQ 'kh"kZ ls feykus ij
izkIr gksxkA

                                    (a)
(b)

fp=k 1.6 : lfn'kksa  A  o  B dk ;ksx

fp=k 1.7 : nks fHkUu Øeksa esa rhu
lfn'kksa dk ;ksx
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dbZ ckj vusd lfn'k ,d gh ¯cnq ij dk;Z djrs gSaA ,slh fLFkfr esa lfn'k ;ksx osQ lekUrj
prqHkqZt fu;e dk mi;ksx vf/d lqfo/ktud gksrk gSA vkb, blosQ laca/ esa vè;;u djsaA

1-4-4 lfn'k ;ksx dk lekarj prqHkqZt fu;e

eku yhft, fd fp=k 1-8 esa n'kkZ;s vuqlkj A vkSj B nks lfn'k gSa vkSj muosQ chp dk dks.k
θ gSA budk ;ksx izkIr djus osQ fy;s ge lekraj prqHkqZt dks iw.kZ djrs gSa (;gk¡ Hkqtk  PQ

lfn'k A vkSj Hkqtk PS lfn'k B dks n'kkZrh gS vkSj d.kZ PR nksuksa osQ ifj.kkeh R dks n'kkZrk
gSA D;k vkidks ;kn gS fd d.kZ PR, A vkSj B dk ;ksx gS\ ;g A vkSj B lfn'kksa dk ifj.kkeh
lfn'k gS] ifj.kkeh lfn'k A dh fn'kk ls α dks.k cukrk gS] ;kn j[ksa fd lfn'k PQ vkSj SR
leku gSa vkSj A osQ rqY; gSA blh izdkj lfn'k PS vkSj lfn'k QR leku gSa vkSj B osQ rqY;
gSa ifj.kkeh lfn'k R dk ifjek.k izkIr djus osQ fy;s ,d yEc RT fxjk;sa tSlk fd fp=k
esa n'kkZ;k x;k gSA rc ifjek.kksa osQ lanHkZ esa

fp=k 1-8% lfn'k ;ksx dk lekarj prqHkqZt fu;e

(PR)2 = (PT)2 + (RT)2

(PR)2 = (PT)2 + (RT)2

= (PQ + QT)2 + (RT)2

= (PQ)2 + (QT)2 + 2PQ.QT + (RT)2

= (PQ)2 + [(QT)2 + (RT)2] + 2PQ.QT (1.1)

= (PQ)2 + (QR)2 + 2PQ.QT

= (PQ)2 + (QR)2 + 2PQ.QR (QT / QR)

R2 = A2 + B2 + 2AB.cosθ

vr% R dk ifjek.k

R = 2 2A B + 2AB.cos+ θ (1.2)
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lfn'k R dh fn'kk izkIr djus osQ fy;s ge ns[krs gSa fd

tanα = 
RT

PT
 =

RT

PQ + QT  = 
Bsin

A + Bcos

θ
θ (1.3)

vr% ifj.kkeh lfn'k dh fn'kk blosQ }kjk vk/kj osQ lfn'k ls cuk;s x;s dks.k }kjk izn£'kr
dh tk ldrh gSA

fof'k"V izdj.k

vkb, vc fopkj djsa fd nks lekarj lfn'kksa dk ifj.kkeh lfn'k D;k gksxk\

è;ku nsa fd nksuksa lfn'kksa osQ chp dk dks.k 'kwU; gS vkSj buosQ ifj.kkeh lfn'k dk ifjek.k
nksuksa osQ ifjek.k osQ ;ksx osQ cjkcj ,oa fn'kk leku jgsxhA

;fn nks lfn'k ,d nwljs osQ yacor~ gksa rks muosQ ifj.kkeh lfn'k dk ifjek.k D;k gksxk\
bl fLFkfr esa θ = 90º vkSj cos θ = 0

;fn bu nksuksa osQ ifjek.k leku gksa rks ifj.kkeh lfn'k dh fn'kk D;k gksxh\

è;ku nsa tan α = B/A = 1 rc α D;k gS\

;g Hkh è;ku nhft, fd ;fn θ = π gS rc nks lfn'k foijhr fn'kk esa lekarj gksrs gSaA bl
fLFkfr esa α = 0A ,slh fLFkfr esa ifj.kkeh lfn'k  A ;k B dh fn'kk esa gksxk vkSj fn'kk bl
ckr ij fuHkZj djrh gS fd fdl lfn'k dk ifjek.k vf/d gSA

mnkgj.k 1.4 vgen ,d xkM+h dks 70 N osQ cy ls mÙkj fn'kk esa [khap jgk gS vkSj gkfen
mlh xkM+h dks 50 N osQ cy ls nf{k.k if'pe fn'kk esa [khap jgk gSA ifj.kkeh cy dk ifjek.k
,oa fn'kk dk ifjdyu dhft,A

gy :

;gk¡ igys cy A dk ifjek.k = 70 N

nwljs cy dk B dk ifjek.k = 50 N

nksuksa cyksa osQ chp dk dks.k θ = 135º (135 fMxzh)

vr% ifj.kkeh cy dk ifjek.k

R = 2 2(70) + (50) + 2×70×50×cos(135)

   = 4900 + 2500 – 7000×sin45

   = 49.5 N

fp=k 1.9: fdlh dks.k ij vkur
cyksa dk ifj.kkeh cy
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R dk ifjek.k = 49.5 N

ifj.kkeh cy dh fn'kk lehdj.k 1-3 }kjk Kkr dh tk;sxh]

tan α = 
B sinθ

A + B cosθ
 = 

50×sin (135)

70 + 50 cos (135)
 = 

50×cos 45

70 – 50 sin 45
=1.0

vr% α = 45.0º bl izdkj ifj.kkeh R mÙkj dh vksj yxus okys 70N cy ls 45º dk dks.k
cukrk gSA bl izdkj R dh fn'kk mÙkj if'pe gS (fp=k 1-9)A

1-4-5 lfn'kksa dk ?kVkuk

ge ,d lfn'k dks nwljs lfn'k ls fdl izdkj ?kVkrs
gS a\ è;ku ns a fd nks lfn'kks a dk varj
A – B okLro esa A + (–B) osQ cjkcj gSA rc vki
nks lfn'kksa dks tksM+us dh iwoZ o£.kr fof/ viuk
ldrs gSaA bldh O;k[;k fp=k 1-10 esa dh x;h gSA
A osQ 'kh"kZ ls –B lfn'k [khapsA A osQ iqPN vkSj –B
osQ 'kh"kZ dks feykus ij ifj.kkeh lfn'k
(A – B) izkIr gks tk;sxkA

vc vkidh izxfr tkuus dk le; gSA

ikBxr iz'u 1.3

nks lfn'k  vkSj  fn;s x;s gSaA

1. buosQ }kjk fp=k cukdj n'kkZ;sa fd fdl izdkj fuEu lfn'k izkIr fd;s tk ldrs gSa%

(a) B – A, (b) A + 2B, (c) A – 2B vkSj (d) B – 2A.

2. nks lfn'kksa A o B osQ ifjek.k 10 bdkbZ ,oa 12 bdkbZ gS vkSj ;s ,d nwljs dh foijhr
fn'kk esa lekarj gSaA ifj.kkeh lfn'k A + B rFkk A – B izkIr djsaA

3. nks lfn'kksa A vkSj B osQ ifjek.k Øe'k% 30 o 60 bdkbZ gSa vkSj buosQ chp dk fn'kk
varj 60º  gSA ifj.kkeh lfn'k izkIr djsa (Lej.k jgs fd ,d lfn'k izkIr djus dk
rkRi;Z bldk ifjek.k ,oa fn'kk nksuksa Kkr djuk gSA

fp=k 1.10 : lfn'k B dks lfn'k A ls
?kVkuk
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1.5  lfn'kksa dk xq.ku

1-5-1 ,d lfn'k dk ,d vfn'k }kjk xq.ku

;fn ge ,d lfn'k A dks ,d vfn'k k ls
xq.kk djsa rks gesa A osQ k xquk ifjek.k dk
lfn'k izkIr gksxkA bldk vFkZ ;g gS fd
ifj.kkeh lfn'k  k A gSA ;fn k  /ukRed gks
rks u;s lfn'k dh fn'kk vifjo£rr jgrh gS
vkSj ;fn  k  ½.kkRed gks rks u;s lfn'k dh
fn'kk ewy lfn'k dh fn'kk osQ foijhr gks
tkrh gSA mnkgj.kkFkZ] lfn'k 3A dk ifjek.k A osQ ifjek.k ls rhu xquk gS vkSj fn'kk leku
gSA ysfdu  –3A lfn'k dh fn'kk lfn'k A osQ foijhr gS] ;|fi bldk ifjek.k lfn'k A osQ
ifjek.k dk rhu xquk gSA

1-5-2 lfn'kksa dk vfn'k xq.ku

nks lfn'kksa A vkSj B osQ xq.ku dks A.B fy[kk tkrk gS vkSj bldk eku AB cosθ gksrk gS tgk¡
θ nksuksa lfn'kksa osQ chp dk dks.k gSA fp=k 1-11 dks è;ku ls ns[kus ij vki ik;saxs fd  B

cosθ lfn'k B dk lfn'k A ij iz{ksi gSA vr% A vkSj B dk vfn'k xq.ku A osQ ifjek.k ,oa
B osQ A dh fn'kk esa iz{ksi osQ cjkcj gksrk gSA nwljh è;ku nsus ;ksX; ckr ;g gS fd
;fn ge nks lfn'kk s a osQ chp osQ dks.k  θ dks (360 – θ) ls fu:fir djs a rks bldk
dksbZ izHkko ugha iM+rk D;ksafd nksuksa osQ dksT;k vFkkZr~ cosθ vkSj cos (360 – θ) dk eku leku
gSA pw¡fd nks lfn'kksa osQ chp ,d ¯cnq vfn'k xq.ku dks n'kkZrk gS vr% bls ¯cnq xq.ku Hkh
dgrs gSaA ;kn j[ksa fd nks lfn'kksa dk fcanq xq.kuiQy ,d vfn'k jkf'k gksrh gSA

vfn'k xq.ku dk ,d lqifjfpr mnkgj.k fdlh xfr'khy fudk; ls ,d dks.k cukrs gq, yxus
okys cy }kjk fd;k x;k dk;Z gSA ;fn fudk; dk foLFkkiu d vkSj F osQ chp dk dks.k θ
gks rks cy }kjk fd;k x;k dk;Z Fdcosθ gksrk gSA

¯cnq xq.ku vfn'k gksus osQ dkj.k Øefofues;h gS] vFkkZr~  A.B = B.A = ABcosθ ;g forj.kh;
Hkh gS vFkkZr~ A.(B + C) = A.B + A.C (xq.ku dk forj.k fu;e)

1-5-3 lfn'kksa dk lfn'k xq.ku

eku yhft, gekjs ikl nks lfn'k A vkSj B gSa ftuosQ chp dk dks.k θ gSA ge ,d ,slk ry
cuk ldrs gSa ftuesa ;s nksuksa lfn'k fLFkr gksaA bl ry dks ge Ω ls lalwfpr djrs gSa vkSj
;g dkxt osQ ry esa gSA vc bu lfn'kksa dk xq.kuiQy A ×B ,d lfn'k C gksxk (fp=k
1.12 a) ftldk ifjek.k AB sinθ gS vkSj bldh fn'kk Ω ry osQ yacor~ gSA lfn'k C dh
fn'kk nkfgus gkFk osQ fu;e }kjk Kkr dh tk ldrh gS (fp=k 1.12 b)A dYiuk dhft, fd
vkidh vaxqfy;k¡ A ls B dh fn'kk esa bu lfn'kksa osQ chp osQ U;wu dks.k osQ vuqfn'k eqM+h

fp=k 1.11: B dk A esa iz{ksi
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gSA rc vaxwBk ifj.kkeh lfn'k  C dh fn'kk dks n'kkZrk gSA ;fn vki bl fu;e dk ikyu
djsa rks vki vklkuh ls ik;saxs fd lfn'k B ××××× A dh fn'kk lfn'k A ××××× B dh fn'kk osQ foijhr
gSA bldk vFkZ gqvk fd lfn'k xq.ku Øefofues;h ugha gSA pw¡fd lfn'k xq.ku esa nks lfn'kksa
osQ chp ØkWl dk fpUg iz;ksx fd;k tkrk gS vr% bls ØkWl xq.ku Hkh dgrs gSaA

(a) (b)

fp=k 1.12 (a) : lfn'kksa dk lfn'k xq.ku (b) xq.ku osQ iQyLo:i izkIr lfn'k  C dh fn'kk C =A ×××××
B nkfgus gkFk osQ fu;e }kjk fu/kZfjr gksrh gS ;fn vkidh vaxqfy;k¡ U;wudks.k cukrs gq, nks lfn'kksa
osQ chp A ls B dh fn'kk esa eqM+h gksa rks vaxwBk C dh fn'kk dks izn£'kr djrk gSA

lfn'k xq.ku dk ,d lqifjfpr mnkgj.k ?kw.kZu djrs gq, fudk; dk dks.kh; laosx gSA

viuh izxfr dk vkadyu djus osQ fy, fuEu iz'uksa dks gy djus dk iz;kl djsaA

ikBxr iz'u 1.4

1. ekuk ,d lfn'k A, lfn'k B osQ lekarj gSA mudk lfn'k xq.kuiQy D;k gksxk\ ;fn B,
A osQ foijhr fn'kk esa gks rks budk lfn'k xq.kuiQy D;k gksxk\

2. ekuk gekjs ikl ,d lfn'k A vkSj ,d lfn'k C = 
1

2
 B gSA A × B dh fn'kk vkSj

A × C dh fn'kk osQ chp D;k laca/ gS\

3. ;fn vki lfn'k A vkSj B dks muosQ ry esa ?kqek;sa rks C = A ××××× B dh fn'kk fdl izdkj
izHkkfor gksxh\

4. ;fn vki lfn'k A vkSj B dks bl izdkj ?kqek;sa fd os vius ry ij gh cusa jgsa rks D;k
vki lfn'k C = A ××××× B dh fn'kk foijhr dj losaQxs\

5. ;fn lfn'k A  x-v{k vkSj lfn'k B y-v{k osQ vuqfn'k gksa rks lfn'k C = A ××××× B dh
fn'kk D;k gksxh\ ;fn A  y-v{k vkSj B x-v{k osQ foijhr gksa rks blls C fdl izdkj
izHkkfor gksxk\

6. ;fn lfn'k A vkSj lfn'k B ijLij yacor~ gksa rks (a) A . B vkSj (b) A × B dk eku ifjdfyr
dhft,A

Ω
θ
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1.6  lfn'kksa dk fo;kstu

lfn'kksa dk fo;kstu lfn'kksa osQ la;kstu osQ foijhr izfØ;k gSA fo;kstu esa ge fu;r funsZ'kkad
v{kksa dh fn'kk esa lfn'kksa osQ ?kVdksa dk eku Kkr djrs gSaA ekuk gekjs ikl ,d lfn'k A
gS tSlk fd fp=k 1-13 esa fn[kk;k x;k gS vkSj ge x-v{k o  y-v{k dh fn'kk esa blosQ ?kVdksa
dks Kkr djuk pkgrs gSaA ekuk ;s ?kVd Øe'k%  A

x
 vkSj A

y
 gSaA ljy f=kdks.kfefr n'kkZrh gS

fd

A
x

= A cos θ (1.4)

,oa A
y

= A sin θ, (1.5)

;gk¡ A vkSj x-v{k osQ chp dk dks.k θ gSA  ;fn X-v{k vkSj A osQ chp dks.k φ gks rks X vkSj
Y v{k dh fn'kk esa lfn'k A osQ ?kVdksa dk D;k eku gksxk\ (fp=k 1-13)A

A
X

= A cos φ

A
Y

= A sin φ.

;gk¡ ,d ckr Li"V le> ysa fd lfn'k osQ ?kVdksa dk eku fu;r ugha gS oju ,d fo'ks"k
v{kksa osQ p;u osQ vuqlkj ifjorZu'khy gSaA ;g Hkh è;ku nsa fd lfn'k A dk ifjek.k ,oa
fn'kk blosQ ?kVdksa osQ lanHkZ esa fuEu :i ls n'kkZ;h tk ldrh gSA

A = 2 2A Ax y+  = 2 2
X YA A+ (1.6)

vkSj
tan θ = A

y
 / A

x
, tan φ = A

Y
 /A

X
. (1.7)

vr% ;fn gesa ,d lfn'k osQ ?kVd ekywe gksa rks bu lehdj.kksa dh lgk;rk ls ge lfn'k
A izkIr dj ldrs gSaA

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

fp=k  1.13 : lfn'k A osQ nks fu/kZfjr funsZ'kkad leqPp;ksa (x, y) vkSj (X, Y) osQ vuqfn'k fo;kstu
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1.7  bdkbZ lfn'k

vc ge bdkbZ lfn'k dh ladYiuk dk lekos'k djrs gSaA tSlk fd uke ls Li"V gS bdkbZ
lfn'k dk bdkbZ ifjek.k gksrk gS vkSj ,d fuf'pr fn'kk gksrh gSA bldk dksbZ ek=kd ;k
foek ugha gksrhA mnkgj.k osQ rkSj ij ge lfn'k A dks A n̂  fy[k ldrs gSa tgk¡ n̂  lfn'k A
dh fn'kk esa ,d bdkbZ lfn'k dks bafxr djrk gSA è;ku nsa fd ek=kd lfn'k dk lekos'k
,d lfn'k dh fn'kk dh tkudkjh osQ fy;s fd;k x;k gS_ A dk ifjek.k  A  }kjk bafxr fd;k
tkrk gSA funsZ'kkad v{kksa dh fn'kk esa bdkbZ lfn'k fo'ks"k :i ls egRoiw.kZ gSA x-v{k dh

fn'kk esa bdkbZ lfn'k dks î ,  y-v{k dh fn'kk esa ĵ  vkSj z-v{k dh fn'kk esa k̂  }kjk n'kkZ;k
tkrk gSA bl vadu i¼fr osQ mi;ksx ls] lfn'k A dks] ftlosQ x o y v{kksa dh fn'kk esa ?kVd
Øe'k%  A

x
 vkSj A

y 
gSa] fuEu izdkj fu:fir fd;k tk ldrk gSA

A = A
x
 î  + A

y ĵ (1.8)

blh izdkj nwljs lfn'k B dks fuEu izdkj fy[kk tk ldrk gS

B = B
x
 î  + B

y
 ĵ (1.9)

bu nks lfn'kksa dk ;ksx bl izdkj fy[kk tk ldrk gS

A + B = (A
x
 + B

x
) î  + (A

y
 + B

y
) ĵ (1.10)

vfn'k xq.ku osQ fu;ekuqlkj vki n'kkZ ldrs gSa fd

ˆ ˆ ˆ ˆ ˆ ˆ ˆ ˆˆ ˆ ˆ ˆ=1, =1, =1, = 0, = 0, = 0i. i j . j k .k i . j i .k j.kvkSj (1.11)

vc nks lfn'kksa A o B osQ chp dk ¯cnq xq.kuiQy (vfn'k xq.kuiQy) fuEu izdkj fy[kk tk
ldrk gS

A . B = (A
x
 î  + A

y
 ĵ  ). (B

x
 î  + B

y
 ĵ )

= A
x
B

x
 ( î  . î ) + A

x
B

y
 ( î  . ĵ ) + A

y
B

x
 ( ĵ  . î ) + A

y
B

y
 ( ĵ  . ĵ )

= A
x
B

x
 + A

y
B

y
, (1.12)

;gk¡ geus lehdj.k 1-11 osQ ifj.kkeksa dk mi;ksx fd;k gSA

mnkgj.k 1.4 ,d funsZ'kkad ra=k esa (lHkh pkj prqFkk±'kksa
dks n'kkZrs gq;s) fuEu lfn'kksa dks n'kkZb,A muosQ ifjek.k
,oa fn'kk,a Kkr dhft,A

A = 4 î  + 0 ĵ , B = 0 î  + 5 ĵ  , C = 4 î  + 5 ĵ ,

D = 6 î  – 4 ĵ .

gy : lfn'kksa dks muosQ ?kVdksa osQ :i esa fn;k x;k gSA

î  dk xq.ku x ?kVd vkSj ĵ  dk xq.kd  y ?kVd gSA lHkh
lfn'kksa dks funsZ'kkad fxzM esa fn[kk;k x;k gS (fp=k 1-14)A fp=k 1.14
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lfn'k A osQ ?kVd (vo;o) A
x
 = 4, A

y
 = 0, bldk ifjek.k  A = 4 gS vkSj bldh fn'kk

1
A

tan
A

y

x

− ⎛ ⎞
⎜ ⎟
⎝ ⎠

 = 0 gS vr% fn'kk  x-v{kh; gSA lfn'k B osQ ?kVd (vo;o) x-vo;o = 0

vr% bldh fn'kk y-v{kh; gS vkSj bldk ifjek.k 5 gSA

vc ge lfn'k C ij fopkj djrs gSa] ;gk¡ C
x
 = 4 vkSj C

y
 = 5 vr% C dk ifjek.k  C =

2 24 5 41+ = . gS vkSj blosQ }kjk x-v{k ls cuk dks.k tan–1 (C
y 
/C

x
) = 51.3 fMxzh gSA

blh izdkj  D dk ifjek.k D = 60  vkSj bldh fn'kk tan–1 (D
y
/D

x
) = tan–1 (0.666) = –

33.7º (pkSFks prqFkk±'k esa gS)

mnkgj.k 1.5 mnkgj.k 1-4 esa fn, x, lfn'kksa osQ fy, xq.ku C . D dk eku izkIr dhft,A

gy : C vkSj D dk ¯cnq xq.ku (vfn'k xq.ku) lehdj.k (1-12) dh lgk;rk ls izkIr fd;k
tk ldrk gS

C . D = C
x
D

x
 + C

y
D

y
 = 4×6 + 5×(-4) = 24 – 20 = 4.

nks lfn'kksa osQ ØkWl xq.ku (lfn'k xq.ku) dks Hkh bdkbZ lfn'kksa osQ :i esa n'kkZ;k tk ldrk
gSA blosQ fy;s gesa igys bdkbZ lfn'kksa osQ ØkWl xq.ku (lfn'k xq.ku) dh vko';drk gksrh

gSA bdkbZ lfn'kksa osQ chp dk dks.k 90º gksrk gSA mnkgj.k osQ fy,] î  × ĵ  dks ysa] pw¡fd buosQ

chp osQ dks.k dh T;k (sine) dk eku ,d gksrk gS blfy;s lfn'k xq.ku dk ifjek.k Hkh

1 gksrk gSA bldh fn'kk î  ,oa ĵ  dh fLFkfr osQ ry (xy ry) osQ vfHkyacor~ z-v{kh; gSA

nkfgus gkFk osQ fu;e osQ vuqlkj ge ikrs gsa fd ;g fn'kk /ukRed z-v{kh; gS] z - v{k

esa bdkbZ lfn'k k̂  }kjk n'kkZ;k tkrk gSA vr%

î  × ĵ  = k̂ . (1.13)

blh roZQ osQ vk/kj ij ge n'kkZ ldrs gsa fd

 ĵ  × k̂  = î , k̂  × î  = ĵ , ĵ  × î  = – k̂ , k̂  × ĵ  = – î , î  × k̂  = – ĵ ,  (1.14)

vkSj

î  × î = ĵ  × ĵ  = k̂  × k̂  = 0. (1.15)

mnkgj.k 1.6 mnkgj.k 1-4 esa fn;s x;s lfn'kksa C ,oa D osQ ØkWl xq.ku dk eku Kkr dhft,A

gy : C × D = (4 î  + 5 ĵ  ) × (6 î  – 4 ĵ  )

= 24 ( î  × î  ) –16 ( î  × ĵ ) + 30 ( ĵ  × î ) –20 ( ĵ  × ĵ )

(lehdj.kksa 1-13 & 1-15 osQ ifj.kkeksa osQ mi;ksx ls)
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C × D = –16 k̂  – 30 k̂  = – 46 k̂

vr% C vkSj D dk Økl xq.ku ,d lfn'k gS ftldk ifjek.k 46 bdkbZ vkSj fn'kk ½.kkRed
z-v{kh; gSA pw¡fd C vkSj D  xy-ry esa gS vr% Li"V gS fd budk ØkWl xq.kd bl ry
osQ yacor~ gksxk vFkkZr~ z-fn'kk esa gksxkA

iqu% ;g Lo;a ijh{k.k dk le; gSA fuEu iz'uksa dk gy izkIr djsaA

ikBxr iz'u 1.5

1. ,d lfn'k A, xy funsZ'kkad ra=k esa x-v{k ls 60º dk dks.k cukrk gSA bldk ifjek.k 50
bdkbZ gS] blosQ x vkSj y fn'kkvksa esa ?kVd izkIr djsaA ;fn nwljk lfn'k ftldk ifjek.k
leku gS vkSj ;g  x-v{k ls 30º dk dks.k cukrk gS rks blosQ ?kVdksa dks izkIr djsaA
D;k ;s igys ?kVdksa osQ leku gSa\

2. nks lfn'kksa A vkSj B dks Øe'k%  3 î  – 4 ĵ  vkSj –2 î  + 6 ĵ  }kjk n'kkZ;k x;k gSA funsZ'kkad

fxzM esa bUgsa n'kkZ,aA budk ifjek.k Kkr djsa vkSj buosQ }kjk  x-v{k osQ lkFk cus dks.k
Kkr djsa (fp=k 1-14)A

3. iz'u 2 esa fn;s lfn'kksa osQ ¯cnq xq.kuiQy (vfn'k xq.kuiQy) ,oa ØkWl xq.kuiQy izkIr
djsaA

vkius Åij lh[kk fd ,d lgh lehdj.k esa izR;sd in dh foek;sa leku gksuh pkfg;sA
lfn'k jkf'k;ksa dh tkudkjh osQ ckn ge blesa ;g tksM+ ldrs gSa fd lehdj.k osQ lgh
gksus dh fLFkfr esa blesa izR;sd in osQ vfHky{k.k leku gksa ;k rks os lHkh lfn'k
gksa ;k lHkh vfn'kA

vkius D;k lh[kk

lkFkZd vadksa dh la[;k fdlh eki dh ;FkkZFkrk fu/kZfjr djrh gSA

izR;sd HkkSfrd jkf'k dk ekiu fo'ks"k ek=kdksa }kjk fd;k o n'kkZ;k tkrk gSA oSKkfud izfrosnu
osQ fy, ge lkoZf=kd :i ls SI ek=kdksa dks viukrs gSaA

nzO;eku] yackbZ vkSj le; osQ fy;s ewy  SI  ek=kd Øe'k% kg, m vkSj s gSaA ewy ek=kdksa
osQ vfrfjDr O;qRiUu ek=kd Hkh gksrs gSaA

izR;sd HkkSfrd jkf'k dh foek;sa gksrh gSaaA lehdj.kksa dh 'kq¼rk tk¡pus osQ fy;s foeh;
fo'ys"k.k ,d mi;ksxh lk/u gSA

HkkSfrdh esa ge lkekU;r;k nks izdkj dh jkf'k;ksa dk iz;ksx djrs gSa&vfn'k vkSj lfn'kA
vfn'k dk osQoy ifjek.k gksrk gS vkSj lfn'k dk ifjek.k o fn'kk nksuksa gksrs gSaA
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lfn'k jkf'k;ksa dks lekUrj prqHkqZt fu;e osQ vuqlkj tksM+k tkrk gSA

nks lfn'k jkf'k;ksa dk fcUnq xq.kuiQy vfn'k gksrk gSA

nks lfn'kksa dk ØkWl xq.kuiQy lfn'k gksrk gS vkSj ;g bu lfn'kksa osQ ry osQ yacor~
gksrk gSA

lfn'kksa dks ,d fo'ks"k funsZ'kkad v{kksa dh fn'kk esa ?kVdksa osQ :i esa fo;ksftr fd;k
tk ldrk gSA

ikBkar iz'u

1. cgqr yach nwjh ekiu osQ fy;s iz;qDr ek=kd izdk'k o"kZ dgykrk gSA ;g izdk'k }kjk
,d o"kZ esa r; dh x;h nwjh gSA izdk'k o"kZ dks ehVj esa O;Dr dhft,A (izdk'k dh
pky = 3 × 108 m s–1)

2. mYdk,a pV~Vku osQ NksVs VqdM+s gSa tks fd ;nk dnk cgqr mPp osx ls i`Foh osQ ok;qe.My
esa izos'k djrs gSaA ok;qe.My osQ ?k"kZ.k ls os vR;f/d xeZ gks tkrs gSa vkSj vYidkfyd
fofdj.k mRl£tr djrs gq, /hjs&/hjs iw.kZr;k ty tkrs gSaA blosQ ifj.kkeLo:i ,d
izdk'k js[kk fn[kkbZ nsrh gS ftls ^VwVus okyk rkjk* dgrs gSaA mYdk dh xfr
51 kms–1 gSA bldh rqyuk esa  200C rki ij ok;q esa èofu dk osx 340 ms–1 gSA nksuksa
xfr;ksa osQ ifjek.kksa dk vuqikr Kkr dhft,A

3. izkjafHkd osx u o leku Roj.k a ls xfr'khy d.k }kjk  t  le; esa r; dh x;h nwjh
dks  s = ut + (1/2)at2  lehdj.k }kjk n'kkZ;k tkrk gSA foeh; fo'ys"k.k }kjk lehdj.k
dh 'kq¼rk dh tk¡p dhft,A

4. U;wVu osQ xq#Rokd"kZ.k fu;e osQ vuqlkj r  nwjh ij fLFkr nks nzO;ekuksa m
1
 o m

2
 osQ chp

yxus okyk cy

F = G 1 2
2

m m

r

gS] tgk¡ G lkoZf=kd fu;rkad gS] G dh foek;sa Kkr dhft,A

5. gehnk ,d est dks ,d fo'ks"k fn'kk esa 10 N osQ cy ls /osQy jgh gS mldh fe=k
yhyk blh est dks 8 N osQ cy ls gehnk }kjk vkjksfir cy dh fn'kk ls 60o dk dks.k
cukrs gq;s /osQy jgh gSA est ij vkjksfir ifj.kkeh cy dk ifjek.k ,oa fn'kk Kkr
dhft,A

6. ,d HkkSfrd jkf'k nks lfn'k jkf'k;ksa dk ̄ cnq xq.kuiQy (vfn'k xq.kuiQy) gSA ;g jkf'k
vfn'k gS ;k lfn'k\ nks lfn'kksa osQ ØkWl (lfn'k xq.ku) }kjk izkIr HkkSfrd jkf'k dh
izo`Qfr D;k gS\

7. tkWu ,d xkM+h dks /jkry osQ lekarj cy yxkdj [khapuk pkgrk gSA mldk fe=k jke
bl ckr ij tksj nsrk gS fd /jkry ls 30º dk dks.k cukrs gq;s cy yxkdj xkM+h dks
[khapuk vf/d vklku gS] nksuksa esa dkSu lgh gS vkSj D;ksa\
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8. nks jkf'k;k¡ 5 î  – 3 ĵ  vkSj 3 î  – 5 ĵ  ls fu:fir dh x;h gSaA buosQ vfn'k ,oa lfn'k

xq.kuiQy izkIr dhft,A

ikBxr iz'uksa osQ mÙkj

1-1

4. (i) 5 (ii) 10 (iii) 4 (iv) 4 (v) 1

5. ugha] nksuksa n'kkvksa esa lkFkZd vadksa dh la[;k 4 jgsxhA

7. lw;Z dk nzO;eku = 2 × 1030 kg

izksVkWu dk nzO;eku = 2 × 10–27 kg

lw;Z esa izksVkWuksa dh la[;k = 
30

57
27

2 10 kg
10

2 10 kg−

× =
×

8. 1 ,axLVªkWe = 10–8 cm = 10–10 m

1 uSuksehVj (nm) = 10–9 m

∴ 1 nm/1 Å = 10–9 m /10–10 m = 10 vr% 1 nm = 10 Å

9. 1370 kHz = 1370 × 103 Hz = (1370 × 103 )/109 GHz = 1.370 × 10–3 GHz

10. 1 MsdkehVj (dam) = 10 m

1 MslhehVj (dm) = 10–1 m

∴ 1 dam = 100 dm

1 MW = 106 W

1 GW = 109 W

∴ 1 GW = 103 MW

1-2

1. yackbZ dh foek = L

le; dh foek = T

g dh foek = LT–2

ekuk vkorZdky t , lα vkSj gβ  osQ xq.kuiQy osQ lekuqikrh gS

vr% nksuksa vksj dh foek;sa fy[kus ij  T = Lα (LT–2)β = Lα+β T–2β

L o T dh ?kkrksa dh rqyuk djus ij
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α + β = 0, 2β = –1 ⇒ β = –1/2 vkSj α = 1/2

vr% t ∝
l

g
 .

2. a dh foek = LT–2

v dh foek = LT–1

r dh foek = L

ekuk a  vα ,oa rβ osQ xq.kuiQy dk lekuqikrh gS

vr% foeh; n`f"Vdks.k ls

LT–2 = (LT–1)α Lβ = Lα+β T–α

L o T dh ?kkrksa dh rqyuk djus ij
α + β = 1, α = 2, ⇒ α = –1

vr%]  a ∝ v2/r

3. mv dh foek;sa = MLT–1

Ft dh foek;sa = MLT–2 T1 = MLT–1

nksuksa vksj dh foek;sa leku gSa vr% lehdj.k foeh; :i ls lgh gSA

1.3

1. ekuk

(a)   (b)

(c)         (d)

2.
A

10
⎯⎯⎯⎯→

bdkbZ          
B

12
←⎯⎯⎯⎯

bdkbZ
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B 12
A 10

= −←⎯⎯⎯⎯⎯⎯→
=

bdkbZ
bdkbZ

A + B = 10 + (–12)

= –2 units

vkSj

A – B = 22 bdkbZ

3.

| A B |+  = 77 bdkbZ

1-4

1. ;fn A  vkSj B lekarj gksa rks muosQ chp dk dks.k θ 'kwU; gksxk] vr% mudk ØkWl
xq.kuiQy

A × B = AB sin θ = 0.

;fn os foijhr fn'kk esa lekarj gksa rks muosQ chp dk dks.k 180o A vr%

A × B = AB sin θ = 0, D;ksafd sin 180o = 0.

2. ;fn B dk ifjek.k vk/k gks tk; vkSj ;g iwoZorhZ ry ij gh fLFkr jgs rks lfn'k
xq.kuiQy C = A × B dh fn'kk vifjo£rr jgsxhA

3. D;ksafd lfn'k A vkSj B ,d gh ry esa ?kwers gSa] vr% muosQ lfn'k xq.kuiQy C =
A × B dh fn'kk vifjo£rr jgsxhA

4. eku yks vkjaHk esa A vkSj B osQ chp dk dks.k 0º o 180o osQ chp esa gS] rc  C =
A × B dh fn'kk ry osQ ÅèoZyacor~ gksxhA ;kn`PN ifjek.k esa ?kw.kZu osQ iQyLo:i
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;fn muosQ chp dk dks.k 180o ls vf/d gks tkrk gS rks C dh fn'kk ry osQ
v/ksyacor~ gksxhA

5. ;fn A, x-v{k osQ vuqfn'k vkSj B, y-v{k osQ vuqfn'k gS rks nksuksa xy ry ij fLFkr
gSA budk lfn'k xq.kuiQy  C = A × B, z-fn'kk osQ vuqfn'k gksxkA ;fn A, y-v{k osQ
vuqfn'k ,oa B, x-v{k osQ vuqfn'k gks rks C ½.kkRed z-v{k osQ vuqfn'k gksxkA

6. (a) A . B = |A| |B| cos θ = 0 ;fn θ = 90º

(b) A × B = |A| |B| sin θ = |A| |B| D;ksafd sin θ = 1 at θ = 90º

1-5

1. ;fn A x-v{k ls 60o dk dks.k cuk;s rks

 Ax = A cos 60 = 50  (½) = 25 bdkbZ

Ay = A sin 60 = 50 (√3/2) = 50 (0.866)

= 43.3 bdkbZ

 ;fn A x-v{k ls 30o dk dks.k cuk;s rks

Ax = 50 cos 30 = 50 (0.866) = 43.3 bdkbZ;k¡

Ay = 50 sin 30 = 50  (½) = 25 bdkbZ;k¡

 nksuksa fLFkfr;ksa esa ?kVdksa osQ eku leku ugha gSaA

2. funsZ'kkad fxzM ij lfn'kksa dh fLFkfr fp=k 1-14 esa n'kkZ;h x;h gS

ekuk A x-v{k ls θ dks.k cukrk gS] rc

tan θ = – 4/3 ⇒ θ = tan–1(– 4/3)

= –53o 6′ or 306o 54′

;fn B x-v{k ls φ dks.k cukrk gS rks

tan φ = 6/–2 = –3 ⇒ φ = tan–1(–3)

= 108o 24′

3. A vkSj B dk ¯cnq xq.ku (vfn'k xq.ku)

A . B = (3 î  – 4 ĵ ).(–2 î  + 6 ĵ )

= –6( î . î ) – 24( ĵ . ĵ ) = –30

D;ksafd î . ĵ  = ĵ . î  = 0, vkSj î . î  = ĵ . ĵ  = 1

 A ,oa B dk ØkWl xq.kuiQy

A × B = (3 î  – 4 ĵ ) × (–2 î  + 6 ĵ )
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lehdj.k (1.14) vkSj (1.15) dk mi;ksx djus ij]

= 18 ( î  × ĵ ) + 8 ( ĵ  × î ) = 18 k̂  – 8 k̂  = 10 k̂

D;ksafd  A ,oa B xy  ry esa gSa] vr% ØkWl xq.kuiQy z&v{k dh fn'kk esa gSA

ikBkar vH;kl ekyk

1. 1 ly = 9.4673 × 1015 m.

2.
51 3

20º C 340 20
= =mYdk dh pky

 ij ok; q esa èouh dh pky

5. 15.84 N and α = tan–1 
1

2
⎛ ⎞
⎜ ⎟
⎝ ⎠

8. A . B = 30

A × B = ( ) ( )ˆ ˆ ˆ ˆ5 3 3 5− × −i j i j  ,d ,dy lfn'k C gS ftlesa |C| = 16 bdkbZ

½.kkRed  z-v{k osQ vuqfn'k
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2

ljy jSf[kd xfr

ge vius pkjksa vksj vusd oLrqvksa dks pyrs gq, ns[krs gSaA euq";ksa] i'kqvksa] okguksa dks Hkwfe
ij pyrs gq, ns[k ldrs gSaA eNyh] esa<d rFkk vU; tyh; i'kq ty esa rSjrs gq, ns[ks tk
ldrs gSaA i{kh ,oa ok;q;ku gok esa xfr djrs gSaA ;|fi gesa vuqHko ugha gksrk ij ftl
i`Foh ij ge jgrs gSa og Hkh vius v{k ij ?kwerh gqbZ lw;Z dh ifjØek djrh gSA vr%
;g fcYoqQy Li"V gS fd ge ,d xfreku fo'o esa jg jgs gSaA blfy, vius pkjksa vksj
osQ HkkSfrd fo'o dks le>us osQ fy, xfr osQ ckjs esa vè;;u djuk cgqr vko';d gSA
;g xfr ,d js[kk esa (1D)] ,d ry esa (2D) ;k varfj{k esa (3D) gks ldrh gSA ;fn oLrq
dh xfr osQoy ,d fn'kk esa gks rks mls ^ljy js[kh; xfr* dgrs gSaA mnkgj.kkFkZ]
lh/h lM+d ij dkj dk pyuk] lh/h jsy dh iVjh ij jsy dk pyuk] eqDr #i ls fxjrh
gqbZ oLrq dh xfr] fyÝV dk pyuk rFkk lhèks Vªsd ij /kod dk nkSM+uk vkfnA

bl ikB esa vki ljy js[kh; xfr osQ ckjs esa vè;;u djsaxsA vkxkeh ikBksa esa vki xfr osQ
fu;eksa] lery esa xfr ,oa vU; izdkj dh xfr;ksa dk vè;;u djsaxsA vki vodyu vkSj
lekdyu dh ladYiukvksa ds fo"k; esa Hkh vè;;u djsaxsA

mís';

bl ikB dk vè;;u djus osQ i'pkr vki

nwjh ,oa foLFkkiu rFkk pky ,oa osx esa Hksn dj losaQxs_

vodyu ,oa lekdyu dh ladYiukvksa dk vè;;u dj ldsaxs_

rkR{kf.kd osx] lkis{k osx ,oa vkSlr osx dh O;k[;k dj losaQxs_

Roj.k ,oa rkR{kf.kd Roj.k dks ifjHkkf"kr dj losaQxs_

,dleku ,oa vleku xfr;ksa osQ osx&le; vkjs[k dh O;k[;k dj losaQxs_

,dleku Roj.k osQ lkFk xfr lacaèkh lehdj.kksa dks O;qRiUu dj losaQxs_

xq#Ro cy osQ vUrxZr xfr dk o.kZu dj losaQxs] ,oa

xfr osQ lehdj.kksa ij vk/kfjr vkafdd iz'uksa dks gy dj losaQxsA
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2-1 pky ,oa osx (Speed and Velocity)

vkius viuh iwoZorhZ d{kkvksa esa vè;;u fd;k gS fd fdlh oLrq }kjk r; fd;s x, iFk
dh oqQy yackbZ mlosQ }kjk pfyr nwjh dgykrh gS tcfd oLrq dh vkjafHkd vkSj vfUre
fLFkfr osQ chp dk varj foLFkkiu dgykrk gSA foLFkkiu ewyr% nks fLFkfr;ksa osQ chp vYire
nwjh gS] ftldh ,d fuf'pr fn'kk gksrh gSA bl izdkj foLFkkiu ,d lfn'k jkf'k gS tcfd
nwjh vfn'k jkf'k gSA vkius ;g Hkh lh[kk gksxk fd le; osQ lkFk nwjh esa gksus okys ifjorZu
dh nj pky dgykrh gS tcfd oLrq osQ foLFkkiu dh nj osx dgykrh gSA ,d ljy js[kh;
xfr esa lfn'k jkf'k osQ fn'kk lacaèkh igywvksa dks $ vkSj & fpg~uksaa }kjk n'kkZ;k tkrk gSA vr%
,dfoeh; xfr esa foLFkkiu] osx ,oa Roj.k tSlh lfn'k jkf'k;ksa dks fu#fir djus osQ fy,
gesa lfn'k laosQrksa dh vko';drk ugha iM+rh gSA

2-1-1 vkSlr osx

tc dksbZ fiaM dksbZ nwjh vyx&vyx osxksa ls pyrk gqvk r; djrk gS rks bldh xfr dks
vkSlr osx }kjk fufnZ"V fd;k tkrk gSA fdlh fiaM dk vkSlr osx foLFkkiu&ifjorZu dh
nj osQ #i esa ifjHkkf"kr fd;k tkrk gSA ;fn x

1 
,oa x

2
 le; t

1
 ,oa t

2
 esa fi.M dh fLFkfr;k¡

gks rks xf.krh; #i ls ge vkSlr osx dks fuEu izdkj fn[kk ldrs gSaA

v =
foLFkkiu

foLFkkiu eas yxk le;

= 2 1

1 1

x x

t t

−
−

 = 
x

t

Δ
Δ

(2.1)

tgk¡ fLFkfr ifjorZu x
2
 – x

1
 dks Δx ls ,oa blosQ laxr le; ifjorZu t

2
 – t

1
 dks Δt ls bafxr

fd;k x;k gSA ;gk¡ ij v  (osx osQ laosQr osQ Åij ,d NksVh js[kk) osx osQ vkSlr eku
dk ,d ekud laosQr gSA vkSlr osx dks  v

av
 Hkh fy[kk tk ldrk gSA fdlh oLrq dh vkSlr

pky izkIr djus osQ fy, mlosQ }kjk pyh x;h oqQy nwjh dks ;g nwjh pyus esa fy, x;s
oqQy le; ls foHkkftr fd;k tkrk gSA

vr% vkSlr pky = 
r; dh x;h oQq y njw h

fy;k  x;k  oQq y le;
(2.2)

;fn ljy js[kh; xfr ,d nwjh r; djus esaa ,d fuf'pr fn'kk esa gks rks vkSlr pky ,oa
vkSlr osx osQ ifjek.k dk eku cjkcj gksrs gSaA ysfdu lnSo ,slk ugha gksrk (nsf[k;s mnkgj.k
2-2) fuEu mnkgj.kksa dh lgk;rk ls vki vkSlr pky vkSj vkSlr osx esa vUrj dks le>
ik;saxsA

mnkgj.k 2.1 :  x-v{k osQ vuqfn'k xfr dj jgs fdlh fiaM dh fLFkfr dk lehdj.k
x = 20t2 gSa] tgk¡ t le; gS vkSj bldh bdkbZ lsoaQM gS vkSj fLFkfr dks x }kjk fu#fir
fd;k x;k gSA 3s ls 4s osQ le;&varjky esa oLrq osQ vkSlr osx dk ifjdyu dhft,A
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gy : fn;k gS

x = 20t2

è;ku nsa x dk ek=kd ehVj vkSj t dk ek=kd lsoaQM gSA bldk vFkZ ;g gqvk fd lekuqikrkad
(20) dh foe m s–2 gSA

ge tkurs gSa fd vkSlr osx fuEufyf[kr lacaèk }kjk izkIr gksrk gSA

v = 2 1

1 1

x x

t t

−
−

D;ksafd t
1
 = 3s,

x
1

= 20 × (3)2

= 20 × 9 = 180 m

blh izdkj, t
2

= 4 s

x
2

= 20 × (4)2

= 20 × 16 = 320 m

∴ v = 2 1

1 1

(320 180) m 140 m

(4 3)s 1s

x x

t t

− −= =
− −

 = 140 ms–1

vr% vkSlr osx = 140 ms–1

mnkgj.k 2.2 : ,d vkneh 300 ehVj osQ o`Ùkkdkj VªSd ij nkSM+rk gS rFkk 200 lsoaQM esa
okil izkjafHkd LFkku ij vk tkrk gSA O;fDr dh vkSlr pky vkSj vkSlr osx D;k gS\

gy : fn;k gS

VªSd dh yEckbZ = 300 m.

bl yackbZ dks r; djus esa yxk le; = 200 s

vr% vkSlr pky = 
oQq y r; dh x;h  nwjh

nwjh r; dju s eas yxk le;

= 
300

200
 ms–1 = 1.5 ms–1

D;ksafd vkneh okil mlh LFkku ij vk tkrk gSA

vr% foLFkkiu = 0] blfy, vkSlr osx Hkh 'kwU; gqvkA

è;ku nsa fd mijksDr mnkgj.k esa vkSlr pky ifjek.k esa vkSlr osx osQ cjkcj ugha gSA D;k
vki dkj.k tkurs gSa\

2-1-2 vkisf{kd osx

tc ge ;g dgrs gSa fd ,d cSyxkM+h 10 fdyksehVj izfr ?kaVk dh xfr ls nf{k.k dh
vksj tk jgh gS rks bldk vFkZ ;g gqvk fd xkM+h vius izkjafHkd LFkku ls nf{k.k fn'kk dh
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vksj pyrh gS vkSj 1 ?kaVs esa 10 fdyksehVj dh nwjh r; djrh gSA blosQ fy, gesa ,d
lanHkZ fcanq dh vko';drk gksrh gSa okLro esa fdlh oLrq dk osx lnSo fdlh nwljh] oLrq
dh rqyuk esa fuf'pr fd;k tkrk gSA vr% osx ,d lkis{k jkf'k gSA

,d oLrq A ,d nwljh oLrq B osQ lkis{k viuh fLFkfr cny jgh gSA mnkgj.k osQ fy, ;fn
v

A
 vkSj v

B
 ,d ljy js[kk esa py jgs nks fudk;ksa (oLrqvksa) osQ osx gksa rks A dh rqyuk esa

B dk vkisf{kd osx (v
B
– v

A
) gksxkA

,d oLrq dh vkisf{kd fLFkfr esa nwljh oLrq osQ lkis{k ifjorZu nj dks nwljh oLrq osQ
lkis{k igyh oLrq dk vkisf{kd osx dgrs gSaA

vkisf{kd osx dk egRo

,d oLrq dh fLFkfr ,oa osx fdlh nwljh oLrq osQ lkis{k fuf'pr fd;k tkrk gSA ;fn
lanHkZ osQ fy, pquh xbZ oLrq fLFkj gks rks oLrq dh xfr dk o.kZu vklkuh ls fd;k
tk ldrk gSA bl ikB esa vki 'kq¼xfrd lehdj.kksa osQ ckjs esa tkusaxsA ysfdu ;fn
lanHkZ osQ fy, pquh xbZ oLrq Hkh xfr dj jgh gks rks ,slh fLFkfr esa D;k gksrk gS\ bl
izdkj dh xfr ,d fLFkj izs{kd dks f}fudk; ra=k dh xfr izrhr gksrh gSA vkisf{kd xfr
dh vo/kj.kk }kjk bls vklkuh ls le>k tk ldrk gSA

ekuk nks oLrqvksa A vkSj B dh izkjafHkd fLFkfr;k¡ x
A
(0) vkSj x

B
(0) gSaA ;fn èkukRed x-

v{k dh vksj oLrq A  osx v
A  
,oa oLrq B osx v

B
 ls xfr djrh gSa rks  t lsdUM osQ

i'pkr mudh fLFkfr;k¡ fuEuor~ gksaxhA

x
A
(t) = x

A
(0) + v

A
t

x
B
(t) = x

B
(0) + v

B
t

vr% B dk A ls vkisf{kd i`Fkdu (nwjh)

x
BA

(t) = x
B
(t) – x

A
(t) = x

B
(0) – x

A
(0) + (v

B
 – v

A
) t

= x
BA

(0) + v
BA

t

tgk¡ v
BA

 = (v
B
 – v

A
) A osQ lkis{k B dk vkisf{kd osx dgykrk gSA bl izdkj vkisf{kd

osx dh vo/kj.k osQ iz;ksx }kjk f}fudk;h leL;k dks ,dy fudk;h leL;k esa
#ikUrfjr fd;k tk ldrk gSA

mnkgj.k 2.3 : ,d jsyxkM+h A mÙkj ls nf{k.k dh vksj ,d lh/h iVjh ij 60 km h–1 dh
xfr ls py jgh gSA nwljh jsyxkM+h 70 km h–1 dh xfr ls nf{k.k ls mÙkj dh vksj vk jgh
gSA A osQ lkis{k B jsyxkM+h dk osx D;k gS\

gy : nf{k.k ls mÙkj dh fn'kk dks èkukRed eku ysus ij gesa izkIr gksxk

jsyxkM+h B dk osx (v
B
) = + 70 km h–1
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vkSj jsyxkM+h A dk osx (v
A
) = – 60 km h–1

vr% jsyxkM+h A osQ lkis{k jsyxkM+h B dk osx

= v
B
 – v

A

= 70 – (– 60) = 130 km h–1.

mijksDr mnkgj.k esa vkius ns[kk fd ,d jsyxkM+h osQ lkis{k nwljh jsyxkM+h vkisf{kd osx
muosQ lacafèkr osxksa osQ ;ksx osQ cjkcj gksrk gSA blfy, vkidh jsyxkM+h ls foijhr fn'kk
esa pyus okyh jsyxkM+h cgqr rsth ls py jgh izrhr gksrh gSA ysfdu ;fn nwljh jsyxkM+h
leku fn'kk esa py jgh gks rks mldh xfr cgqr èkheh izrhr gksrh gSA

2-1-3 Roj.k

cl ;k dkj esa ;k=kk djrs le; vkius è;ku fn;k gksxk fd mldh pky dHkh rst o dHkh
èkheh gks tkrh gSA ;kfu mlosQ osx esa ifjorZu gksrk jgrk gSA tSlk fd osx dks fLFkfr osQ
ifjorZu dh le; nj ls ifjHkkf"kr fd;k tkrk gS] oSls gh Roj.k dks osx osQ ifjorZu dh
le; nj ls ifjHkkf"kr fd;k tkrk gSA Roj.k ,d lfn'k jkf'k gS vkSj bldk ek=kd
ms–2 gSA ,d&foeh; xfr esa Roj.k osQ fy;s fdlh lfn'k vadu dh vko';drk ugha gksrh
tSlk fd osx osQ lanHkZ esa crk;k tk pqdk gSA
fdlh oLrq dk vkSlr Roj.k fuEu izdkj O;Dr fd;k tk ldrk gS

vkSlr Roj.k ( a ) = 
vfa re oxs & vkjafHkd osx

oxs  ifjoruZ  oQs  fy;s  fy;k  x;k  le;

a = 2 1

1 1

v v v

t t t

− Δ=
− Δ

(2.3)

,d foeh; xfr esa tcfd Roj.k mlh fn'kk esa gks ftlesa fd xfr ;k osx gS rks Roj.k dh
fn'kk èkukRed gksrh gSA Roj.k xfr dh foijhr fn'kk esa Hkh gks ldrk gS ,slh fLFkfr esa
Roj.k dks ½.kkRed ekuk tkrk gSA ftls izk;% eanu (retardation) dgk tkrk gSA vr% ge
dg ldrs gSa fd Roj.k osx o`f¼ dh le; nj gS vkSj eanu osx àkl dh le; nj gSA

mnkgj.k 2.4 : iwoZ dh vksj xfr'khy dkj dk osx 3s esa 0 ls 12 ms–1 gks tkrk gSA vkSlr
Roj.k dh x.kuk dhft,A

gy : fn;k gS]
v

1
= 0 m s–1

v
2

= 12 m s–1

t = 3.0 s

a = 
–1(12.0 ms ) 

3.0s
= 4.0  m s–2
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ikBxr iz'u 2-1

1. D;k ;g laHko gS fd fdlh fn;s x;s le; varjky esa fdlh xfr'khy oLrq dh vkSlr
pky 'kwU; u gks ysfdu vkSlr osx 'kwU; gks\ ;fn gk¡ rks bl dks mnkgj.k }kjk
le>kb;sA

2. ,d efgyk 8 fdyksehVj izfr ?kaVk dh pky ls cktkj xbZA cktkj dks can ikdj og
vius ?kj 10 fdyksehVj izfr ?kaVk dh pky ls ykSV vk;hA ;fn mlosQ ?kj ls cktkj
2 fdyksehVj nwj gks mldh vkSlr pky vkSj vkSlr osx Kkr dhft,A

3. D;k ,d xfr'khy oLrq dk nwljh xfr'khy oLrq dh rqyuk esa vkisf{kd osx 'kwU; gks
ldrk gS\ ,d mnkgj.k nhft,A

4. ,d O;fDr ,d jsyxkM+h osQ vUnj 1.0 m s–1 osQ osx ls jsyxkM+h dh xfr dh fn'kk
esa py jgk gSA ;fn jsyxkM+h dk osx 3.0 m s–1 gks rks

(a) jsyxkM+h esa cSBs dks O;fDr dks mldk osx fdruk izrhr gksxk\

(b) IysViQkeZ ij cSBs O;fDr osQ lkis{k ml dk osx D;k gksxk\

2.2 fLFkfr le; xzkiQ (Position - Time Graph)

;fn vki ,d xsan dks tehu ij yq<+dkrs gSa rks
vki ns[ksxsa fd fofHkUu le; ij xsan dh fofHkUu
fLFkfr;k¡ gksrh gSaA fofHkUu {k.kksa vkSj rnuqlkj xsan
dh fofHkUu fLFkfr;ksa dh ewy fcanq ls nwfj;ksa dks
xzkiQ ij izdV djus ls gesa ,d fuf'pr js[kk
izkIr gksrh gSA bl izdkj dh js[kk dks fLFkfr&le;
xzkiQ dgrs gSaA lkekU;r% le; x–v{k ij n'kkZrs
gSa vkSj oLrq dh fLFkfr y–v{k ij n'kkZrs gSaA

vc ge ewy fcanq ls 20 ehVj nwj fojke voLFkk
esa oLrq osQ fy;s ,d fLFkfr&le; xzkiQ [khaprs
gSaA oLrq dh fLFkfr 1s, 2s, 3s, 4s vkSj 5s osQ ckn
D;k gksxh\ vki ik;saxs fd vkys[k le; v{k osQ
lekUrj lh/h js[kk gS tSlk fp=k 2-1 esa fn[kk;k x;k gSA

2-2-1 ,dleku xfr osQ fy;s ^fLFkfr&le; xzkiQ*

vkb;s vc ge ,d vU; ifjfLFkfr ij fopkj djsaA ftlesa ,d oLrq leku le; varjky
esa leku nwjh r; djrh gSA mnkgj.k osQ fy;s ;fn oLrq izR;sd 1 lsoaQM esa 10 m dh nwjh
r; djrh gSaA ;fn ge 5 lsoaQM rd gqbZ xfr dk vè;;u djsa rks fofHkUu le; ij oLrq
dh fLFkfr fuEu lkj.kh osQ vuqlkj n'kkZ;h tk;sxhA

fp=k. 2.1 : fojke voLFkk esa oLrq dk
fLFkfr&le; xzkiQ
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le; (t) lsdUM esa 1 2 3 4 5

fLFkfr (x) ehVj esa 10 20 30 40 50

bu vkadM+ksa dk vkys[k cukus osQ fy,
x–v{k ij le; yhft, ftlesa 1cm

dks 1 lsoaQM ekfu, vkSj fLFkfr dks y–

v{k ij yhft, ftlesa 1cm dks 10
ehVj osQ cjkcj ekfu,A ^fLFkfr&le;
xzkiQ* fp=k 2-2 osQ leku gksxkA

xzkiQ ,d lh/h js[kk gS tks fd x–v{k
ls ,d dks.k θ cukrh gSA ,slh xfr
ftlesa xfr'khy oLrq dk osx vpj jgs
,dleku xfr dgykrh gSA bldk fLFkfr
le; xzkiQ le; v{k ij >qdh gqbZ
(,d dks.k cukrh gqbZ) ljy js[kk osQ
#i esa gksrk gSA

nwljs 'kCnksa esa ge dg ldrs gSa fd tc xfr'khy oLrq leku le; varjky esa leku nwfj;k¡
r; djrh gS rks mldh xfr ,dleku xfr dgykrh gSA

2-2-2 vleku xfr osQ fy;s ^fLFkfr&le; xzkiQ*

vkb;s vc ge ,d jsyxkM+h dk mnkgj.k ysa tks ,d LVs'ku ls pyrh gS] xfr idM+rh gS rFkk
oqQN vof/ rd ,dleku osx ls pyrh gS vkSj nwljs LVs'ku ij #dus ls iwoZ èkheh gks tkrh
gSA bl mnkgj.k esa vki ns[ksaxs fd le;
osQ leku varjkyksa esa r; dh x;h nwfj;k¡
leku ugha gSaA bl izdkj dh oLrqvksa osQ
fy;s ^fLFkfr&le;* xzkiQ* fp=k 2-3 esa
fn[kk;k x;k gSA

è;ku ns a fd Rofjr xfr osQ fy;s
^fLFkfr&le; xzkiQ* ,d lrr oØ gSA
vr% oLrq osx esa fujarj ifjorZu gks jgk
gSA ,slh fLFkfr esa vR;ar NksVs le;
varjky esa vkSlr ;k rkR{kf.kd osx dks
ifjHkkf"kr djuk mi;qDr gSA vkb;s ,slk
djuk lh[ksaA

fp=k 2.2 : ,d leku xfr osQ fy;s
fLFkfr&le;&xzkiQ

fp=k 2.3 : Rofjr xfr dk lrroØ osQ #i esa
fLFkfr le; xzkiQ
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2-2-3 ^fLFkfr&le; xzkiQ dh O;k[;k

tSlk fd vkius ns[kk fd fofHkUu xfr'khy oLrqvksa dk ^fLFkfr&le; xzkiQ* fofHkUu gks
ldrk gSA ;fn ;g le; v{k osQ lekUrj lh/h js[kk gS rks vki dg ldrs gSa fd oLrq
fojke voLFkk esa gSA (fp=k 2-1)A ysfdu ;fn lh/h js[kk le; v{k dh vksj >qdh gS rks
;g n'kkZrk gS fd pky ,dleku gS (fp=k 2-2)

(a) fLFkfr&le; xzkiQ ls osx : ^fLFkfr le; xzkiQ dh lh/h js[kk dk <ky xfr'khy oLrq
dk osx crkrk gSA <ky dk fuèkkZj.k djus osQ fy;s ljy js[kk ij (fp=k 2-2) dksbZ nks fcanq
(A vkSj B)  pqfu, rFkk y–v{k rFkk x–v{k osQ lekUrj js[kk [khap dj f=kHkqt cukb;sA bl
izdkj oLrq dk vkSlr osx fuEufyf[kr gSA

v  = 2 1

2 1

x x

t t

−
−

 = 
x

t

Δ
Δ  = 

BC

AC
(2.4)

vr% oLrq dk osx ljy js[kk AB osQ <ky osQ cjkcj gSA

blls irk pyrk gS fd ^fLFkfr&le; xzkiQ n'kkZus okyh lh/h js[kk dk ftruk <ky (Δx/

Δt) gksxk mruk gh vf/d oLrq dk osx gksxkA è;ku jgs fd {kSfrt js[kk osQ lkFk ljy js[kh;
xzkiQ }kjk cuk, x;s dks.k dh Li'kZT;k (tangent) mlosQ <ky dk eki gSA

vFkkZr~ tan θ = 
x

t

Δ
Δ

xzkiQ ij fdUgha nks fLFkfr;ksa osQ vUrjky Δx o laxr le;ksa
osQ vUrjky Δt dk mi;ksx <ky fudkyus vkSj bl izdkj
bl le; varjky esa vkSlr osx dk eku izkIr djus esa
fd;k tk ldrk gSA

mnkgj.k 2.5 : nks oLrqvksa A vkSj B dk fLFkfr&le; xzkiQ
fp=k 2-4 esa n'kkZ;k x;k gSA buesa ls fdldk osx vf/d gS\

gy : oLrq A dk osx vf/d gS D;ksafd oLrq A osQ
fy;s xzkiQ dk <ky vf/d gSA

([k) rkR{kf.kd osx (Instantaneous velocity) :
tSlk fd vkius lh[kk fd lh/h js[kk esa osx izR;sd
{k.k leku jgrk gS ysfdu vleku xfr osQ izdj.k
esa ^fLFkfr&le;&xzkiQ* oØ js[kk osQ #i esa vkrk gS
tSlk fd fp=k 2-5 esa n'kkZ;k x;k gSA p;u fd;s x;s
le; vUrjkyksa osQ vkdkj ij <ky ;k vkSlr osx
fHkUu&fHkUu gksrk gSA bl izdkj osQ izdj.kksa esa fdlh
le; ;k fLFkfr esa oLrq dk osx rkR{kf.kd osx
dgykrk gSA

fp=k 2.4 :

fp=k 2.5 : vleku xfr osQ fy;s
fLFkfr le; oØ
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è;ku nsa fd Δt le; vUrjky esa vkSlr osx v fuEuor gksrk gSA v  = 
x

t

Δ
Δ . tc Δt dk eku

U;wu ls U;wu fd;k tkrk gS rks vkSlr osx Øe'k% rkR{kf.kd osx osQ cjkcj gks tkrk gSA

Δt → 0 lhek ysus ij ml js[kk dk <ky 
x

t

Δ⎛ ⎞
⎜ ⎟Δ⎝ ⎠

 tks ml fcanq ij oØ dh Li'kZT;k gksrh

gS rkR{kf.kd osx crkrk gSA rFkkfi ,d leku xfr osQ fy;s vkSlr vkSj rkR{kf.kd cjkcj
gksrk gSA

mnkgj.k 2.6 : ,d oLrq dh 20 lsoaQM rd xfr osQ fy;s ^fLFkfr le; xzkiQ* fp=k 2-6
esa n'kkZ;k x;k gSa crykb, fd oLrq }kjk fuEufyf[kr le; vUrjkyksa esa fdruh xfr ls
fdruh nwjh r; dh x;h\

(i) 0 lsoaQM ls 5 lsoaQM] (ii) 5 lsoaQM ls 10 lsoaQM] (iii) 10 lsoaQM ls 15 lsoaQM] (iv)

15 lsoaQM ls 17-5 lsoaQM\ 20 lsoaQM osQ lEiw.kZ le; dky esa oLrq dh vkSlr pky D;k
gksxh\

fp=k 2-6% fLFkfr&le; xzkiQ

gy :
i) 0 lsoaQM ls 5 lsoaQM osQ nkSjku r; dh x;h nwjh = 4 m

pky  = 
njw h

le;
 =  

4

5 – 0
 = 0.8 ms–¹

ii) 5 lsoaQM ls 10 lsoaQM osQ nkSjku r; dh x;h nwjh = 12 – 4 = 8 m

pky = 
–112 – 4 8

1.6 ms
10 – 5 5

= =

iii) 10 ls 15 lsoaQM osQ nkSjku r; dh x;h nwjh = 12 – 12 = 0

 ∴pky = 
0

5
 = 0

iv) 15 lsoaQM ls 17.5 lsoaQM osQ nkSjku r; dh x;h nwjh = 12 m

∴ pky = 
njw h

le;
 = 

12 m

2.5 s
 = 4.8 m s–1

vc vki viuh izxfr tk¡pus osQ fy;s fuEu iz'uksa oQks gy dhft,A
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ikBxr iz'u 2.2

1. 'kwU; Roj.k dh xfr osQ fy;s ^fLFkfr&le; xzkiQ* cukb,A

2. fuEufyf[kr fp=k esa nks fo|kfFkZ;ksa A vkSj B dk foLFkkiu&le; xzkiQ n'kkZ;k x;k gS tks
vius fo|ky; ls pyrs gSa vkSj vius ?kj ig¡qprs gSaA xzkiQksa dks è;ku ls ns[ksa vkSj fuEu
iz'uksa osQ mÙkj nsaA

(i) D;k os ,d gh le; fo|ky; ls pyrs gSa\

(ii) dkSu fo|ky; ls vfèkd nwjh ij
jgrk gS\

(iii) D;k nksuksa vius&vius ?kj ,d gh
le; ij igq¡prs gSa\

(iv) dkSu vf/d rst pyrk gS\

(v) os fo|ky; ls fdruh nwjh ij
,d nwljs dks ikj djrs gSa\

3. fdu ifjfLFkfr;ksa esa vkSlr osx
rkR{kf.kd osx osQ cjkcj gksrk gS\

4. fuEu xzkiQ esa ls dkSu lk laHko
ugha gS\ dkj.k lfgr mÙkj nhft,A

            (a)                        (b)

2-3 osx&le; xzkiQ

fLFkfr&le; xzkiQ dh Hkk¡fr ge osx&le; xzkiQ cuk ldrs gSa\ osx&le; xzkiQ cukus osQ
fy, lkekU;r% le; dks x–v{k rFkk osx dks y–v{k ij fy;k tkrk gSA

2-3-1 ,dleku xfr osQ fy;s osx&le; xzkiQ

tSlk fd vki tkurs gSa fd ljy j[kh; ,dleku xfr esa oLrq dk osx vpj jgrk gS vFkkZr~
le; esa ifjorZu osQ lkFk osx esa dksbZ ifjorZu ugha gksrkA bl izdkj dh ,dleku xfr
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osQ fy;s osx&le; xzkiQ le; v{k osQ lekUrj ljy js[kk osQ #i esa gksrk gSA tSlk fd
fp=k 2-6 esa n'kkZ;k x;k gSA

2-3-2 vleku xfr osQ fy;s osx&le; vkys[k

;fn le; osQ lkFk oLrq dk osx leku #i
ls cnyrk gS rks Roj.k ,dleku jgrk gSA
bl izdkj dh xfr'khy oLrq osQ fy;s
osx&le; xzkiQ ljy js[kk osQ #i esa gksrk gS
tSlk fd le; v{k dh vksj >qdk jgrk gS
tSlk fd fp=k 2-7 esa ljy js[kk AB }kjk
n'kkZ;k x;k gSA xzkiQ ls Li"V gS fd ,dleku
le; varjkyksa esa leku ifjek.kksa ls osx
c<+rk gSA oLrq dk vkSlr Roj.k fuEu lw=k
}kjk Kkr fd;k tkrk gSA

                  a = 2 1

2 1

v v

t t

−
−

 = 
v

t

Δ
Δ  = 

MP

LP

= ljy js[kk dk <ky

D;ksafd ljy js[kk dk <ky fLFkj jgrk gSA vr% oLrq dk Roj.k vpj jgrk gSA ;|fi
vleku xfr osQ ,sls izdj.k gks ldrs gSa ftuesa osx ifjorZu dh nj vpj u gksA bl izdkj
dh fLFkfr esa osx&le; xzkiQ dk <ky izR;sd {k.k fHkUu gksxk tSlk fd fp=k 2-8 esa fn[kk;k
x;k gSA ;g ns[kk tk ldrk gS fd fofHkUu fcanqvksa A, B vkSj C ij θ

A
, θ

B
 vkSj θ

C
 osQ eku

vyx&vyx gSaA

2-3-3 osx&le; xzkiQ dh O;k[;k

osx&le; xzkiQ dh lgk;rk ls ge oLrq }kjk r; dh x;h nwjh vkSj fofHkUu {k.kksa esa oLrq
dk Roj.k Hkh fu/kZfjr dj ldrs gSaA vkbZ, ns[ksa ge ,slk fdl izdkj dj ldrs gSaA

fp=k 2.8 : fofHkUu Roj.k osQ lkFk xfr osQ fy;s
osx&le; xzkiQ

fp=k 2.7 : vpj Roj.k okyh rhu fLFkfr;ksa osQ
fy;s osx&le; xzkiQ

fp=k 2.6 : leku xfr osQ fy;s osx le; xzkiQ



ekWM~;wy  - 1 ljy jSf[kd xfr

xfr] cy ,oa ÅtkZ

fVIif.k;k¡

HkkSfrdh 46

(a) oLrq }kjk r; dh x;h nwjh dk fu/kZj.k%
fp=k 2-7 esa n'kkZ;s x;s osx&le; xzkiQ ij iqu%
fopkj djsaA bl xzkiQ esa AB Hkkx vpj Roj.k osQ
lkFk xfr n'kkZrk gS tcfd CD Hkkx vpj
eafnr&xfr n'kkZrk gSA Hkkx BC  ,dleku xfr
n'kkZrk gSA

leku xfr ls pyrh gqbZ oLrq }kjk t
1
 ls t

2
 le;

osQ chp pyh x;h nwjh s = v (t
2
 – t

1
) =  t

1
 o t

2

varjky osQ chp oØ rFkk le; v{k osQ chp
dk {ks=kiQy (fp=k 2-6)A

bl ifj.kke osQ O;kfIrdj.k }kjk fp=k 2-7 osQ fy;s ge ikrs gSa fd t
1
 o t

2 
osQ chp osQ

le;&varjky esa pyh x;h nwjh

s = leyEc prqHkZqt KLMN dk {ks=kiQy

= (½) × (KL + MN) × KN

= (½) × (v
1
 + v

2
) × (t

2
 – t

1
)

(b) oLrq osQ Roj.k dk fu/kZj.k : ge tkurs gSa fd fdlh oLrq dh le; osQ lkFk osx
ifjorZu dh nj dks Roj.k dgrs gSaA ;fn vki fp=k 2-9 esa osx le; xzkiQ dk voyksdu
djsa rks AB pki dh <ky }kjk vkSlr Roj.k n'kkZ;k
x;k gSA tks fuEu izdkj O;Dr fd;k x;k gSA

vkSlr Roj.k ( a ) = 
v

t

Δ
Δ

  = 2 1

2 1

v v

t t

−
−

.

;fn le;&varjky dks vR;fèkd U;wu dj fn;k
tk; rks vkSlr Roj.k rkR{kf.kd Roj.k cu tkrk gSA
vr% rkR{kf.kd Roj.k]

a = limit
0t →Δ  

v

t

Δ
Δ

 = 
dv

dt
 = le; t osQ laxr fcUnq

ij Li'kZ js[kk dk <ky
vr% osx&le; vkys[k osQ fdlh fcanq ij Li'kZ

js[kk dk <ky = 
ab

bc
] ml fcanq ;k le; ij Roj.k

dk ifjek.k iznku djrk gSA

mnkgj.k 2.7 : rhu oLrqvksa A, B vkSj C osQ fy;s osx le; xzkiQ fp=k 29.a esa n'kkZ;s x;s
gSaA

(i) buesa ls fdldk lcls vf/d Roj.k gS rFkk og fdruk gS\

(ii) igys 3 lsoaQM esa bu oLrqvksa }kjk r; dh x;h nwjh dh x.kuk dhft,A

fp=k. 2.9(a) : le Roj.k ;qDr rhu
fHkUu oLrqvksa dh xfr dk
osx&le; xzkiQ

fp=k. 2.9 : vleku Roj.k dh xfr
dk osx&le; xzkiQ
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(iii) bu rhu oLrqvksa esa ls dkSu viuh iwjh ;k=kk esa vfèkdre nwjh r; djrk gS\

(iv) 2 lsoaQM osQ {k.k esa rhuksa oLrqvksa osQ osx D;k&D;k gSaA

gy :

(i) D;ksafd v – t xzkiQ dk <ky Roj.k iznku djrk gS vkSj oLrq A osQ fy;s v – t xzkiQ dk
<ky vfèkdre gSA vr% bldk Roj.k vfèkdre gS vkSj bldk eku

a =  
v

t

Δ
Δ

 =  
6 0

3 0

−
−

 = 
6

3
 = 2 m s–2.

(ii) oLrq }kjk r; dh x;h nwjh v-t xzkiQ osQ {ks=kiQy osQ cjkcj gksrh gSA igys 3 lsdUM esa

A }kjk r; dh x;h nwjh = Area OA′L

  = (½) × 6 × 3 = 9 m.

B }kjk r; dh x;h nwjh = {ks=kiQy OB′L

  = (½) × 3 × 3 = 4.5 m.

C }kjk r; dh x;h nwjh = (½) × 1 × 3 = 1.5 m.

(iii) ;k=kk iwjh gksus ij B }kjk r; dh x;h vfèkdre nwjh

= (½) × 6 × 6 = 18 m.

(iv) D;ksafd izR;sd oLrq osQ fy, v-t xzkiQ ljy js[kk gS] vr% rkR{kf.kd Roj.k vkSlr
Roj.k osQ cjkcj gSA nks lsoaQM ij]

A dk osx = 4 m s–1

B dk osx = 2 m s–1

C dk osx = 0.80 m s–1 (yxHkx)

ikBxr iz'u 2.3

1. ,d ljy js[kk esa pyrs gq, d.k dh xfr layXu v –

t xzkiQ esa n'kkZ;h x;h gSA (i) osx] Roj.k ,oa pyh x;h
nwjh osQ lanHkZ esa xzkiQ dk o.kZu djks (ii) vkSlr pky
dk eku Kkr djksA

2. layXu oØ fdl izdkj dh xfr dks n'kkZrk gS& ,dleku
xfr] Rofjr xfr ;k eafnr\ O;k[;k djsaA
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3- layXu v – t xzkiQ dks iz;ksx djrs gq, 0-22
lsdUM le; vUrjky osQ fy;s (i) d.k dk
vkSlr osx (ii) d.k dh vkSlr pky Kkr
djsaA d.k lrr #i ls ljy js[kh; xfr dj
jgk gSA

2-4 xfr osQ lehdj.k

tSlk fd vki tkurs gSa fd oLrq dh xfr dk o.kZu djus osQ fy, ge HkkSfrd jkf'k;ksa tSls
nwjh] osx vkSj Roj.k dk mi;ksx djrs gSaA xfr osQ lehdj.kksa dh lgk;rk ls fLFkj Roj.k
dh fLFkfr esa osx o r; dh x;h nwjh lacaèkh x.kuk,a dh tk ldrh gSaA ;s mi;ksx esa vklku
gSa vkSj buosQ vusd vuqiz;ksx gSaA

2-4-1 ,d leku xfr dk lehdj.k

bl lehdj.k dh O;qRifÙk osQ fy;s ge izkjafHkd le; t
1
 dks 'kwU; ysrs gSa] vFkkZr~ t

1
 = 0

vc ge ;g eku ldrs gSa fd t
2
 = t chrk gqvk le; gSA oLrq dh izkjafHkd fLFkfr (x

1 
=

x
0
) vkSj le; t ij os x

2 
o v

2 
osQ ctk; x o v dgyk;s tk;saxsA lehdj.k 2-1 osQ vuqlkj

le; t  osQ nkSjku vkSlr osx fuEufyf[kr gksxk

v = 0x x

t

−
. (2.4)

2-4-2 ,d leku Roj.k ;qDr xfr dk igyk lehdj.k

;fn Roj.k Kkr gks rks xfr dk igyk lehdj.k ,d fuf'pr le; osQ ckn oLrq osQ osx
dks fuèkkZfjr djus esa lgk;rk djrk gSA tSlk vkidks ifjHkk"kk }kjk Kkr gS fd

Roj.k (a) = 
oxs  esa ifjorZu

fy;k  x;k  le;
 = 2 1

2 1

v v

t t

−
−

a = 0v v

t

−
(2.5)

vFkok v = v
0
 + at (2.6)

;g xfr dk igyk lehdj.k dgykrk gSA ;gk¡ v
0
 oLrq dk izkjafHkd (t = 0 ij ) osx gS ,oa

v {k.k t ij osx gSA

mnkgj.k 2.8 : ;fn ,d dkj foJkekoLFkk ls 10 m s–2 osQ Roj.k osQ lkFk pyrh gS rks 5
lsoaQM ckn bldk osx fdruk gksxk\

gy : fn;k gS
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izkjafHkd osx v
0

= 0

Roj.k a = 10 m s–2

   le; t = 5 s

xfr osQ igys lehdj.k dk mi;ksx djus ij]

v = v
0
 + at

le; t = 5s osQ ckn osx

v = 0 + (10 m s–2) × (5 s)

= 50 m s–1

2-4-3 fLFkj (vpj) Roj.k okyh xfr dk nwljk lehdj.k

xfr osQ nwljs lehdj.k dk mi;ksx vpj Roj.k a ls py jgh oLrq dh le; t osQ ckn
dh fLFkfr dk ifjdyu djus osQ fy, fd;k tkrk gSA

ekuk t = 0 ij x
1
 = x

0
;

v
1
 = v

0
 vkSj t = t ij x

2
 = x vkSj v

2
 = v

vr% r; dh x;h nwjh

= v – t xzkiQ osQ uhps dk {ks=kiQy

= leyEc prqHkqZt OABC dk {ks=kiQy

= 
1

2
(CB + OA) × OC

x – x
0

= ½ (v + v
0
) t ...................... (2.7)

D;ksafd v = v
0
 + at  vkSlr v = 0

2

v v−
 ........... (2.8)

= v
0
t + ½ at2

vFkok x = x
0
 + v

0
t + ½ at2 (2.9)

mnkgj.k 2.9 : ,d dkj A lhèkh lM+d ij 60 km h–1 dh ,dleku pky ls tk jgh gSA
nwljh dkj mlosQ ihNs 70 km h–1 osQ ,dleku osQ osx ls py jgh gSA bu nksuksa osQ chp
tc 2.5 km dh nwjh jg x;h rks dkj B esa 20 km h–1  dk eanu fd;k x;kA fdruh nwjh vkSj
fdrus le; esa dkj B dkj A dks idM+ ysxh\

gy : eku yks B dkj A dkj dks t– le; osQ ckn x–nwjh ij idM+ ysrh gSA rc

dkj A }kjk t–le; esa r; dh x;h nwjh ′x  = 60 × t.

fp=k 2.10 : leku #i ls Rofjr xfr
osQ fy;s v–t xzkiQ
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dkj B }kjk t le; esa r; dh x;h nwjh

x = x
0
 + v

0
t + ½ at2

= 0 + 70 × t + ½ (–20) × t2

x ′ = 70 t – 10 t2

ysfdu nks dkjksa osQ chp dh nwjh x – ′x  = 2.5

(70 t – 10 t2) – (60 t) = 2.5

;k 10 t2 – 10 t + 2.5 = 0

blls t dk eku

t = ½ eku j[kdj ½  ?kaVk izkIr gksrk gSA lehdj.k gy djus ij

x = 70t – 10t2

= 70 × ½ – 10 × (½)2

= 35 – 2.5 = 32.5 km.

2-4-4 vpj Roj.k okyh xfr dk rhljk lehdj.k

bl lehdj.k dk mi;ksx ml fLFkfr esa fd;k tkrk gS tc oLrq dk Roj.k] fLFkfr vkSj
izkjafHkd osx Kkr gks rFkk vafre osx visf{kr gks] ysfdu le; t Kkr u gks]

lehdj.k (2-7) dks ge fuEu izdkj fy[k ldrs gSaA

x – x
0

= ½ (v + v0) t

lehdj.k (2.6) osQ vuqlkj

t = 0v v

a

−

lehdj.k 2.7 esa t dk eku izfrLFkkfir djus ij gesa izkIr gksrk gSA

x – x
0

= ½ (v + v
0
) 

0v v

a

−⎛ ⎞
⎜ ⎟
⎝ ⎠

⇒ 2a (x – x
0
) = v2 – v0

⇒ v2 = 2
0v  + 2a (x – x

0
) (2.8)

;g xfr dk rhljk lehdj.k gSA

vr% vpj Roj.k osQ fy;s xfr osQ rhu lehdj.k bl izdkj gSaA

v = v
0
 + at

x = x
0
 + v

0
t + ½ at2

vkSj v2 = 2
0v  + 2a (x – x

0
)
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mnkgj.k 2.10 : ,d eksVj lkbfdy lokj ,d lhèkh lM+d ij 4 m s–2 osQ vpj Roj.k
ls tk jgk gSA izkjaHk esa og 5 ehVj dh nwjh ij Fkk vkSj mldk osx 3 m s–1 Fkk rks

(i) le; t = 2s ij fLFkfr vkSj osx crkb,

(ii) eksVj lkbfdy lokj dh fLFkfr crkb, tc mldk osx 5 m s–1 gksA

gy : fn;k x;k gS

x
0

= 5m, v
0
 = 3m s–1, a = 4 m s–2.

lehdj.k (2.7) dk mi;ksx djus ij

x = x
0
 + v

0
t + ½ at2  = 5 + 3 × 2 + ½ × 4 × (2)2 = 19 m

lehdj.k 2-6 ls

v = v
0
 + at = 3 + 4 × 2 = 11 m s–1

v2 = 2
0v  + 2a (x – x

0
) dk mi;ksx djus ij

(5)2 = (3)2 + 2 × 4 × (x – 5) ls gesa

x = 7 ehVj izkIr gksrk gSA

vr% eksVjlkbfdy lokj dh fLFkfr (x) = 7 m.

2-5 xq#Rok/hu xfr

vkius ns[kk gksxk fd tc ge fdlh oLrq dks Åij dh fn'kk esa isaQdrs gSa ;k fdlh Å¡pkbZ
ls iRFkj fxjkrs gSa rks nksuksa gh fLFkfr;ksa esa os i`Foh dh vksj vkrs gSaA D;k vki tkurs gSa
fd os i`Foh ij D;ksa vk tkrs gSa vkSj os fdl izdkj dk iFk viukrs gSaA ;g mu oLrqvksa
ij yxus okys i`Foh osQ xq#Rokd"kZ.k cy osQ dkj.k gksrk gSA xq#Ro osQ izHkko osQ vUrxZr
gksus okyh bl izdkj dh xfr;k¡ ,d lhèkh fn'kk ;k lhèkh js[kk esa gksrh gSaA i`Foh dh vksj
fdlh oLrq dk Lora=k #i ls fxjuk vpj Roj.k (yxHkx) osQ lkFk xfr dk ,d lokZf/
d lkekU; mnkgj.k gSaA ok;q izfrjks/ dh vuqifLFkfr esa ;g ns[kk x;k gS fd lHkh oLrq,¡
pkgs mudk lkbt ;k nzO;eku oqQN Hkh gks i`Foh dh lrg ij leku Roj.k osQ lkFk fxjrh
gSaA ;|fi xq#Ro tfur Roj.k dk eku m¡QpkbZ osQ lkFk ifjofrZr gskrk gS ysfdu i`Foh dh
f=kT;k dh rqyuk esa ux.; nwfj;ksa osQ fy;s bl ifjorZu dks ux.; eku fy;k tkrk gS vkSj
xfr dh vofèk esaa bldk eku fLFkj jgrk gSA blosQ O;kogkfjd mi;ksx osQ fy;s ok;q
izfrjksèkdrk ,oa m¡QpkbZ osQ lkFk Roj.k esa fHkUurk dk izHkko ux.; fy;k tkrk gSA

xq#Ro osQ dkj.k Lora=k #i ls fxjrh oLrq osQ Roj.k dks 'g' ls n'kkZrs gSaA i`Foh dh lrg
ij bldk ifjek.k yxHkx 9.8 m s–2  Å¡pkbZ vkSj v{kka'kksa esa ifjorZu osQ dkj.k bldh
fHkUurk vkSj vf/d ifj'kq¼ ekuksa dk foLr`r foospu bl iqfLrdk osQ ikB 5 esa fd;k
tk;sxkA



ekWM~;wy  - 1 ljy jSf[kd xfr

xfr] cy ,oa ÅtkZ

fVIif.k;k¡

HkkSfrdh 52

xSyhfy;ks (1564&1642)

budk tUe ihlk] bVyh esa 1564 esa gqvk Fkk] bUgksaus fxjrh gqbZ oLrqvksa
osQ fu;eksa dk izfriknu fd;kA bUgksaus ,d nwjchu cukbZ rFkk mls
[kxksyh; izs{k.kksa osQ fy, mi;ksx fd;kA ¶Mk;ykWXl vckmV Vw xzsV
flLVe vkWiQ fn oYMZ ¸ vkSj ¶dUolsZlUl oaQljfuax n U;w lkbalst¸
budh egku o`Qfr;k¡ gSaA bUgksaus bl fopkj dk vuqeksnu fd;k fd i`Foh
lw;Z dh ifjØek djrh gSA

mnkgj.k 2.11 : ,d iRFkj dks 50 m dh Å¡pkbZ ls fxjk;k tkrk gS vkSj ;g Lora=k #i ls
fxjrk gSA fuEufyf[kr dks Kkr dhft,%

(i) 2s esa r; dh x;h nwjh

(ii) i`Foh ij igq¡pus ij iRFkj dk osx

(iii) fxjus osQ 3 lsdUM ckn osx

gy : fn;k x;k gS
Å¡pkbZZ (h) = 50 m vkSj izkjafHkd osx v

0
 = 0

izkjafHkd fLFkfr (y
0
) dks 'kwU; rFkk ewy fcanw '0' ij ekusaA vr% blosQ uhps y–v{k (ÅèokZèkj

v{k) ½.kkRed gksxhA pw¡fd Roj.k ½.kkRed y–v{k dh fn'kk esa uhps dh vksj gSA

vr% a = – g = –9.8 ms–2.

(i) lehdj.k 2.9 dk mi;ksx djus ij

y = y
0
 + v

0
t + ½ at2

gesa izkIr gksrk gS%

y = 0 + 0 – ½ gt2 = –½ × 9.8 × (2)2

= –19.6 m.

½.kkRed fpUg n'kkZrk gS fd nwjh ewy fcanq ls uhps dh vksj vèkksxkeh fn'kk esa gSA

(ii) i`Foh ij y = –50 m

lehdj.k 2.9 dks mi;ksx djus ls

v2 = 2
0v  + 2a (y – y

0
)

= 0 + 2 (–9.8) (–50 – 0)

v = 9.9 m s–1

(iii) lehdj.k v  = v
0
 + at dk mi;ksx djus ij] tgk¡ t = 3s gS

∴ v = 0 + (–9.8) × 3

v = –29.4 m s–1
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;g n'kkZrk gS fd t = 3 s ij iRFkj dk osx 29.4 m s–1 gS vkSj ;g vèkksxkeh fn'kk esa gSA

vc ,d fojke osQ ckn fuEufyf[kr iz'uksa dks gy djsaA

fVIi.kh : ;gk¡ ;g ckr è;ku nsus ;ksX; gS fd xfr osQ lehdj.kksa esa ge fpg~uksa dh ,d
ifjikVh dk mi;ksx djrs gSa ftlosQ vuqlkj ÅèoZ ,oa nf{k.korhZ fn'kkvksa esa jkf'k;ksa dks
èkukRed ,oa vèkkseq[kh ,oa okeorhZ fn'kkvksa esa jkf'k;ksa dks ½.kkRed eku fy;k tkrk gSA

2-6 vodyu ,oa lekdyu dh ladYiuk,a

HkkSfrdh ds fu;eksa dh O;k[;k vkSj cks/ ds fy, rFkk fofHkUu HkkSfrd jkf'k;ksa ds chp laca/
izkIr djus esa xf.kr dh lHkh 'kk[kkvksa us vR;Ur mi;ksxh lk/uksa dk dke fd;k gSA bl
laca/ esa chtxf.kr vksj f=kdks.kfefr ds mi;ksx ls vki igys ls gh ifjfpr gaSA HkkSfrdh
ds vkxs ds vè;;u esa vkidks vodyu ,oa lekdyu ds mi;ksx ls lacaf/r leL;k,a
feysaxhA blfy, vodyu ,oa lekdyu dh ladYiukvksa dk ,d laf{kIr fooj.k fn;k
tk jgk gSA bu ladYiukvksa ds vkSj xgu vè;;u ds fy, vki xf.kr dh iqLrdksa dk voyksdu
dj ldrs gSaA

bl fo"k; dk vè;;u djrs le; vkidks fuEufyf[kr in feysaxsA vkb, budh ifjHkk"kk
tkusa

vpjkad% ;g ,d ,slh jkf'k gS ftldk eku xf.krh; lafØ;kvksa ds nkSjku ugha cnyrkA
mnkgj.k% 1] 2] 3----tSls iw.kk±d] fHkUuas] π, e, vkfnA

pj% ;g ,d ,slh jkf'k gS tks xf.krh; lafØ;kvksa ds nkSjku vyx&vyx eku xzg.k dj
ldrh gSaA pj dks izk;% x, y, z vkfn }kjk fu:fir fd;k tkrk gSA

iQyu% ;fn ‘x’ ds izR;sd eku ds laxr ‘y’ dk ,d fuf'pr eku gks rks ‘y’ dks ge ‘x’

dk iQyu dgrs gSaA

xf.kr esa ge bls uhps fn, vuqlkj fu:fir djrs gSa&
y = f(x)

vFkkZr y pj x dk iQyu gSA

vodyu xq.kkad&fdlh pj ‘x’ ds lkis{k pj ‘y’ dk vodyu xq.kkad ‘y’ esa ‘x’ ds
lkis{k vkus okys rkR{kf.kd ifjorZu dh nj gSA

ekuk fd ‘y’ pj ‘x’ dk iQyu gS] vFkZr y = f(x), ekuk fd x ds eku esa vR;Yi o`f¼
δx dh tkrh gS rks y esa blds laxr vR;Yi o`f¼ δy gksrh gSA rc y + δy Hkh (x + δx)

dk iQyu gksxkA

vFkok y + δy = f(x + δx)
vFkok δy = f(x + δx) – y
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vFkok δ
δ
y

x
=

(   ) –  ( )+ δ
δ

f x x f x

x

jkf'k 
δ
δ
y

x
 lao`f¼ vuqikr dgykrk gS rFkk x ,ao (x + δx) ds ifjlj esa x ds lkis{k y

esa ifjorZu dh vkSlr nj dks fu:fir djrk gSA x ds lkis{k y esa ifjorZu dh rkR{kf.kd

nj Kkr djus ds fy, gesa 
δ
δ
y

x
 dk lhekUr eku δx ds 'kwU; gksrs gq, (δx→0) eku ds

fy, Kkr djuk gksxkA

vFkkZr~
0

Lim
δ →

δ
δx

y

x
=

0

( ) – ( )
Lim

δ →

+δ
δx

f x x f x

x

vr% x ds lkis{k y esa ifjorZu dh nj dk rkR{kf.kd eku gksxk 
0

.Lim
δ →

δ
δx

y

x
 ;g

x ds lkis{k y dk vodyu xq.kkad dgykrk gS vkSj bls ge dy

dx
 ls fu:fir

djrs gSaA

lekdyu

lekdyu vodyu dh O;qRØe xf.krh; lafØ;k gSA bl ladYiuk dks le>us ds fy,]
ekuk fd fiaM ij ,d fu;r cy F yxrk gS ftlds dkj.k ;g x nwjh r; djrk gSA rc
cy }kjk fd;k x;k dk;Z xq.kuiQy W = F.S }kjk Kkr fd;k tkrk gSA

ijUrq ;fn cy ifjorZu'khy gks rks lk/kj.k chtxf.kr dk mi;ksx djds fd, x, dk;Z dk
ifjdyu ugha fd;k tk ldrkA

mnkgj.k ds fy, ;fn fdlh fiaM dks i`Foh dh lrg ls cgqr mQij ys tkuk gks rks tSls&
tSls fiaM mQij tkrk gS bl ij xq#Ro dk cy ifjo£rr gksrk gSA bl rjg ds izdj.k esa
dk;Z ds ifjdyu ds fy, lekdyu fof/ dk mi;ksx djrs gSaA

ifjorZu'khy cy }kjk fd, x, dk;Z ds ifjdyu ds fy, (nsf[k,] vuqHkkx 6.2 ifjorhZ
cy }kjk fd;k x;k dk;Z)

Ñr dk;Z] W = ( )Σ ΔF x x

Δx ds vR;Yi eku ds fy,

W = ( )
lim x

F x dx
Δ →0
∑

bldks fy[k ldrs gSa

W = ( )∫ F x dx
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;g O;atd x ds lkis{k iQyu F(x) dk lekdy dgykrk gSA ladsr ‘∫ ’ lekdyu fu£n"V

djrk gSA

izk;% mi;ksx esa vkus okys lekdyu ,oa vodyu ds dqN lw=k

(i)
1

1

+
=

+∫
n

n x
x dx

n
 (for n ≠1) (i) 1−=n nd

x nx
dx

(ii) 1 1
log− = =∫ ∫x dx dx x

x
(ii) ( ) 1

log
d

x
dx x

=

(iii)
1

0

1
= = =∫ ∫

x
dx x dx x (iii) ( ) 1=d

x
dx

(iv) =∫ ∫cxdx c xdx (c vpjkad gS) (iv) ( ) ( )=d d
cu c u

dx dx

(v) ( )± ± = ± ±∫ ∫ ∫ ∫u v w dx udx vdx wdx (v) ( )d du dv dw
u v w

dx dx dx dx
± ± = ± ±

(vi) =∫ x xe dx e (vi) ( ) =x xd
e e

dx

(vii) sin cos= −∫ xdx x (vii) ( ){ }sin cos= +d
x x

dx

(viii) cos sin=∫ xdx x (viii) ( )cos sin= −d
x x

dx

(ix) 2sec tan=∫ xdx x (ix) ( )tan sec=d
x x

dx

(x) 2cosec cot= −∫ xdx x (x) ( ) 2cot cosec= −d
x x

dx

bl lkj.kh dks è;ku ls ns[ksaxs rks vkidks ;g Li"V gks tk,xk fd lekdyu vkSj vodyu
,d nwljs dh O;qRØe lafØ;k,a gSaA

dqN nsj #fd, vkSj uhps fy[ks iz'uksa dks gy dhft,A

ikBxr iz'u 2-4

1. ,d oLrq fojke voLFkk ls izkjaHk djosQ vpj Roj.k osQ lkFk 4 lsdUM esa 40 ehVj
dh nwjh r; djrh gSA bldk vafre osx Kkr dhft;s rFkk oqQy nwjh dk vkèkk Hkkx
r; djus osQ fy;s vko';d le; crkb,A

2. ,d dkj ,d lM+d ij 5 ehVj@lsdUM osQ vpj Roj.k osQ lkFk py jgh gSA izkjaHk
esa 5 ehVj ij mldk osx 3 ehVj@lsoaQM FkkA 2 lsoaQM osQ ckn bldh fLFkfr vkSj
osx dh x.kuk dhft,A



ekWM~;wy  - 1 ljy jSf[kd xfr

xfr] cy ,oa ÅtkZ

fVIif.k;k¡

HkkSfrdh 56

3. ,d oLrq dks ÅèokZèkj fn'kk esa fdl osx ls isaQdk tk; fd og 25 ehVj dh Å¡pkbZ
rd igq¡psA ;g Hkh crkb, fd og fdrus le; rd ok;q esa jgsxhA

4. ,d xsan Åij dh vksj gok esa isaQdh x;hA mldk Roj.k isaQdrs le; vf/d gksxk
;k isaQdus osQ oqQN le; cknA

vkius D;k lh[kk

,d oLrq osQ foLFkkiu ,oa rnuq#i le; varjky dk vuqikr vkSlr osx dgykrk gSA

r; dh x;h nwjh dks] nwjh r; djus esa fy;s x;s le; ls Hkkx nsus ij vkSlr pky izkIr
gksrh gSA

,d oLrq dh vkisf{kd fLFkfr esa nwljh oLrq osQ lkis{k ifjorZu dh nj nwljh oLrq osQ
lkis{k igyh oLrq dk vkisf{kd osx dgykrk gSA

,dkad le; esa osx esa ifjorZu Roj.k dgyrk gSA

fojke fLFkfr esa oLrq dk fLFkfr&le; xzkiQ] le; v{k dh vksj >qdh gqbZ js[kk osQ #i
esa gksrk gSA

,dleku pky osQ fy;s fLFkfr&le; xzkiQ] le; v{k dh vksj >qdh gqbZ js[kk osQ #i
esa gksrk gSA

oLrq }kjk leku le; varjky esa leku nwjh r; djus dks ,dleku pky dgrs gSaA

le; osQ fdlh ,d {k.k ;k mlosQ iFk osQ fdlh ,d fcanq ij oLrq dk osx mldk
rkR{kf.kd osx dgykrk gSA

^fLFkfr&le; vkys[k dk <ky osx crykrk gSA

lrr Roj.k osQ lkFk xfr'khy oLrq osQ fy;s osx le; xzkiQ le; v{k ij >qdh gqbZ
lhèkh js[kk osQ #i esa gksrk gSA

osx le; xzkiQ osQ varxZr vkus okyk {ks=kiQy r; dh x;h nwjh crkrk gSA

oLrq osQ Roj.k dk ifjdyu osx le; vkys[k osQ <ky }kjk fd;k tk ldrk gSA

oLrq dh xfr dh O;k[;k osQ fy;s fuEufyf[kr rhu lehdj.k mi;ksx fd;s tkrs gSaA

(i) v = 0v  + at

(ii) x = x
0
 + v

0
t + ½ at2

(iii) 2v  = 2
0v  + 2a.(x – x

0
)

vodyu ,oa lekdyu dh ladYiukvksa lEcU/h izkjfEHkd KkuA
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ikBkar iz'u

1. vkSlr pky vkSj vkSlr osx esa varj crkb,A

2. ,d dkj "A" 65 fdykehVj izfr ?k.Vs dh pky ls lhèkh lM+d ij tk gh gSA mlh
fn'kk esa ,d eksVj lkbfdy "B" Hkh mlls vkxs 80 fdyksehVj@izfr?kaVs dh pky ls tk
jgh gSA "A" osQ lkis{k "B" dk osx D;k gS\

3. ,d dkj 30 m dh nwjh r; djus esa fdruk le; ysxh ;fn og fojke dh voLFkk
ls 2.0 m s–2 dh nj ls Roj.k djrh gS\

4. ,d eksVj lkbfdy pkyd nks LFkkuksa osQ chp dh vk/h nwjh 30 km h–1 dh pky ls
vkSj 'ks"k vkèkk Hkkx 60 km h–1 dh pky ls r; djrk gSA eksVj lkbfdy dh vkSlr
pky Kkr dhft,A

5. ,d ty i{kh lhèks nf{k.k dh vksj 25 fdyksehVj nwjh tkus osQ fy;s 20 fdyksehVj
izfr ?kaVs osQ vpj osx ls mM+rk gSA ;g ty i{kh og nwjh r; djus esa fdruk le; ysxk\

6. caxykSj&ubZ fnYyh dh ok;q;ku ;k=kk esa ljy js[kh; nwjh 1200 fdyksehVj gS vkSj Vªsu
ls nwjh 1500 fdyksehVj gSA ;fn ok;q;ku }kjk ;k=kk 2 ?kaVs esa iwjh gksrh gS vkSj jsy
}kjk 20 ?kaVs esa rks nksuks ;k=kkvksa dh vkSlr pky dk vuqikr crkb,A

7. ,d dkj fojkeoLFkk ls lhèkh lM+d ij xfr djrh gqbZ 5 lsdUM esa 50 fdyksehVj
izfr ?kaVs dk osx izkIr djs rks mldk vkSlr Roj.k crkb,A

8. ,d oLrq 2-1 ehVj@lsoaQM osQ izkjafHkd osx ls 'kq# djosQ 3 lsdUM osQ fy, 8-0
ehVj@lsdUM2 Roj.k ls xfr djrh gSA

(a) oLrq Roj.k dh vofèk esa fdruh nwjh r; djsxhA

(b) ;fn oLrq izkjaHk esa fojke voLFkk esa gksrh rks og fdruh nwjh r; djrh\

9. ,d xasn ,d pV~Vku osQ f'k[kj ls fojke voLFkk ls NksM+h tkrh gSA pV~Vku osQ 'kh"kZ
dks 'kwU; Lrj ij ysrs gq, vkSj Åij dh fLFkfr dks èkukRed fn'kk ysrs gq, fuEu xzkiQ
[khafp,sA

(i) foLFkkiu&le; xzkiQ_ (ii) osx&le; xzkiQ_ (iii) pky le; xzkiQ

10. ,d xsan h Å¡pkbZ okyh pV~Vku osQ f'k[kj ls osx v
0
 ls ÅèokZèkj fn'kk esa Åij dh vksj

isaQdh tkrh gS vkSj pV~Vku ry ij vk fxjrh gSA ry dks lanHkZ LFky ('kwU; ry) ysrs
gq, vkSj Åij dh fn'kk dks èkukRed ekurs gq, fuEufyf[kr xzkiQ cukb,A

(i) nwjh&le; xzkiQ_ (ii) osx&le; xzkiQ_ (iii) foLFkkiu&le; xzkiQ_ (iv) pky&le; xzkiQ

11. ,d oLrq 10 ehVj@lsdUM osQ osx ls ÅèokZèkj Åij dh vksj isaQdh tkrh gSA mPpre
fcanq ij oLrq osQ Roj.k vkSj osx dk D;k eku gksxk\
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12. 10 xzke ,oa 100 xzke nzO;eku dh nks oLrq,¡ ,dleku Å¡pkbZ ls fxjkbZ tkrh gSaA D;k
os ,d le; ij Hkwfe ij i¡gqpsaxh\ O;k[;k dhft,A

13. ,dleku xfr djrs fiaM esa mldh xfr dh fn'kk ls ledks.k ij Roj.k fn;k tkrk
gSA blls mldh xfr fdl izdkj izHkkfor gksxh\

14. fdlh {k.k ij osx&le; xzkiQ dk <ky D;k crykrk gS\

ikBxr iz'uksa osQ mÙkj

2-1

1. gk¡A tc oLrq viuh izkjafHkd fLFkfr ij okil vkrh gS rks mldk osx 'kwU; gksrk gS
ysfdu mldh pky 'kwU; ugha gksrhA

2. vkSlr pky = 
2 2

2 2
8 10

+

+
 = 

4

9
 × 20 = 8.89 km h–1, rFkk vkSlr osx = 0

3. gk¡] tc nks dkjsa leku osx ls leku fn'kk esa xfr dj jgh gksa rks mudk vkisf{kd osx
'kwU; gksxkA

4. (a) 1 ehVj@lsoaQM

(b) 2 ehVj@lsoaQM

2-2

1. fp=k 2.2 ns[ksa

2. (i) A, (ii) B vf/d nwjh r; djrk gSA

(iii) B (iv) A

(v) tc os izkjafHkd fcanq ls 3 fdyksehVj nwjh ij gSaA

3. ,d leku xfr esa

4. (a) laHko ugha gS] D;ksafd pyh x;h nwjh 'kwU; ugha gks ldrhA

2-3

1. (i) (a) oLrq 'kwU; osx ls pyuk izkjaHk djrh gSA

(b) izkjaHk ls ysdj 5 osa lsoaQM rd xfr leku #i ls Rofjr gSA bls js[kk OA

}kjk n'kkZ;k x;k gSA
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a = 
15 0

5 0

−
−

 = 3 m s–2

(c) 5osa ,oa 10osa lsoaQM osQ chp oLrq ,dleku xfr djrh gSA bls AB }kjk
n'kkZ;k x;k gSA

 a = 
15 15 0

15 5 10

− =
−

 = 0 m s–2.

(d) 15osa lsoaQM ls 25osa lsoaQM rd xfr leku#i ls eafnr gSA bls js[kk BC

}kjk n'kkZ;k x;k gSA

a = 
0 15

25 15

−
−

 = – 1.5 m s–2.

(ii) (a) vkSlr pky = 
r; dh x;h  njw h

fy;k  x;k  le;
 = 

OABC

(25 – 0)

 dk {k=s kiQy

1 1
15 5) (15 10) 15 10

5252 2
25 50

⎛ ⎞ ⎛ ⎞× × + × + × ×⎜ ⎟ ⎜ ⎟
⎝ ⎠ ⎝ ⎠= =  = 10.5 m s–1.

(b) eafnr&osx le; osQ lkFk ?kVrk gSA

(c) oqQy pyh x;h nwjh = 
20 15 10 7

m m
2 2

× ×⎛ ⎞ ⎛ ⎞+⎜ ⎟ ⎜ ⎟
⎝ ⎠ ⎝ ⎠

 = 185 m.

∴ vkSlr pky= 
185 1ms
22

⎛ ⎞ −
⎜ ⎟
⎝ ⎠

 = 8.4 m s–1.

oqQy foLFkkiu= 
20 15 10 7

m m
2 2

× ×⎛ ⎞ ⎛ ⎞−⎜ ⎟ ⎜ ⎟
⎝ ⎠ ⎝ ⎠

 = 115 m.

∴ vkSlr osx= 
115 1ms
22

−
 = 5.22 m s–1.

2-4

1. lehdj.k x = x
0
 + v

0
t + ½ at2 dk iz;ksx djrs gq,

    40 = 
1

2
 × a × 16

⇒  a = 5 m s–2
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vc v2 = v0
2  + 2a (x – x

0
) dk iz;ksx djus ij

v = 20 m s–1

iqu% vkèkh nwjh r; djus esa yxk le; t dk eku fuEu lehdj.k }kjk Kkr fd;k
tk;sxkA

x = x
0
 + v

0
t + 

1

2
at2

⇒ 20 = 0 + 
1

2
 × 5 × t2

⇒ t 2 = 8 or t = 2 2 s

2. lehdj.k (2.9) osQ mi;ksx }kjk

x  = 21 m

vkSj lehdj.k (2.6) osQ mi;ksx }kjk

v = 13 m s–1

3. vfèkdre Å¡pkbZ ij v = 0,

lehdj.k (2.10) dk mi;ksx djus ij

v
0
 = 7 10  m s–1 = 22.6 m s–1.

oLrq vfèkdre Å¡pkbZ ij igq¡pus esa fy, x, le; osQ nks xqus le; rd gok esa jgsxhA

4. isaQdrs le; xsan dk Roj.k vfèkd gksrk gSA

ikBkar iz'uksa osQ mÙkj

2. 15 km h–1

3. 5.47 s

4. 40 m s–1

5. 1.25 h

6. 8 : 1

7. 2.8 m s–2 (;k 3000 km h–2)

8. (i) 42 m (ii) 36 m

11. O vkSj 9.8 m s–2.
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3

xfr ds fu;e

iwoZ vè;k; esa vkius foLFkkiu] osx ,ao Roj.k osQ inksa esa fdlh fiaM dh xfr dk o.kZu
djuk lh[kkA ijUrq ,d egRoiw.kZ iz'u ;g mBrk gS fd og D;k gS tks fdlh fiaM dks
xfreku djrk gS\ vFkok ;g  fd tehu ij yq<+drh gqbZ dksbZ xsan fdl dkj.k #d tkrh
gS\ vius fnu izfrfnu osQ vuqHko ls ge tkurs gSa fd ;fn ge dejs esa j[kh fdlh oLrq
dh fLFkfr esa ifjorZu djuk pkgsa rks gesa mls [khapuk ;k èkosQyuk iM+rk gSA blh izdkj iqQVckWy
dks nwj Hkstus osQ fy;s ml ij Bksdj ekjuh iM+rh gSA NDdk yxkus osQ fy;s fØosQV ckWy
ij cYys dks tksj ls ekjuk iM+rk gSA vki ekusaxs fd bl izdkj dh xfrfofèk;ksa esa ekalisf'k;ksa
dh fØ;k,a lfUufgr gSa vkSj mudk izHkko Li"V n`f"Vxkspj gksrk gSA

rFkkfi] ,slh vusd ?kVuk,a gksrh gSa ftuosQ dkjd cy n`f"Vxkspj ugha gksrsA mnkgj.kkFkZ& o"kkZ
dh cw¡nksa osQ tehu ij fxjus dk D;k dkj.k gS\ i`Foh }kjk lw;Z osQ pkjksa rjiQ ?kweus dk
D;k dkj.k gS\ bl ikB esa vki xfr osQ ewy fl¼karksa dk vè;;u djsaxs vkSj xfr osQ dkj.kksa
dh [kkst djsaxsA bl ikB esa fodflr cy dh voèkkj.kk HkkSfrdh dh fofHkUu 'kk[kkvksa esa
mi;ksxh fl¼ gksxhA U;wVu us cy o xfr osQ varjax lacaèkksa dks n'kkZ;kA xfr osQ fu;e izo`Qfr
osQ ewyHkwr fu;e gSa vkSj nSfud thou dh ?kVukvksa dks le>us esa gekjh lgk;rk djrs gSaA

mís';

bl ikB dk vè;;u djus osQ i'pkr vki

tM+Ro osQ egRo dks le>k losaQxs_

U;wVu osQ xfr osQ fu;eksa dks crk ik;saxs vkSj mudks le>kus osQ fy, mnkgj.k ns losaQxs

laosx laj{k.k osQ fu;e dh O;k[;k dj ik;saxs vkSj mnkgj.kksa }kjk bldks le>k losQaxsA

laxkeh cyksa ds larqyu dh ladYiuk dks le> ik,axs_

?k"kZ.k xq.kkad dks ifjHkkf"kr dj ik;saxs vkSj LFkSfrd ?k"kZ.k] xfrt ?k"kZ.k ,ao yksVfud ?k"kZ.k
esa Hksn Li"V dj losaQxs_



ekWM~;wy  - 1 xfr ds fu;e

xfr] cy ,oa ÅtkZ

fVIif.k;k¡

HkkSfrdh 62

?k"kZ.k de djus dh fofHkUu fofèk;k¡ crk losaQxs vkSj nSfud thou esa ?k"kZ.k dh Hkwfedk
ij izdk'k Mky ik;saxs_ ,oa

nh x;h ifjfLFkfr dk fo'ys"k.k dj ik;saxs vksj cy funsZ'kd vkjs[k (Free body diagrams)

dk mi;ksx djosQ U;wVu osQ fu;eksa dks ykxw dj losaQxsA

3.1 cy vkSj tM+Ro dh voèkkj.kk,a

ge lHkh tkurs gSa fd fLFkj oLrq,a vius LFkku ij gh cuh jgrh gSaA ;s Lo;a ,d LFkku
ls nwljs LFkku ij ugha tk ldrh tc rd fd cy osQ mi;ksx }kjk budh fLFkfr dks u
cnyk tk,A blh izdkj fu;r osx ls xfr'khy fdlh oLrq dh xfr esa ifjorZu djus osQ
fy;s cy yxkus dh vko';drk gksrh gSA

fdlh oLrq dh fLFkjrk vFkok ,dleku js[kh; xfr dh voLFkk esa cus jgus dh izo`fr dks
tM+Ro dgk tkrk gSA fdlh fiaM dk nzO;eku mlosQ tM+Ro dk eki gSA

,d izdkj ls tM+Ro ,d foy{k.k xq.k gSA ;fn ;g u gksrk rks vkidh fdrkcsa] lkeku vkfn
bèkj ls mèkj igq¡pdj vLrO;Lr gks tkrsA ;kn j[ksa fd fdlh oLrq dh fLFkjrk ;k leku
#i ls xfr'khy voLFkk fujis{k ugha gksrh gSA fiNys ikB esa vki i<+ pqosQ gSa fd fdlh
izs{kd dks ,d oLrq fLFkj fn[kk;h iM+ ldrh gS tcfd nwljs izs{kd dks og xfr'khy izrhr
gks ldrh gSA izs{k.kksa ls irk pyrk gS fd fdlh oLrq osQ osx esa rHkh ifjorZu yk;k tk
ldrk gS tcfd ml ij ,d usV cy dk;Z djsA

vki cy 'kCn ls lqifjfpr gSa bls ge nSfud thou esa fofHkUu lanHkksZa esa mi;ksx djrs gSaA
fdlh oLrq dks [khapus] èkosQyus] Bksdj ekjus ;k ihVus esa cy vkjksfir gksrk gSA gkyk¡fd
cy fn[kk;h ugha iM+rk blosQ izHkko n`f"Vxkspj gksrs gSa vkSj vuqHko fd;s tk ldrs gSaA cyksa
osQ izHkko nks izdkj osQ gksrs gSaA

(a) ;s oLrq dh vko`Qfr ,ao lkbt cny ldrs gSaA mnkgj.k osQ fy, ,d xqCckjs dh vko`Qfr
ml ij yxk;s x;s cy osQ ifjek.k osQ vuqlkj cnyrh gSA

(b) cy fdlh oLrq dh xfr dks Hkh izHkkfor djrs gSa&

cy fdlh fLFkj oLrq dks xfr iznku dj ldrk gS vFkok xfr'khy oLrq dks fojke
voLFkk esa yk ldrk gSA cy fdlh oLrq dh xfr dh fn'kk vFkok pky dks Hkh ifjofrZr
dj ldrk gSA

(c) cy fdlh oLrq dks fdlh v{k osQ ifjr% ?kw.kZu djk ldrs gSaA lkrosa ikB esa vki
bl lEcaèk esa i<+saxsA

3.1.1 cy ,oa xfr

cy ,d lfn'k jkf'k gS blfy;s tc dbZ cy ,d lkFk fdlh oLrq ij yxs gksrs gSa rks budk
ifj.kkeh cy] lfn'k ;ksx }kjk izkIr fd;k tk ldrk gSA tSlk fd ikB 1 esa crk;k tk pqdk
gSA
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fdlh fiaM dh xfr mlosQ foLFkkiu] osx vkfn ls vfHkyf{kr gksrh gSA ge ,slh dbZ fLFkfr;ksa
ls xqtjrs gSa ftuesa fiaM dk osx fujraj c<+rk tkrk gS tc rd fd ;g tehau ls Vdjkdj
#d u tk;A blh izdkj ,d {kSfrt ry esa yq<+drh xsan dk osx èkhjs&èkhjs de gksdj 'kwU;
gks tkrk gSA

vuqHko osQ vkèkkj ij ge ;g tkurs gSa fd fdlh oLrq dh fLFkfr ifjofrZr djus osQ fy;s
,d 'kwU;sÙkj cy dh vko';drk iM+rh gSA fdlh xfr'khy oLrq osQ osx esa ifjorZu ml ij
vkjksfir cy dh fn'kk ij fuHkZj djrk gSA ;fn fdlh oLrq ij yxk;k x;k cy mldh xfr
dh fn'kk esa dk;Z djrk gS rks oLrq osQ osx dk ifjek.k vfèkd gks tk;sxkA ;fn oLrq ij yxs
cy dh fn'kk xfr dh fn'kk osQ foijhr gks rks osx dk ifjek.k de gks tk;sxkA ;fn fdlh
oLrq ij cy blosQ osx osQ yEcor yxk gks rks oLrq osQ osx dk ifjek.k vpj jgrk gS nsf[k,
vuqPNsn (4-3)A bl izdkj yxk cy osQoy oLrq dh fn'kk ifjofrZr dj ldrk gSA

vr% ge ;g fu"d"kZ fudky ldrs gSa fd oLrq osQ osx esa mrus le; rd gh ifjorZu
gksrk gS tc rd ml ij usV cy dk;Z djrk gSA

3.1.2 xfr dk izFke fu;e

tc ge dk¡p dh xksyh dks fdlh fpdus iQ'kZ ij yq<+dkrs gSa rks ;g oqQN le; i'pkr
#d tkrh gSA Li"Vr% ;fn ge bls fujUrj leku osx ls xfr'khy djuk pkgsa rks bl ij
lrr #i ls ,d cy yxkuk iM+sxkA blh izdkj ,d VªkWyh dks fuf'pr osx ls xfr'khy j[kus
osQ fy;s bls yxkrkj [khapuk ;k èkosQyuk iM+sxkA D;k ;gk¡ mfYyf[kr fLFkfr;ksa esa VªkWyh ;k
xksyh ij dksbZ usV cy dk;Z dj jgk gS\

xfr ,oa tM+Ro

xSyhfy;ksa us bl ckr dks fl¼ djus osQ fy;s fd fdlh ckã cy dh vuqifLFkfr
esa dksbZ oLrq viuh fLFkj voLFkk ;k ,d ljy js[kh; lexfr voLFkk esa ;Fkkor cuh
jgrh gSSS oqQN iz;ksx fd,A xSyhfy;ks us ik;k fd ,d ur ry ij uhps dh vksj xfr'khy
oLrq esa Roj.k (fp=k 3-1 (a) vkSj Åij dh vksj xfr'khy oLrq esa eanu gksrk gS (fp=k
3-1 (b)A mUgksaus roZQ fn;k fd ;fn ry u uhps dh vksj vkur gks u Åij dh vksj
(vFkkZr ;fn ;g {kSfrt gks) rks oLrq esa u Roj.k gksxk u eanuA {kSfrt ry esa ;g
oLrq ,dleku osx ls xfr'khy jgsxhA 'krZ ;g gS fd bl ij dksbZ cká cy vkjksfir
u gksA

(a) (b) (c)

fp=k  3.1 : ur vkSj {kSfrt ryksa esa fdlh fiaM dh xfr
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,d nwljs ekufld iz;ksx esa mUgksaus nks ijLij vfHkeq[k ur ry fy;s tSlk fp=k 3.2

esa fn[kk;k x;k gSA ry PQ dk >qdko rhuksa fLFkfr;ksa esa leku gS tcfd ry RS dk
>qdko (a) esa (b) vkSj (c) dh vis{kk vfèkd gSA

(a) (b)

(c)
fp=k 3-2% ,d nwljs dh vksj vfHkeq[k ur ryksa ij fdlh fiaM dh xfr

ry PQRS cgqr fpduk ry gS vkSj xksyh dk¡p dh gSa tc ry PQ ij xksyh yq<+dkbZ
tkrh gS rks og RS ry esa yxHkx leku Å¡pkbZ rd Åij tkrh gSA tc RS ry dk
>qdko de djrs gSa rks bls leku Å¡pkbZ rd Åij tkus osQ fy;s vfèkd nwjh r;
djuh iM+rh gS (fp=k 3-2)A tc ry {kSfrt gks tkrk gS (fp=k 3-2c) rks xksyh dks
PQ osQ leku Å¡pkbZ izkIr djus osQ fy;s yxkrkj pyrs jguk iM+sxkA (;gk¡ ;g eku
fy;k x;k gS fd xksyh vkSj ry osQ chp dksbZ ?k"kZ.k ugha gks jgk gSA)

lj blkd U;wVu
(1642–1727)

U;wVu dk tUe oksYlFkksiZ] baxyS.M esa] 1642 esa gqvkA mudh f'k{kk fVªfuVh
dkWyst] oSaQfczt esa gqbZ vkSj os ,d ikjaxr oSKkfud cu x,A i`Foh dh
vksj fxjrs gq, lsc dks ns[kdj mUgksaus xq#Ro osQ ewy fu;e dk fu#i.k
fd;kA mUgksaus xfr osQ fu;e ,ao xq#Ro osQ fu;eksa dk izfriknu fd;kA

U;wVu esèkkoh Fks vkSj mUgksaus foKku osQ lHkh {ks=kksa esa ;ksxnku fn;kA mudk ;ksxnku mPp
dksfV dk gS vkSj vkèkqfud oSKkfud fopkjèkkjk dh vkèkkjf'kyk gSA mUgksaus viuh iqLrd
^^fizalfi;k** ysfVu esa fy[kh vkSj izdkf'kdh ij fy[kh mudh iqLrd vaxzth Hkk"kk esa
izdkf'kr dh xbZ gSA

rkfoQZd n`f"V ls vki iz'u dj ldrs gSa fd rc VªkWyh dh leku xfr dks cuk;s j[kus osQ
fy;s fujUrj ,d cy dk iz;ksx vko';d D;ksa gS\ bldk mÙkj ;g gS fd VªkWyh dh xfr
dh fn'kk esa lrr cy yxkus dh vko';drk ?k"kZ.k osQ dkj.k foijhr fn'kk esa yx jgs cy
dks larqfyr djus osQ fy, gksrh gSA vFkkZr VªkWyh dks yxkrkj èkosQy dj ;k [khap dj ml
ij dk;Z dj jgs ?k"kZ.k cy ij ikj ik;k tk ldrk gSA
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U;wVu us xSyhfy;ks osQ fu"d"kZ dks ,d lkekU; #i fn;k ftls U;wVu dk xfr dk izFke fu;e
Hkh dgrs gSaA bl fu;e osQ vuqlkj dksbZ oLrq fojke ;k ljy js[kh; leku xfr dh voLFkk
esa rc rd cuh jgrh gS tc rd ml ij ,d usV cká cy iz;ksx u fd;k tk;A

tSlk fd vki tkurs gSa] fdlh oLrq dh fojke ;k xfr dh voLFkk] izs{kd osQ lanHkZ esa mldh
lkis{k fLFkfr ij fuHkZj djrh gSA pyrh gqbZ dkj esa cSBk ,d O;fDr mlh dkj esa cSBs lM+d
ij [kM+s O;fDr dh rqyuk esa xfreku gksxkA bl dkj.k fLFkfr] osx] Roj.k vkSj cy esa ifjorZu
osQ ekiu osQ fy;s funsZ'k ra=k (frame of reference) dk p;u vko';d gks tkrk gSA

,d ,slk funsZ'k ra=k ftlosQ lkis{k ljy js[kk esa xfr'khy oLrq dk osx usV ckã cy osQ
vHkko esa lnSo vpj cuk jgrk gS tM+Roh; funsZ'k ra=k (inertial frame of reference) dgykrk
gSA bls ;g uke lHkh oLrqvksa esa fo|eku tM+Ro osQ ml xq.k osQ dkj.k fn;k x;k gS ftlosQ
gksrs gq, os viuh fojke ;k ½tqjs[kh; ,d leku xfr dh voLFkk dks cuk;s j[kuk pkgrs
gSaA  (lHkh izk;ksfxd mís';ksa osQ fy;s) i`Foh ls tqM+k funsZ'k ra=k tM+Roh; funsZ'k ra=k ekuk
tk ldrk gSA

vc vki FkksM+k fojke ysa vkSj fuEufyf[kr iz'uksa osQ mÙkj nsaA

ikBxr iz'u 3.1

1. D;k ;g dguk lgh gS fd dksbZ oLrq ges'kk ml ij dk;Z dj jgs usV cká cy dh
fn'kk esa pyrh gS\

2. dkSu lh HkkSfrd jkf'k fdlh fiaM osQ tM+Ro dh eki osQ fy, mi;ksx dh tkrh gS\

3. D;k fdlh cy }kjk ,d oLrq osQ osx osQ ifjek.k dks vpj j[krs gq, osQoy mldh
fn'kk dks cnyk tk ldrk gS\

4. mu fofoèk ifjorZuksa dk mYys[k dhft, tks fdlh fiaM esa cy vkjksfir djus ij gksrs
gSaA

3.2 laosx dh ifjdYiuk

vkius ns[kk gksxk fd ,d {ks=kj{kd osQ fy;s mPp osx ls vkrh gqbZ xsan dks jksduk dfBu gksrk
gS ;|fi bldk nzO;eku de gSA blh izdkj ,d èkheh xfr ls pyrs gq, Vªd dks Hkh jksduk
dfBu gksrk gS D;ksafd bldk nzO;eku vfèkd gSA ;s mnkgj.k laosQr nsrs gSa fd cy }kjk fdlh
oLrq dh xfr esa izHkko osQ vè;;u osQ fy;s bldk nzO;eku ,ao osx nksuksa egRoiw.kZ gaSA

,d oLrq osQ nzOeku m vkSj blosQ osx v dk xq.kuiQy bldk jSf[kd laosx p dgykrk
gSa bldk xf.krh; lw=k gS

p = mv
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SI i¼fr esa laosx dks kgms–1 esa ekik tkrk gSA laosx lfn'k jkf'k gSA laosx dh fn'kk ogh
gksrh gS tks osx dh gksrh gSA vr% ,d oLrq osQ laosx esa ifjorZu osQoy blosQ ifjek.k esa
;k osQoy fn'kk esa vFkok nksuksa esa ifjorZu ls gks ldrk gSA fuEu mnkgj.kksa ls bl ckr dks
Li"V fd;k tk ldrk gSA

mnkgj.k 3.1 veu dk nzO;eku 60 kg gS vkSj og 1.0 m s–1 osQ osx ls 40 kg nzO;eku osQ
eukst dh vksj py jgk gS tks Lo;a 1.5 m s–1 osQ osx ls veu dh vksj xfreku gSA muosQ
laosxksa dh x.kuk dhft,A

Solution : veu osQ fy,

laosx = nzO;eku × osx

= (60 kg) × (1.0 m s–1)

= 60 kgms–1

eukst osQ fy;s

laosx = 40 kg × (– 1.5 m s–1)

= – 60 kg m s–1

è;ku nsa fd gkykafd veu vkSj eukst dk laosx leku gS] ysfdu mudh fn'kk ,d nwljs
osQ foijhr gaSA

mnkgj.k 3.2 ,d 2 kg dh oLrq t = 0s ij Lora=krkiwoZd fxjrh gSA fxjus osQ nkSjku (a) t

= 0s, (b) t = 1s vkSj (c) t = 2s ij bldk laosx fdruk gksxk\

gy : (a) t = 0s ij oLrq dk osx 'kwU; gksxk] oLrq dk laosx Hkh 'kwU; gksxkA

(b) t = 1s, ij oLrq dk osx uhps dh vksj 9.8 ms–1 gksxk [v = v
0
 + at dk mi;ksx  djus

ij ]

vr% oLrq dk laosx gksxkA

p
1

= (2 kg) × (9.8 m s–1) = 19.6 kgm s–1 uhps dh vksj

(c) t = 2s ij oLrq dk osx 19.6 m s–1 uhps dh vksj gksxk ( v = v
0
 + at dk mi;ksx djus

ij) vr% oLrq dk laosx gksxk

p
2

= (2 kg) × (19.6 m s–1)

= 39.2 kgm s–1

bl izdkj ge ns[krs gSa fd uhps dh vksj eqDr #i ls fxjrh gqbZ oLrq dk laosx osQoy ifj.kke
esa cnyrk gS vkSj lnSo ,d gh fn'kk dh vksj bafxr djrk gSA fopkj djsa fd eqDr #i
ls fxjrh gqbZ oLrq osQ laosx& ifjek.k esa ifjorZu dk dkj.k D;k gS\
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mnkgj.k 3.3 nzO;eku 0.2 kg dh ,d jcM+ dh xsn n`<+ [kM+h nhokj ls 10 ms–1 dh pky
ls vfHkyEc osQ vuqfn'k Vdjkrh gS vkSj ewy ekxZ ij mlh xfr ls izfr{ksi (rebound) djrh
gSA xsan osQ laosx ifjorZu dh x.kuk djsaA

gy : ;gk¡ xsan osQ laosx dk ifjek.k Vdjkus ls igys o ckn esa leku jgsxk ysfdu bldh
fn'kk foijhr gksxhA laosx dk ifjek.k (0.2 kg)×(10 m s–1) = 2 kgm s–1 gSA

;fn ge izkjafHkd laosx lfn'k dks èkukRed x v{k dh fn'kk esa ysa rks vafre laosx lfn'k
½.kkRed x-v{k dh fn'kk esa gksxkA

vr% ;fn  p
i
 = 2 kgm s–1, p

f
 = –2 kgm s–1

rks xsan osQ laosx esa ifjorZu = p
f
 – p

i
 = (–2 kg m s–1) – (2 kg m s–1)

= – 4 kg m s–1.

;gk¡ ½.k fpg~u n'kkZrk gS fd xsan dk laosx – x v{k dh fn'kk esa 4 kgm s–1 rd ifjofrZr
gksrk gSA xsn osQ laosx ifjorZu dk dkj.k D;k gS\

O;ogkfjd fLFkfr esa jcM+ dh xsan osQ nhokj ls Vdjk dj ykSVus ij mldh xfr esa àkl
gksrk gSA rc laosx dk ifjek.k Hkh cny tkrk gSA

3.3  U;wVu dk f}rh; xfr fu;e

vkidks Kkr gS fd vpj osx ls xfr'khy fdlh oLrq dk laosx Hkh vpj gksxkA U;wVu dk
izFke xfr fu;e ;g crkrk gS fd bl izdkj dh oLrq ij dksbZ 'kq¼ ckã cy dk;Z ugha
djrk gSA

mnkgj.k 3.2 esa geus ns[kk fd xq#Rokd"kZ.k osQ izHkko esa eqDr #i ls fxjrh gqbZ xsan dk laosx
le; osQ lkFk c<+ tkrk gS] D;ksafd bl oLrq ij xq#Rokd"kZ.k cy dk;Z djrk gSA vr% ,slk
izrhr gksrk gS fd ,d oLrq osQ laosx ifjorZu dk bl ij dk;Z dj jgs usV cy vkSj dk;Z
djus dh vofèk osQ chp ,d lacaèk gksrk gSA U;wVu dk xfr dk f}rh; fu;e buosQ chp
,d ek=kkRed lacaèk LFkkfir djrk gSA blosQ vuqlkj ,d oLrq osQ laosx ifjorZu dh nj
oLrq ij dk;Z dj jgs cy osQ lekuqikrh gskrh gS rFkk oLrq osQ laosx esa ifjorZu] oLrq ij
dk;Z dj jgs usV ckã cy dh fn'kk esa gh gksrk gSA

bldk vFkZ ;g gS fd ;fn le; Δt esa oLrq ij dk;Z dj jgs usV cká cy F osQ dkj.k
oLrq osQ laosx esa ifjorZu Δp gks rks

F
Δ
Δt

∝ p

vFkok F
Δ

=
Δ

k
t

p
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tgk¡ k vuqikfrdrk fLFkjk¡d gSA

F = k m 
v

t

Δ⎛ ⎞
⎜ ⎟Δ⎝ ⎠

F = k m a (D;ksafd 
v

t

Δ
Δ  = a) (3.1)

k dk eku F, p ,ao t osQ ek=kdksa osQ p;u ij fuHkZj djrk gSA ;fn bu ek=kdksa dk p;u bl
izdkj fd;k tk; fd

nzO;eku m dk ifjek.k = 1 bdkbZ

,oa Roj.k a dk ifjek.k = 1 bdkbZ gks

rks cy F dk ifjek.k Hkh 1 bdkbZ gksxk] vr% ge fy[k ldrs gSa 1 = k.1.1

rc K = 1 vkSj

F = m a (3.2)

SI ek=kkdksa esa  m = 1 kg, a = 1 m s–2 rc

F = 1 kg × 1 m s–2 = 1 kg m s–2

= 1 bdkbZ cy (3.3)

cy dk SI ek=kd (vFkkZr~ 1 kg m s–2) U;wVu dgykrk gSA

mnkgj.k 3.4  0.4 kg nzO;eku dh ,d xsan èkosQys tkus ij 20 ms–1 dh xfr ls yq<+duk 'kq#
djrh gS vkSj 10 lsoaQM osQ ckn #d tkrh gSA xsan ij yxs izfrjksèkd cy dks iwjs le;
,dleku ekurs gq, blosQ ifjek.k dh x.kuk dhft,A

gy : fn;k gS  m= 0.4 kg,  izkjafHkd osx u = 20 m s–1, vafre osx v = 0 m s–1 vkSj t = 10s

vr% |F| = m|a| = 
( )m v u

t

−
 = 

–10.4 kg ( 20 m s )

10 s

−

= – 0.8 kg m s–2 = – 0.8 N

;gk¡ ½.kkRed fpg~u dk vFkZ gS fd xsan ij yxus okyk cy xfr dh fn'kk osQ foijhr
dk;Z djrk gSA

;gk¡ è;ku j[kus ;ksX; egRoiw.kZ ckr ;g gS fd ;gk¡ ij of.kZr U;wVu dh xfr dk f}rh;
fu;e mu oLrqvksa osQ fy, ekU; gS ftudk nzO;eku vpj gSA D;k ;g fu;e] jkosQV tSlh
mu oLrqvksa ij Hkh ykxw gksrk gS ftudk nzO;eku le; osQ lkFk ifjofrZr gksrk gS\
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mnkgj.k 3.5 50 N ifjek.k dk ,d fu;r cy] 10 m s–1 dh izkjfEHkd pky ls xfr'khy
,d 10kg dh oLrq ij yxk;k tkrk gSA ;fn cy xfr dh fn'kk osQ foifjr fn'kk esa yxrk
gS rks oLrq dks fojkekoLFkk esa vkus ls fdruk le; yxsxk\

gy : fn;k gS m = 10 kg, F = –50 N, v
0
 = 10 m s–1 rFkk v = 0. gesa t Kkr djuk gSA D;ksafd

F = ma

ge fy[k ldrs gSa

F =  m 0v v

t

−⎛ ⎞
⎜ ⎟
⎝ ⎠

∴ –50 N = 10 kg 
–10 10 m s

t

⎛ ⎞−
⎜ ⎟
⎝ ⎠

;k t = 
–1–100 kg m s

–50 N  = 
–1

–2

100 kg m s

50 kg m s  = 2 s.

ikBxr iz'u 3.2

1. fofHkUu nzO;ekuksa dh nks oLrqvksa dk laosx leku gSA nksuksa esa ls dkSu lh oLrq rst py
jgh gS\

2. ,d ckyd v
0 
osx ls ,d xsan Åij isaQdrk gSA ;fn xsan mlosQ ikl mlh osx ls okil

vk tkrh gS rks D;k fuEufyf[kr esa dksbZ ifjorZu gksxk\

(a) xsan osQ laosx esa .....................................................................................

(b) xsan osQ laosx osQ ifjek.k esa ............................................................

3. tc ,d xsan Å¡pkbZ ls fxjrh gS rks bldk laosx c<+ tkrk gSA bldk laosx c<+us dk
D;k dkj.k gS\

4. fdl voLFkk esa oLrq osQ laosx esa ifjorZu vfèkd gksxk\

(a) tc ewy #i ls fojke dh fLFkfr okyh 2 kg dh oLrq ij 0.1s osQ fy;s 150N dk
cy dk;Z djrk gSA

(b) tc ewy#i ls fojke dh fLFkfr okyh 2 kg dh oLrq ij 0.2s osQ fy;s 150N cy
dk;Z djrk gSA

5. dksbZ oLrq ,d leku pky ls o`Ùkkdkj iFk ij py jgh gSA D;k oLrq dk laosx vpj
gSA dkj.k lfgr mÙkj nsaA
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3.4 cyksa osQ ;qXe (Forces in Pairs)

i`Foh osQ xqjQRoh; cy (f[akpko) osQ dkj.k fiaM i`Foh dh vksj Rofjr gksrs gSaA D;k ;g
fiaM Hkh i`Foh dks viuh vksj [khaprs gSaA blh izdkj tc ge vYkekjh dks èkosQyrs gSa rks
D;k vyekjh Hkh gesa èkosQyrh gS\ ;fn ,slk gksrk gS rks ge ml cy dh fn'kk esa D;ksa ugha
pyrs\ ;g fLFkfr;k¡ gesa ;g iwNus dks ckè; djrh gSa fd D;k fdlh ,dy cy] tSls fd
,d èkDosQ ;k ,d f[kapko dk vfLrRo gksrk gS\ ;g ns[kk x;k gS fd nks oLrqvksa dh fØ;k
,d nwljs ij ikjLifjd gksrh gSA ;gk¡ fØ;k ls gekjk rkRi;Z ^vU;ksU; fØ;k cyksa* ls gSA
vr% tc dHkh Hkh nks oLrqvksa esa vU;ksU; fØ;k gksrh gS rks os ,d nwljs ij cy yxkrh
gSaA buesa ls ,d dks fØ;k vkSj nwljs dks izfrfØ;k dgk tkrk gSA rkRi;Z ;g gqvk fd cy
lnSo ;qfXer gksrs gSaA

3.4.1  xfr dk rhljk fu;e

oLrq osQ chp vU;ksU; fØ;k osQ vè;;u osQ vkèkkj
ij U;wVu us r`rh; fu;e dk fu#i.k fd;k ftlosQ
vuqlkj & izR;sd fØ;k dh mlosQ cjkcj vkSj
foijhr izfrfØ;k gksrh gSA

;gk¡ fØ;k vkSj izfrfØ;k ls rkRi;Z cy ls gSA bl
izdkj tc est ij j[kh ,d iqLrd est ij dksbZ cy
yxkrh gS rks est Hkh blosQ cjkcj vkSj foijhr cy
iqLrd ij Åij dh vksj yxkrh gSA tSlk fd fp=k
3.3 esa fn[kk;k x;k gSA D;k ;s cy F1 vkSj F2 ,d
nwljs dks fujLr djrs gSa\ ;gka fo'ks"k è;ku nsus ;ksX; ckr ;g gS fd F1 vkSj F2 vyx&vyx
oLrqvksa ij dk;Z djrs gSaA vr% ;s ,d nwljs dks fujLr ugha djrsA fdlh Hkh nh xbZ fLFkfr
esa fØ;k vkSj izfrfØ;k cyksa dk ,d ;qXe izrhr gksrh gSaA buesa ls dksbZ Hkh ,d&nwljs osQ
fcuk vfLrRo esa ugha vk ldrkA ;fn 'kkfCnd vFkZ ysa rks ,slk yxrk gS fd izfrfØ;k lnSo
fØ;k osQ ckn gksrh gSA tcfd U;wVu osQ r`rh; fu;e esa fØ;k vkSj izfrfØ;k lkFk&lkFk gksrh
gSaA blh dkj.k U;wVu osQ r`rh; fu;e dks bl izdkj dguk vfèkd mi;qDr gksxkA tc nks
oLrqvksa esa vU;ksU; fØ;k gksrh gS rks igyh oLrq }kjk nwljh oLrq ij yxk;k cy (fØ;k)
o nwljh oLrq }kjk igyh oLrq ij yxk;s x;s cy (izfrfØ;k) dk ifjek.k leku gksrk gS
ijUrq fn'kk;sa foijhr gksrh gSaA

lfn'kksa osQ #i esa fopkj djsa rks ;fn F
12

 og cy gS tks oLrq 2 osQ dkj.k oLrq 1 ij vuqHko
gksrk gS vkSj F

21
 og cy gS tks oLrq 1 osQ dkj.k oLrq 2 ij vuqHko gksrk gS] rks

F12 = –F21 (3.4)

3.4.2 vkosx (Impulse)

cgqr de vofèk osQ fy;s yxk;s x;s cy osQ izHkko dks vkosx dgrs gSaA

fp=k 3.3 :,d est ij j[kh iqLrd est
ij  F

1
 (blosQ Hkkj mg osQ

cjkcj) cy yxkrh gS] tcfd
est iqlrd ij  F

2
 cy yxkrh

gSA
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bls cy (F) o cy vkjksi.k dh vofèk (Δt) osQ xq.kuiQy osQ #i esa ifjHkkf"kr fd;k tk
ldrk gSA

∴ vkosx = F.Δt

;fn oLrq osQ izkjafHkd ,ao vfUre osx (cy vkjksi.k dh vofèk esa) Øe'k% u vkSj v gksa rks

vkosx = 
m m

t

−
Δ

v u
. Δt

= mv – m u

= pf – pi

= Δp = jSf[kd laosx esa ifjorZu

vkosx ,d lfn'k jkf'k gS vkSj blosQ SI ek=kd kgms–1 (vFkok Ns) gksrs gSaA

ikBxr iz'u 3.3

1. tc ,d Å¡ph owQn okyk O;fDr tehu NksM+rk gS rks owQnus okys O;fDr dks Åij dh
vksj xfr iznku djus okyk cy dgk¡ ls vkrk gS\

2. fuEukafdr izR;sd fLFkfr esa fØ;k&izfrfØ;k cyksa dks igpkfu,

(a) ,d O;fDr iqQVckWy dks Bksdj ekjrk gS ................................................................

(b) ìFoh pUnzek dks [khaprh gSA ................................................................................

(c) xsan nhokj ls Vdjkrh gSA ....................................................................................

3. ,d O;fDr ,d vyekjh dks vkxs dh vksj èkosQyus osQ fy;s & vyekjh ij vfèkd
cy yxkrk gSA O;fDr ij ihNs dh vksj èkDdk ugha yxrk D;ksafd vyekjh }kjk O;fDr
ij de cy yxrk gSA D;k ;g roZQ lgh gS\ le>kb,A

3.5 laosx dk laj{k.k

izk;ksfxd rkSj ij ;g iqf"V dh tk pqdh gS fd tc nks oLrqvksa esa vU;ksU; & fØ;k gksrh
gS rks bu oLrqvksa osQ laosx dk lfn'k ;ksx ifjofrZr ugha gksrk c'krsZ fd oLrq ij dk;Z dj
jgk cy ,dek=k vU;ksU; fØ;k dk cy gh gksA bls laosx laj{k.k dk fu;e dgrs gSaA nks
ls vfèkd oLrqvksa dh vU;ksU; fØ;k osQ fy, Hkh ;gh rF; lgh ik;k x;k gSA lkekU;r%
ijLij vU;ksU;fØ;k'khy vusoQ oLrq,a ,d ra=k cukrh gSaA ;fn ,d ra=k dh oLrq,a ra=k ls
ckgj dh oLrqvksa osQ lkFk vU;ksU; fØ;k ugha djrh rks ra=k dks lao`r ra=k ;k fo;qDr ra=k
dgk tkrk gSA
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blls ;g fu"d"kZ fudyrk gS fd fo;qDr ra=k cukus okyh oLrqvksa dk oqQy laosx rks vifjofrZr
jgrk gS] ysfdu ml ra=k osQ vo;oksa osQ laosxksa osQ ifjek.k ;k fn'kk vFkok nksuksa] vU;ksU;
fØ;k osQ vuqlkj ifjofrZr gks ldrs gSaA fo;qDr ra=k esa oLrq fo'ks"k esa laosx ifjorZu gksus
osQ D;k dkj.k gSa\

jSf[kd laosx laj{k.k dk fu;e fofHkUu {ks=kksa esa cgqr lh ifj?kVukvksa ij ykxw gksrk gS tSls
la?kV~Vu] foLiQksV] ukfHkdh; vfHkfØ;k] jsfM;ks,fDVo {k; vkfnA

3.5.1 U;wVu osQ fu;eksa osQ ifj.kkeLo#i laosx laj{k.k

U;wVu osQ f}rh; xfr fu;e osQ vuqlkj (lehdj.k 3-1)A tc oLrq ij le; Δt osQ fy,
cy F dk;Z djrk gS rks oLrq osQ laosx esa ifjorZu Δp dk eku fuEu gksrk gS%

Δp  = F Δt

blls ;g Li"V gksrk gS fd ;fn oLrq ij dksbZ cy dk;Z ugha djrk rks oLrq osQ laosx esa
ifjorZu 'kwU; gksxk vFkkZr laosx fLFkj jgsxkA ;g Li"Vhdj.k oLrqvksa osQ ra=k ij Hkh ykxw
fd;k tk ldrk gSA

blh ifj.kke ij igq¡pus osQ fy;s U;wVu osQ r`rh; fu;e dk Hkh iz;ksx fd;k tk ldrk gSA
nks oLrqvksa A vksj B osQ fo;qDr ra=k (Isolated system) ij fopkj djsa tks Δt le; osQ fy;s
vU;ksU; fØ;k djrs gSaA ;fn ekus fd os ,d nwljs ij F

AB
 vkSj F

BA
 cy yxkrh gSa rks U;wVu

osQ r`rh; fu;e osQ vuqlkj

F
AB

= – F
BA

vFkok A

t

Δ

Δ

p
= – B

t

Δ

Δ

p

vFkok Δp
A
 + Δp

B
= 0

;k Δp
VksVy

= 0

or p
VksVy

= fLFkj

vr% ra=k osQ laosx esa dksbZ ifjorZu ugha gksrk gSA nwljs 'kCnksa esa rU=k dk laosx lajf{kr jgrk
gSA

3.5.2  laosx laj{k.k osQ oqQN mnkgj.k

a) cUnwd dk izfr{ksi : tc cUnwd ls xksyh pyk;kh tkrh gS rks cUnwd izfr{ksi djrh gSA
cUnwd osQ izfr{ksi osx v

2
 dks laosx laj{k.k osQ fu;e ls izkIr fd;k tk ldrk gSA ;fn M

nzO;eku dh cUnwd ls pyh xksyh dk nzO;eku m ekusa vkSj xksyh dk osx v
1
 gks vkSj cUnwd

dk osx v
2
 gks rks laosx laj{k.k osQ fu;e osQ vuqlkj

mv
1
 + Mv

2
= 0
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vFkok mv
1

= – Mv
2

vFkok v
2

= 1M

m
v− (3.5)

;gk¡ ij ½.k fpUg~ n'kkZrk gS fd v
2
 vkSj v

1
 ,d nwljs dh foijhr fn'kk esa gSaA lkekU;r%

m  <<  M, cUnwd dk izfr{ksi osx xksyh osQ izfr{ksi osx ls cgqr de gksrk gSA

b) la?kV~V : la?kV~V esa ge Vdjkus okyh oLrqvksa dks ,d ra=k dk va'k eku ldrs gSaA la?kV~Vu'khy
oLrqvksa ij fdlh izdkj osQ ckã cy ekuk tk ldrk gSA la?kV~V djrh oLrqvksa ij fdlh
izdkj osQ cká cy tSls fd ?k"Zk.k cy dh vuqifLFkfr esa ra=k dks fo;qDr ra=k (isolated

system) ekuk tk ldrk gSA la?kV~V djrh oLrqvksa osQ chp vU;ksU; fØ;k osQ dkj.k budk
oqQy laosx vifjofrZr jgrk gSA

oSQje esa LVªkbdj vkSj xksfV;ksa osQ chp vkSj fcfy;MZ esa xsanksa osQ chp la?kV~Vu izR;kLFk oLrqvksa
osQ chp la?kV~V osQ vè;;u esa cgqr f'k{kkizn fl¼ gks ldrs gSaA

mnkgj.k 3.6 : nks ijLij la;qDr Vªkfy;k¡ ftuesa ls izR;sd dk nzO;eku m gS izkjafHkd osx
v ls py jgh gSa os m nzO;eku okyh B rhu fLFkj Vªkfy;ksa osQ lkFk Vdjkdj mlh fn'kk
esa pyrh jgrh gSaA la?kV~V osQ ckn VªkWfy;ksa dk osx D;k gksxk\

gy : la?kV~V osQ ckn VªkWfy;ksa dk osx v′ ekurs gSaA

la?kV~V ls igys laosx = 2 mv

la?kV~V osQ i'pkr laosx = 5 mv′

laosx laj{k.k osQ fu;ekuqlkj

2mv = 5 mv′

;k v′ = 
2

5
v

c) ce foLiQksV : lafpr ÅtkZ osQ eqDr gksus ij ce fLiQksfVr gksdj [kaM&[kaM gks tkrk gSA
izkjEHk esa fLFkj j[ks ,d ce ij fopkj djsa ftldk A vkSj B nks [k.Mksa esa foLiQksV gksrk
gSA foLiQksV ls igys ce dk laosx 'kwU; Fkk] foLiQksV osQ cus nksuksa [kaMksa dk oqQy laosx
Hkh 'kwU; gksxkA bl dkj.k ls nksuksa va'k foijhr fn'kk esa leku laosx ls mM+sxsA ;fn nksuksa
[k.Mksa osQ nO;eku leku gksa] rks nksuksa [k.Mksa osQ osxksa osQ ifjek.k Hkh leku gksaxsA

d) jkosQV uksnu% ,d jkosQV dh mM+ku laosx laj{k.k dk egRiw.kZ O;kogkfjd vuqiz;ksx gSA
jkosQV esa bZaèku VSad ;qDr ,d dks'k gksrk gS ftls ,d fudk; ekuk tk ldrk gSA dks'k esa
,d uksty gksrk gS ftlosQ }kjk mPp nkc ij xSlksa dk fu"dklu gksrk gSA tc jkosQV dks
iQk;j djrs gSa rks baèku dk ngu cgqr vfèkd nkc vkSj rki ij xSlsa mRiUu djrk gSA mPp
nkc osQ dkj.k ;s xSlsa vfr mPp osx ls uksty ls fudyrh gSa ftlosQ dkj.k jkosQV dk
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nzO;eku M vkSj izfr lsoaQM fu"dkflr gksus okyh xSl dk nzO;eku m o osx v gks rks t lsoaQM
esa xSl osQ laosx esa ifjorZu = mvt.

;fn t lsdUM esa jkWosQV osQ osx esa o`f¼ V gks rks blosQ laosx esa o`f¼ = MV laosx laj{k.k
osQ fl¼kar osQ vuqlkj

mvt + MV = 0

vFkok
t

V
= a = –

m

M

v

vFkkZr jkosQV dh xfr dk Roj.k

a = –
m

M

v

3.5.3 laxkeh cyksa dk larqyu

fdlh fcUnq ij ,d lkFk yxus okys cy laxkeh cy dgykrs gSaA ;fn bu lc dk ifj.kkeh
cy 'kwU; gks rks ;s cy larqyu esa dgs tkrs gSaA

ekuk fd 1 2,F F  ,oa 3F  fdlh fcUnq P ij yxus okys laxkeh cy gSa tSlk fd fp=k  3.5.3.

esa n'kkZ;k x;k gSA

fp=k 3.5.3

lekUrj prqHkZqt fu;e }kjk Kkr fd;k x;k 1F  ,oa 2F  dk ifj.kkeh cy PA  }kjk n'kkZ;k

x;k gS (vFkkZr 1 2PA F F= + )

 larqyu ds fy,] ;ksx 1 2( )F F+  dks 3F  ds cjkcj fdUrq foijhr fn'kk esa gksuk pkfg,]

vFkkZr

3F = 1 2 1 2 3( ) or 0F F F F F− + + + =

;k dgsa fd rhu cyksa ds larqyu ds fy, nks cyksa dk ;ksx ;k ifj.kkeh cy rhljs cy ds
cjkcj ij mldh foijhr fn'kk esa gksuk pkfg, vFkkZr mu cyksa dk lfn'k ;ksx 'kwU; gksuk
pkfg,A
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3.6 ?k"kZ.k

vkius ns[kk gksxk fd tc ,d cYysckt xsan ij izgkj djrk gS vkSj ;g eSnku ij yq<+drh
gS rks ;g oqQN nwjh r; djosQ #d tkrh gSA vr% xsan dk laosx] tks bls izkjaHk esa èkosQyrs
le; (vk?kkr igq¡pkrs le;) fn;k x;k Fkk] 'kwU; gks tkrk gSA ge tkurs gSa fd xsan osQ laosx
esa ifjorZu osQ fy;s xsan ij yxk dksbZ cy mÙkjnk;h gksrk gS] bl izdkj dk cy ?k"kZ.k cy
dgykrk gS vkSj ;g cy rHkh fØ;k'khy gksrk gS tcfd nks oLrq,a ,d nwljs osQ laioZQ esa
xfr djsaA tc ge fdlh oLrq dk LFkku cnyus osQ fy;s iQ'kZ osQ Åij èkosQyrs ;k [khaprs
gSa rks ?k"kZ.k cy osQ fojksèk esa gh gesa cy yxkuk iM+rk gSA

?k"kZ.k cy ,d laioZQ cy gS tks ges'kk blosQ laioZQ esa vkbZ lrgksa osQ chp xfr dh fn'kk
osQ fo#¼ fn'kk esa yxrk gSA ;g ,d lkekU; tkudkjh gS fd laioZQ esa vkus okyh lrgksa
osQ [kqjnjsiu osQ dkj.k ?k"kZ.k gksrk gSA bl dkj.k vko';drk osQ vuqlkj lrgksa dks [kqjnjk
;k fpduk cukus dk iz;kl fd;k tkrk gSA

?k"kZ.k oLrq dh xfr esa #dkoV Mkyrk gS ftlosQ dkj.k mlesa VwV iwQV gksrh gS vkSj ;kaf=kd
ÅtkZ dh gkfu gksrh gSA nwljh vksj osQoy ?k"kZ.k osQ dkj.k gh ge py ldrs gSa] okgu pyk
ldrs gSa vkSj xfr'khy okguksa dks jksd ldrs gSaA ?k"kZ.k dh gekjs thou esa nksgjh Hkwfedk
gSA blfy;s dgk tkrk gS fd ?k"kZ.k ,d vko';d cqjkbZ gSA

3-6-1 LFkSfrd ,oa xfrt ?k"kZ.k

ge lHkh tkurs gSa fd fdlh i`"B osQ Åij oLrq dks xfr'khy j[kus osQ fy;s oqQN U;wure
cy dh vko';drk gksrh gSA bl rF; dh O;k[;k djus osQ fy;s ge ,d {kSfrt i`"B ij
fojke voLFkk esa j[ks ,d xqVosQ ij fopkj djrs gSa tSlk fd fp=k 3-4 esa n'kkZ;k x;k gSA
n'kkZ;h x;h fn'kk esa xqVosQ ij oqQN cká cy F

ext
 bl izdkj yxkrs gSa fd xqVdk xfr u

djsA ;g rHkh laHko gS tc xqVosQ ij oqQN vU; cy dk;Z dj jgk gks tks fd F
ext

 osQ cjkcj
gks ysfdu foijhr fn'kk esa gksA bl izdkj dk cy LFkSfrd ?k"kZ.k dk cy dgykrk gS vkSj
;g  f

s
 }kjk n'kkZ;k tkrk gSA T;ksa&T;ksa F

ext
 c<+rk gS R;ksa&R;ksa gh f

s 
Hkh c<+rk gS vkSj ifjek.k

esa f
s 
osQ cjkcj jgrk gS tc rd fd ;g Økafrd eku  f

s
(max) rd ugha igq¡prkA tc F

ext

Økafrd eku ls c<+k;k tkrk gS rks xqVdk fiQlyuk 'kq# dj nsrk gS vkSj rc bl ij xfrt
?k"kZ.k dk;Z djus yxrk gSA

;g vke vuqHko dh ckr gS fd fdlh oLrq dks vpj osx ls xfr djkus osQ fy;s ftrus
cy dh vko';drk gksrh gS mldh rqyuk esa oLrq dks izkjaHk esa xfr nsus osQ fy;s vfèkd
cy dh vko'drk gksrh gSA bl dkj.k laioZQ esa vkus okyh lrgksa osQ chp vfèkdre LFkSfrd
?k"kZ.k cy f

s
(max) muosQ chp xfrt ?k"kZ.k cy f

k
 ls vfèkd gksxkA fp=k 3-5 esa cká cy

osQ lkFk ?k"kZ.k cy dh ifjorZu'khyrk n'kkZ;h x;h gSA
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vki ,d nwljs osQ laioZQ esa j[ks gq, nks lrgksa osQ tksM+s osQ fy, mu dkjdksa dks tkuuk pkgsaxs
ftu ij f

s
(max) vkSj f

k
 fuHkZj djrs gSaA ;g ,d izk;ksfxd rF; gS fd f

s
(max) ry osQ yEcor~

yxs cy F
N
 dk lekuqikrh gksrk gSA vr%

f
s
(max) α F

N
    ;k      f

s
(max) = μ

s
 F

N
(3.6)

tgk¡ μ
s
 LFkSfrd ?k"kZ.k xq.kk¡d dgykrk gSA lrg ij yxs yEcor cy F

N
 dk eku ml cy

dh lgk;rk ls Kkr fd;k tk ldrk gS ftl cy ls xqVdk lrg dks nckrk gSA fp=k 3-
4 osQ lanHkZ esa yEcor cy F

N
 tks fd xqVosQ ij yxk gS mg osQ cjkcj gS tgk¡ ij m xqVosQ

dk nzO;eku gSA

D;ksafd f
s
 =  F

ext 
 tc rd   f

s
 <  f

s 
max ;k

f
s 
 < μ

s
 F

N

izk;ksfxd #i ls ;g Hkh ik;k x;k gS fd nks lrgksa osQ chp LFkSfrd ?k"kZ.k dk vfèkdre
cy laioZQ osQ {ks=kiQy ij fuHkZj ugha djrk bl izdkj ge fy[k ldrs gSa

f
k
 = μ

k
 F

N

tgk¡ ij μ
k
 = xfrt ?k"kZ.k xq.kkad gSA lkekU;r% μ

s
 > μ

k
 blosQ vfrfjDr xq.kkad μ

s
 vkSj μ

k 
fdlh

Hkh lrg tSls ydM+h ij ydM+h] daØhV ij jcj vkfn osQ fy;s vpj ugha gSA budk eku
lrg osQ [kqjnjsiu] LoPNrk] vknzZrk vkfn ij fuHkZj djrk gSA

mnkgj.k 3.7 ,d {kSfrt lrg ij ,d 2 kg

dk xqVdk fojke dh voLFkk esa gSA laioZQ lrgksa
osQ chp LFkSfrd ?k"kZ.k xq.kkad 0.25 gSA laioZQ
lrg osQ chp LFkSfrd ?k"kZ.k dk vfèkdre eku
Kkr djsaA

gy :

;gk¡ m = 2 kg vkSj μ
s
= 0.25

fp=k. 3.4 : xqVosQ ij dk;Zjr cy fp=k- 3.5 : ?k"kZ.k cy dk cká cy osQ
lkFk ifjorZu

fp=k. 3.6 : xqVosQ ij vfHkyEcor~ cy
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f
s
(max) = μ

s
F

N
  = μ

s
 mg

= (0.25) (2 kg) (9.8 ms–2)

= 4.9 N.

mnkgj.k 3.8 5 kg Hkkj dk ,d xqVdk ,d {kSfrt lrg ij ftlosQ fy;s μ
k 
= 0.1 gSA xqVosQ

dk Roj.k D;k gksxk ;fn {kSfrt fn'kk esa ml ij 10 N dk cy yxkdj [khapk tk jgk gks\

gy :

F
k

= μ
k 
F

N
 tgk¡ F

N
 = mg,

f
k

= μ
k 
mg

= (0.1) (5 kg) (9.8 m s–2)

= 4.9 kgm s–2 = 4.9 N

xqVosQ ij vkjksfir oqQy cy = F
ext

 – f
k
 = 10 N – 4.9 N = 5.1 N

vr% bl izdkj

Roj.k = a = netF

m
 = 

5.1 N

5 kg
 = 1.02 m s–2

vr% xqVosQ esa yxk;s x;s cká cy dh fn'kk esa 1.02 ms–2 dk Roj.k gksxkA

3.6.2 csYyu (yksVfud) ?k"kZ.k

;g lkekU; vuqHko gS fd ifg;ksa okyh oLrq dks [khapuk vkSj èkosQyuk vklku gSA lihZ xfr
ls ifg;ksa dh xfr fHkUu gksrh gSA ifg;ksa dh xfr csYyu xfr gksrh gSA csYyu xfr esa gksus
okys ?k"kZ.k dks csYyu ?k"kZ.k dgrs gSaA ,d leku lkekU; cy osQ fy;s lihZ ?k"kZ.k dh vis{kk
csYyu ?k"kZ.k cgqr gh de gksrk gSA mnkgj.k osQ fy;s tc LVhy dh iVjh ij LVhy osQ
ifg;s dks ?kqekrs gSa rks LVhy ij LVhy osQ lihZ ?k"kZ.k dh rqyuk esa csYyu ?k"kZ.k yxHkx
1/100 ok¡ Hkkx gksrk gSA csYyu ?k"kZ.k osQ xq.kkad osQ yk{kf.kd eku LVhy ij LVhy osQ fy;s
0.006, rFkk oaQØhV ij jcj osQ fy;s 0.02 – 0.04 gksrk gSA

vc ge pkgsaxs fd vki ,d NksVk lk fØ;kdyki djsaA

fØ;kdyki 3.1

,d Hkkjh iqLrd ;k iqLrdksa dk <sj ,d est ij j[ksa vkSj mUgsa vaxqfy;ksa ls èkosQyus dk
iz;kl djsaA vc iqLrdksa osQ uhps rhu ;k vfèkd isaflysa j[kdj iqu% èkosQyus dk iz;kl djsaA
fdl fLFkfr esa de cy dh vko';drk gksrh gS\ vki blls D;k fu"oQ"kZ fudkyrs gSaA
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3.6.3 ?k"kZ.k de djus dh fofèk;k¡

fiQlyu xfr dh rqyuk esa csYyu xfr djkuk
vR;fèkd vklku gSA bl dkj.k ifg;s dks ekuo
tkfr dk cgqr cM+k vkfo"dkj ekuk x;k gS vkSj
blh dkj.k e'khuksa esa cky fc;fjax~l mi;ksx
fd;s tkrs gSa rkfd ?k"kZ.k de fd;k tk losQA

ckWy fc;fjax~l esa nks v{kh; flfyaMjksa osQ chp
LVhy ckWy j[kh tkrkh gSA tSlk fd fp=k 3-6 esa
fn[kk;k x;k gSA lkekU;rk nks flfyUMjksa esa ls ,d
dks nwljs dh vis{kk ?kweus fn;k tkrk gSA ;gk¡ ij
ckWyksa dk ifjHkze.k yxHkx ?k"kZ.k jfgr xfr esa gksrk
gSA ckWyfc;fjaxl dk lHkh izdkj osQ okguksa] fo|qr
eksVlZ]] fo|qr ia[kksa vkfn esa mi;ksx gksrk gSA

laidZ lrg osQ chp Lusgdksa (lubricants) tSls xzhl ;k rsy dk mi;ksx cM+h ek=kk esa ?k"kZ.k
de dj nsrk gSA Hkkjh okguksa esa xfr'khy Hkkxksa dks rsy esa Mqckdj j[kk tkrk gSA ;g xfr'khy
Hkkxksa osQ chp ?k"kZ.k cy dks Hkh de djrk gS vkSj mUgsa vfèkd xje gksus ls Hkh cpkrk
gSA

okLro esa Lusgdksa tSls rsy ;k xzhl dh mifLFkfr 'kq"d ?k"kZ.k dks nzo ?k"kZ.k esa ifjofrZr
dj ?k"kZ.k osQ ifjek.k dks vR;fèkd de dj nsrh gSA

laioZQ lrgksa osQ chp laihfM+r vkSj fo'kq¼ ok;q dk izokg Hkh ?k"kZ.k dks de djrk gSA ;g
xfr'khy Hkkxksa ij èkwy rFkk xanxh dks ,d=k gksus ls Hkh jksdrk gSA

vxys Hkkx esa iz'u gy djus osQ fy;s oqQN ekxZn'kZd fl¼kar crk;s x;s gSaA vH;kl osQ
fy;s oqQN mnkgj.k Hkh fn;s x;s gSaA iz'uksa osQ gy i<+us ls igys ekxZn'kZd fl¼karksa osQ vuqlkj
mUgsa Lo;a gy djus dk iz;Ru djsaA

rjy ?k"kZ.k

nzo ;k xSl esa xfreku oLrqvksa esa Hkh ?k"kZ.k cy dk;Z djrk gSA mYdk,a gok osQ ?k"kZ.k
osQ dkj.k mRiUu xehZ osQ dkj.k pedrh gSaA Bksl ?k"kZ.k osQ foijhr] rjy ?k"kZ.k oLrqvksa
dh vko`Qfr ij fuHkZj djrk gSA bl fy;s eNfy;ksa dk ,d fo'ks"k vkdkj gksrk gS vkSj
rst xfr ls pyus okys ok;q;ku ,ao xkfM+;ksa dks Hkh eNyh osQ leku vko`Qfr iznku
dh tkrh gS ftls èkkjk js[kh; vko`Qfr dgrs gSaA rjy ?k"kZ.k dk eku xfr esa o`f¼ osQ
lkFk rsth ls c<+rk gSA ;fn dkj dks vfèkd rst xfr ls pyk;k tk; rks c<+s gq, rjy
?k"kZ.k osQ izHkko dks fujLr djus osQ fy;s bZaèku dh [kir vfèkd gksxhA dkj fuekZrk
40-45 km h–1 dh pky ls okgu pykus dk ijke'kZ nsrs gSaA

fp=k. 3.6 : ckWy fo;fjaxl esa
xksfy;ksa dh xfr
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3.7 eqDr fudk; vkjs[k rduhd

;kaf=kdh esa iz'uksa dks gy djus esa cy funsZ'kd vkjs[k (FBD) vR;fèkd lgk;d gSaA buosQ
}kjk U;wVu osQ fu;eksa dk mi;ksx vklku gks tkrk gSA cy funsZ'kd vkjs[k cukus dh fofèk
dk o.kZu uhps fd;k x;k gSA

1. fn;s x;s fooj.k osQ vuqlkj ra=k (system) dk ,d LoPN ljy vkjs[k cuk,aA

2. ftl oLrq ij è;ku osQfUnzr djuk gks ml oLrq dks vyx djsaA ;g oLrq eqDr oLrq
dgyk;sxhA

3. eqDr oLrq ij dk;Z djus okys lHkh cká cyksa ij fopkj djsa vkSj eqDr oLrq ij muosQ
iz;ksx dh fn'kk Li"V #i ls rhjkadu }kjk fpfg~ur djsaA

4. vc U;wVu osQ nwljs fu;e ΣF = ma dk mi;ksx djsaA

(vFkok ΣFx = max vkSj ΣFy = m a
y
)

;kn j[ksa

(i) oLrq dh xfr dh fn'kk esa oLrq ij ,d usV cy gksuk pkfg,A

(ii) lEiw.kZ gy osQ fy;s ftruh vKkr jkf'k;k¡ gSa mrus gh Lora=k lehdj.k gksus pkfg,A

mnkgj.k 3.9 : m
1
 vkSj m

2
 nzO;eku osQ nks xqVosQ ,d Hkkjghu èkkxs ls tksM+s tkrs gSa vkSj fpduh

{kSfrt lrg ij j[ks tkrs gSaA m
2
 nzO;eku osQ xqVosQ dks cy F osQ }kjk [khapk tkrk gS] tks

{kSfrt osQ lekUrj dk;Z dj jgk gSA nksuksa xqVdksa dk Roj.k D;k gksxk vkSj nksuksa (buosQ Hkh
{kSfrt ekfu;s) dks tksM+us okys èkkxs esa ruko D;k gksxk\

gy : eku yks F fn'kk esa a xqVdksa dk Roj.k gS vkSj èkkxs dk ruko T gSA m
1
 rFkk m

2 
osQ cy

funsZ'kd vkjs[k osQ fy;s ?kVd osQ #i esa ΣF = ma dk iz;ksx djus ij gesa izkIr gksrk gSA

N – (m
1
 + m

2
) g = 0

vkSj F = (m
1
 + m

2
)a

⇒ a = 
1 2

F

m m+

m
1
 osQ cy&funsZ'kd vkjs[k osQ fy;s ?kVd #i esa ΣF = ma mi;ksx djus ij gesa izkIr gksrk

gSA

N
1
 – m

1
g = 0 vkSj T = m

1
a

fp=k- 3.7: nks tqM+s gq, xqVdksa osQ fy;s cy funsZ'kd vkjs[k
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⇒ T  = m
1

1 2

F

m m

⎛ ⎞
⎜ ⎟+⎝ ⎠

;k T = 1

1 2

m

m m

⎛ ⎞
⎜ ⎟+⎝ ⎠

.F

ΣF = ma dk mi;ksx djrs gq, m
2
 osQ fy;s cy funsZ'kd vkjs[k cukdj ns[ksa D;k blosQ

fy;s Hkh a vkSj T osQ eku iwoZor vkrs gSaA

mnkgj.k 3.10 : nks nzO;eku m
1
 vkSj m

2
 (m

1
 > m

2
) dks gYdh ?k"kZ.kjfgr iqyh osQ Åij ls

xqtjrs gq, vforkU; èkkxs osQ nks fljksa ls tksM+k x;k nzO;eku dks NksM+rs le; mUgsa tksM+us
okys èkkxsa esa ruko vkSj nzzzzzzzzzzzzzzzzzzzzO;ekuksa dk Roj.k Kkr dhft,A

gy : eku yks nzO;eku m
1
 dk Roj.k uhps dh vksj a gSA m

2
 nzO;eku dk Roj.k Hkh a gksxk

ysfdu ;g Åij dh vksj gksxk (D;ksa\) eku yks nks nzO;ekuksa dks tksM+us okyh jLlh esa ruko
T gSA

m
1
 vkSj m

2
 ij ΣF = ma mi;ksx djus ij

m
1
g – T = m

1
a ...................... (1)

T – m
2
g = m

2
a ...................... (2)

a vkSj T osQ fy;s lehdj.k (1) vkSj (2) dks gy djus ij gesa izkIr gksrk gSA

a = 1 2

1 2

m m

m m

⎛ ⎞−
⎜ ⎟+⎝ ⎠

.g T = 1 2

1 2

2m m

m m

⎛ ⎞
⎜ ⎟+⎝ ⎠

a

bl fLFkfr esa vki pjksa (;kuh m
1
 vkSj m

2
) dks pje eku ns[kdj (vFkkZr~

m
1
 = m

2
 ;k m

1
 >> m

2
 eku nsdj ;g tk¡p dj ldrs gSa fd D;k a

vkSj T osQ ekuk vk'kk osQ vuq#i izkIr gksrs gSaA

mnkgj.k 3.11 : M = 10 fd-xzk- nzO;eku dh ,d Vªkyh Hkkjghu vforkU;
èkkxs dh lgk;rk ls m = 2 kg osQ nzO;eku osQ xqVosQ osQ lkFk tksM+h x;hA
;g èkkxk fp=k 3.10 esa n'kkZ;s x;s #i esa gYdh ?k"kZ.kghu f?kjuh osQ Åij
ls tk jgk gSA VªkWyh vkSj lrg osQ chp xfrt ?k"kZ.k dk xq.kkad (μ

k
)

= 0.02 gSA vr% Kkr dhft,A

a) VªkWyh dk Roj.k

b) èkkxs esa ruko

gy : fp=k 3-10 (b) vkSj (c) VªkWyh vkSj xqVosQ dk cy funsZ'kd vkjs[k
n'kkZrs gSaA xqVosQ vkSj VªkWyh dk Roj.k a ysrs gSaA fp=k- 3.9
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VªkWyh osQ fy;s] F
N

= Mg vkSj

T – f
k
 = Ma tgk¡ f

k
= μ

k
 F

N

= μ
k
 Mg

vr% T – μ
k
 Mg = Ma ...(1)

 mg – T = ma ...(2)

lehdj.k (1) vkSj (2) tksM+us ls gesa izkIr gksrk gSA

mg – μ
k
  Mg = (M + m) a

;k a = kmg Mg

M m

− μ
+

 = 
2 2(2 kg) (9.8m s ) (0.02) (10 kg) (9.8 m s )

(10 kg 2 kg)

− −−
+

= 
2 219.6 kg m s 1.96 kg m s

12 kg

− −−
 = 1.47 m s–2

vr% a = 1.47 m s–2

lehdj.k (2) ls T = mg – ma = m (g – a)

= 2 kg (9.8 ms–2 – 1.47 m s–2)

= 2 kg (8.33 m s–2)

vr% T = 16.66 N

ikBxr iz'u 3-4

1. m nzO;eku dk ,d xqVdk θ vkufr osQ [kqjnjs ry ij j[kk gSA xqVosQ ij izHkkoh fofHkUu
cyksa dks fp=k }kjk n'kkZb,A

2. 100 N dk cy fpduh {kSfrt lrg ij j[ks 2 kg vkSj 3 kg

nzO;eku osQ xqVdksa A vkSj B ij yx jgk gSA xqVdk B ij xqVdk
A fdrus ifjek.k dk cy yxk jgk gS\

3. jLlh esa ck¡èkdj yVdkbZ x;h 5kg dh oLrq dks Åij [khapk tkrk gS rks jLlh esa ruko
D;k gksxk tcfd blesa Åij dh vksj

(a) osx 2 m s–1 gks

(b) Roj.k 2 m s–2 gksA

fp=k. 3.10

fp=k. 3.11
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3.8 tM+Roh; vkSj vtM+Roh; funsZ'k izsQe~l dh ewyHkwr voèkkj.kk

,d foeh; ;k ljy js[kh; xfr osQ vè;;u osQ fy;s ,d funsZ'kd fcanq (ewy fcanq) i;kZIr
gSA ysfdu tc f}foeh; ;k f=kfoeh; xfr gks rks mlosQ vè;;u osQ fy;s funsZ'kkad js[kkvksa
osQ ,d lEeqp; dh vko';drk gksrh gS rkfd fdlh fcanq dh fndLFkku (space) esa fLFkfr
dk o.kZu fd;k tk losQA bu js[kkvksa osQ leqPp; dks funsZ'k izsQe (frame of reference) dgrs
gSaA

izR;sd xfr dk o.kZu ,d izs{kd djrk gSA izs{kd dh xfr dh voLFkk esa ifjorZu osQ vuqlkj
xfr lacaèkh izs{k.k Hkh izHkkfor gksaxsA mnkgj.k osQ fy, ,d cDls dks ysa tks fd IysViQkeZ
ij j[kk gSA IysViQkeZ ij [kM+s O;fDr dks ;g fLFkj fn[kk;h iM+sxk tcfd ,d leku pky
v ls xfr djrh gqbZ Vªsu esa cSBs vkneh dks ;g –v osx ls pyrk izrhr gksxkA ysfdu Roj.k
(a) ls pyrh gqbZ jsy ij cSBk izs{kd D;k vuqHkko djsxk\ og cDls dks (– a) Roj.k ls pyrk
gqvk vuqHko djsxkA Li"Vr;k bl izs{kd osQ fy;s xfr dk izFke fu;e xyr gks tkrk gSA

vr% xfr dk o.kZu djus osQ fy;s ,d funsZ'k izsQe dh vko';drk gksrh gSA ;fn izsQe vè;;u
dh tkus okyh oLrq osQ lkis{k fLFkj gks ;k leku osx ls py jgk gks rks bl izsQe esa
tM+Ro dk fu;e dk;Z djrk gSA blfy;s bu izsQe~l dks tM+Roh; izsQe dgrs gSaA vkSj
;fn izs{kd dk izsQe Rofjr gS rks bls vtM+Roh; izsQe dgrs gSaA

,d oLrq ftldk nzO;eku m vkSj Roj.k (a) gks vkSj ;g vtM+Roh; izsQe esa gks rks ge xfr
osQ f}rh; fu;e dk mi;ksx ,d Nn~e cy }kjk dj ldrs gSaA ?kwerh oLrq esa bl cy dks
vfHkosQUnzh; cy dgrs gSaA

ikBxr iz'u 3.5

1. ,d vkèkk Hkjk gqvk fxykl jsyxkM+h esa ,d {kSfrt est ij j[kk gSA D;k jsyxkM+h osQ
pyus ij ty dh eqDr lrg {kSfrt jgsxh\

2. tc ,d dkj ,d oØh; iFk ij cgqr osx ls pyk;h tkrh gS rks og ckgj dh vksj
fiQlyrh gSA dkj osQ vUnj cSBs O;fDr dks dkj dh xfr oSQlh izrhr gksxh\ lM+d
ij [kM+k O;fDr bl ?kVuk dks fdl izdkj o.kZu djsxk\

3. 6 × 10–10 kg nzO;eku dk ,d NksVk ty d.k ,d viosQUnzd osQ tyh; fuyEcu esa
gSA bls 2π × 103 rad s–1 osQ dks.kh; osx ls ?kqek;k tkrk gSA d.k ?kw.kZu v{k ls 4cm

dh nwjh ij gSA d.k ij dk;Z dj jgs usV vfHkosQUnzh; cy dh x.kuk djksA

4. i`Foh osQ ?kw.kZu dk dks.kh; osx fdruk gksuk pkfg, ftlls fd bldh lrg ij j[kh
oLrq,sa vfHkosQUnzh; cy osQ dkj.k lrg ls fNVdus yxsa\ g = 10 m s–2 eku ysaA

5. 2 kg Hkkj dh ,d eqDr #i ls fxjrh oLrq ls tqM+s funsZ'kd izsQe esa tM+Roh; cy dk
ifjek.k ,ao fn'kk D;k gksaxs\
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vkius D;k lh[kk

fiaM dk tM+Ro mlosQ fojkekoLFkk ;k ,dleku xfr esa fdlh ifjorZu dk izfrjksèk
djus dh izo`fÙk dks dgrs gSaA

U;wVu dk igyk fu;e crkrk gS fd dksbZ oLrq fojke ;k ljy js[kk esa ,dleku xfr
dh voLFkk esa cuh jgrh gS tc rd ml ij yx jgk usV ckã cy 'kwU; gksrk gSA

V osx ls xfreku m nzO;eku osQ vosQys d.k osQ fy;s ge lfn'k jkf'k p dks p = mv

osQ #i esa ifjHkkf"kr djrs gSa tks js[kh; laosx dgykrk gSA

U;wVu dk nwljk fu;e crkrk gS fd oLrq osQ laosx ifjorZu dh nj oLrq ij yxs jgs
ifj.kkeh cy dh lekuqikrh gksrh gS

U;wVu osQ nwljs fu;e osQ vuqlkj vpj nzO;eku dh oLrq esa mRiUu Roj.k] oLrq ij
yx jgs usV ckã cy dk vuqØekuqikrh gksrk gSA vFkkZr~ F = ma

U;wVu dk rhljk fu;e crkrk gS fd tc nks oLrq,a ,d nwljs osQ lkFk vU;ksU; fØ;k
djrh gSa rks ,d oLrq }kjk nwljh oLrq ij vkjksfir cy nwljh oLrq }kjk izFke oLrq
ij vkjksfir cy osQ cjkcj vkSj foijhr fn'kk esa gksxkA

laosx laj{k.k osQ fu;e vuqlkj ;fn d.kksa osQ ra=k ij dksbZ usV ckg~; cy ugha yxrk
gS rks d.kksa osQ ra=k dk oqQy laosx fLFkj jgrk gSA pkgs d.kksa osQ chp cyksa dh izo`Qfr
oSQlh Hkh D;ksa u gksA

fdlh fcUnq ,d lkFk yxus okys cy laxkeh cy dgykrs gSaA ;fn bu cyksa dk ifj.kkeh
cy 'kwU; gks rks ;s cy larqyu esa dgs tkrs gSaA

?k"kZ.k cy og cy gS tks fdlh oLrq ij yxrk gS tc oLrq fdlh lrg ij liZ.k
;k cSYyu xfr djus dk iz;kl djrh gSA ?k"kZ.k dk cy ges'kk laioZQ esa vkbZ lrgksa
osQ lekUrj gksrk gS vkSj oLrq dh xfr dh fn'kk osQ foijhr gksrk gSA

oLrq ,ao lrg osQ chp LFkSfrd ?k"kZ.k f
s
(max) dk vfèkdre cy oLrq ij yx jgs

vfHkyEcor~ cy F
N
 dk lekuqikrh gksrk gSA ;g vfèkdre cy rc yxrk gS tc oLrq

cl fiQlyus gh okyh gksrh gSA

fdlh lrg ij liZ.k dj jgh oLrq osQ fy;s xfrt ?k"kZ.k f
k
 osQ cy dk ifjek.k f

k
 =

μ
k 
F

N
 }kjk O;Dr fd;k tkrk gS tgk¡ laioZQ esa vk;h lrgksa osQ fy;s μ

k 
xfrt ?k"kZ.k xq.kk¡d

gSA

csyu fc;fjax vkSj cky fc;fjax dk mi;ksx ?k"kZ.k vkSj mlls tqM+h ÅtkZ gkfu;ksa dks
cM+h ek=kk esa de djrk gS D;ksafd xfrt ?k"kZ.k dh rqyuk esa csYyu ?k"kZ.k cgqr de
gksrk gSA

U;wVu osQ xfr osQ fu;e osQoy tM+Roh; funsZ'k izsQe esa ykxw gksrs gSaA tM+Roh; izsQe
og izsQEk gS ftlesa foyfxr ,dy oLrq dk Roj.k 'kwU; gksrk gSA
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fdlh oLrq esa LFkSfrd larqyu cuk;s j[kus osQ fy;s ml ij yx jgs lHkh cyksa dk
lfn'k ;ksx 'kwU; gksuk pkfg;s] osQoy fcanq oLrqvksa (point objects) osQ fy;s ;g vko';d
rFkk i;kZIr 'krZ gSA

ikBkar iz'u

1. fuEufyf[kr esa ls dkSu lnSo fiaM ij yx jg usV cká cy dh fn'kk esa gksxkA

(a) foLFkkiu (b) osx

(c) Roj.k (d) laosx ifjorZu

2. tc oLrq ij vpj usV cká cy yx jgk gks rks fuEufyf[kr esa ls fdlesa ifjorZu
ugha gks ldrkA

(a) fLFkfr (b) pky (c) osx (d) Roj.k

mnkgj.k lfgr O;k[;k djsaA

3. ,d 0.5 kg dh xsan bruh Å¡pkbZ ls fxjk;h tkrh gS fd og Hkwfe ij igq¡pus esa 4 lsoaQM
dk le; ysrh gSA xsan osQ laosx esa ifjorZu Kkr dhft,A

4. 2 kg nzO;eku oLrq osQ laosx esa ifjorZu fuEufyf[kr esa ls fdl fLFkfr esa gksxk\

(a) tc 1 lsosaQM osQ fy;s 10 N dk cy ml ij dk;Z dj jgk gksA

(b) tc 1 feuV osQ fy;s 10 N dk cy ml ij yx jgk gksA

izR;sd fLFkfr esa laosx esa ifjorZu dk ifjdyu dhft,A

5. ,d 0.2 kg nzO;eku dh xsan 6 ms–2 Roj.k osQ lkFk ok;q esa fxj jgh gSA xsan ij ok;q
d"kZ.k Kkr dhft;sA

6. 20 kg nzO;eku dk ,d Hkkj ,d jLlh dh lgk;rk ls lrr Roj.k ij mBk;k x;k gSA
Hkkj 2 lsoaQM esa 5 ehVj dh Å¡pkbZ rd tkrk gSA jLlh dk ruko Kkr dhft;sA

7. ,d 10 m s–1 dh xfr ls py jgh 0-1kg nzO;eku dh xsan nhokj ls Vdjkdj mlh xfr
ls fp=k esa n'kkZ;h x;h fn'kk esa fo{ksfir gks tkrh gSA xsan dk laosx ifjorZu D;k gksxk\

fp=k- 3.12
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8. ,d e'khuxu dk vkSlr izfr{ksi cy crkb, tks fd 150 cqysV izfr feuV nkx jgh
gSaA izR;sd cqysV dh pky 900 m s–1 gSA izR;sd cqysV dk nzO;eku 12 xzke gSA

9. tc rst xsan dks yidrs gSa rks xsan dks fojke dh voLFkk esa ykrs le; gkFk dks ihNs
dh vksj D;ksa [khaprs gSa\

10. fojkekoLFkk esa fLFkr 2 kg nzO;eku osQ fi.M ij 20 N ifjek.k dk vpj cy 2 lsoaQM
osQ fy;s yxrk gS] rks izkjEHk osQ (d) 1 lsosaQM osQ ckn oLrq dk osx D;k gksxk\ ([k)
3 lsoaQM osQ ckn osx D;k gksxk\

11. n'kkZ;h x;h fn'kk esa xqVosQ ij yxk cy oSQls mls ÅèokZèkj nhokj ij fiQlyus ls jksdrk
gS\

fp=k- 3.13

12. ,d {kSfrt lrg ij 2 kg dk xqVdk fojke dh voLFkk esa gSA xqVosQ rFkk lrg osQ chp
LFkSfrd ?k"kZ.k dk xq.kk¡d 0.5. gSA ?k"kZ.k osQ cy dh fn'kk vkSj ifjek.k D;k gksxk ;fn
{kSfrt fn'kk esa yx jgs cká cy dk ifjek.k fuEufyf[kr gks

(a) 0 N ? (b) 4.9 N ? (c) 9.8 N ?

13. fdlh lrg ij j[ks ,d xqVosQ osQ fy;s LFkSfrd ?k"kZ.k dk vfèkdre cy 10N gSA tc
ftl lrg ij xqVdk fojke dh voLFkk esa gS mlosQ lekUrj 5 N dk cká cy yxk;k
tk;s rks ?k"kZ.k&cy D;k gksxk\

14. 300 vkufr osQ vkur lery ij 5 kg osQ xqVosQ dks fojke voLFkk esa j[kus osQ fy;s
de ls de fdrus cy dh vko';drk gS\ xqVosQ rFkk vkur lery osQ chp LFkSfrd
?k"kZ.k dk xq.kk¡d 0.25 gSA

15. {kSfrt ?k"kZ.k jfgr lrg ij Øe'k% m
1
 = 2 kg vkSj m

2
 = 3 kg nzO;eku osQ nks xqVosQ

P vkSj Q ,d nwljs ls lVkdj j[ks x;s gSa fp=k esa n'kkZ;h x;h fn'kk esa P xqVosQ ij
,d ckã cy F = 10 N yxk;k x;kA fuEufyf[kr dk eku Kkr dhft;sA

(a) xqVdksa dk Roj.k

(b) xqVosQ P }kjk xqVosQ ij yxk;k x;k cy 
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16. m
1
 = 2 kg vkSj m

2
 = 4 kg osQ nks xqVosQ Øe'k% P vkSj

Q fp=k osQ vuqlkj M nzO;eku osQ rhljs xqVosQ R ls tksM+s
x;s gSaA

M osQ fdl vfèkdre eku osQ fy;s rhuksa xqVosQ larqyu
voLFkk esa gksaxsA

izR;sd CykWd ij dk;Z dj jgk cy bl ij yxh ÅèoZ izfrfØ;k osQ cy dk vkèkk
gSA

17. lkbfdy czsd osQ lacaèk esa ?k"kZ.k cy dh Hkwfedk dh O;k[;k dhft,A ;fn fje ij
rsy dh oqQN cw¡nsa Mky nh tk;sa rks D;k gksxk\

18. θ = 370 vkufr osQ vkur lery ij ,d 2 fd-xzk- osQ xqVosQ dks èkosQyk x;k ftlls
mls 20 m s–1 dh izkjafHkd pky izkIr gksrh gSA fojke dh voLFkk esa vkus ls igys xqVdk
fdruh nwjh r; djsxk\ xqVosQ rFkk vkur ry osQ chp xfrt cy dk xq.kk¡d μ

k
 = 0.5

gSA

g = 10 m s–2]  sin 370 = 0.6, cos 370 = 0.8 yhft,A

ikBxr iz'uksa osQ mÙkj

3.1

1. dFku osQoy ml oLrq osQ fy;s lR; gS tks usV cy yxkus ls iwoZ fojke dh voLFkk
esa gksA

2. tM+Ro nzO;eku

3. gk¡] tSlk fd ,dleku orqZy xfr esa gksrk gSA

4. cy ls LFkkukUrj vkSj ?kw.kZu xfr gks ldrh gSA ;g oLrqvksa dks fo#fir Hkh dj ldrk
gSA

3.2

1. y?kqrj nzO;eku dh oLrq

2. (a) gk¡  (b) ugha

3. fxjrh gqbZ oLrq osQ laosx esa o`f¼ gksrh gS D;ksafd bldh xfr dh fn'kk esa xq#Ro cy
ml ij dk;Z djrk gSA

4. (b) voLFkk esa laosx esa ifjorZu vfèkd gksxkA ;g F × Δt xq.kuiQy gSA tks laosx esa

ifjrorZu ykrk gSA as F
p

t

Δ⎛ ⎞∝⎜ ⎟Δ⎝ ⎠

fp=k- 3.14
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5. ugha] ;|fi pky vpj gS ysfdu oLrq osQ osx esa ifjorZu mldh fn'kk esa ifjorZu
osQ dkj.k gksrk gSA vr% mldk laosx vpj ugha gSA

3.3

1. owQnus okys ij Hkwfe }kjk yxk;s cy osQ }kjk owQnus okyk Åij dh vksj Rofjr gksrk
gSA ;g cy owQnus okys }kjk Hkwfe ij yxk;s x;s cy dh izfrfØ;k gSA

2. (a) og cy ftlls O;fDr iqQVckWy esa fdd yxkrk gS ;fn og fØ;k gS rks iqQVckWy
}kj O;fDr ij yxk;k x;k cy mldh izfrfØ;k gksxhA

(b) og cy ftlls i`Foh pUnzek dks [khaprh gS ;fn og fØ;k gS rks pUnzek }kjk i`Foh
ij yxk;k x;k cy mldh izfrfØ;k gksxhA

(c) xsan }kjk nhokj ij yxk;k cy ;fn fØ;k gS rks nhokj }kjk xsan ij yxk;k x;k cy
mldh izfrfØ;k gksxhA

3. ugha] roZQ lgh ugha gSA tc O;fDr }kjk yxk;k x;k èkDdk vyekjh vkSj ry osQ
chp dk;Zdkjh ?k"kZ.k cy ls vfèkd gks tkrk gS rks vyekjh f[kldrh gSA O;fDr
dks ihNs dh vksj èkDdk Lo;a mlosQ vkSj ry osQ chp yxus okyk cM+k ?k"kZ.k cy
gSA ;fn O;fDr fdlh fiQlyus okys ry ij gks rks og vyekjh ugha f[kldk ik,xkA

3.4

 

fp=k- 3.15

2. 40 N

3. (a) (5 × 9.8) N

(b) F = (5 × 2) N + (5 × 9.8) N = 59 N

3.5

(1) tc jsy xkM+h pyrh gS rks ekuk bldk Roj.k a gSA rc jsy xkM+h ls tqM+s funsZ'k izsQe
osQ lanHkZ esa  ikuh esa yxus okyk ifj.kkeh cy
F = m g – m a

tgk¡ m ikuh rFkk fxykl dk nzO;eku gS (fp=k. 3.16)A ikuh dk i`"B F osQ yEcor~ fp=k
esa n'kkZ, vuqlkj fn[kkbZ nsxkA



ekWM~;wy  - 1 xfr ds fu;e

xfr] cy ,oa ÅtkZ

fVIif.k;k¡

HkkSfrdh 88

fp=k. 3.16

(2) Hkhrj cSBk ;k=kh (–mv2/r) ifjek.k dk vfHkosQUnzh; cy eglwl djsxkA ftruk vfèkd
osx v gksxk r dk ifjek.k Hkh mruk gh vfèkd gksxkA lM+d ij [kM+s gq;s izs{kd osQ fy;s
oØ xfr djrh gqbZ dkj esa ,d v2/r ifjek.k dk viosQUnzh Roj.k yxrk eglwl djsxkA
iqu% vfèkd v osQ fy;s r dk eku vfèkd gksxkA

(3) d.k ij yxus okyk vfHkosQUnzh cy F = mω2r = (6 × 10–10 kg) × (2π × 103 rad s–

1)2 × (0.04 m) = 9.6 × 10–4 N.

(4) ,d oLrq osQ lrg ls fNVdus osQ fy;s vfHkosQUnzh; cy (viosQUnzh) cyk dk eku
mlosQ Hkkj ls FkksM+k vfèkd gksuk pkfg,A
;fn oLrq dk nzO;eku m gks rks

2mv

r
 = mg 'krZ iwjh gksuh pkfg,

v = rω
2 2r

r

ω
 = g

;k dks.kh; osx ω = /g r

blfy, /g r  vfèkd ifjek.k osQ dks.kh; osx ls oLrq,a fNVd tk;saxhA

5. 'kwU; tSlk fd fdlh oLrq osQ eqDr #i ls fxjus esa gksrk gSA

ikBkar iz'uksa osQ mÙkj

1. (d)

2. (a) ;fn inkFkZ osQ vUnj fodflr vkarfjd cy cká cy ls vfèkd gks tk;s tSlk fd
nhokj ij yxs cy osQ izdj.k esa gksrk gSA

(b) ;fn cy xfr dh fn'kk osQ yEcor yxk;k tk; rks cy }kj xfr dh fn'kk ifjofrZr
gksrh gS ysfdu pky leku jgrh gSA

3. v = 0 + (–g) × 4

|v| = 40 m s–1

∴ ΔP = m (v – u) = (0.5 × 40) = 20 kg m s–2
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4. tc 10 N dk usV cy 1s rd yxrk gSA

5. 0.76 N

7. 250 N.

8. 27 N

10. (a) 10 m s–1  (b) 20 m s–1

12. (a) 0 N (b) 4.9 N (c) ~7.5 N

13. 5 N

14. 14.2 N

15. (a) 2 m s–2 (b) 6 N

16. 3 kg

18. 20 m
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4

lery esa xfr

fiNys nks ikBksa esa vki ljy js[kh; xfr ls lacafèkr ladYiukvksa osQ ckjs esa i<+ pqosQ gSaA
mu ikBksa esa i<+h xbZ ladYiukvksa osQ }kjk D;k vki ,d ry vFkkZr~ nks foekvksa esa xfr'khy
fiaMksa dh xfr dk o.kZu dj ldrs gSa\ ,slk djus osQ fy, gesa oqQN ubZ ladYiukvksas ls
ifjp; djuk gksxkA f}foeh; xfr dk ,d jkspd mnkgj.k & {kSfrt ls dks.k cukrs gq, isaQdh
xbZ ,d xsan dh xfr gSA bl xfr dks iz{ksI; xfr dgrs gSaA

bl ikB esa vki fuEufyf[kr iz'uksa tSls oqQN iz'uksa dk mÙkj nsuk lh[ksaxs% fdlh ok;q;ku
dh fLFkfr vkSj osx D;k gksuh pkfg, rkfd mlosQ }kjk fxjkbZ xbZ [kk| lkexzh ;k nokb;ksa
osQ iSosQV ck<+ ihfM+r ;k HkwoaQi ls ihfM+r yksxksa rd Bhd izdkj igq¡p losaQ] fdlh f[kykM+h
dks pfØdk (discuss) ;k Hkkyk fdl izdkj isaQduk pkfg, rkfd og vfèkdkfèkd {kSfrt nwjh
r; djsa] lM+dksa dk fMtkbu fdl izdkj fd;k tk, rkfd dkj eksM+ ij eqM+rs le; iyV
u tk,A mixzg dh pky D;k gks rkfd og i`Foh osQ pkjksa vksj o`Ùkkdkj d{kk osQ pDdj
yxk,\ vkfn&vkfnA

,slh fLFkfr;k¡ iz{ksI; xfr ;k orqZyxfr osQ varxZr vkrh gSaA lkekU;r;k orqZy xfr ls rkRi;Z
{kSfrt o`Ùk esa xfr ls gksrk gSA rFkkfi] {kSfrt o`Ùk esa xfr ds vfrfjDr fiaM ÅèoZ o`Ùk esa
Hkh xfr dj ldrk gSA bl izdkj dh xfr;ksa dks le>kus osQ fy, ge dks.kh; osx] vfHkosQUnzh;
cy vkSj vfHkosQUnzh; Roj.k dh ladYiukvksa ls vkidks ifjfpr djk,axsA

mís';

bl ikB osQ vè;;u osQ i'pkr vki]

iz{ksI; xfr vkSj orqZy xfr dh O;k[;k dj losaQxs vkSj muosQ mnkgj.k ns losaQxs_

ÅèoZ o`Ùk esa fiaM dh xfr dh O;k[;k dj ldsaxs_

fdlh iz{ksI; osQ fy, mlosQ ̂ mM~M;u dky* (time of flight)] ijkl (range) rFkk vfèkdre
Å¡pkbZ (maximum height) osQ O;atd fudky losaQxs_

iz{ksI; osQ iFk dk lehdj.k O;qRiUu dj losaQxs_
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orqZy xfr esa fdlh fi.M osQ osx o Roj.k osQ O;atd Kkr dj losaQxs] vkSj

f=kT;h; rFkk Li'kZjs[kh; Roj.k (radial and tangential acceleration) dks ifjHkkf"kr dj
losaQxsA

4-1 iz{ksI; xfr (Projectile motion)

iz{ksI; xfr osQ o.kZu dk izFke liQy iz;kl xSyhfy;ks }kjk fd;k x;kA mlus fn[kk;k fd
fdlh ean ?kw.kZu iz{ksI; dh {kSfrt vkSj Å?oZ xfr;k¡ ijLij Lora=k gksrh gSaA bls fuEufyf[kr
fØ;kdykiksa }kjk ljyrk ls le>k tk ldrk gS%

fØosQV dh nks xsans yhft,A muesa ls ,d xsan dks fdlh bekjr dh Nr ls {kSfrt fn'kk esa
iz{ksfir dhft,A Bhd mlh le; nwljh xsan dks mruh gh Å¡pkbZ ls uhps dh vksj fxjk,aA
vki D;k ik,¡xs\

vki ik,¡xs fd nksuksa xsans ,d gh le; ij tehu ij fxjsaxhA blls ;g irk pyrk gS fd
fdlh iz{ksI; dk vèkkseq[kh Roj.k (down word acceleration) fdlh eqDr #i ls fxjrh oLrq
osQ leku gksrk gSA blosQ vfrfjDr os viuh {kSfrt xfr esa Lora=k gksrh gSaA bl rjg le;
vkSj nwjh dh eki ls ;g irk pyrk gS fd {kSfrt osx fujarj vifjorZuh; gksrk gS ,ao ÅèokZèkj
xfr dh n`f"V ls Lora=k jgrk gSA

nwljs 'kCnksa esa] iz{ksI; xfr dh izeq[k nks fo'ks"krk,¡ gSa%

(i) vpj {kSfrt osx ?kVd (constant horizontal velocity component)

(i) vpj ÅèokZèkjr% vèkkseq[kh Roj.k ?kVd (constant vertically downword acceleration
component)

bu nks Lora=k xfr;ksa osQ lfeJ.k osQ iQyLo#i iz{ksI; dk oØ iFk izkIr gksrk gSA
fp=k 4-1 dks nsf[k,A eku yhft, fd dksbZ ckyd ,d xsan dks vkjafHkd {kSfrt osx v ls
isaQdrk gSA U;wVu dh xfr osQ fu;ekuqlkj] tc rd {kSfrt fn'kk esa cy xsan ij izHkko ugha
Mkyrk] rc rd {kSfrt fn'kk esa dksbZ Roj.k ugha gksxkA ok;q osQ ?k"kZ.k dhs mis{kk djsa rks
xsan tc ckyd osQ gkFk ls vyx gksrh gS rks ml ij yxus okyk cy osQoy xqjQRo cy
gksrk gSA vr,o xsan dh {kSfrt pky v

H
 ifjorZr ugha gksrhA fdarq tc xsan viuh bl pky

osQ lkFk nkfguh vksj vkxs
c<+rh gS rks og xq#Ro cy
osQ izHkko esa Hkh dk;Z
djrh gSA bls lfn'k osx
v

y 
osQ ÅèokZèkj ?kVd ls

fn[kk;k x;k gSA è;ku jgs

fd v = 2 2
H vv v+  gS vkSj

;g iz{ksi&iFk (trajectory)

osQ gj fcanq ij Li'kZjs[kh;
(tangential) gksrk gSA

fp=k- 4.1: iz{ksI; dk oØiFk
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iz{ksI; xfr dks ifjHkkf"kr djus osQ i'pkr ge ;g Kkr djuk pkgsaxs fd iz{ksI; fdruh
Å¡pkbZ rd] fdruh nwjh rd rFkk fdrus le; rd ok;q esa jgrk gSA fdlh iz{ksI; dks
fdlh fuf'pr y{; ij fxjkus osQ fy,] tSls fd iqQVckWy osQ [ksy esa xksy nkxus osQ
fy,] fØosQV dh xsan dks lhekjs[kk osQ ikj igq¡pkus osQ fy, rFkk jkgr lkexzh fxjkus
osQ fy, ;g nksuksa ?kVd egRoiw.kZ gSaA

4.1.1 iz{ksI; dh vfèkdre Å¡pkbZ (maximum height), mM~M;u dky (time
of flight) vkSj ijkl (Range)

iz{ksI; dh vfèkdre Å¡pkbZ] mM~M;u dky ,ao ijkl Kkr djus osQ fy, ge iz{ksI; xfr
dk fo'ys"k.k djsaxsA blesa ok;q ;k ok;q izfrjksèk tSls lHkh izHkkoksa dks ux.; eku ysrs gSaA
iz{ksI; xfr esa fdlh oLrq osQ izkjafHkd osx dks ge ÅèokZèkj ,ao {kSfrt ?kVdkas esa fo;ksftr
dj ldrs gSaA eku yhft, fd {kSfrt fn'kk dks x–v{k vkSj ÅèokZèkj fn'kk dks y–v{k ls
fu#fir fd;k tkrk gS (fp=k 4-2)A

eku ysa] iz{ksI; dh izkjafHkd fLFkfr] le; t = 0 ij] ewy fcanq O ij gSA tSlk fd vki tkurs
gSa fd ewy fcanq osQ funsZ'kkad x = 0 vkSj y = 0 gksrs gSaA vc vki eku yks fd iz{ksI; x-v{k
ls θ dks.k] ftls iz{ksi&dks.k (angle of projection) dgrs gSa] ij izkjafHkd osx v

0
 ls isaQdk

tkrk gSA x ,oa y fn'kk esa blosQ ?kVd Øe'k% fuEufyf[kr gSaA

v
ox

= v
o
 cos θ

0
(4.1 a)

vkSj v
oy

= v
o
 sin θ

0
(4.1 b)

fp=k 4.2 : iz{ksI; dh vfèkdre Å¡pkbZ mM~M;u ,oa dky ijkl

eku ysa iz{ksI; Roj.k osQ {kSfrt vkSj Å?okZèkj ?kVd Øe'k% a
x
 vkSj a

y
 gSa bl izdkj

a
x

= 0; a
y
 = –g = –9.8 m s–2 (4.2)

a
y 
dk ½.k fpg~u fuèkkZfjr funsZ'kkad ra=k esa xq#Roh; Roj.k dks y – v{k dh ½.kkRed fn'kk

esa n'kkZrk gSA
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è;ku nsa fd a
y
 ,dleku gSA vr% lehdj.kksa (2.6) vkSj (2.9) dk mi;ksx fdlh le; t ij

iz{ksI; osQ osx vkSj fLFkfr osQ O;atdksa dks fy[kus osQ fy, fd;k tk ldrk gSA ;s O;atd
gSa%

{kSfrt xfr v
x

= v
ox

, pw¡fd a
x
 = 0 (4.3a)

x = v
ox

t = v
0
 cos θ

0
t (4.3b)

ÅèoZ xfr v
y

= v
oy  

– g t = v
0
 sin θ

0 
– gt (4.3c)

y = v
oy

t
  
– ½g t2  = v

0
 sin θ

0
t
 
– 

1

2
g t2 (4.3d)

lehdj.k (2.10) osQ iz;ksx }kjk ÅèokZèkj fLFkfr ,ao osx ?kVdksa dk lacaèk bl izdkj vkrk
gSA

– g y = 
1

2
2 2( – )y oyv v (4.3e)

vki ns[ksaxsa fd (lehdj.kksa 4.3a rFkk b) }kjk n'kkZbZ xbZ {kSfrt xfr fLFkj osx dks iznf'kZr
djrh gSA vkSj lehdj.kksa 4.3(c) vkSj 4.3(d) }kjk n'kkZbZ xbZ ÅèokZèkj xfr ,dleku (vèkkseq[kh)
Roj.k dks iznf'kZr djrh gSA nks ?kVdksa osQ lfn'k ;ksx }kjk fdlh Hkh {k.k iz{ksI; dh xfr
vkSj fLFkfr dk Kku gks ldrk gSA

(a) vfèkdre Å¡pkbZ : tSls&tSls iz{ksI; gok esa pyrk gS] og fdlh vfèkdre Å¡pkbZ (h)

rd igq¡pdj uhps dh vksj vkuk 'kq# djrk gSA iz{ksI; ftl {k.k vfèkdre Å¡pkbZ ij gksrk
gS] ml le; iz{ksI; dh xfr dk ÅèokZèkj ?kVd 'kwU; gksrk gSA ;g og {k.k gksrk gS tc
iz{ksI; dk Åij dh vksj tkuk rks #d tkrk gS ijUrq bl {k.k og vHkh uhps dh ;k=kk 'kq#
ugha djrkA

vr% lehdj.kksa (4.3c vkSj e) esa v
y
 = 0 eku j[kus ij gesa fuEu lehdj.k izkIr gksrs gSaA

0 = v
oy

 – g t,

bl izdkj vfèkdre Å¡pkbZ rd igq¡pus esa fy;k x;k le;

t = oyv

g
 = 0 0sinv

g

θ
(4.4)

vfèkdre Å¡pkbZ h ij osx dk ÅèokZèkj ?kVd 'kwU; gksrk gSA vr% v2 – u2 = 2 a s = 2 g

h dk iz;ksx djus ij gesa vfèkdre Å¡pkbZ

 
2

0
2
0 sin

2

v
h

g

θ
=            (pw¡fd v = 0 vkSj u = v

0
 sin θ)    (4.5)

è;ku nsa fd viuh x.kukvksa esa geus ok;q&izfrjksèk osQ izHkkoksa dks ugha fy;k gSA iz{ksI; osQ
dkiQh de osxksa osQ fy, vfèkdre Å¡pkbZ dk ;g lfUudV eku gSA
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lehdj.k (4.4) dh lgk;rk ls oLrq osQ ok;qe.My esa jgus dk le;&dky izkIr fd;k tk
ldrk gSA bls bl mM~M;u dky (time of flight) dgrs gSaA

(b) mM~M;u&dky (time of flight): iz{ksI; dk mM~M;u dky iz{ksI; osQ izekspu osQ {k.k
(isaQdus osQ {k.k) ,ao iz{ksI; osQ i`Foh ij fxjus osQ {k.k dk le;&varjky gSA lehdj.k
(4.4) ls n'kkZ;k x;k le; t fiaM osQ mM~M;u&dky dk osQoy vkèkk gksrk gSA vr% iw.kZ
mM~M;u&dky dk eku fuEufyf[kr gksxk%

0 02 sin
2

v
T t

g

θ
= = (4.6)

var esa ge iz{ksI; }kjk {kSfrt fn'kk esa pyh xbZ nwjh dh x.kuk djrs gSaA bls ijkl Hkh dgrs
gSaA

(c) ijkl (Range) iz{ksI; dk ijkl iz{ksI; osQ mM~M;u&dky dks iz{ksI; dh {kSfrt xfr
ls xq.kk djus ij izkIr gks tkrk gSA vr%

R = (v
ox

)  (2 t)

= (v
0
 cos θ

0
) 0 0(2 sin )v

g

θ

= 2
0v 0 0(2sin cos )

g

θ θ

pw¡fd] 2 sin θ cos θ = sin 2θ, bl izdkj ijkl fuEufyf[kr lehdj.k ls izkIr gksrk gS]

2
0 0sin 2v

R
g

θ
= (4.7)

mi;qZDr lehdj.k ls Li"V gS fd iz{ksI; dk ijkl fuEufyf[kr ?kVdksa ij fuHkZj djrk gS%

iz{ksI; dk izkjafHkd osx v
0
, vkSj

iz{ksI; dks.k θ
0
.

vc vki Kkr dj ldrs gSa fd fMLd ;k Hkkyk fdl dks.k ls isaQdk tk, rkfd og i`Foh
ij vfèkdre nwjh ij tk dj fxjsA nwljs 'kCnksa esa] dg ldrs gSa fd og dkSu&lk dks.k
gks ftlosQ fy, {kSfrt ijkl vfèkdre gksA

Li"V gS] fdlh fuf'pr osx v
0
 osQ fy, R rHkh vfèkdre gksxk] tcfd sin 2θ

0
 = 1 ;k 2θ

0

= 900.

;k θ = 45°

vr% fdlh fuf'pr osx v
0 
osQ fy, R rHkh vfèkdre gksxk] tcfd θ

0
 = 450.

vkb;s] ge ,d fo'ks"k fLFkfr esa bu jkf'k;ksa osQ eku fudkyrs gSa]
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mnkgj.k 4.1 : lu~ 1996 esa ,VykUVk (Atlanta) esa gq, lsUVhfu;y vksyfEid (Centennial

olympics) osQ nkSjku Lo.kZind izkIr djus okys f[kykM+h us gSej dks 19.6 m dh nwjh ij
isaQdkA bl nwjh dks vfèkdre ekurs gq, gSej dh izkjfEHkd pky Kkr dhft,A gSej dh
vf/dre Å¡pkbZ D;k Fkh\ gok esa gSej fdruh nsj jgk\ isaQdus okys f[kykM+h osQ gkFk dh
i`Foh ls Å¡pkbZ dks x.kuk esa u ysaA

gy : pw¡fd gSej isaQdus okys f[kykM+h osQ gkFk dh Å¡pkbZ dks x.kuk esa ugha fy;k tk jgk
gSA vr% iz{ksi fcUnq ,ao gSEkj dk okfil ykSVus dk LFkku ,d gh Å¡pkbZ ij gq,A ge funsZ'kkad
v{kksa osQ ewy fcanq 0 dks iz{ksi fcanq eku ysrs gSaA pw¡fd gSej }kjk r; dh xbZ nwjh bldk
ijkl gSA vr% ijkl osQ fy, lehdj.k 4.7 dk mi;ksx djrs gq,%

R = 
2
0v

g
 pw¡fd θ

0
 = 450 ij ijkl vfèkdre gksrk gSA

 ;k v
0

= Rg

R dk eku 19.6 m fn;k x;k gS rFkk g dk eku 9.8 m s–2 ysus ij

v
0
 = –2(19.6 m) (9.8 m s )×  = 9.8 2 m s–1 = 14.01 m s–1

vfèkdre Å¡pkbZ vkSj mM~M;u dky Øe'k% lehdj.k (4.5) vkSj (4.6) ls izkIr gksrk gSA v
0

vkSj sin θ
0
 osQ eku lehdj.k (4.5) vkSj (4.6) esa j[kus ij

vfèkdre Å¡pkbZ, h = 
( )

2
2

2 –2

–2

1
9.8 2 m  s

2
2 9.8 m s

⎛ ⎞×⎜ ⎟
⎝ ⎠

×
 = 4.9 m

mM~M;u dky, T = 
( ) –1

–2

2 9.8 2 m s

9.8 m s

×
 × 

1

2
 = 2 s

vkius vc iz{ksI; xfr ls lacafèkr ladYiukvksa vkSj muosQ vuqiz;ksx dk vè;;u dj fy;k
gSA viuh le> dh tk¡p djus osQ fy, fuEufyf[kr iz'uksa dks gy djus dk iz;kl djsa%

ikBxr iz'u 4.1

1. fuEufyf[kr ifjfLFkfr;ksa esa igpku dhft, fd dkSu&lh xfr iz{ksI; gS\

(a) rhjankt dk y{; ij rhj NksM+uk

(b) Toykeq[kh; foLiQksV ls pV~Vkuksa dk fu"dklu

(c) igkM+h lM+d ij Vªd dh xfr
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(d) ceo"kZd ok;q;ku }kjk ce fxjkuk (laosQr&ce osQ fxjrs le; bldh ok;q;ku osQ
osx osQ cjkcj {kSfrt xfr gksrh gS)

(e) unh esa ikuh ij rSjrh gqbZ iky ukSdk

2. vyx&vyx iz{ksi dks.kksa ij
isaQdh xbZ rhu xsans leku vfèkdre
Å¡pkbZ rd igq¡prh gSa (fp=k.4.3):

(a) D;k lHkh xsanksa osQ fy,
izkjafHkd osx osQ ÅèokZèkj
?kVd leku gSa\ ;fn ugha rks
fdl xsan osQ osx dk ÅèokZèkj
?kVd lcls de gksxk\

(b) D;k lHkh xsanksa dk mM~M;u dky leku gksxk\

(c) fdl xsan osQ osx dk {kSfrt ?kVd lcls vfèkd gksxk\

3. ,d f[kykM+h us 8.90 m nwjh owQn dj yach owQn dk dhfrZeku LFkkfir fd;kA
eku ysa owQnrs le; mldk izkjafHkd osx 9.5 m s–1 FkkA ;fn gok osQ izfrjksèk dks x.kuk
esa u ysa rks crkb, fd og vfèkdre ijkl osQ fdrus fudV owQnk Fkk\ g dk eku
9.78 m s–2 ysaA

4.2 iz{ksI; dk iz{ksi iFk

,d iz{ksI; }kjk r; ekxZ dks mldk iz{ksi iFk dgrs gSaA D;k vki fp=k- 4.1, 4.2 rFkk 4.3

esa fn[kk, x, iz{ksI;ksa osQ iz{ksi iFk dks igpku ldrs gSa\

;|fi geus iz{ksI; xfr ls lacafèkr vusoQ rF;ksa dh ppkZ dh gSA ijUrq vHkh rd geus ewwy
iz'u ij fopkj gh ugha fd;kA ,d iz{ksI; dk iz{ksi iFk D;k gS\ vr% gesa iz{ksI; osQ iz{ksi
iFk osQ fy, lehdj.k Kkr djuk gSA iz{ksI; osQ iz{ksi iFk dk lehdj.k fudkyuk ljy gSA

x dk eku lehdj.k (4.3b) ls izkIr gksrk gS rFkk y dk eku lehdj.k (4.3d) ls izkIr gksrk
gSA bu nksuksa lehdj.kksa dh lgk;rk ls t dks foyqIr djuk gksxkA lehdj.k (4.3b) ls t dk
eku lehdj.k (4.3d) esa j[kus ij gesa fuEufyf[kr lehdj.k izkIr gksrk gS%

y = v
oy

 
ox

x

v
 – 

1

2

2

2
ox

g x

v
as

ox

x
t

v
⎛ ⎞=⎜ ⎟
⎝ ⎠

(4.8 a)

lehdj.k (4.1 a vkSj b) osQ mi;ksx ls lehdj.k (4.8a) dk fuEu #i gks tkrk gS%

y = (tan θ
0
) x – 2

0 02( cos )

g

v θ
x2 (4.8 b)

pw¡fd v
oy

 = v
0
 sin θ vkSj v

ox
 = v

0
 cos θ.

fp=k 4.3 : iz{ksI; dk iz{ksiUiFk
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bl lehdj.k dk #i y = a x + b x2 osQ leku gS tks ,d ijoy; (parabola) dk lehdj.k gSA
fp=k- 4.3 esa vki fofHkUu iz{ksi dks.kksa ij NksM+s x, iz{ksI;ksa osQ iz{ksi iFkksa dks ns[k ldrs gSaA

iz{ksI; xfr ls lacafèkr iz'uksa dks gy djus osQ fy, vkerkSj ij lehdj.k (4.5) ls lehdj.k
(4.7) dk mi;ksx ljy gksrk gSA mnkgj.k osQ fy, bu lehdj.kksa dk mi;ksx fdlh Kkr nwjh
ij y{; dks nkxus osQ fy, vko';d foekspu xfr ,oa iz{ksi dks.k dh x.kuk osQ fy, fd;k
tkrk gSA ysfdu r; dh gqbZ nwjh cgqr vfèkd gksus ij ;s lehdj.k iz{ksI; xfr dk laiw.kZ
O;kSjk ugha nsrs gSaA vc ge fdlh iz{ksi dks.k θ ij osx v

0
ekudj fcanq (x

0
, y

0
) ls NksM+s x,

iz{ksI; dh xfr lacaèkh egRoiw.kZ lehdj.kksa dks la{ksi esa izLrqr djrs gSaA

iz{ksI; xfr ls lacafèkr lehdj.k

a
x

= 0 a
y

= – g (4.9 a)

v
x

= v
0 
cos θ

0
v

y
= v

0 
sin θ – g t (4.9 b)

x = x
0 
+ (v

0
 cos θ

0
)t y = y

0 
+ (v

0
 sin θ) t –(½) g t2 (4.9 c)

iz{ksi iFk dk lehdj.k

y = y
0 
+ (tan θ) (x – x

0
) – 2

0 02( cos )

g

v θ
 (x – x

0
)2 (4.9 d)

è;ku nhft, fd ;s lehdj.k igys ppkZ fd, x, lehdj.kksa ls vfèkd O;kid gSaA izkjafHkd
funsZ'kkadksa dks (0,0) ij u ysdj O;kid funsZ'kkad (x

0
, y

0
) ys fy, x, gSA D;k vki bl iz{ksI;

iFk dk O;kid lehdj.k izkIr dj ldrs gSa\ vkxs c<+us ls igys bls Kkr dhft,A

vHkh rd geus ,sls fiaMksa dh xfr dk vè;;u fd;k gS ftldh xfr ,d ry esa gksrh gS
vkSj ftls ge iz{ksI; xfr dh Js.kh esa j[k ldrs gSaA iz{ksI; xfr osQ nkSjku fiaM osQ Roj.k
dk ifjek.k vkSj fn'kk] nksuksa ,dleku jgrs gSaA ,d vkSj izdkj dh egRoiw.kZ f}foeh; xfr
gS] ftlesa Roj.k dk eku rks leku jgrk gS fdUrq fn'kk ughaA ;g ,dleku orqZy xfr gSA
lkekU;r;k orqZy xfr ls rkRi;Z {kSfrt o`Ùk esa xfr ls gksrk gSA rFkkfi] ÅèokZ/j o`Ùk esa xfr
Hkh laHko gSA vkxkeh vuqHkkx esa vki budk vè;;u djsaxsA

bokutssfyLVk Vksfjlsyh
(1608&1647)

;g bVyh osQ xf.krK o xSyhfy;ks osQ f'k"; FksA bUgksaus ikjn
ok;qnkcekih dk vkfo"dkj fd;k] iz{ksI;ksa osQ fl¼kar dh tk¡p
dh] nwjn'khZ ;a=k esa lqèkkj fd;k vkSj ,d izkFkfed lw{en'khZ dk
vkfo"dkj fd;kA mUgksaus bl ckr dks xyr fl¼ fd;k fd izo`Qfr
fuokZr ilan ugha djrh] Vksfjlsyh osQ izes;ksa dks izLrqr fd;kA
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4.3 orqZy xfr (Circular motion)

xzkeksiQksu osQ ros (record) dh xfr vFkok pDdh osQ ikV dh ,dleku osx ls xfr] lkèkkj.k
?kM+h dh lwb;ksa dh xfr vkSj ;krk;kr osQ pkSjkgs osQ xksy pDdj ij fdlh xkM+h dk eqM+uk
orqZy xfr osQ vkn'kZ mnkgj.k gSaA fxvj (gear), f?kjuh (pulley) vkSj ifg, (wheel) dh xfr
Hkh orqZy xfr gksrh gSA lcls ljy izdkj dh orqZy xfr ,d leku o`Ùkh; xfr gksrh gSA
?kwers gq, ia[ks dh ia[kfM+;ksa ij vkSj ,dleku pky ls ?kwers gq, pDdh osQ ikV ij fdlh
fcanq dk iFk blosQ mnkgj.k gSaA

,dleku orqZy xfr dk ,d mnkgj.k i`Foh osQ pkjksa vksj o`Ùkh; d{kkvksa esa o`Qf=ke mixzgksa
dh LFkkiuk gSA mixzgksa dh INSAT Jà[kyk rFkk vU; o`Qf=ke mixzgksa ls gesa vR;fèkd ykHk
gqvk gSA vr% ge igys ,dleku orqZy xfr dk vè;;u djrs gSaA

4.3.1 ,dleku orqZy xfr (Uniform Circular Motion)

fdlh o`Ùkh; iFk ij ,d leku pky ls gks jgh xfr dks ,dleku orqZy xfr dgrs
gSaA

fp=k 4.4 (a):,dleku orqZy xfr esa d.k dh fLFkfr;k¡; (b): ,dleku orqZy xfr

fp=k- 4.4a ns[ksaA blesa fdlh d.k (fudk;) dh ,dleku pky okyh o`Ùkh; xfr osQ fy,
t
1
o t

2
 le;ksa ij fLFkfr lfn'k r

1
 vkSj r

2
 n'kkZ, x, gSaA leku 'kCn ls rkRi;Z leku pky

ls gSA ge cryk pqosQ gSa fd d.k dh pky vpj gSA d.k dk osx D;k gS\ osx Kkr djus
osQ fy;s gesa vkSlr osx dh ifjHkk"kk dks ,dleku orqZy xfr dh P

1
 vkSj P

2
 fLFkfr;ksa ij

ykxw djuk gksxk] ftlls

vav = 2 1

2 1

–

–t t

r r
 = 

t

Δ
Δ

r
(4.10 a)

lfn'k Δr fp=k 4.4(a) esa n'kkZ;k x;k gSA vc eku yhft, fd le; vUrjky Δt vR;ar y?kq
gksrk tkrk gS vkSj 'kwU; eku rd igq¡prk gSA bl fLFkfr esa Δr dk ifjek.k rFkk fn'kk D;k
gksxh\ bl fLFkfr esa tSls&tSls Δt dk eku 'kwU; dh lhek dh vksj tkrk gS] Δr, fcanq P

1
 ij

(a)                                               (b)
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o`Ùk dh Li'kZ js[kk curh tkrh gSA xf.krh; :i ls fcanq P
1
ij rkR{kf.kd osx dh ifjHkk"kk

ge fuEufyf[kr #i esa djrs gSa%

v = 
lim

0tΔ →
d

dt t

Δ =
Δ

r r
(4.11)

vr% ,dleku orqZy xfr esa osx lfn'k fujUrj cnyrk jgrk gSA D;k vki bldk dkj.k
cryk ldrs gSa\ ,slk osx dh fn'kk fLFkj u gksus osQ dkj.k gksrk gSA osx dh fn'kk fujUrj
cnyrh tkrh gSA (nsf[k, fp=k 4.4b) osx osQ blh ifjorZu osQ dkj.k ,dleku orqZy
xfr Rofjr xfr gksrh gSA ,d d.k osQ ,dleku orqZy xfr esa Roj.k dks vfHkosQUnz Roj.k
dgrs gSaA vc bls FkksM+k foLrkj ls le>rs gSaA

vfHkosQUnz Roj.k (centripetal acceleration) : eku yhft, m nzO;eku dk dksbZ d.k
,deku pky  v ls r f=kT;k osQ o`Rkkdkj iFk esa pDdj yxk jgk gSA NksVs le; vUrjky Δt
osQ ckn d.k fLFkfr A ls fLFkfr B ij igq¡prk gSA eku ysa r o r′,′,′,′,′, AvkSj B fLFkfr;k¡ osQ fy;s
fLFkfr lfn'k_ v vkSj v′′′′′ osx lfn'k gSa (fp=k 4.5(a))A

fp=k 4.5

Δv (osx ifjorZu dk eku) lfn'kksa osQ f=kHkqt fu;e dh lgk;rk ls Kkr fd;k tkrk gSA
vc pw¡fd d.k dk iFk o`Ùkkdkj gS vkSj fdlh fcanq ij osx dh fn'kk ml fcanq ij Li'kZ
js[kk }kjk n'kkZbZ tkrh gSA vr% v rFkk v′′′′′  Øe'k% vkSj r vkSj r′′′′′ osQ yEcor~ gSaA

vkSlr Roj.k 
t

Δ⎛ ⎞=⎜ ⎟Δ⎝ ⎠
a

v
Δv dh fn'kk esa gS

vFkkZr~ vkSlr Roj.k Δr osQ yEcor gSA

ekuk fd fLFkfr lfn'k r vkSj r′′′′′ osQ chp dk dks.k Δθ gS] rc osx lfn'kksa v o v′′′′′  osQ chp
dk dks.k Hkh Δθ gksxk D;ksafd o`Ùkh; xfr esa osx lfn'k ges'kk fLFkfr lfn'k osQ yEcor~ gksrs
gSaA

(a)(b)
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osx ifjorZu Δv Kkr djus osQ fy, ,d fcanq O ysa vkSj AX osQ lekUrj o cjkcj OP js[kk
[khapsaA ;g v n'kkZrh gSA iqu% blh fcanq ls ,d js[kk OQ, BY osQ lekUrj [khapsA ;g v′′′′′     dks
n'kkZrh gSA

pw¡fd |v| = |v′′′′′ |, OP = OQ. PQ dks feyk,a (fp=k. 4.5b)

vc f=kHkqt OPQ esa Hkqtk OP vkSj OQ osQ A vkSj B fcanqvksa ij osx lfn'kksa v vkSj v′′′′′ dks n'kkZrs
gsaA blfy, budk vUrj PQ }kjk n'kkZ;k tkrk gS] tks fd osx ifjorZu osQ ifjek.k o Δt

le; esa fcanq A ls fcanq B ij tkus esa fn'kk ifjorZu dks n'kkZrk gSA

∴ Roj.k = osx ifjorZu dh nj

vFkkZr~ a = 
t t

Δ=
Δ Δ
PQ v

(4.12)

pw¡fd Δt cgqr de gS AB Hkh cgqr de gS] tks yxHkx ,d ljy js[kk gSA bl izdkj Δ ACB

vkSj ΔPOQ lef}ckgq f=kHkqt gSa ftuosQ var%dks.k leku gSaA vr% ;s f=kHkqt le:i gSaA

∴
PQ

AB
= 

OP

CA

vFkok
.

v

v t

Δ
Δ

= 
v

r
    [Q |v

1
| = |v

2
| = v] (4.13)

⇒
v

t

Δ
Δ

= 
2v

r
(4.14)

ysfdu] 
v

t

Δ
Δ

 d.k dk Roj.k gSA vr%

vfHkosQUnz&Roj.k, a = 
2v

r
(4.15)

vc v = r ω, vr% vfHkosQUnz&cy dk ifjek.k

 F = m a = 
2m v

r
 = m rω2. (4.16)

vc pw¡fd Δt dkiQh de gSA vr% ∠OPQ = ∠OQP = 1 ledks.k

bl izdkj PQ, OP osQ yEcor gS tks fd fcanq A ij [khaph Li'kZjs[kk AX osQ lekUrj gSA iqu%
AC, AX ij yEcor gS blfy, AC, PQ osQ lekUrj gSA ;g n'kkZrk gS fdlh fcanq ij
vfHkosQUnz&cy osQUnz dh vksj f=kT;k osQ vuqfn'k dk;Z djrk gSA

;g n'kkZrk gS fd fdlh oLrq dks o`Ùkkdkj iFk esa xfr'khy j[kus osQ fy, ,d U;wure vfHkosQUnzh
cy vko';d gksrk gSA ,sls cy osQ vHkko esa oLrq ,d ljy js[kk esa xfr djsxhA
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4.3.2 mQèokZ/j o`Ùk esa xfr

tc dksbZ fiaM fdlh {kSfrt o`Ùk esa ,d leku pky ls xfr djrk gS rks blds jSf[kd osx
dh fn'kk rks cnyrh jgrh gS fdUrq dks.kh; osx vifjo£rr jgrk gSA fdUrq] tc dksbZ fiaM
mQèokZ/j o`Ùk esa xfr djrk gS rks xq:Roh; Roj.k ds dkj.k bldk dks.kh; osx Hkh vpj
ugha jg ldrkA

fp=k 4.6

ekuk fd Mksjh ls ca/s m nzO;eku ds fdlh fiaM dks fcUnq O ds ifjr% r f=kT;k ds ,d
o`Ùk esa ?kqek;k tk jgk gSA D;ksafd fiaM mQèokZ/j o`Ùk esa xfr dj jgk gS] fuEure fcUnq P

ij bldk osx vf/dre gS vkSj tSls&tSls fiaM fcUnq Q dh vksj c<+rk gS xq#Ro ds dkj.k
osx de gksrk tkrk gS vkSj mPpre fcUnq Q ij bldk eku U;wure gksrk gSA tc fiaM o`Ùkkdkj
iFk ij pydj Q ls P dh vksj vkrk gS rks bldh pky fiQj c<+us yxrh gSA

P fcUnq ij fiaM ij yxus okys cy gSa% oLrq dk Hkkj mg vkSj Mksjh esa ruko T
1
 tks fp=k

esa n'kkZbZ xbZ fn'kkvksa esa izHkkoh gSaA blh izdkj fcUnq Q ij fiaM ij yxus okys cy gSa% mg

,oa ruko T
2
 tks fp=k 4-9 esa n'kkZbZ xbZ fn'kk esa yxs gSaA ;fn fcUnq P ,oa Q ij fiaM

ds osx Øe'k% v
1
 ,oa v

2
 gksa rks] P ij

2
1

1
mv

T mg
r

− =

vFkok
2
1

1
mv

T mg
r

= +

è;ku nsa fd P ij cy (T
1 
– mg), PO ds vuqfn'k yxrk gS vkSj vfHkdsUnzh cy iznku

djrk gSA blh izdkj fcUnq Q ij

2
2

2
mv

T mg
r

+ =

vFkok
2
2

2
mv

T mg
r

= −
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;fn Mksjh <+hyh iMs fcuk fiaM dks o`Ùk ij pyrs tkuk gS rks]

2 0T ≥

vFkkZr Mksjh esa Q fcUnq ij U;wure ruko 'kwU; gksuk pkfg,A

tc T2 = 0,  rks
2
2mv

mg
r

=

vFkkZr~ o`Ùk ds mPpre fcUnq Q ij U;wure osx gr  gSA

∴ ω2 = =v
g r

r

o`Ùk ds U;wure fcUnq P ij U;wure osx bruk gksuk pkfg, fd mPpre fcUnq Q ij bldk

osx v2 = gr  gks tk,A

laca/ v2 – u2 = 2as dk mi;ksx djus ij gesa izkIr gksrk gSA

2 2
2 1 2 (2 )− = −v v g r (Q s = 2r ,oa g Î.kkRed gS)

vFkok 2 2
1 2 4= +v v gr

2
1 4 5= + =v gr gr gr

⇒ 1 5=v gr

vr% dksbZ fiaM iwjh rjg mQèokZ/j o`Ùk ij py ik, blds fy, fuEure fcUnq ij fuEure

osx 5gr  gksuk pkfg,A

vFkok 1 5=w g r

tks n'kkZrk gS fd tc dksbZ fiaM mQèokZ/j o`Ùk esa xfr djrk gS rks bldk dks.kh; osx Hkh
ifjo£rr gksrk gSA bu rF;ksa dks vuqHko djus ds fy, fuEufyf[kr fØ;kdykiksa dks djds
ns[ksaA

fØ;kdyki 4.1

,d NksVk lk iRFkj dk VqdM+k èkkxs esa ck¡èkdj o nwljs fljs dks gkFk esa ysdj {kSfrt ,oa
ÅèokZèkj fn'kkvksa esa ?kqekus dk iz;kl djsaA vki de ?kw.kZu xfr ls izkjaHk dj Øe'k% bl
xfr dks c<+k,aA tc ?kw.kZu xfr de gksrh gS] rc D;k gksrk gS\ D;k vki iRFkj osQ ?kweus
ij vaxqfy;ksa esa dksbZ f[kapko eglwl djrs gSa\ tc vki èkkxs osQ fdukjs dks NksM+ nsrs gSa
rks D;k gksrk gS\ bldh O;k[;k vki oSQls djsaxs\
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fØ;kdyki 4.2

,d ehVj yack ,syqfefu;e dk ,d pSuy ysa vkSj bls bl izdkj eksM+sa fd chp esa ,d òRkkdkj
ywi cu tk, (fp=k 4.5)A ;fn vko';drk gks rks fdlh rduhdh tkudj dh lgk;rk ysaA

fp=k 4.7: ;fn fdlh xsan dks vkur (incline) ry ij i;kZIr Å¡pkbZ ls yq<+dk;k tk, rks ;g ywi
dk iwjk pDdj yxk ysxhA

dk¡p dh xksfy;ksa dks pSuy osQ nkbZa vksj fHkUu&fHkUu Å¡pkb;ksa ls yq<+dk,aA voyksdu djsa
fd D;k xksyh izR;sd fLFkfr esa ywi dk pDdj yxk ysrh gS vFkok bls ,d U;wure Å¡pkbZ
ls vfèkd Å¡pkbZ ls (bl izdkj ,d U;wure osx) ls yq<+dkuk iM+sxk\ blls de m¡QpkbZ
ls yq<+dkus ij dk¡p dh xksyh ywi dk pDdj iwjk ugha dj ik,xh vkSj ;g uhps fxj tk,xhA
vki bldh O;k[;k oSQls djsaxs\

vfHkosaQUnzh; cy osQ oqQN mi;ksx
(i) viosQUnzd : fofHkUu ?kuRo dh oLrqvksa dks vyx&vyx djus osQ fy, ?kweus okyh
;qfDr;ksa dk iz;ksx fd;k tkrk gSA ;s bl fl¼kar ij vkèkkfjr gSa fd ;fn nks vyx&vyx
?kuRo okys inkFkksZa osQ feJ.k dks ,d ik=k esa j[k dj mPp osx ls ?kqek;k tk, rks
Hkkjh vo;o ij yxus okyk vfHkosQUnz cy vfèkd gksxk vkSj Hkkjh inkFkZ ik=k esa ckgj
dh vksj xeu djsxk vkSj bls vyx fd;k tk ldrk gSA bu ;qfDr;ksa dks ;wjsfu;e
dks le`¼ cukus osQ fy, iz;ksx fd;k tkrk gS jlk;u iz;ksx'kkyk esa budk mi;ksx jlk;fud
fo'ys"k.k osQ fy, fd;k tkrk gSA

fp=k 4.8: ikjn vkSj ikuh ,d r'rjh esa ?kwers gSaA ikuh ikjs osQ vUnj dh vksj gSA xq#Roh;
cy dh Hkk¡fr vfHkosQUnz&cy T;knk Hkkjh inkFkZ osQ fy, vfèkd gksrk gSA
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(ii) okguksa osQ ifg;ksa ij de xfr dh fLFkfr esa dhpM+ fpid tkrk gS vkSj xfr osQ
cgqr c<+ tkus ij ;g Li'kZjs[kh; fn'kk esa fNVddj nwj gks tkrk gSA

fp=k 4.9: rsth ls pDdj yxkrs gq, ifg, esa dhpM+ vkSj ikuh fNVd dj nwj gks tkrs gSaA

(iii) xzgh; xfr : lw;Z dh ifjØek djus okys ìFoh rFkk nwljs xzgksa osQ fy, vko';d
vfHkosQUnz&cy muosQ vkSj lw;Z osQ chp dk;Z djus okys xqjQRokd"kZ.k&cy }kjk feyrk gSS

mnkgj.k 4.2 : varfj{k esa mM+ku osQ nkSjku varfj{k ;k=kh mPp Roj.k dk vuqHko djrs gSaA
,slh fLFkfr;ksa osQ fy, izf'k{k.k osQUnzksa esa budks ,d ,sls lao`r oSQIlwy (closed capsule) esa
j[kk tkrk gS tks 15 m f=kT;k dh ?kw.khZ (revolving) Hkqtk (arm) osQ fljs ij tksM+ fn;k tkrk
gSA bl oSQIlwy dks ,d o`Ùkkdkj iFk esa mlh izdkj ?kqek;k tkrk gS& tSls fd ge Mksjh osQ
lkFk iRFkj ck¡èkdj {kSfrt o`Ùk  esa ?kqekrs gSaA ;fn Hkqtk o`Ùk osQ pkjksa vksj 24 pDdj izfr
feuV dh nj ls ?kwerh gS rks oSQIlwy dk vfHkosQUnz&Roj.k Kkr dhft,A

gy : o`Ùkh; iFk dh ifjfèk dk eku =  2π × (f=kT;k) = 2π × 15 ehVj

ifjfèk esa ,d pDdj yxkus esa yxk le; = 
60

24

blfy, oSQIlwy dh pky v = 
2

T

rπ
 = 

2 15 m

(60 / 24) s

π ×
 = 38 m s–1

vfHkosQUnz&Roj.k dk ifjek.k

a = 
2v

r
 = 

–1 2(38 m s )

15 m  = 96 m s–2

è;ku nsa fd ;g Roj.k xq#Roh; Roj.k ls yxHkx 10 xquk gSA

ikBxr iz'u 4.2

1. ,dleku orqZy xfr esa (a) D;k pky ,dleku gksrh gS\ (b) D;k osx ,dleku gksrk
gS? (c) D;k Roj.k dk ifjek.k fLFkj gksrk gSA (d) D;k Roj.k ,dleku gksrk gS\ Li"V
dhft,A
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2. ÅèoZ o`Ùkh; xfr esa D;k fiaM dk dks.kh; osx ifjofrZr gksrk gS\ O;k[;k dhft,A

3. ,d èkkod o`Ùkkdkj iFk osQ pkjksa vksj 9.0 m s–1 dh pky ls nkSM+rk gS] ftldk
vfHkosQUnz&Roj.k 3 m s–2 gSA o`Ùkkdkj iFk dh f=kT;k Kkr dhft,A

4. iQehZ iz;ksx'kkyk dk Rojd fo'kkyre d.k Roj.kksa esa ls ,d gSA bl Rojd esa izksVkuksa
dks ,d fuokZr uyh esa 2 km O;kl osQ o`Ùkh; iFk esa pyus dks ckè; fd;k tkrk gSA
budh xfr izdk'k osx osQ yxHkx 99.99995% gSA bu izksVkWuksa dk vfHkosQUnz Roj.k D;k
gS\ c = 3 × 108 m s–1.

4-4 ,dleku orqZy xfr osQ vuqiz;ksx

vc rd vki i<+ pqosQ gSa fd ,d o`Ùkkdkj iFk esa py jgs fiaM dh xfr Rofjr gksrh gSA
fiNys ikBksa esa vkius U;wVu osQ xfr osQ fu;e Hkh i<+sA U;wVu osQ nwljs fu;e ls vki tkurs
gSa fd pw¡fd o`Ùkkdkj iFk ij xfr'khy fiaM dh xfr Rofjr gksrh gS] bl ij ,d usV cy
vo'; izHkkoh gksuk pkfg,A

bl cy dh fn'kk vkSj ifjek.k D;k gS\ ;s ckrsa bl vuqPNsn esa vki lh[ksaxsA rc ge ,dleku
orqZy xfr osQ fy, U;wVu osQ fu;eksa dk iz;ksx djsaxsA blls ge ;g tku ikrs gsa fd lM+dksa
dks cSafdr djus dk D;k dkj.k gS] vFkok tc ik;yV ok;q;kuksa dks ÅèokZèkj ywiksa esa mM+krs
gSa rks os viuh lhVksa ij cSBs gq, nkc eglwl D;ksa djrs gSa\

lcls igys fiaM ij yxs ml cy dks Kkr djrs gSa tks bldh ,dleku orqZy xfr dks cuk,
j[krk gSA eku yhft, fd fiaM r f=kT;k osQ òÙk esa fLFkj osx v ls pDdj dkV jgk gSA U;wVu
osQ nwljs fu;e osQ vuqlkj fiaM ij yxs cká cy ,ao Roj.k osQ chp fuEu lacaèk gS%

F = 
2mv

r
− r̂ , |F| = 

2mv

r
(4.17)

,d leku orqZy xfr djrs fi.M ij yx jgk usV ckã cy o`r osQ osQUnz dh vksj fufnZ"V
gksrk gS vkSj bldk ifj.kke leh- (4-17) }kjk izkIr gksrk gSA bl cy dks vfHkosQUnzh; cy
dgrs gSaA ,d vkSj egRoiw.kZ rF; le>us vkSj ;kn djus dk ;g gS fd vfHkosQUnz cy]
xq#Roh; cy vFkok oS|qr cy tSls vU;ksU;fØ;k cyksa (forces of interaction) dh lwph esa
ugha vkrk gSA ;g ifjHkkf"kd 'kCn osQoy gesa ;g tkudkjh nsrk gS fd ,dleku orqZy xfr
esa fiaM ij yxk usV cy osQUnz dh vksj fufnZ"V gksrk gSA blls gesa ;g irk ugha pyrk
gS fd ;g cy dgk¡ ls vkrk gSA

bl izdkj] ;g cy nks fudk;ksa osQ chp dk;Z djus okys xq#Rokd"kZ.k osQ dkj.k gks ldrk
gS tSls lw;Z osQ pkjksa vksj xzgksa dh xfr osQ nkSjku vfHkosQUnz&cy lw;Z vkSj mixzg osQ chp
xq#Roh; vkd"kZ.k osQ dkj.k gksrk gSA blh izdkj fdlh eksM+ ;k xksykbZ esa eqM+rh gqbZ eksVj
dkj osQ fy, vfHkosQUnz&cy lM+d ,ao dkj osQ Vk;jksa osQ chp ?k"kZ.k cy vkSj lM+d dh
cSafdax ls (vFkok cSaDM jksM dh vfHkyEcr izfrfØ;k cy osQ {kSfrt ?kVd }kjk) feyrk
gSA vfHkosQUnz&cy dh èkkj.kk vkSj vfèkd izR;{k fLFkfr;ksa esa iz;ksx fd, tkus ij Li"V gks
tk,xhA
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4-4-1 lM+dksa dh cSafdax

lkbfdy pykrs gq, fdlh rhoz eksM+ ij vkius vuqHko fd;k gksxk fd dksbZ cy vkidks
vkiosQ iFk ls ckgj dh vksj èkosQyus dk iz;kl dj jgk gSA D;k vkius dHkh lkspk fd
,slk D;ksa gksrk gS\

vki ckgj fxjus dks rc izo`Ùk gksrs gSa] tcfd vkidks o`Ùkkdkj iFk esa cuk, j[kus osQ fy,
vko';d cy dk vHkko gksA lM+d ,ao Vk;jksa osQ chp ?k"kZ.k ls oqQN cy izkIr gksrk gS
ysfdu ;g laHkor;k i;kZIr ugha gksrk gSA tc vki xfr èkheh djrs gSa] rks vko';d
vfHkosQUnz&cy de gks tkrk gS vkSj vki eqM+us esa l{ke gks tkrs gSaA

eku yhft, jktekxZ osQ fdlh eksM+ okys Hkkx esa m nzO;eku dh eksVj dkj v pky ls tk
jgh gSA (fp=k- 4-6) o`Ùkkdkj iFk esa eksVj dkj dks ,dleku #i ls xfr'khy cuk;s j[kus
osQ fy;s bl ij dksbZ cy dk;Z djuk pkfg,A ;g cy osQUnz dh vksj fufnZ"V gksuk pkfg,

vkSj bldk ifjek.k 
2m

r

v
 gksuk pkfg,A ;gk¡ r ofØr Hkkx dh oØrk f=kT;k (radius of

curvature) gSA

(a)                  (b)
fp=k 4.10 : ,d eqM+rh gqbZ dkj (a) ,d lery lM+d ij] (b) ,d cSao~QM lM+d ij]

(c) dkj ij dk;Zjr cy dks blosQ ldeksf.kd ?kVdksa esa foHkkftr fd;k
x;k gSA

lkekU;r;k mruk vf/d ugha gksrk ftruk fp=k esa n'kkZ;k x;k gSA vc vxj lM+d lery
gks rks dkj dks o`Ùkh; iFk esa cuk, j[kus osQ fy, lM+d o ifg;ksa osQ chp dk ?k"kZ.k cy
vko';d vfHkosQUnz&cy iznku djrk gSA blls ifg, dkiQh f?klrs gSa vkSj lkFk gh ;g cy
lqjf{kr #i ls eqM+us osQ fy, i;kZIr ugha Hkh gks ldrk gSA blfy, lM+dksa dks eksM+ksa ij
cSaDM fd;k tkrk gSA lM+d dh cSafdax esa lM+d osQ ckgj osQ fdukjs dks Åij mBk fn;k
tkrk gSA lPpkbZ rks ;g gS fd lM+dksa dk fMtkbu bl izdkj fd;k tkrk gS fd ?k"kZ.k ij
de ls de fuHkZj jguk iM+sA mnkgj.k osQ fy, ;fn eksVj osQ Vk;j f?kldj fpdus gks x,
gksa ;k lM+d ij ikuh ;k ciZQ iM+k gks rks ?k"kZ.k xq.kkad (coefficient of friction) dk eku ux.;
gks tkrk gSA eksM+ osQ ikl lM+dksa dks bl izdkj cSad~M fd;k tkrk gS fd ?k"kZ.k osQ ux.;
gksus ij Hkh dkj vius iFk ij pyrh jgsA

(c)
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cSafdax dks.k θ dk lek;kstu eksM+ dh orqZyrk vkSj vfèkdre vuqekfur pky osQ vuqlkj
dj fy;k tkrk gSA dks.k θ dk O;atd izkIr djus osQ fy, ge eksVj dkj osQ cy funsZ'kd
vkjs[k (free body diagram) dk fo'ys"k.k djrs gSaA

ge ml fLFkfr ij fopkj djrs gSa ftlesa eksVj dkj vkSj lM+d osQ chp dksbZ ?k"kZ.k cy
dk;Z ugha djrkA eksVj dkj ij dk;Z djus okys cyksa esa ls ,d rks dkj dk Hkkj mg gS
vkSj nwljk vfHkyac izfrfØ;k (Normal reaction) dk cy F

N 
gksrk gSA vfHkosQUnz cy F

N 
osQ

{kSfrt ?kVd ls izkIr gksrk gSA F
N
 dks blosQ ÅèokZèkj ,ao {kSfrt ?kVdksa esa rksM+us ij gesa

fuEufyf[kr lacaèk izkIr gksrs gSa%

F
N
 sin θ = 

2mv

r
(4.18)

pw¡fd bl voLFkk esa dksbZ ÅèokZèkj Roj.k ugha gSA vr% F
N
 ÅèokZèkj ?kVd dkj osQ Hkkj osQ cjkcj

gksrk gSA
F

N 
cos θ = m g (4.19)

gekjs ikl nks vKkr jkf'k;ksa osQ fy, nks lehdj.k gSaA θ dk eku Kkr djus osQ fy, lehdj.k
(4.18) dks 4.19) ls Hkkx nsus ij gesa fuEu lacaèk gksrk gSA

tan θ = 
2/mv r

m g
 = 

2v

r g

vFkok θ = tan–1 
2v

rg
(4.20)

θ osQ pquko ,ao r dh lhekvksa osQ lanHkZ esa lehdj.k (4.20) dk vFkZ ge D;k yxkrs gSa\
lcls igyk rF; lehdj.k (4.20) ;g crykrk gS fd cSafdax dks.k xkM+h osQ nzO;eku ij
fuHkZj ugha djrk gSA bldk vFkZ ;g gqvk fd cSafdr lM+dksa ij Hkkjh xkfM+;k¡ Hkh py ldrh
gSaA

lehdj.k (4.20) ls nwljk fu"d"kZ ;g fudyrk gS fd vR;fèkd ?kqekonkj eksM+ksa (vFkkZr~
r osQ de ekuksa osQ fy,) ,ao xkfM+;ksa osQ mPp osxksa osQ fy, θ dk eku vfèkd gksuk pkfg,A
θ osQ fuf'pr eku ij ;fn pky v dh vis{kk de gS rks xkM+h dh izo`fÙk <ky dh vksj fiQlyus
dh gksxhA ;fn pky v dh vis{kk vfèkd gks] rks xkM+h dk #>ku lM+d dh Å¡pkbZ okys Hkkx
dh vksj iyVus dk gksxkA blfy, xkM+h pkyd dks lM+d osQ eksM+ksa ij fuèkkZfjr pky lhekvksa
osQ Hkhrj gh pyuk pkfg,] ugha rks xkM+h lM+d osQ bèkj&mèkj iyV tk,xh vkSj nq?kZVuk,¡
gks ldrh gSaA

vkerkSj ij] ?k"kZ.k cyksa osQ dkj.k v dh vis{kk xkM+h dh lqjf{kr pky osQ vfèkd ;k de
gksus dk ,d ijkl (range) gksrk gSA eksM+ksa ij eqM+rs le; ;fn pky ijkl lhek esa jgrh
gS rks xkM+h o`Ùkkdkj iFk esa vkjke ls pyrh jg ldrh gSA okLrfod fLFkfr dks le>us osQ
fy, eku yhft, 300 m f=kT;k dh jsy iVjh dks bl izdkj fcNk;k x;k gS fd bl iVjh
ij vuqekfur pky 50 m s–1 gSA vuqekfur cSafdax dk eku D;k gksuk pkfg,\ bl dks.k dk
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eku Kkr djus osQ fy, ge rqjar lehdj.k (4.20) dk iz;ksx djrs gSaA vkSj θ dk eku fuEu
fofèk ls izkIr djrs gSaA

θ = tan–1 
–1 2

–2

(50 ms )

(300 m) (9.8 ms )  = tan–1 (0.017) = 10

vki ,d vU; mi;ksxa osQ ckjs esa Hkh fopkj djuk pkgsaxsA

4.4.2 ÅèokZèkj ywi cukrs gq, ok;q;ku dh xfr (Aircrafts in vertical loops)

x.kra=k fnol ;k vU; izn'kZuksasa esa Hkkjrh; ok;qlsuk osQ ik;yVksa dks vkius ÅèokZèkj ywiksa esa
ok;q;ku }kjk mM+ku Hkjrs gq, ns[kk gksxk (fp=k 4.8a)A ,slh voLFkkvksa esa tc ok;q;ku ywi
dh ryh esa gksrk gS rks ik;yV ;g vuqHko djrs gSa tSls mudh lhV ij dbZ xqus xq#Roh;
cy ls dksbZ mUgsa nck jgk gSA ,slk D;ksa gksrk gS\ bls le>us osQ fy, fp=k- (4.8b) nsf[k,A
fp=k (4.8b) ywi dh ryh esa ik;yV dk cy funsZ'kd vkjs[k gSA ik;yV ij dke dj jgs
cyksa esa ,d rks mg gS rFkk nwljk ik;yV dh lhV }kjk yxk;k tk jgk vfHkyac cy N gSA usV
mifjeq[kh cy dk eku, N–mg, gS tks vfHkosQUnz Roj.k iznku djrk gSA

(a) (b)

fp=k. 4.11 : (a) ÅèokZèkj ywi esa ok;q;ku dh fofHkUu fLFkfr;k¡ (b) ik;yV dk cy funsZ'kd
vkjs[k

vc N dh x.kuk fuEu izdkj dh tkrh gSA

N – mg = m a

vFkok N – mg = m v2/r

vFkok N = m (g + v2/r)

okLrfod fLFkfr esa eku yhft, v = 200 m s–1 rFkk r = 1500 m gSA

vr% N = m g
–1 2

–2

(200 m s )
1

(9.8 m s 1500 m)

⎡ ⎤
+⎢ ⎥×⎣ ⎦

 = m g × 3.7

mi;qZDr N osQ eku ls Li"V gks tkrk gS fd ik;yV 3.7 xquk xq#Roh; cy dk vuqHko djrs gSaA
;fn ;g cy fuèkkZfjr lhekvksa ls c<+ tk; rks ;gk¡ rd gks ldrk gS fd ik;yV oqQN {k.kksa osQ
fy, csgks'k gks tk;] tks fd muosQ vkSj ok;q;ku osQ fy, cgqr [krjukd gks ldrk gSA
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ikBxr iz'u 4.3

1. ,dleku osx ls mM+rs gq, ok;q;ku eqM+rs le; vkerkSj ij cSfdar gks tkrs gSa] fp=k
(4.8)A Li"V dhft, fd ok;q;ku cSafdr D;ksa gkrs gSa\ bl ok;q;ku dk cy&funsZ'kd
vkjs[k cukb, (F

a
 ok;q;ku ij ok;q }kjk yxk;k x;k cy gSA) eku yhft, v = 100

m s–1 dh pky ls mM+rk gqvk ok;q;ku 300 cSafdax dks.k ij eqM+rk gSA bl eksM+ dh oØrk
f=kT;k dk eku Kkr dhft,A g dk eku 10 m s–2 yhft,A

2. ml dkj dh vfèkdre pky D;k gksxh tks {kSfrt lM+d ij nkSM+rh gqbZ 100 m f=kT;k
osQ ?kqeko ij eqM+rh gSA Vk;jksa vkSj lM+d osQ chp ?k"kZ.k xq.kad dk eku 0.90 gSA g dk
eku 10 m s–2  ysA

3. euksjatd izn'kZuksa esa ,d etsnkj [ksy ;g fn[kk;k tkrk gS fd ,d jLlh ls ikuh dh
Hkjh ckYVh dks ck¡èkdj ÅèokZèkj o`Ùk esa bl rjdhc ls ?kqek;k tkrk gS fd o`Ùk osQ Åijh
fljs ij igq¡p dj ckYVh mYVh gks tkrh gS ijUrq ikuh ugha fxjrkA bl djrc dks djus
osQ fy, ckYVh o`Ùk osQ Åijh fljs ij gksrh gS rks ml le; ckYVh dh U;wure pky
osQ fy, f=kT;k R osQ inksa dk O;atd Kkr dhft, R = 1.0 m osQ fy, pky dk eku
Kkr dhft,A

vkius D;k lh[kk

iz{ksI; xfr ,slh xfr gS ftldk ,d fuf'pr fn'kk esa ,dleku osx gksrk gS rFkk bl
osx dh fn'kk osQ yEcor ,dleku Roj.k gksrk gSA

a
x
= 0 a

y
= – g

v
x
= v

0 
cos θ v

y
= v

0 
sin θ –g t

x = x
0 
+ (v

0
 cos θ) t y = y

0 
+ (v

0
 sin θ) –

1

2
 g t2

Å¡pkbZ h = 
2
0 sin 2v

g

θ

T = 02 sinv

g

θ

iz{ksIi dk ijkl R = 
2
0 sin 2v

g

θ

iz{ksi iFk dk lehdj.k y = (tan θ
0
) x –

2
0 02( cos )

g

v θ
 x2
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orqZy xfr esa xfr ,dleku rc gksrh gS tc fiaM dh pky ,dleku gksrh gSA r f=kT;k
osQ o`Ùk esa ,dleku pky v ls pDdj yxkus okys fiaM osQ ,d leku orqZy xfr dk
vfHkosQUnz Roj.k fuEu lehdj.k ls izkIr gksrk gSA

a
r
 = –

2v

r
r̂

tgk¡ r̂ ek=kd lfn'k gS tks o`Ùk osQ osQUnz ls fiaM dh vksj fufnZ"V gksrk gSA fiaM dh
pky vkSj bldh dks.kh; pky esa v = r ω lacaèk gksrk gSA
fiaM ij yxs vfHkosQUnz cy dk eku fuEu gksrk gSA

F = m a
r
 = 

2m v

r r̂  = m r ω2

tc dksbZ fiaM ÅèoZ o`Ùk esa xfr djrk gS rks mldk dks.kh; osx vpj ughas jg ldrkA
ÅèoZ o`Ùkh; xfr esa o`Ùk ds mPpre ,oa fuEure fcUnqvksa ij U;wure ,oa vf/dre

osxksa ds eku Øe'k% gr  ,oa 5gr  gksrs gSaA

ikBkar iz'u

1. o`Ùkkdkj iFk esa eqM+rs le; lkbfdy lokj o`Ùk dh ifjfèk osQ vanj dh vksj D;ksa >qd
tkrk gS\

2. jsy iVjh osQ ?kqekonkj Hkkx esa vanj dh iVjh osQ lis{k ckgj dh iVjh dks Å¡pk D;ksa
dj fn;k tkrk gS\

3. D;k orqZy xfr esa ,dleku pky ls ?kwwers gq, fiaM dk Roj.k Hkh & ,dleku gksrk
gS\

4. lery lM+d ij pyrh cl dh f[kM+dh ls ,d iRFkj isaQdk tkrk gS lM+d osQ fdukjs
[kM+s fdlh izs{kd dks i`Foh ij igq¡prs gq, iRFkj dk iFk oSQlk fn[kkbZ nsxk\

5. fcuk VwVs gq, dksbZ Mksjh 100 N dk vfèkdre cy >sy ldrh gSA 1m yEcs Mksjh osQ
VqdM+s osQ ,d fljs ij 1kg nzO;eku ck¡èkdj bldksa {kSfrt ry esa ?kqek;k tkrk gSA pky
dk og vfèkdre eku ifjdafyr dhft, ftlls fiaM dks fcuk Mksjh VwVs ?kqek;k tk
losQA

6. 10 m s–1 pky ls dksbZ eksVj lkbfdy lokj 50 m f=kT;k okys ?kqekonkj eksM+ ij eqM+rk
gSA eqM+rs le; vfHkosQUnz Roj.k D;k gksxk\

7. {kSfrt ls 30° osQ dks.k ij izkjafHkd osx 300 m s–1 ls xksyh nkxh tkrh gSA canwd ls
fdruh nwjh ij tk dj xksyh tehu ij yxsxh\

8. fdlh ?kM+h dh lsoaQM dh lqbZ dh yackbZ 10 cm gSA bl lqbZ dh uksd dh pky D;k
gksxh\
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9. fgUnh fiQYe esa uk;dksa dks vkius cM+h yach owQn ekj dj ?kksM+ksa dh ihB vkSj eksVj
lkbfdy ij cSBrs ns[kk gksxkA bl leL;k esa dksbZ fuMj eksVj lkbfdy lokj fdlh
[kkyh txg (gap) dks 100 km h–1 osQ osx ls yk¡?kuk pkgrk gSA (fp=k 4.9)A ;fn nksuksa
vksj dk vkur dks.k 450 gks rks [kkyh txg dh vfèkd ls vfèkd fdruh pkSM+kbZ gksxh\

10. 500 m s–1 osx ls 30° osQ iz{ksi dks.k ls dksbZ xksyk (shell) nkxk tkrk gSA osx osQ ÅèokZèkj
?kVd] {kSfrt ?kVd] xksys dh vfèkdre Å¡pkbZ vkSj ijkl dk eku Kkr dhft,A

11. i`Foh ls 2000 ehVj dh Å¡pkbZ ij 200 km h–1 dh ,dleku pky ls {kSfrt mM+ku
Hkjrs gq, dksbZ ok;q;ku Hkkstu dk iSosQV fxjkrk gSA bl iSosQV dks i`Foh rd vkus esa
fdruk le; yxsxk\ iSosQV NksM+s tkus osQ fcUnq ls iSosQV i`Foh ij fdruh {kSfrt nwjh
vkxs fxjsxk\

fp=k 4.12 fp=k 4.13

12. v pky ls fdlh o`Ùk esa ?k"kZ.kghu (frictionless) est ij pDdj yxkrs m nzO;eku osQ
lkFk est esa Nsn djosQ M nzO;eku dk fiaM Mksjh }kjk tksM+ fn;k tkrk gS (fp=k 4-
10)A nzO;eku m nzO;eku osQ fi.M dh og pky Kkr dhft, ftlls fd M nzO;eku
dk fiaM fojke voLFkk esa cuk jgsA

13. 60 km h–1 dh pky ls dksbZ dkj 220 m f=kT;k osQ ?kqekonkj (o`Ùkkdkj) iFk esa pDdj
dkV jgh gSA dkj esa cSBh 90 kg dh lokjh ij viosQUnz cy D;k gksxk\

ikBxr iz'uksa osQ mÙkj

4-1

(1) (a), (b), (d)

(2) (a) gk¡ (b) gk¡ (c) vfèkdre ijkl dh xsan

(3) vfèkdre ijkl 
2
0v

g
 = 

–1 2

–2

(9.5 m s )

9.78 m s  = 9.23 m

vr% vUrj dk eku 9.23 m – 8.90 m = 0.33 m
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4-2

(1) (a) gk¡ (b) ugha (c) gk¡ (d) ugha

osx vkSj Roj.k leku ugha gSa D;ksafd budh fn'kk,a yxkrkj cny jgh gSaA

(2) pw¡fd

a = 
2v

r
, r = 

2v

α
 = 

–1 2

–2

(9.0 m s )

3 m s
 = 27 m

(3) a = 
2c

r
 = 

8 –1 2

3

(3×10  m s )

10×10  m

= 9 × 1013 m s–2

4-3

(1) ;g iz'u lM+dksa dh cSafdax osQ leku gSA ;fn ok;q;ku cSad djrk gS rks cy F dk
?kVd cy f=kT;k dh fn'kk esa dk;Z djosQ vko';d vfHkosQUnz Roj.k iznku djrk gSA

oØrk f=kT;k dk eku fuEufyf[kr gksrk gS%

R = 
2

0tan

v

g θ
 = 

2–1

–2

100 m s

10 m s tan 30

⎛ ⎞
⎜ ⎟×⎝ ⎠

o = 10 3 m = 17.3 m

fp=k 4.14

(2) ?k"kZ.k cy] vfHkosQUnz&Roj.k miyCèk djkrk gSA vr%

F
s
 = μ

s
N = 

2mv

r
pw¡fd lM+d {kSfrt (lery) gS blfy, N = mg, blfy,

μ
s
 mg = 

2mv

r
vFkok v2 = μ

s
g r

or              v = (0.9 × 10 m s–2 × 100 m)½

             v = 30 m s–1.
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(3) fp=k 4.15 esa ckYVh o`r ds Åijh fcUnq ij eqDr fudk; vkjs[k n'kkz;k x;k gsA ckYVh
?kqekus ij ikuh blls ckgj u fxjs bl osQ fy, vko';d 'krZ ;g gS fd ty dk Hkkj
vko';d vfHkdsUnz cy iznku djs

vFkkZr~] mg = 
2mv

r

⇒ v2 = Rg

vFkok v = Rg

fp=k. 4.15

;g mQèokZ/j o`Ùk osQ mQijh fljs ij ckYVh dh pky dk U;wure eku gSA

R = 1.0 m rFkk g = 10 m s–2 j[kus ij

v = –2 –11.0 m 10 m s 3.2 m s× =

ikBkar vH;kl osQ mÙkj

5. 10 m s–1 6. 2 m s–2 7. 900 3  m

8. 1.05 × 10–3 m s–1 9. 77.1 m

10. v
x
 = 250 3  m s–1

vy = 250 m s–1

ÅèokZèkj Å¡pkbZ = 500 m

{kSfrt ijkl = 3125 m

11. t = 20 s, 999.9 m 12. v = 
M g r

m
13. 125 N
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5

xq#Rokd"kZ.k

D;k vkius dHkh lkspk gS fd Åij dh vksj isaQdh xbZ xsan okil i`Foh ij D;ksa ykSV vkrh
gS\ ;k gok esa mNkyk x;k ,d flDdk okil tehu ij D;ksa fxj tkrk gS\ vkfn dky ls
gh ;s ?kVuk,¡ ekuo osQ fy, vk'p;Z dk dkj.k cuh jgh gSaA bl iz'u dk mÙkj 17oha 'krkCnh
esa lj vkbtsd U;wVu us fn;kA mUgksaus cryk;k fd phtksa osQ i`Foh dh vksj vkdf"kZr gksus
dk dkj.k i`Foh dk xq#Rokd"kZ.k cy gSA mUgksaus ;g Hkh crk;k fd blh cy osQ dkj.k
i`Foh rFkk vU; xzg lw;Z dh ifjØek djrs gSa vkSj blh cy osQ dkj.k pUnzek viuh d{kk
esa xfr djrk gSA ;g ,d lkoZf=kd cy gS vFkkZr~ ;g czãk.M esa lHkh txg mifLFkr gSA
okLro esa blh cy osQ dkj.k czãk.M ,d lkFk vkc¼ gSA

bl ikB esa vki U;wVu osQ xq#Rokd"kZ.k fu;eksa osQ ckjs esa lh[ksaxsA ge i`Foh osQ vkd"kZ.k
osQ dkj.k mRiUu Roj.k dk Hkh vè;;u djsaxsA ;g Roj.k] ftls xq#Rotfur Roj.k dgrs
gSa i`Foh osQ lHkh LFkkuksa ij leku ugha jgrk gSA ge mu dkjdksa dk irk djsaxs ftuosQ dkj.k
Roj.k dk eku ifjofrZr gksrk gSA ge xq:Roh; foHko rFkk fLFkfrt ÅtkZ ds laca/ essa vè;;u
djsaxs rFkk xzgh; xfr osQ fy, osQiyj osQ fu;eksa ,oa fofHkUu izdkj osQ o`Qf=ke mixzgksa dh
d{kkvksa osQ ckjs esa Hkh lh[ksaxsA var esa varfj{k [kkst osQ {ks=k esa Hkkjr osQ egRoiw.kZ dk;ZØeksa
,oa miyfCèk;ksa dh ppkZ djsaxsA

mís';

bl ikB dks i<+us osQ i'pkr vki

xq#Rokd"kZ.k dk fu;e crk ik,axs_

fdlh vkdk'kh; fi.M osQ xq#Roh; Roj.k osQ eku dh x.kuk dj losaQxs_

Å¡pkbZ] xgjkbZ o v{kka'kksa esa ifjorZu osQ lkFk xq#Roh; Roj.k esa gksus okys ifjorZu dk
fo'ys"k.k dj losaQxs_

xq#Roh; foHko rFkk xq#Roh; fLFkfrt ÅtkZ esa foHksn dj ik,saxs_

xzgksa dh xfr osQ fy, mÙkjnk;h cy dks igpku losaQxs vkSj osQiyj osQ xzg xfr fo"k;d
fu;eksa dk izfriknu dj losaQxs_
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d{kh; osx ,oa iyk;u osx dh x.kuk dj losaQxs_

;g cryk losaQxs fd o`Qf=ke mixzg dk iz{ksi.k oSQls fd;k tkrk gS_

èkzqoh; ,oa fo"kqorh; mixzgksa esa Hksn dj losaQxs_

fdlh mixzg osQ rqY;dkyh mixzg cuus dh 'krsZa crk losaQxs_

,d rqY;dkyh mixzg dh Å¡pkbZ dh x.kuk dj losaQxs vkSj muosQ vuqiz;ksxksa dh lwph
rS;kj dj losaQxs_ rFkk

varfj{k rduhdh osQ {ks=k esa Hkkjr dh miyfCèk;k¡ crk ik,axsA

5.1  xq#Rokd"kZ.k dk fu;e

;g dgk tkrk gS fd U;wVu ,d isM+ osQ uhps cSBs Fks tc ,d lsc vkdj tehu ij fxjkA
blls mudh fopkj Jà[kyk izkjaHk gqbZA pw¡fd lsc rFkk nwljs inkFkZ i`Foh fxjrs gSa blfy;s
i`Foh dk dksbZ cy mu ij vo'; dk;Z djrk gksxkA mUgksaus Loa; ls iz'u fd;k D;k
;g ogh cy rks ugha gS tks pUnzek dks
i`Foh osQ pkjksa vksj mldh d{kk esa
cuk, j[krk gSA U;wVu us roZQ fn;k fd
panzek viuh d{kk osQ fdlh Hkh fcanq
ij Li'kZ js[kk dh fn'kk esa fNVddj
nwj pyk tkrk ;fn bls bldh d{kk esa
cuk;s j[kus osQ fy, bl ij dksbZ cy
dk;Z u djrk (fp=k 5-1)

D;k ;g fujUrj osQUnz dh rjiQ fxjus dh
izo`fÙk dgha mlh cy osQ dkj.k rks ugha gS
ftlosQ dkj.k lsc tehu ij vk fxjrk gSA
mUgksaus osQiyj osQ fu;eksa ls ;g fuxeu
fd;k Fkk fd lw;Z o xzgksa osQ chp dk cy
1/r2 osQ vuqlkj ifjofrZr gksrk gS tgk¡ r

muosQ chp dh nwjh gSA bl ifj.kke dk
iz;ksx djrs gq, og ;g fl¼ djus esa liQy gq, fd ;gh cy pUnzek dks i`Foh ls ck¡èks
j[krk gSA rc mUgksaus lkoZf=kd xq#Rokd"kZ.k osQ fu;e dk O;kidhdj.k bl izdkj fd;kA

czãk.M esa izR;sd d.k vU; lHkh d.kksa dks viuh vksj ,d cy ls vkdf"kZr djrk
gS tks mu nks d.kksa osQ nzO;ekuksa osQ xq.kuiQy osQ lekuqikrh vkSj muosQ chp dh nwjh
osQ oxZ osQ O;qRØekuqikrh gksrk gSA bl izdkj ;fn m

1
 vkSj m

2
 nks oLrqvksa osQ nzO;eku gksa

vkSj r muosQ chp dh nwjh gks rks cy dk ifjek.k

F ∝ 1 2
2

m m

r

fp=k. 5.1 :viuh d{kk osQ fdlh Hkh fcanq ij
pUnzek fNVddj Li'kZ js[kk dh
fn'kk esa nwj pyk tkrk] ysfdu
i`Foh dk vkd"kZ.k cy bls bldh
d{kk esa cuk, j[krk gSA
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;k F = G 
2

1 2m m

r
(5.1)

vkuqikfrdrk fLFkjakd G dks lkoZf=kd xq#Roh; fLFkjkad dgrs gSaA fdUgha nks oLrqvksa osQ
fy, bldk eku czãk.M esa dgha Hkh leku jgrk gSA bldk rkRi;Z ;g gqvk fd ;fn
i`Foh ij] fu;r nwjh ij j[ks nks  d.kksa osQ chp yxus okyk cy F gS rks czãk.M esa vU;=k
dgha Hkh bu nks d.kksa dks ;fn leku nwjh ij j[kk tk, rks buosQ chp yxus okyk cy F

gh gksxkA

xq#Roh; cy dk ,d vfHky{k.k ;g gS fd ;g lnSo vkd"kZ.k cy gksrk gSA ;g izo`Qfr
osQ ewwyHkwr cyksa esa ls ,d gSA

;kn jgs fd ;g vkd"kZ.k ikjLifjd gksrk gS vFkkZr~ m1 nzO;eku dk d.k m2 d.k dks
vkdf"kZr djrk gS vkSj m2 nzO;eku dk d.k m1 nzO;eku osQ d.k dks vkdf"kZr djrk
gSA ;g cy nksuksa d.kksa dh fLFkfr dks feykus okyh js[kk osQ vuqfn'k gksrk gSA

ge tkurs gSa fd cy ,d lfn'k jkf'k gSA D;k
bl fLFkfr esa lehdj.k (5.1) esa la'kksèku dh
vko';drk gS\ bl iz'u dk mÙkj gS fd bl
lehdj.k }kjk ifjek.k ,oa fn'kk nksuksa dk cksèk gksuk
pkfg,A tSlk fd igys crk;k tk pqdk gS fd
xq#Rokd"kZ.k cy nks d.kksa dks tksM+us okyh js[kk osQ
vuqfn'k yxrk gSA vFkkZr~  m

1
 nzO;eku m

2
 nzO;eku dks ,d cy ls vkdf"kZr djrk gS tks fd

mUgsa tksM+us okyh js[kk dh fn'kk esa yxrk gS (fp=k 5-2)A ;fn m
1
 }kjk m

2
 ij yxk, x,

cy dks F
12

 }kjk n'kkZ,a vkSj muosQ chp dh nwjh dks r
12 
ls O;Dr fd;k tk, rks xq#Rokd"kZ.k

osQ fu;e dk lfn'k #i gksxk

F
12

= G 1 2
2
21

m m

r 12r̂  (5.2)

tgk¡ 1̂2r ] m
1
 ls m

2
 dh vksj bafxr djrk ,d bdkbZ&lfn'k gSA

blh izdkj m
2
 }kjk m

1
 ij yxk;s cy dks fy[k ldrs gSaA

F
21

= – G 1 2
2
21

m m

r 21r̂ (5.3)

pw¡fd 1̂2r = ˆ– ,21r  lehdj.k (5.2) vkSj (5.3) ls ge fu"d"kZ fudky ldrs gSa fd

–=12 21F F (5.4)

cy F
12

 vkSj F
21

 ifjek.k esa cjkcj vkSj fn'kk esa foijhr gSa vkSj U;wVu osQ r`rh; xfr fu;e
osQ vuqlkj fØ;k o izfrfØ;k cyksa dk ,d ;qXe cukrs gSaA Lej.k jgs 12r̂ vkSj 21r̂ nksuksa bdkbZ
ifjek.k lfn'k gSaA rFkkfi bu nks lfn'kksa dh fn'kk,a foijhr gSaA

fp=k. 5.2 : nzO;eku m
1
 vkSj m

2
 ,d nwljs

ls r
12

 nwjh ij j[ks x, gSaSA
nzO;eku m

1
 nzO;eku m

2
 dks F

12

cy ls vkdf"kZr djrk gSA
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tc rd vU;Fkk u dgk tk;s bl ikB esa ge osQoy xq#Rokd"kZ.k cy osQ ifjek.k dk mi;ksx
djsaxsA

G dk eku bruk de gS fd U;wVu ;k muosQ ledkyhu iz;ksxdrkZZ bldk eku ugha fudky
ik,A bldk eku yxHkx 100 lky ckn oSQosafMl us Kkr fd;kA G dk lHkh osQ }kjk Lohdkj
fd;k x;k eku 6.67 × 10–11 Nm2 kg–2 gSA G dk eku bruk de gksus osQ dkj.k gh nks lkèkkj.k
oLrqvksa osQ chp bl cy dks eglwl ugha fd;k tk ldrkA

mnkgj.k 5.1 : osQiyj dk rhljk fu;e crykrk gS (bldh foLr`r O;k[;k ge ckn esa djsaxs)
fd ;fn lw;Z o xzg osQ chp dh nwjh r gS vkSj T bldk ifjØe.k dky gS rks r3 / T 2 = fLFkjkad
gksrk gSA blosQ vkèkkj ij n'kkZb, fd xzg ij yxus okyk xq#Rokd"kZ.k cy lw;Z ls mldh
nwjh osQ oxZ dk O;qRØekuqikrh gksrk gSA

gy : ljyrk osQ fy;s xzg dh d{kk dks o`Ùkkdkj eku ysrs gSaA (okLrfodrk esa d{kk yxHkx
o`Ùkkdkj gksrh gSa)A rc xzg ij yxus okyk vfHkosQUnz cy

F =  
2mv

r

tgk¡ v d{kh; osx gS] pw¡fd 
2

T

r
r

π= ω =v , T = ifjØe.k dky

vr% F = m
2

2
T

r
r

π⎛ ⎞
⎜ ⎟
⎝ ⎠

;k F = 
2

2

4

T

mrπ

ysfdu osQiyj osQ rhljs fu;e osQ vuqlkj T2 ∝ r3 or T2 = Kr3  (osQiyj dk rhljk fu;e)

tgk¡ K vkuqikfrdrk fLFkjkad gSA

∴ F = 
2

3

4 mr

Kr

π
 = 

24

K

π
 × 2

m

r
 = 

24 m

K

π
. 2

1

r

;k F ∝ 2

1

r
(Q ,d xzg osQ fy;s 

24 m

K

π
 fu;r gS)

vkxs c<+us ls iwoZ vPNk gks fd vki viuh izxfr dh tk¡p dj ysaA

ikBxr iz'u 5.1

1. pUnzek i`Foh dk ,d iwjk pDdj 27.3 fnuksa esa yxk ysrk gSA ;kn j[ksa fd ;g le;
fLFkj rkjksa osQ lanHkZ esa gS (i`Foh osQ lanHkZ esa ifjØe.k dky 29.5 fnu gS_ bls oqQN
dyS.Mjksa esa ,d ekl dh vofèk fuèkkZfjr djus esa iz;ksx fd;k tkrk gSA) pUnzek dh
d{kk dh f=kT;k 3.84 × 108 m (i`Foh dh f=kT;k dk 60 xquk) gSA pUnzek dk vfHkosQUnz&Roj.k
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Kkr dhft, vkSj n'kkZb, bldk eku  9.8 m s–2/3600 gS] xq#Ro dk nwjh osQ lkFk ifjorZu
nwjh osQ oxZ dk O;qRØekuqikrh gksrk gS& vFkkZr~ 1/r2 osQ vuqlkj cnyrk gSA

2. lehdj.k (5.1) dh lgk;rk ls G dh foek,a Kkr dhft,A

3. lehdj.k (5.1) dh lgk;rk ls n'kkZb;s fd G dks ,d&,d kg nzO;eku osQ nks fi.Mksa osQ
chp yxus okys cy osQ #i esa ifjHkkf"kr fd;k tk ldrk gS] tcfd muosQ chp dh
nwjh 1 m gksA

4. ,d fuf'pr nwjh ij j[kh gqbZ nks oLrqvksa osQ chp yxus okys cy dk ifjek.k F gSA
F osQ eku esa D;k ifjorZu gksxk ;fn (i) nzO;ekuksa dk eku cnys fcuk muosQ chp dh
nwjh dks nks xquk dj fn;k tk, (ii) ;fn nwjh leku jgrh gS vkSj izR;sd nzO;eku dk
ifjek.k nks xquk dj fn;k tk, (iii) ;fn nwjh vkSj izR;sd nzO;eku dks nks xquk dj fn;k
tk,A

5. 50 kg vkSj 60 kg dh nks oLrq,a ,d nwljs ls 1 m dh nwjh ij j[kh gSaA muosQ chp yxus
okys xq#Rokd"kZ.k cy dh x.kuk djsaA

5.2 xq#Roh; Roj.k

U;wVu osQ xfr osQ nwljs fu;e ls vki tkurs gSa fd fdlh oLrq ij yxk, x, F ifjek.k
osQ cy vkSj mlls mRiUu Roj.k osQ chp lacaèk fuEuor~ gS%

F = ma (5.5)

xq#Ro cy vFkkZr~ i`Foh osQ lehi j[kh oLrq ij yxus okyk i`Foh }kjk vkjksfir cy oLrq
esa ,d Roj.k mRiUu djrk gSA xq#Ro cy osQ dkj.k tfur bl Roj.k dks xq#Roh; Roj.k
dgrs gSaA bls izrhd g ls n'kkZ;k tkrk gSA lehdj.k (5.1) osQ vuqlkj i`Foh dh lrg ij
m nzO;eku dh oLrq ij yxus okyk cy

F = G 2

m M

R
 gksrk gSA (5.6)

tgka M i`Foh dk nzO;eku vkSj R bldh f=kT;k gS)A lehdj.k (5.5) vkSj (5.6) ls ge ikrs
gSa fd

mg = G 2

m M

R

;k g = G 2

M

R
(5.7)



 119HkkSfrdh

xq#Rokd"kZ.k ekWM~;wy  - 1
xfr] cy ,oa ÅtkZ

fVIif.k;k¡

;kn j[ksa fd oLrq ij yxs xq#Roh; cy dh fn'kk
i`Foh osQ osQUnz dh vksj gksrh gSA blh fn'kk dks ge
ÅèoZ fn'kk dgrs gSaA fp=k 5-3 esa fofHkUu LFkkuksa osQ
fy, ÅèokZèkj fn'kk n'kkZ;h x;h gSA ÅèoZ fn'kk osQ
yEcor fn'kk dks ge {kSfrt fn'kk dgrs gSaA

;fn gesa i`Foh ;k fdlh vU; vkdk'kh; fiaM tSls
xzg dk nzO;eku vkSj f=kT;k Kkr gks rks bldh lrg
ij g dk eku lehdj.k (5.7) dh lgk;rk ls Kkr
fd;k tk ldrk gSA i`Foh dh lrg ij g dk eku
izk;% 9.8 m s–2 fy;k tkrk gSA vr% xq#Rotfur Roj.k
dk vkSlr eku 9.8 m s–2  gSA

blh izdkj fdlh xzg ;k mixzg osQ fy;s Hkh g dk
eku Kkr fd;k tk ldrk gS] ;fn gesa ml xzg ;k mixzg dk nzO;eku rFkk f=kT;k Kkr gksA

vkxs c<+us ls igys vkb;s lehdj.k (5.7) ij fopkj djsaA ge ikrs gSa fd fdlh fiaM ij
izHkkoh xqjQRoh; Roj.k blosQ nzO;eku ij fuHkZj ugha djrk gSA bldk rkRi;Z ;g gqvk fd
Hkkjh vkSj gYdh xsansa leku osx ls uhps fxjrh gSaA ;fn ge fdlh fuf'pr Å¡pkbZ ls bu
xsanksa dks ,d lkFk uhps fxjk,a rks èkjkry ij ;s nksuksa xsans ,d gh le; ij igq¡psaxhA

fØ;kdyki 5.1

,d dkxt dk VqdM+k vkSj ,d NksVk lk oaQdM+ ysaA bUgsa fdlh fu;r Å¡pkbZ ls ,d
lkFk uhps fxjus nsaA nksuksa osQ iFkksa dk voyksdu djsa vkSj muosQ tehu dks Nwus osQ le;
ij è;ku nsaA iqu% nks oaQdM+ ysa ftuesa ,d nwljs ls Hkkjh gks] mUgsa Hkh ,d fu;r Å¡pkbZ
ls uhps fxjus nsa vkSj muosQ tehu Nwus osQ le; dk voyksdu djsaA

xq#Ro osQ vUrxZr iru

;g rF; fd Hkkjh vkSj gYosQ oaQdM+ ,d leku nj ls uhps fxjrs gSa] oqQN fofp=k
lk izrhr gks ldrk gSA 16 oha 'krkCnh rd ;g ,d vke fo'okl Fkk fd ,d Hkkjh
oLrq ,d gYdh oLrq dh vis{kk vfèkd rsth ls uhps fxjrh gSA rFkkfi] ml le;
osQ egku oSKkfud xSyhfy;ks us ;g n'kkZ;k fd nksuksa oLrq,a okLro esa ,d gh nj ls
uhps fxjrh gSaA ;g dgk tkrk gS fd os ihlk dh ehukj osQ Åij x, vkSj vkSj nks
xsanksa dks] ftuosQ Hkkj esa cgqr vfèkd vUrj Fkk] ,d lkFk uhps fxjk;kA xsans èkjkry
ij ,d gh le; ij igq¡phA ysfdu tc ,d ia[k vkSj ,d iRFkj dks lkFk&lkFk fxjk;k
x;k rks os vyx&vyx le; ij èkjkry ij igq¡prs gSaA xSyhfy;ksa us roZQ fn;k fd
ia[k vis{kko`Qr èkheh xfr ls fxjrk gS D;ksafd bl ij gok dk mRIykou cy ,oa izfrjks/

ìFoh
fp=k. 5.3 : fdlh LFkku ij ÅèoZ fn'kk

ml LFkku ij i`Foh osQ osQUnz
dh vksj gksrh gSA
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d cy dk;Z djrk gSA mlus dgk fd fuokZr esa nksuksa oLrq,a ,d gh le; ij fxjsxhaA
gky osQ o"kksZ esa varfj{k ;kf=k;ksa us pUnzek ij ia[k vkSj oaQdM+ dk iz;ksx djosQ ;g
fl¼ fd;k fd nksuksa ,d lkFk tehu ij igq¡prs gSaA Lej.k j[ksa fd pUnzek ij ok;qe.My
ugha gSA

xq#Ro osQ izHkko osQ dkj.k oLrq,¡ ÅèokZèkjr% uhps i`Foh dh vksj fxjrh gSaA NksVh Å¡pkbZ;ksa
osQ fy,] xq#Rotfur Roj.k vfèkd ugha cnyrk gSA blfy, t le; esa r; dh x;h nwjh
izkjafHkd rFkk vafre osxksa osQ fy;s lehdj.k fuEuor~ fy[k ldrs gSa%

v = u + gt

s = ut + 
1

2
gt2

vkSj v2 = u2 + 2gs. (5.8)

;gk¡ ;g ;kn j[kuk egRoiw.kZ gS fd g ges'kk ÅèokZèkjr% uhps dh vksj dk;Z djrk gS
pkgs oLrq fdlh Hkh fn'kk esa xfr dj jgh gksA fdlh oLrq dk g Roj.k ls fxjuk
eqDr&iru (free fall) dgk tkrk gSA

lehdj.k 5.8 dh lgk;rk ls ;g Li"V gS fd ;fn ,d oLrq fojke voLFkk ls fxjrh gS rks
t le; esa h nwjh rd fxjsxh tgk¡ h = (1/2)gt2 gSA vr% fdlh Å¡pkbZ h ls fdlh Hkkjh flDosQ
dks eqDr #i ls fxjkdj vkSj lgh le; n'kkZus okyh fojke ?kM+h }kjk blosQ tehu ij ig¡qpus
dk le; ysdj g dk eku Kkr fd;k tk ldrk gSA ;fn vki 5 #i;s osQ ,d flDosQ dks 1ehVj
dh Å¡pkbZ ls eqDr #i ls fxjkdj tehu ij igq¡pus osQ le; dk vkSlr eku ysa rks ;g 0.45

lsdUM vkrk gSA bldh lgk;rk ls g osQ eku dh x.kuk dh tk ldrh gSA rFkkfi] iz;ksx'kkyk
esa vki ljy yksyd dk mi;ksx djosQ ijks{k fofèk ls g dk eku Kkr djsaxsA

vki vk'p;Z dj jgs gksaxs fd fdlh d.k ij xqjQRo cy dh x.kuk djrs le; ge i`Foh
dh lrg ij j[kh oLrq vkSj i`Foh osQ chp dh nwjh dks i`Foh dh f=kT;k osQ cjkcj D;ksa
ysrs gSaA tc ge nks fcanq nzO;ekuksa dks ysrs gSa rks muosQ chp dh nwjh muosQ i`Fkdu osQ cjkcj
yh tkrh gSA ysfdu tc ge nks cM+h oLrqvksa osQ chp xq#Ro cy dh x.kuk djrs gSa rks
muosQ chp dh nwjh D;k ysrs gSa\ bl leL;k osQ lekèkku osQ fy, oLrq osQ xq#Ro&osQUnz
dh ladYiuk dk lekos'k fd;k x;k gSA tgk¡ rd xq#Ro izHkko dk iz'u gS ge iwjs fi.M
dh txg ,d rqY; fcanq ij fi.M osQ Hkkj dks osQfUnzr eku ldrs gSaA vFkkZr~ bl fcanq ij
xq#Ro cy yx jgk gS ,slk eku ldrs gSa\ T;kferh; #i ls fu;fer oLrq,¡ ftudk ?kuRo
leku gks tSls xksys] csyu] vk;r vkfn osQ fy;s budk T;kferh; osQUnz gh budk xq#Ro
osQUnz Hkh gksrk gSA ;gh dkj.k gS fd ge vU; oLrqvksa dh nwjh i`Foh osQ osQUnz ls ekirs
gSaA vfu;fer vkd`fr dh oLrqvksa osQ fy, xqjQRo osQUnz fuèkkZfjr djus dk dksbZ ljy rjhdk
ugha gSA

,d èkkrq dh vaxwBh dk xq#Ro&osQUnz dgk¡ ij fLFkr gksrk gS\ ;g okLro esa vaxwBh osQ osQUnz
ij fLFkr gksrk gSA
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è;ku nsa fd ;g fcanq oLrq osQ nzO; osQ ckgj fLFkr gSA vr% ;kn j[ksa fd fdlh oLrq dk
xq#RoosQUnz mlosQ inkFkZ osQ ckgj gks ldrk gSA vkidk viuk xqjQRo osQUnz dgk¡ ij gS\ ;fn
ge viuk vkdkj fu;fer eku ysa rks] gekjk xq#Roh; osQUnz ukfHk ls FkksM+k uhps gksxkA

bl ikB esa vkxs vki oLrq osQ nzO;eku osQUnz osQ ckjs esa Hkh Kku izkIr djsaxsA ;g ,d ,slk
fcanq gS ftlij oLrq dk iwjk nzO;eku osQfUnzr ekuk tk ldrk gSA ,dleku xq#Roh; {ks=k
esa (tSlk fd i`Foh osQ lehi gksrk gS) xq#Ro osQUnz vkSj nzO;eku osQUnz laikrh gksrs gSaA

xq#Ro osQUnz ;k nzO;eku osQUnz osQ iz;ksx ls gekjh x.kuk,¡ vR;fèkd ljy gks tkrh gSaA dYiuk
djsa fd gesa ;fn fdlh oLrq dk fuekZ.k djus okys d.kksa osQ chp dk;Zdkjh cyksa vkSj budk
ifj.kkeh cy Kkr djuk gks] rks ;g fdruk dfBu dk;Z gksxkA

vkidks ;g è;ku j[kuk pkfg, fd G vkSj g vyx&vyx HkkSfrd jkf'k;k¡ gSaA G xq#Rokd"kZ.k
dk lkoZf=kd fu;rkad gS vkSj ;g vpj gS tcfd g xq#Rotfur Roj.k gS tks fd ,d txg
ls nwljs txg cny ldrk gSA bls ge vxys Hkkx esa ns[ksaxsA

vc vki viuh izxfr dh tk¡p djus osQ fy, fuEu iz'uksa osQ mÙkj nsa%

ikBxr iz'u  5.2

1. i`Foh dk nzO;eku 5.97 × 1024 fdyksxzke gS vkSj bldh ekè; f=kT;k 6.371 × 106 m.

gSA i`Foh dh lrg ij g dk eku Kkr djsaA

2. cgqr lkoèkkuhiwoZd fy, x, eki n'kkZrs gSa fd fo"kqor&o`r (Hkweè;js[kk) ij i`Foh dh
f=kT;k 6378 fdyksehVj gS tcfd èkzqoksa ij 6357 fdyksehVj gSA èkzqoksa o fo"kqor js[kkij
g osQ ekuksa dh rqyuk dhft,A

3. fdlh oLrq dks Åij isaQosQ tkus ij g dh fn'kk D;k gksxh tc (i) oLrq Åij tk jgh
gSA vkSj (ii) tc ;g vfèkdre Å¡pkbZ ij gS (iii) tc ;g uhps vk jgh gSA (iv) tc ;g
èkjkry ij okil vk tkrh gS\

4. pUnzek dk nzO;eku 7.3 × 1022 kg gS vkSj bldh f=kT;k 1.74 × 106 m gSA bldh lrg
ij xq#Roh; Roj.k dk eku Kkr dhft,A

5.3 g osQ eku esa ifjorZu

5.3.1 Å¡pkbZ osQ lkFk ifjorZu

lehdj.k 5-7 ( 2

M
G

R
g = ) osQ nkbZa vksj gj esa jkf'k R2  n'kkZrh gS fd g dk ifjek.k i`Foh

osQ osQUnz ls nwjh osQ oxZ osQ eku osQ vuqlkj nwjh R osQ c<+us ij ?kVrk gSA vr% lrg ls
R nwjh ij vFkkZr~ osQUnz ls 2R nwjh ij bldk eku i`Foh dh lrg ij eku dk (1/4) gks tkrk
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gSA ;fn i`Foh dh lrg ls Å¡pkbZ h ftls rqaxrk (altitude) dgrs gSa] i`Foh dh f=kT;k dh
rqyuk esa dkiQh de gks rks] g

h 
(h rqaxrk ij xq#Rotfur Roj.k dk eku)

g
h

= 2

G

( )

M

R h+
 = 2

2 1

GM

h
R

R
⎛ ⎞+⎜ ⎟
⎝ ⎠

= 
2

1

g

h

R
⎛ ⎞+⎜ ⎟
⎝ ⎠

(5.9)

pw¡fd g = GM/R2 i`Foh dh lrg ij xq#Roh; Roj.k dk eku gSA

vr%
h

g

g
= 

2

1
h

R
⎛ ⎞+⎜ ⎟
⎝ ⎠

 = 1 + 
2h

R
 + 

2
h

R
⎛ ⎞
⎜ ⎟
⎝ ⎠

vc pw¡fd (h/R) ,d NksVh jkf'k gS rks (h/R)2 mlls Hkh NksVh jkf'k gksxhA vr% bls (h/R) dh
rqyuk esa ux.; ekuk tk ldrk gSA vr%

g
h

= 
2

1

g
h

R
⎛ ⎞+⎜ ⎟
⎝ ⎠

(5.10)

vkb, bls ,d mnkgj.k dh lgk;rk ls le>saA

mnkgj.k 5.2 : vkèkqfud ok;q;ku 10 km ls vfèkd Å¡pkbZ ij mM+rs gSaA ge bl Å¡pkbZ ij
g dk eku fudkyrs gSaA i`Foh dh f=kT;k 6400 km vkSj i`Foh dh lrg ij  g dk eku 9.8

m s–2 gSA

gy : lehdj.k (5.10) ls

g
h

= 
2.(10) km

1
6400 km

g

⎛ ⎞
+⎜ ⎟

⎝ ⎠

 = 
–29.8 m s

1.003
 = 9.77 m s–2.

5.3.2. xgjkbZ osQ lkFk g esa ifjorZu

i`Foh osQ vanj o xgjkbZ d ij fLFkr ,d fcanq P dh
dYiuk dhft, (fp=k. 5.4)A i`Foh dks leku ?kuRo
ρ dk ,d xksyk eku ysaA fcanq P dh i`Foh osQ osQUnz
ls nwjh r = (R – d) gSA (R – d) f=kT;k dk ,d xksyk
[khapsA P fcanq ij j[ks nzO;eku ij d eksVkbZ osQ dks'k
ls yxus okyk xq#Roh; cy fujLr gks tkrk gSA ;g
osQoy r f=kT;k osQ xksys osQ dkj.k cy eglwl djrk
gSA vr% fcUnq P ij xq#Roh; cy osQoy r f=kT;k osQ
xksys osQ dkj.k gksxkA

fp=k. 5.4 : d xgjkbZ ij fLFkr fcanq dh

osQUnz ls nwjh r = R – d gSA
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vr% P fcanq ij xqjQRoh; Roj.k dk eku Kkr djus osQ fy, ge (R – d) f=kT;k osQ xksys
osQ nzO;eku dk gh iz;ksx djsaxsA ;fn ρ xksys dk ?kuRo gks rks bl xksys osQ nzO;eku

M ′ =  
4

3

π
 ρ (R – d)3 (5.10)

fcanq P ij j[ks d.k }kjk vuqHko fd, x, xqjQRoh; Roj.k dk eku

g
d
 = G 2( )

M

R d

′
−

 = 
4 G

3

π
 ρ (R – d) (5.11)

è;ku nsa fd tc d dk eku c<+rk gS rks (R – d) ?kVrk gSA bldk vFkZ ;g gqvk fd tc
ge i`Foh dh lrg osQ uhps tkrs gSa rks g dk eku ?kVrk gSaA d = R ij vFkkZr~] i`Foh osQ
osQUnz ij xqjQRoh; Roj.k dk eku 'kwU; gks tkrk gSA ;g Hkh uksV dhft, fd R – d = r] i`Foh
osQ osQUnz ls oLrq dh nwjh crykrk gSA vr% xqjQRoh; Roj.k r osQ jSf[kdr% lekuqikfrd gSA
i`Foh osQ osQUnz ls g osQ eku esa i`Foh dh lrg ls nwjh osQ lkFk] ifjorZu fp=k 5-5 esa n'kkZ;k
x;k gSA

fp=k. 5.5 : g osQ eku esa i`Foh osQ osQUnz ls nwjh osQ lkFk ifjorZu

d = 0 osQ fy, g = 
4 G

3

π
 ρR. (lehdj.k 5.11) ls

vc (5.11) dh lgk;rk ls ;g vklkuh ls ns[kk tk ldrk gS fd

g
d

= g
( )R d

R

−
 = g 1

d

R
⎛ ⎞−⎜ ⎟
⎝ ⎠

, 0 ≤ d ≤ R (5.12)

vr% lehdj.k (5.9) vkSj (5.12) ls ge fu"d"kZ fudkyrs gSa fd g dk eku Å¡pkbZ vkSj
xgjkbZ nksuksa osQ lkFk ?kVrk gSA
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i`Foh dh vkarfjd lajpuk

fp=k. 5.6 : i`Foh dh lajpuk (iSekus ij ugha) i`Foh dh rhu izeq[k ijrksa dks muosQ vuqekfur
nzO;ekuksa osQ lkFk fn[kk;k x;k gSA

okLro esa g dk eku ,d fuf'pr nwjh rd xgjkbZ osQ lkFk c<+rk gS fiQj de gksus
yxrk gSA ,slk blfy, gksrk gS D;ksafd ge i`Foh dks ,dleku ?kuRo dk xksyk eku
ysrs gSa tks fd lgh ugha gSA i`Foh dk vfèkdre Hkkj ØksM esa osQfUnzr jgrk gSA Åijh
lrgsa dkiQh gYdh gksrh gSa (fp=k 5.6 ) cgqr FkksM+h xgjkbZ osQ fy,] nzO;eku esa deh
dks ux.; eku fy;k tkrk gS tcfd r osQ eku esas deh gksrh gSA blfy, g dk eku
igys oqQN xgjkbZ rd c<+rk gS vkSj fiQj de gksus yxrk gSA bldk vFkZ gS fd i`Foh
dks ,d leku ?kuRo dk xksyk ekuus dh vfHk/kj.kk lgh ugha gSA

5.3.3 g dk v{kka'k osQ lkFk ifjorZu
vki tkurs gSa fd i`Foh vius v{k ij ?kwerh gSA blosQ dkj.k i`Foh dh lrg ij izR;sd
d.k orqZy xfr djrk gSA xq#Roh; cy dh vuqifLFkfr esa ;s lHkh d.k vius o`Ùkh; iFk
ij Li'kZjs[kkvksa dh fn'kkvksa esa fNVddj nwj tk fxjrsA xq#Roh; cy bUgsa i`Foh osQ ry osQ
lkFk tksM+s j[krk gSA vki ;g Hkh tkurs gSa fd fdlh d.k dks o`Ùkh; xfr esa cuk, j[kus
osQ fy, ,d vfHkosQUnz&cy dh vko';drk gksrh gSA iQyr% i`Foh dh  lrg ij j[kh oLrqvksa
ij yxus okys i`Foh osQ vkd"kZ.k cy dk eku FkksM+k&FkksM+k de gks tkrk gSA oLrqvksa dks i`Foh
ls tksM+s j[kus okyh 'kfDr (xq#Rokd"kZ.k) esa èkhjs&èkhjs deh vkus yxrh gSA i`Foh osQ ?kw.kZu
dk lokZfèkd izHkko Hkweè;js[kk ij eglwl fd;k tkrk gSA èkzqoksa ij ;g ?kVdj 'kwU; gks tkrk
gSA vc ge cxSj O;qRiUu fd, g osQ eku esa v{kak'k osQ lkFk ifjorZu osQ lw=k dks m¼`r
djrs gSA ;fn gλ, λ v{kka'k ij g osQ eku dks n'kkZrk gS vkSj g èkzqoksa ij xq#Roh; Roj.k dk
eku gks rks

gλ = g – Rω2 cosλ, (5.13)

tgk¡ ij ω i`Foh dk dks.kh; osx rFkk R bldh f=kT;k gSA vki vklkuh ls le> ldrs gSa
fd èkzqoksa osQ fy, λ = 90° gSA blfy, èkzqoksa ij gλ = g.
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mnkgj.k 5.3 : vc ge èkzqoksa ij g osQ eku dh x.kuk djrs gSaA

gy : èkzqoksa ij i`Foh dh f=kT;k = 6357km = 6.357 × 106 m

                   i`Foh dk nzO;eku = 5.97 × 1024 kg

leh- (5-7) dk mi;ksx djus ij /zqoksa ij g dk eku gksxk
g

poles
 = [6.67 × 10–11 × 5.97 × 1024 / (6.357 × 106)2] m s–2

                     = 9.853 m s–2

mnkgj.k 5.4 : vc ge λ = 60º ij g osQ eku dh x.kuk djrs gSaA tgk¡ i`Foh dh f=kT;k
6371 km gSA

gy :    i`Foh osQ ?kw.kZu dk vkorZdky, T  = 24 ?kaVs = (24 × 60 × 60) s

i`Foh osQ ?kw.kZu dh vko`fRr = 1/T

        i`Foh dh dks.kh; vko`fÙk  ω= 2π/T = 2π/(24 × 60 × 60)

                                                       = 7.27 × 10–5

                 ∴ Rω2 cos λ = 6.371 × 106 × (7.27 × 10-5)2 × 0.5

=  0.017 m s–2

vc pw¡fd g
0

= g – Rω2 cos λ,

gλ (60º v{kak'k ij)  = 9.853 – 0.017 = 9.836 m s–2

ikBxr iz'u  5.3

1. fdl Å¡pkbZ ij tkus ij xq#Roh; Roj.k dk eku i`Foh dh lrg osQ mlosQ eku dk
vkèkk gksxk\

2. fdl xgjkbZ ij g dk eku i`Foh dh lrg ij blosQ eku dk 80% gksxk\

3. fnYyh dk v{kka'k yxHkx 30° mÙkj gSA fnYyh vkSj èkzqoksa osQ chp g osQ eku esa vUrj
dh x.kuk dhft,A

4. ,d mixzg i`Foh ls 1000 km dh Å¡pkbZ ij pDdj yxk jgk gSA bl ij dk;Z djus
okys xq#Roh; Roj.k dh x.kuk (i) lw=k (5.9) vkSj g ∝ 1/r2 dk iz;ksx djrs gq, djsa tgk¡
r i`Foh osQ osQUnz ls mixzg dh nwjh gSA vki fdl fofèk dks vfèkd vPNh le>rs gSa
vkSj D;ksa\

5.4  Hkkj vkSj nzO;eku

og cy ftlls dksbZ oLrq i`Foh dh vksj f[kaprh gS] mls mldk Hkkj dgrs gSaA ;fn m oLrq
dk nzO;eku gks rks Hkkj gksxk%

W = mg (5.14)
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p¡wfd Hkkj ,d cy gS] bldh bdkbZ U;wVu gksrh gSA ;fn vkidk nzO;eku 50 kg gks rks vkidk
Hkkj

50 kg × 9.8 m s–2 = 490 N gksxkA

pw¡fd g ,d LFkku ls nwljs LFkku ij cnyrk gS] blfy, ,d LFkku ls nwljs LFkku ij tkus
ij Hkkj Hkh cnyrk gSA èkzqoksa ij Hkkj dk eku vfèkdre vkSj Hkweè; js[kk ij U;wure gksrk
gSA D;ksa\ D;ksafd i`Foh dh f=kT;k dk eku èkzqoksa ij U;wure vkSj Hkweè; js[kk ij vfèkdre
gksrk gSA

rFkkfi] fdlh oLrq dk nzO;eku vpj jgrk gSA nzO;eku oLrq dk uSt xq.k/eZ gSA blfy,]
pkgs oLrq dgha Hkh j[kh gks bldk eku vpj jgrk gSA

fVIi.kh%  nSfud thou esa cgqèkk nzO;eku vkSj Hkkj dks ,d nwljs osQ LFkku ij iz;ksx djrs
gSaA fLizax rqyk,sa tks fd Hkkj ukirh gSa] N(U;wVu) dh vis{kk kg esa va'kkafdr dh tkrh gSA

5.4.1 xq#Roh; foHko ,oa fLFkfrt mQtkZ
fdlh laj{kh cy ds izHkkok/hu fiaM dh fLFkfrt mQtkZ dks fiaM esa fufgr mQtkZ ds #i esa
ifjHkkf"kr dj ldrs gSa vkSj ;g fdlh ckgjh ,tsUlh }kjk ,d ekud fLFkfr ls orZeku fLFkfr
rd fiaM dks ykus esa fd, x, dk;Z ds }kjk ekih tkrh gSA

;fn dksbZ cy F fiaM dks laj{kh cy ds fo#¼ fcuk fdlh pky ifjorZu ds ,d lw{e
nwjh dr rd foLFkkfir djs rks bldh fLFkfrt mQtkZ esa gksus okyk lw{e ifjorZu

dU = –F.dr

r nwjh ij j[ks nks nzO;ekuksa M ,oa m ds chp xq#Rokd"kZ.k cy%

F = 2

GMm

r
−

∴ xq#Roh; fLFkfrt mQtkZ

dU = 2

GMm
dr

r

vFkok U = 2

1

∞
= −∫

r
GMm

GMm dr
rr

;g n'kkZrk gS fd r nwjh ij j[ks M ,oa m nzO;ekuksa ds nks d.kksa ds chp xq#Roh; fLFkfrt
mQtkZ gS%

U =
GMm

r
− +  vpjkad

tc r dk eku vuUr gksus yxrk gS xq#Roh; mQtkZ 'kwU; gksus yxrh gSA vr% vpjkad 'kwU;

gks tkrk gS vkSj −= GMm
U

r
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xq#Roh; foHko (V): M nzO;eku ds xq#Roh; {ks=k esa fdlh fcUnq ij xq#Roh; foHko mlds
izfr bdkbZ nzO;eku ds fy, fLFkfrt mQtkZ ds #i esa ifjHkkf"kr fd;k tkrk gSA

∴ xq#Roh; foHko] = = −U GM
V

m r

;g vfn'k jkf'k gS vkSj bldk SI ek=kd J/kg gSA

fØ;kdyki 5.2

i`Foh osQ osQUnz ls 2R, 3R, 4R, 5R vkSj 6R ij 50 kg nzO;eku dh oLrq dk Hkkj Kkr djsa
Hkkj vkSj nwjh osQ chp ,d xzkiQ [khpsaA blh xzkiQ esa nwjh osQ lkFk nzO;eku esa ifjorZu dks
Hkh n'kkZ,¡A

nzO;eku ,ao Hkkj lacaèkh vius fopkjksa dh i`f"V osQ fy, fuEufyf[kr iz'uksa dks gy djus
dk iz;kl djsa%

ikBxr iz'u  5.4

1. ;fn vki pUnzek osQ èkjkry ij mrjrs gSa rks vkidk Hkkj vkSj nzO;eku fdl izdkj
izHkkfor gksxk\

2. i`Foh rFkk eaxy ij vius Hkkj dh rqyuk dhft,A vki pUnzek ls eaxy esa tkrs gSaA
i`Foh dh rqyuk esa vkidk Hkkj D;k gksxk\ vkiosQ dk nzO;eku ij D;k izHkko gksxk\
eaxy dh f=kT;k = 4.3 × 106m vkSj nzO;eku = 6 × 1023 kg yhft,A

3. vkius Hkkj ekius osQ fy, nks izdkj dh rqyk,a ns[kh gksaxhA iyM+s okyh vkSj fLizax okyhA
iyM+s dh rqyk esa ,d vksj Hkkj vkSj nwljh vksj ekih tkus okyh lkexzh j[kh tkrh
gS] tcfd fLizax rqyk esa lkexzh dks ,d gqd dh lgk;rk ls yVdkdj ,d iSekus ij
bldk eku fy;k tkrk gSA eku yhft, vki nksuksa rqykvksa ls vkyw osQ ,d cSx dks rkSyrs
gSa vkSj mudk eku leku vkrk gSA vc vki ;fn pUnzek ij bUgsa ys tkdj rksysaa rks
D;k budh ekiksa esa dksbZ varj vk,xk\

4. xq#Roh; Roj.k dk SI ek=kd ckrb,A

5.5  osQiyj osQ xzgh; xfr osQ fu;e

izkphu le; esa ,slk ekuk tkrk Fkk fd lHkh [kxksyh; fi.M i`Foh dh ifjØek djrs gSaA
xzhd [kxksy'kkfL=k;ksa us bl ckr dk cM+k leFkZu fd;kA i`Foh osaQfUnzr czãk.M osQ i{k esa
bruk izcy fo'okl Fkk fd xzgksa }kjk lw;Z dh ifjØek djus osQ lHkh izek.kksa dh mis{kk dj
nh xbZA rFkkfi] iksySaM osQ [kxksy'kkL=kh & dksij fudl us 15oha 'krkCnh esa ;g lq>k;k fd
lHkh xzg lw;Z dh ifjØek djrs gSaA 16oha 'krkCnh esa xSyhfy;ks us vius [kxksyh; izs{k.kksa
osQ vk/kj ij dksijfudl osQ fopkjksa dk leFkZu fd;kA nwljs ;wjksih; [kxksy'kkL=kh Vk;dks
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czkgs us xzgksa dh xfr osQ cgqr ls izs{k.k fy,A bu izs{k.kksa osQ vkèkkj ij] muosQ lgk;d osQiyj
us xzgh; xfr osQ fu;eksa dks lw=kc¼ fd;kA

tksgUl osQiyj (1571&1630)

osQiyj dk tUe teZuh esa gqvkA bUgksaus viuh thou o`fÙk [kxksy'kkL=k esa Vk;dks czkgs
osQ lgk;d osQ #i esa izkjEHk dhA Vk;dks czkgs us fofHkUu xzgksa dh fLFkfr;ksa osQ izs{k.k
cM+h yXu ls 20 o"kksZa ls vfèkd vofèk rd fu;fer :i ls fy,A
mudh e`R;q osQ ckn ;s izs{k.k osQiyj osQ ikl igq¡ps vkSj mUgksaus
budk fo'ys"k.k djus esa 16 o"kZ dh vofèk yxkbZA bl fo'ys"k.k
osQ vkèkkj ij osQiyj us xzgh; xfr osQ rhu fu;e izkIr fd, ftudk
o.kZu bl vè;k; esa fd;k x;k gSA mUgsa T;kferh;&izdkf'kdh dk
tUenkrk ekuk tkrk gS D;ksafd ;s fdj.k fp=kksa dh lgk;rk ls ,d
nwjn'khZ dh dk;Z iz.kkyh dks le>us okys igys O;fDr FksA

osQiyj us xzgksa dh xfr fuèkkZfjr djus okys rhu fu;eksa dk la#i.k fd;k%

1. lw;Z osQ pkjksa vksj xzgksa dk xfr&iFk nh?kZo`Ùkkdkj gksrk gS vkSj lw;Z blosQ fdlh ,d iQksdl
ij fo|eku gksrk gS (fp=k 5-7) (nh?kZo`Ùk osQ nks iQksdl gksrs gSa)

fp=k 5-7% ,d xzg dk lw;Z osQ pkjksa vksj ifjØek dk iFk nh?kZo`Ùkkdkj gksrk gS] ftlosQ
nks esa ls ,d iQksdl ij lw;Z dh fLFkfr gksrh gSA ;fn A ls B rd tkus dk

le; o C ls D rd tkus dk le; leku gks rks] osQiyj osQ nwljs
fu;e osQ vuqlkj {ks=kiQy AOB vkSj COD cjkcj gksrs gSa\

2. lw;Z ls xzg rd [khaph x;h js[kk (f=kT;k&lfn'k) leku vofèk esa leku {ks=kiQy lekfgr
djrh gS (fp=k 5-7)A

3. fdlh xzg dk lw;Z osQ pkjksa vksj ,d ifjØek iwjk djus esa yxs le; dk oxZ (ifjde.k
dky dk oxZ)] lw;Z ls ml xzg dh vkSlr nwjh osQ ?ku dk vuqØekuqikrh gksrk gSA ;fn
ge ifjØe.k dky dks T ls n'kkZ,a rFkk lw;Z ls xzg dh vkSlr nwjh dks r ls n'kkZ,a] rks

 T2 α r3

vkb;s] ge rhljs fu;e dks vkSj vfèkd ckjhdh ls le>us dh ps"Vk djsaaA vkidks ;kn gksxk
fd bl fu;e dh lgk;rk ls U;wVu ;g fu"d"kZ fudkyus esa l{ke gq, Fks fd lw;Z vkSj

D

C

lw;Z

xzg

B

A

O
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xzgksa osQ chp yxus okyk cy 1/r2 osQ vuqlkj ifjofrZr gksrk gS (mnkgj.k 5-1)A iqu% ;fn
T

1
 vkSj T

2
 nks xzgksa osQ ifjØe.k&dky gksa vkSj r

1
 vkSj r

2
 lw;Z ls mudh vkSlr nwfj;k¡ gksa rks

rhljs fu;e osQ vuqlkj

2
1

2
2

T

T = 
3

1
3

2

r

r (5.15)

vkuqikfrdrk&fLFkjkad ,d xzg osQ laca/ dks nwljs xzg osQ laca/ ls Hkkx nsus ij fujLr gks
tkrk gSA ;g ,d cgqr egRoiw.kZ fu;e gSaA mnkgj.k osQ rkSj ij ;fn T

1
] r

1
 vkSj r

2
 Kkr gksa

rks bl fu;e dh lgk;rk ls T
2 
dk eku Kkr fd;k tk ldrk gSA

mnkgj.k 5.5 : cqèk dk ifjØe.k dky Kkr dhft,] ;fn lw;Z ls bldh nwjh 57.9 × 109

m gSA vkidks fn;k x;k gS fd i`Foh dh lw;Z ls nwjh 1.5 × 1011 m gSA

gy : ge tkurs gSa fd i`Foh dk ifjØe.k dky = 365.25 fnu

∴ T
1
= 365.25 fnu] r

1
 = 1.5 × 1011 ehVj] r

2
 = 57.9×109 ehVj (cqèk osQ fy,)

rc cqèk dk ifjØe.k dky T
2 
izkIr gksxk

2
2
2

1

T

T = 
3

2
3

1

r

r

T
2

= 
2 3

1 2
3

1

T r

r
 =

2 9 3 3

11 3 3

(365.25) (57.9 10 ) m

(1.5 10 ) m

× ×
×  fnu

= 87.6 fnu

blh izdkj vki lw;Z ls xzgksa dh nwjh osQ vkèkkj ij vU; xzgksa dk ifjØe.k dky fudky
ldrs gSa vkSj vki viuh x.kukvksa dh tk¡p lkj.kh 5.1 dh lgk;rk ls dj ldrs gSa%

lkj.kh- 5.1: lkSj iz.kkyh osQ xzgksa lacaèkh vkadM+s

xzg dk uke lw;Z ls ekè; nwjh f=kT;k nzO;eku

(lw;Z ls i`Foh dh (x103 km) (i`Foh dh rqyuk esa)

nwjh dh rqyuk esa)

cqèk 0.387 2.44 0.53

'kqØ 0.72 6.05 0.815

i`Foh 1.0 6.38 1.00

eaxy 1.52 3.39 0.107

c`gLifr 5.2 71.40 317.8

'kfu 9.54 60.00 95.16

;wjsul 19.2 25.4 14.50

usiP;wu 30.1 24.3 17.20

IywVks 39.4 1.50 0.002
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osQiyj osQ fu;e fdlh Hkh ,sls fudk; osQ fy, iz;ksx fd;s tk ldrs gSa tgk¡ mlosQ vo;oksa
dks ck¡èks j[kus okyk cy xq#Roh; izo`Qfr dk gksrk gSA mnkgj.k osQ rkSj ij os c`gLifr ,oa
blosQ mixzgksa osQ fy, vkSj i`Foh vkSj blosQ mixzgksa tSls pUnzek vkSj o`Qf=1e mixzgksa ij
Hkh ykxw gksrs gSaA

mnkgj.k 5.6 : ,d mixzg dk ifjØe.k dky 1 fnu osQ cjkcj gSA tSlk fd vki vkxs
tkusaxs fd ,sls mixzgksa dks rqY;dkyh mixzg dgrs gSaA i`Foh dh lrg ls bldh mQ¡pkbZ Kkr
dhft,A (fn;k x;k gS fd i`Foh ls pUnzek dh nwjh = 60 R

E
 gS] tgk¡ Loa; R

E
 i`Foh dh f=kT;k

gS vkSj pUnzek dk ifjØe.k dky fLFkj rkjksa osQ lanHkZ ls 27.3 fnu gS vkSj i`Foh osQ lanHkZ
ls tks fd Lo;a lw;Z dh ifjØek djrh gS 29.5 gSA

gy : ,d rqY;dkyh xzg dk ifjØe.k dky T
2
 = 1 fnu, pUnzek osQ fy, T

1
 = 27.3 fnu vkSj

r
1
 = 60 R

E
, T

2
 = 1 fnuA vr% lehdj.k (5.15) dk iz;ksx djus ij]

r
2

= 

1/33 2
1 2

2
1T

r T⎡ ⎤
⎢ ⎥
⎣ ⎦

 = 
1/33 3 2

2

(60 ) 1 ( )

(27.3 )
ER⎡ ⎤

⎢ ⎥
⎣ ⎦

fnu

fnu
= 6.6 R

E
.

;kn j[ksa fd mixzg dh nwjh i`Foh osQ osQUnz ls ekih tkrh gSA i`Foh dh lrg ls Å¡pkbZ
Kkr djus osQ fy,] R

E
 dks 6.6 R

E 
ls ?kVkuk iM+sxkA i`Foh dh lrg ls visf{kr nwjh = 5.6

R
E 
(tgk¡ R

E
 i`Foh dh f=kT;k gS)A ;fn vki bl nwjh dks fdyksehVj esa izkIr djuk pkgrs

gSa rks 5-6 dks i`Foh dh fdyksehVj esa ekih xbZ f=kT;k ls xq.kk djsaaA

5.5.1 xzgksa dk d{kh; osx

ge Åij xzgksa osQ ifjØe.k dky osQ ckjs esa ckr dj pqosQ gSaA ;fn fdlh xzg dk ifjØe.k
dky T vkSj bldh lw;Z ls nwjh r gks rks ;g T le; esa 2πr nwjh r; djrk gSA vr% bldk
d{kh; osx&

v
d{kh;

= 
2 r

T

π
 (5.16)

d{kh; osx dk eku izkIr djus dh ,d nwljh fofèk Hkh gSA xzg ij yxs vfHkosQUnz&cy dk

eku 2 /m rυd{kh;  gS] tgk¡ m bldk nzO;eku gSA ;g cy lw;Z ,oa xzg osQ chp yxus okys

xq#Rokd"kZ.k cy osQ }kjk izkIr gksrk gSA ;fn Ms lw;Z dk nzO;eku gks rks xzg ij yxus okyk

xq#Roh; cy 2
sG m M

r
 gksxkA bu nks cyksa dh rqyuk djus ij] gesa d{kh; osx v

d{kh;
 dk

eku izkIr gksrk gSA

vFkkZr~
2m

r

υd{kh; = 2
sG M

r
,

vFkok

v
d{kh;

= 2
sG M

r
(5.17)
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è;ku nhft, fd mijksDr lehdj.k esa xzg dk nzO;eku lfEefyr ugha gSA vr% d{kh; osx
xzg osQ nzO;eku ij fuHkZj ugha djrk gSA d{kh; osx osQoy lw;Z ls xzg dh nwjh ij fuHkZj
djrk gSA ;g Hkh è;ku nsa fd ;fn lehdj.k 5.16 ls v dk eku (5.17)esa izfrLFkkfir djsa
rks gesa osQiyj dk rhljk fu;e izkIr gksrk gSA

ikBxr iz'u   5.5

1. gekjh vkdk'k xaxk esa cgqr ls xzgh; fudk;ksa dh [kkst gks pqdh gSA D;k osQiyj osQ
fu;e muosQ fy, Hkh ykxw gksaxs\

2. nks o`Qf=ke mixzg i`Foh dh lrg ls 1000 km vkSj 2000 km dh Å¡pkbZ ij ifjØek
dj jgs gSaA buesa ls fdldk ifjØe.k dky vfèkd gksxk\ ;fn igys mixzg dk ifjØe.k
dky 90 feuV gks] rks nwljs osQ ifjØe.k dky dk eku Kkr dhft,A

3. lkSj iz.kkyh esa ,d NksVs ls u, fiaM lsMuk dh [kkst gky esa gh gqbZ gSA bloQh lw;Z
ls nwjh 86 AU gSA  (,d AU lw;Z ls i`Foh osQ chp dh nwjh osQ cjkcj gksrh gSA bldk
eku 1.5 × 1011 m osQ cjkcj gSA blosQ ifjØe.k dky dk eku o"kksZa esa Kkr dhft,A

4. i`Foh dh ifjØek dj jgs ,d mixzg osQ d{kh; osx osQ fy, O;atd izkIr dhft,A

5.   lehdj.k (5.16) vkSj (5.17) dh lgk;rk ls osQiyj dk rhljk fu;e izkIr djsaA

5.6  iyk;u osx

vki tkurs gSa fd Åij dh vksj isaQdh xbZ xsan ges'kk okil i`Foh ij vk tkrh gSA ;fn
bls vkSj tksj ls Åij isaQdk tk; rks ;g oqQN vfèkd Å¡pkbZ rd tkdj iqu% okil vk
tkrh gSA vki iwN ldrs gSa fd D;k ;g lEHko gS fd dksbZ Åij dks isaQdh x;h oLrq i`Foh
osQ vkd"kZ.k izHkko {ks=k ls nwj igq¡p losQ\ gk¡ ,slk laHko gSA gesa blosQ fy, oLrq dks ,d
fuf'pr osx iznku djuk iM+sxk] ftls fd iyk;u osx dgrs gSaA i`Foh osQ xq#Roh; vkd"kZ.k
ls iwjh rjg ckgj fudy tkus osQ fy, oLrq dks Åij dh vksj ftrus u;wure osx ls isaQosQ
tkus dh vko';drk gksrh gS] og iyk;u osx dgykrk gSA

;g Li"V gS fd iyk;u osx ml fiaM osQ nzO;eku ij fuHkZj djrk gS ftlls oLrq nwj tkuk
pkgrh gS D;ksafd xq#Roh; cy nzO;eku dk lekuqikrh gSA ;g fiaM dh f=kT;k ij Hkh fuHkZj
djrk gS] D;ksafd de f=kT;k okys fiaM dk xq#Roh; cy vfèkd gksxkA

i`Foh ls iyk;u osx fuEu izdkj lw=kc¼ fd;k x;k gSA

v
iyk;u

= 
2G M

R
 (5.18)
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tgk¡ M i`Foh dk nzO;eku vkSj R bldh f=kT;k gSA bl lw=k dh lgk;rk ls vU; vkdk'kh;
fiaMksa osQ fy, Hkh iyk;u osx Kkr fd;k tk ldrk gSA fdlh vU; xzg ;k [kxksyh; fiaM
ls iyk;u osx dh x.kuk djus osQ fy, gesa mijksDr O;atd esa ml [kxksyh; fiaM osQ nzO;eku
rFkk f=kT;k osQ eku j[kus gksasxsA

,slk ugha gS fd tc fdlh oLrq dks iyk;u osx ls Åij isaQdk tkrk gS rks ml ij xqjQRo
cy ugha yxrkA ;g dk;Zjr jgrk gSA oLrq dk osx vkSj bl ij yxus okyk xq#Ro cy
nksuksa oLrq osQ lrg ls nwj tkus ij de gksus izkjEHk gks tkrs gSa] vkSj ,slk gksrk gS fd oLrq
dk osx 'kwU; gksus ls iwoZ cy 'kwU; gks tkrk gSA vr% oLrq xq#Ro osQ f[kapko ls ijs gks tkrh
gSA

viuh ladYiuk dh iqf"V osQ fy, fuEu iz'uksa dks le>us dk iz;kl djsaA

ikBxr iz'u  5.6

1. i`Foh dk nzO;eku 5.97 × 1024 kg gS vkSj f=kT;k 6371 km gSA i`Foh ls iyk;u osx
dh x.kuk dhft,A

2. eku yhft, fd i`Foh] fcuk blosQ nzO;eku esa varj vk,] viuh f=kT;k osQ 1@4 eku
osQ cjkcj floqQM+ tkrh gS\ bl fLFkfr esa iyk;u osx D;k gksxk\

3. ,d dkYifud mixzg X dk nzO;eku i`Foh dk vkB xquk vkSj f=kT;k i`Foh dh f=kT;k
dh nks xquh gSA bl xzg ls iyk;u osx] i`Foh ls iyk;u osx dh rqyuk esa Kkr dhft,A

5.7 o`Qf=ke mixzg

flMuh esa [ksys tk jgs fØosQV eSp dks Hkkjr o"kZ esa ns[k ldrs gSaA vesfjdk esa [ksys tk
jgs Vsful dk [ksy Hkh vki ?kj cSBs ns[k ysrs gSaA D;k vkius dHkh lkspk fd ,slk oSQls laHko
gksrk gS\ ;g lc i`Foh dk ifjØe.k dj jgs o`Qf=ke mixzgksa }kjk laHko gksrk gSA vc vki
;g iz'u iwN ldrs gSa fd o`Qf=ke mixzg dks oSQls fdlh d{k esa LFkkfir fd;k tkrk gS\

vki igys gh iz{ksI; xfr osQ ckjs esa i<+ pqosQ gSaA ;fn vki fdlh oLrq dks {kSfrt ls ,d
dks.k cukrs gq, isaQosQ rks bldk iFk ijoy;kdkj gksrk gSA vc vki c<+krs gq, Øe osQ cyksa
}kjk isaQdh tk jgh oLrqvksa dh dYiuk djsaA bls fp=k (5.8) }kjk Li"V fd;k x;k gSA iz{ksI;
(oLrq,a) èkjrh ij okil vkus ls iwoZ cM+h nwfj;k¡ c<+rs Øe esa r; djrh gSaA varrksxRok]
iz{ksI; i`Foh osQ pkjksa vksj ,d d{k esa izos'k djrs tkrs gSaA ;kn j[ksa] ;s mixzg ekuo fufeZr
gSa vkSj bUgsa fo'ks"k mís'; dks è;ku esa j[krs gq, LFkkfir fd;k tkrk gSA pUnzek i`Foh dk
izko`Qfrd mixzg gSA
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fp=k 5-8% i`Foh osQ ifjØe.k osQ fy, iz{ksI;

,d mixzg dks d{k esa LFkkfir djus osQ fy, igys mls yxHkx 200 km  Åij mBk;k
tkrk gS vkSj fiQj 8 km s–1 osQ osx ls {kSfrt fn'kk esa ml ij ,d èkDdk fn;k tkrk gSA
bls Åij blfy, mBk;k tkrk gS ftlls fd i`Foh osQ ok;qe.My esa ?k"kZ.k osQ dkj.k ÅtkZ
dk {k; U;wure gks losQA

,d o`Qf=ke mixzg dk d{k Hkh osQiyj osQ fu;eksa dk ikyu djrk gS D;ksafd fu;ked cy
i`Foh vkSj mixzg osQ chp yxus okyk xq#Rokd"kZ.k cy gSA mixzg dk ifjØe.k iFk nh?kZo`Ùkkdkj
gksrk gS vkSj bldk ry ges'kk i`Foh osQ osQUnz ls xqtjrk gSA

Lej.k jgs fd ,d o`Qf=ke mixzg osQ d{kh; osx dk eku iyk;u osx ls de gksuk pkfg,
vU;Fkk ;g i`Foh osQ xqjQRoh; {ks=k ls vyx gks tk,xk vkSj i`Foh dh ifjØek ugha djsxkA
i`Foh osQ fudV mixzg osQ d{kh; osx vkSj iyk;u osx osQ vfHkO;atd n'kkZrs gSa fd

v
d{kh; 

= 
2

v
iyk;u  (5.19)

o`Qf=ke mixzgksa osQ izk;% nks izdkj osQ d{k gksrs gSa (fp=k 5-9) tks mudks NksM+s tkus osQ mís';
ij fuHkZj djrs gSaA nwj laosnu osQ dk;ksZa osQ fy, mixzgksa dk d{k èkzqoh; gksrk gS bu d{kksa
dh Å¡pkbZ yxHkx 800 km gksrh gSA ;fn d{k dh Å¡pkbZ 300 km ls de gksrh gS rks ok;qe.My
esa d.kksa osQ }kjk mRiUu ?k"kZ.k osQ dkj.k mixzg dh ÅtkZ dk ãkl gksrk gSA ftlosQ dkj.k
;g uhps vkus yxrk gS tgk¡ ok;qe.My dk ?kuRo vkSj vfèkd gS vkSj ogk¡ ij ;g ty
tkrk gSA èkzqoh; mixzgksa dk& vkorZdky (ifjØe.k dky) yxHkx 100 feuV gSA ,d èkzqoh;
mixzg dks lw;Zledkfyd cuk;k tk ldrk gS rkfd ;g izfrfnu fu;r le; ij ,d gh
v{kka'k ij igq¡psA yxkrkj pDdj yxkus ij ;g lEiw.kZ i`Foh dh lw{e tk¡p (scanning)

dj ldrk gS] D;ksafd i`Foh viuh v{k ij ?kwerh gS (fp=k 5-10)A bl izdkj osQ mixzg
ekSle lacaèkh Hkfo";okf.k;ksa osQ fy, vkadM+s izkIr djus] ck<+] iQlyksa o taxy esa yxh vkx
lacaèkh tkudkjh izkIr djus osQ fy, iz;ksx fd;s tkrs gSaA
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fp=k. 5.9: Hkweè;js[kh; rFkk /qzoh; d{kk,a

nwjn'kZu laosQrksa ,ao nwjHkk"k laosQrksa osQ ijkorZu osQ fy, mixzgksa dks cgqr Å¡pkbZ ij Hkweè;js[kh;
(fo"kqorjs[kh;) d{k esa LFkkfir fd;k tkrk gSA bu mixzgksa esa vf/dka'k Hkw&ledkfyd gSa ftudk
ifjØe.k dky ìFoh dh viuh èkqjh ij ?kw.kZudky dky (24 ?kaVk) osQ cjkcj gksrk gSA budh
Å¡pkbZ 36000 km osQ yxHkx j[kh tkrh gSA pw¡fd mudk ifjØe.k dky ìFoh osQ vius v{k
ij ifjØe.k dky ls esy [kkrk gS] blfy, ;s ,d gh LFkku ij fLFkj fn[kkbZ nsrs gSaA ,sls rhu
mixzgksa dk la;kstu iwjh ìFoh osQ fy, i;kZIr gSa vkSj buosQ }kjk ìFoh esa ,d txg ls nwljh
txg laosQr Hksts tk ldrs gSaA pw¡fd ,d Hkw&ledkfyd mixzg ges'kk ìFoh esa ,d gh LFkku
dk voyksdu djrk gS] bls fdlh yacss le; esa fodflr gksus okyh ?kVuk osQ fujh{k.k tSls
rst vk¡èkh ;k rwiQku vkfn dk vè;;u djus osQ fy, fd;k tk ldrk gSA

fp=k. 5.10: i`Foh dh lw{e tk¡p djrk gqvk Hkwledkfyd mixzg

mixzgksa osQ mi;ksx

ekuo osQ fy, o`Qf=ke mixzg cgqr mi;ksxh gSaA uhps muosQ oqQN mi;ksx fn, x, gSa%

1. ekSle lacaèkh Hkfo"okf.k;k¡ :  mixzg lHkh izdkj osQ vk¡dM+s bdV~Bk djrs jgrs
gSa tks fd vYidkfyd vkSj nh?kZdkfyd Hkfo"okf.k;ksa osQ fo"k; esa mi;ksxh gksrs
gSaA nwjn'kZu ;k lekpkj i=kksa esa vki tks ekSle osQ pkVZ ns[krs gSa] os mixzg }kjk
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Hksts x, vk¡dM+ksa osQ vkèkkj ij rS;kj fd, tkrs gSaA Hkkjr tSls ns'k tgk¡ o"kkZ ij
dkiQh oqQN fuHkZj djrk gS] ogk¡ ij ekulwu lacaèkh tkudkjh osQ fy, ;s mixzg
mi;ksxh gSaA blosQ vykok gesa cM+s {ks=kiQy ij iQlyksa osQ vLoLFk #>kuksa] laHkkfor
ck<+ ;k taxy dh vkx yxus vkSj iSQyus lacaèkh tkudkfj;k¡ nsdj ;s gesa lkoèkku
dj ldrs gSaA

2. ukS&lapkyu :  oqQN mixzgksa osQ la;kstu ls fdlh LFkku osQ ckjs esa cgqr lgh tkudkjh
izkIr dh tk ldrh gSA bldk mi;ksx] rc fd;k tk ldrk gS tc ge jkLrk
HkVd x;s gksa vkSj [kks x;s gksaA mixzgksa dh lgk;rk ls cM+s&cM+s Hkw[k.Mksa osQ foLr`r
tkudkjh nsus okys ekufp=k cu x;s gSaA vU;Fkk ftUgsa cukus esa cgqr le; rFkk
ÅtkZ O;; gksrhA

3. nwjlapkj :  mixzgksa }kjk nwjn'kZu jsfM;ksa ,ao nwjHkk"k laosQrksa dks lalkj esa fdlh
Hkh txg ls dgha Hkh Hkstk tk ldrk gSA blls vc lalkj fleVdj NksVk gks x;k
yxrk gS ftls dHkh&dHkh Xykscy foyst (oSf'od xk¡o) Hkh dgk tkrk gSA

4. oSKkfud 'kksèk : mixzgksa osQ ekè;e ls oSKkfud midj.kksa dks varfj{k esa i`Foh]
pUnzek] mYdkvksa] xzgksa] lwjt] flrkjksa o vkdk'kxaxkvksa osQ izs{k.k osQ fy, Hkstk
tk ldrk gSA vkius gcy varfj{k nwjchu vkSj pUnz x- fdj.k nwjchu dk uke
lquk gksxkA varfj{k esa nwjn'kZd ;a=k gksus dk ykHk ;g gS fd nwj fLFkr oLrqvksa
ls vkus okys izdk'k dks ok;qe.My ls ugha xqtjuk iM+rk gS vkSj bl izdkj mldh
rhozrk esa eqf'dy ls gh dksbZ deh vkrh gSA blfy, gcy nwjn'khZ }kjk fy, x,s
fp=k vU; nwjn'kZd (i`Foh ij j[ks) ;a=kksa ls vfèkd Li"V gksrs gSaA

gky gh esa] ;wjksih; oSKkfudksa osQ ,d laxBu us gekjs lkSj e.My osQ ckgj 20
izdk'k o"kZ dh nwjh ij ,d i`Foh osQ leku xzg dh mifLFkfr dk voyksdu fd;kA

5. lSU; xfrfofèk;ksa dk fujh{k.k : nq'eu dh lSU; VqdfM+;ksa dh xfrfofèk;k¡ ns[kus
osQ fy, o`Qf=ke mixzg cgqr lgk;d gSaA o`Qf=ke mixzg dk [kpkZ ogu dj ldus
esa l{ke yxHkx lHkh ns'kksa osQ ikl vius mixzg gSaA

foØe vackyky&lkjkHkkbZ
(1919&1971)

xqtjkr izkar osQ vgenkckn osQ ,d vkS|ksfxd ifjokj esa tUesaa Jh foØe
lkjkHkkbZ ges'kk osQ fy, Hkkjrh; foKkfu;ksa osQ izsj.kkJksr cus jgsaxsA mudk
egRoiw.kZ ;ksxnku dkWfLed fdj.kksa dh lkef;d fofoèkrk ls jgk gSA
vkius vgenkckn esa HkkSfrd 'kksèk iz;ksx'kkyk dh LFkkiuk dh vkSj
Hkkjrh; varfj{k vuqlaèkku osQ vxznwr jgsA vkius gh loZizFke ;g vuqHko
fd;k fd varfj{k vuqlaèkku osQ varxZr nwjlapkj] f'k{kk] èkkrqdh;]
fjeksVlsflax Hkwxf.kr vkfn dks tksM+k tkuk pkfg,A
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5.7.1 Hkkjrh; varfj{k vuqlaèkku laxBu (Indian Space Research
Organisation)

Hkkjr ,d cgqr cM+k vkSj ?kuh vkcknh okyk ns'k gSA ;gk¡ vfèkdrj yksx xk¡oksa esa jgrs gSa
vkSj ekulwu rFkk o"kkZ ij vR;fèkd vkfJr gSaA blfy, ekSle dk iwokZuqeku djuk ljdkj
osQ fy, ,d egRoiw.kZ dk;Z gSA cM+h vkcknh dh lapkj vko';drkvksa dh iwfrZ djuk Hkh
vko';d gSA gekjs Hkw[k.M ij dbZ LFkkuksa ij [kfut] rsy ;k xSl dh mifLFkfr dk vUos"k.k
ugha gks ik;k gSA mixzg rduhd bu lHkh leL;kvksa dk de [kphZyk lekèkku izLrqr djrh
gSA bu lc ckrksa dks è;ku esa j[krs gq, Hkkjr ljdkj us 1969 esa Hkkjrh; varfj{k vuqlaèkku
laxBu (ISRO) dh LFkkiuk dhA ISRO us nwjlapkj] nwjn'kZu] ekSle foKkuh lsokvksa] nwj laosnh
,ao oSKkfud vuqlaèkku osQ fy, varfj{k iz.kkyh dk fodkl djus dh n`f"V ls cgqr izcy
dk;ZØe dk vuqlj.k fd;kA blus èkzqoh; ,ao Hkwledkfyd mixzgksa dks NksM+us osQ fy, iz{ksi.k
;kuksa dk liQyrk iwoZd fodkl dj fy;k gSA okLro esa blus nwljs ns'kksa tSls teZuh] csfYt;e]
dksfj;k vkfn osQ mixzgksa dk iz{ksi.k fd;k gS vkSj ik¡p ns'kksa osQ vfrfof'k"V Dyc esa lfEefyr
gks x;k gSA blosQ oSKkfud dk;ZØe osQ varxZr
(i) ekSle] i;kZoj.k vkSj oSf'od cnyko
(ii) Åijh ok;qe.My
(iii) [kxksfydh ,ao [kxksy HkkSfrdh] vkSj
(iv) Hkkjrh; leqnz vkfn 'kkfey gSaA
vc ;g pUnzek ij tkus dh rS;kjh dj jgk gSA

fp=k. 5.11: PSLV fp=k. 5.12: GSLV

(èkzqoh; mixzg iz{ksi.k ;ku) (Hkwledkfyd mixzg iz{ksi.k ;ku)

ikBxr iz'u  5.7

1. oqQN oSKkfud ys[kd fo'okl djrs gSa fd dHkh euq"; eaxy xzg esa mifuos'k LFkkfir
dj ysaxsA eku yhft, ,slk fopkj j[kus okys yksx ,d eaxy ledkfyd mixzg dks
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d{k esa LFkkfir djuk pkgrs gSaA eaxy dk ifjØe.k dky 24.6 ?kaVk gSA bldk nzO;eku 6.4

× 1023 kg- ,ao f=kT;k 3400 km gSA ,sls mixzg dh eaxy dh lrg ls Å¡pkbZ fdruh gksxh\

2. varfj{k esa nwjn'kZd ;a=k gksus osQ D;k ykHk gSa\

vkius D;k lh[kk

czãk.M esa fdUgha nks d.kkssa (oLrqvksa) osQ chp xqjQRokd"kZ.k cy dke djrk gSA ;g cy
bu nks d.kksa (oLrqvksa) osQ nzO;ekuksa osQ xq.kuiQy osQ lekuqikrh rFkk muosQ chp dh
nwjh osQ oxZ dk O;qRØekuqikrh gksrk gSA

U;wVu osQ xq#Rokd"kZ.k osQ fu;eksa esa G  ,d lkoZf=kd fu;rkad gS bldk eku czãk.M esa
lHkh txg leku jgrk gSA

i`Foh dk xq#Rokd"kZ.k cy lHkh oLrqvksa dks viuh vksj [khaprk gSA

i`Foh dh lrg ij xq#Rotfur Roj.k g dk eku 9.8 m s–2 gSA g dk eku i`Foh dh lrg
ij cnyrk gS D;ksafd i`Foh iw.kZ xksykdkj ugha gSA

xq#Roh; Roj.k dk eku Å¡pkbZ] xgjkbZ vkSj v{kka'k osQ lkFk cnyrk gSA

fdlh oLrq ij yxus okys xq#Roh; cy dks mldk Hkkj dgrs gSaA

r nwjh }kjk i`FkDÑr M ,oa m nzO;eku ds nks d.kksa dh fLFkfrt ÅtkZ] 
GMm

V
r

= −

gksrh gSA

osQiyj osQ izFke fu;ekuqlkj fdlh xzg dh d{kk nh?kZ o`Ùkkdkj gksrh gS vkSj lw;Z blosQ
fdlh ,d iQksdl ij fo|eku gksrk gSA osQiyj osQ nwljs fu;ekuqlkj mixzg dks lw;Z
ls tksM+usokyh js[kk leku le; esa leku {ks=kiQy izliZ (sweep) djrh gSA

osQiyj osQ rhljs fu;e osQ vuqlkj fdlh xzg osQ ifjØe.k dky dk oxZ xzg dh lw;Z
dh ekè; nwjh osQ rhljs ?kkr dk lekuqikrh gksrk gSA

;fn dksbZ oLrq iyk;u osx ;k blls vfèkd osx izkIr dj ys rks og i`Foh osQ xq#Rokd"kZ.k
{ks=k ls ckgj pyh tk ldrh gSA

fdlh mixzg dk d{kh; osx mldh i`Foh ls nwjh ij fuHkZj djrk gSA

ikBkar iz'u

1. vki tkurs gSa fd xq#Roh; vkd"kZ.k ikjLifjd gSaA ;fn ,slk gS rks D;k lsc Hkh i`Foh
dks vkdf"kZr djrk gS\ ;fn] gk¡ rks blosQ iQyLo#i i`Foh viuk LFkku D;ksa ugha cnyrh\

2. ge i`Foh dh lrg ij ,d fuf'pr nwjh }kjk foyfxr nks d.kksa osQ chp dk;Zdkjh
xq#Rokd"kZ.k cy dk eku Kkr djus osQ fy, ,d iz;ksx djrs gSaA ekuk fd ;g cy
F gSA blh lek;kstu dks ge pUnzek ij ys tkdj iqu% iz;ksx djrs gSaA ogk¡ ij nks nzO;ekuksa
(d.kksa) osQ chp yxus okys cy dk eku D;k gksxk\
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3. eku ysa fd i`Foh fcuk nzO;eku cnys vius vkdkj dh nks xquk gks tkrh gSA rc vkidk
Hkkj D;k gks tk,xk ;fn bl le; vkidk Hkkj 500 N gS\

4. dYiuk djsa fd vpkud i`Foh viuk xq#Rokd"kZ.k cy [kks nsrh gSA i`Foh dh lrg ij
jgus okys yksxksa ij bldk D;k izHkko iM+sxk\

5. fp=k 5-6 esa i`Foh dh lajpuk fn[kkbZ xbZ gSA HkwiiZVh dh ryh (xgjkbZ 25 km) rFkk
izkokj dh ryh (xgjkbZ 2855kg) ij g osQ eku dh x.kuk djsaA

6. pUnzek osQ ifjØe.k dky ,ao bldh d{kk dh f=kT;k osQ vkèkkj ij i`Foh osQ nzO;eku
dk O;atd Kkr dhft,A

7. ekuk i`Foh ij vkidk Hkkj 500N gSA pUnzek ij vkidk Hkkj fdruk gksxk\ pUnzek ij
vkidk nzO;eku fdruk gksxk\

8. ,d èkzqoh; mixzg dks i`Foh dh lrg ls 800 km Å¡pkbZ ij LFkkfir fd;k x;k gSA bldk
ifjØe.k dky o d{kh; osx Kkr djsaA

ikBxr iz'uksa osQ mÙkj

5.1

1. pUnzek dk ifjØe.k dky T = 27.3d

= 27.3 × 24 × 3600 s

pUnzek dh d{kk dh f=kT;k R  = 3.84 × 108  m.

pUnzek dh d{kh; pky v = 
2 R

T

π

vfHkosQUnz&Roj.k = v2/R

= 
2

2

4 R

T

2π
.

1

R
 = 2

4 R

T

2π
 = 

8

2 2

4 3.84 10 m

(27.3 24 3600) s

2π × ×
× ×

= 2

4 3.84

(27.3 2.4 3.6)

2π ×
× ×

 × 10–2 m s–2

= .00272 m s–2

;fn ge g dks 3600 ls Hkkx nsdj vfHkosQUnz&Roj.k dk eku Kkr djsa rks ge ns[ksaxs fd
nksuksa osQ eku leku gSaA

= 
9.8

3600
 m s–2 = 0.00272 m s–2
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2. F = 1 2
2

G m m

r

F cy gS ∴ G = 
2

2( )

r×cy

nOz ;eku
 = 

2

2

Nm

kg

3. F = G 1 2
2

m m

r

;fn m
1
 = 1kg-, m

2
 = 1kg, r = 1 m , rc F = G

vFkok G nks ,d  kg  osQ 1 ehVj dh nwjh ij j[ks nzO;ekuksa osQ chp yxus okys xq#Rokd"kZ.k
cy osQ cjkcj gksrk gSA

4. (i) F α 1/r2, ;fn r nks xquk dj fn;k tk; rks cy ,d pkSFkkbZ jg tk,xkA

(ii) F α m
1
m

2
, ;fn m

1
 vkSj m

2
 nksuksa osQ eku nks xquk dj fn, tk,aa rks F pkj xquk gks tk,xkA

(iii) F α 1 2
2

m m

r
,

;fn izR;sd nzO;eku nks xquk dj fn;k tk,a vkSj muosQ chp dh nwjh Hkh nks xquh dj
nh tk,a rks

F vifjofrZr jgsxkA

5. F = G 
2

50 kg 60 kg

1 m

×
; G = 6.68 × 10–11

2

2

Nm

kg

= 6.67 × 10–11 
2

2

Nm

kg ×
2

2

3000 kg

1 m  = 6.67 × 10–11 × 3 × 103 N

    = 2 × 10–7 N

5.2

1. g = 2

GM

R
 = 6.67 × 10–11

2

2

Nm

kg .
24

6 2 2

5.97 ×10 kg

(6.371×10 ) m  = 
6.97 59.7

6.371 6.371

×
×  

N

kg

           = 9.81 m s–2

2. èkzqoksa ij g dk eku

g
pole

 = 2
pole

GM

R
 = 6.67 × 10–11

2

2

Nm

kg .
24

6 2 2

5.97 ×10 kg

(6.371×10 ) m

    = 
6.97 59.7

6.371 6.371

×
×

 
N

kg
 = 9.81 m s–2
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blh izdkj%

g
equator

 = 
6.97 59.7

6.378 6.378

×
×

 
N

kg
 = 9.79 m s–2

3. izR;sd fLFkfr esa g mQèokZèkj uhps dh vksj dk;Z djrk gSA ,slk ges'kk gksrk gSA

4. g
moon

= 6.67 × 10–11
2

2

Nm

kg
 × 

22

6 2 2

7.3 ×10 kg

(1.74 ×10 ) m

= 
6.67 7.3

1.74 1.74

×
×

 × 10–1
N

kg
 = 1.61 m s–2

5.3

1. ekuk fd r nwjh ij g dk eku g
1 
gSA

i`Foh osQ ckgj

rc  
1

g

g
 = 

2

2R

r

;fn g
1
 = g/2 ⇒ r2 = 2R2 ⇒ r = 2 R = 1.412 R

∴ i`Foh dh lrg ls Å¡pkbZ = 1.4142 R – R

  = 0.4142 R

2. i`Foh osQ vUnj g dk eku osQUnz ls nwjh osQ vuqlkj ifjofrZr gksrk gSA ekuk xgjkbZ d ij
g dk eku g

d 
gSA

rc dg

g
 = 

R –

R

d

;fn g
d

= 80%, rc

  
0.8

1
 = 

R –

R

d

∴       d = 0.2 R

3. mnkgj.k 5.3 esa geus ω = 7.27 × 10–5  rad s–1 x.kuk dh

∴ Rω2 cos 30º = 6.37 × 106 × (7.27 × 10–5)2 s–2 . 3 2 = 0.029 m s–2
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èkzqoksa ij g vFkkZr~  g
poles

= 9.853 m s-2

(mnkgj.k 5.2 esa x.kuk dh xbZ gS)

∴ fnYyh esa g = 9.853 m s–2 – 0.029 m s–2

       = 9.824 m s–2

4. lw=k (5.9) dk iz;ksx djus ij

g
h
= 

2
1

g

h

R
+

 = 
–29.81 m s

2000 km
1+

6371 km

= 
–29.81 m s

28371 km

6371 km

 = 7.47 m s–2

r osQ lkFk ifjorZu dk iz;ksx djus ij

g = 
G

2( + )

M

R h

= 6.67 × 10–11 
2Nm

2kg
. 

245.97 10 kg
6 2 2(7.371 10 ) m

×

×

= 7.33 ms–2

;g vfèkd lVhd ifj.kke nsrk gS D;ksafd lw=k (5.9) h << R osQ fy, gSA bl ekeys esa
h << R ugha gSA

5.4

1. pUnzek ij g dk eku i`Foh ij g osQ eku dk 1/6 gksrk gSA vr% vkidk Hkkj i`Foh dh
vis{kk pUnzek esa 1/6 gks tk,xkA nzO;eku vifjofrZr jgrk gSA

2. eaxy dk nzO;eku = 6 × 1023 kg

eaxy dh f=kT;k = 4.3 × 106 m

∴ g
Mars

= G 2

M

R
 = 6.67 × 10–11 

2Nm
2kg

.
236 ×10 kg
6 2 2(4.3 ×10 ) m

 = 2.16
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exa y dk Hkkj

iF̀oh dk Hkkj
 = 

m . 2.16

m . 9.81
 = 0.22

vr% eaxy xzg esa vkidk Hkkj i`Foh ij vkiosQ Hkkj dk yxHkx ,d pkSFkkbZ gks tkrk
gSA nzO;eku leku jgrk gSA

3. nks iyM+ksa okyh rqyk okLro esa nksuksa nzO;ekuksa dh rqyuk djrh gS D;ksafd g nksuksa iyM+ksa
ij dke djrk gS vkSj fujLr gks tkrk gSA fLizax rqyk Hkkj ekirh gSA iyM+ksa okyh rqyk
}kjk pUnzek ij Hkh ekiu fd;k tk ldrk gSA ysfdu fLizax rqyk dk ikB~;kad pUnzek ij
i`Foh dh rqyuk esa 1/6 jg tk,xkA

4. xq#Roh; foHko dk SI ek=kd J kg–1 gSA

5.5

1. gk¡] tc Hkh nks oLrqvksa osQ chp yxus okyk cy xq#Roh; izo`Qfr dk gks rks osQiyj osQ
fu;e iz;ksx fd, tk losaQxsA

2. osQiyj osQ r`rh; fu;e osQ vuqlkj

2
1
2

2

T

T
 = 

3
1
3

2

r

r
vFkok T2 α r3 ⇒ T α r3/2

blfy, vfèkd nwjh ij fLFkr mixzg dk vkorZdky vfèkd gksrk gSA

ekuk T
1
 = 90 feuV, r

1
= 1000 km + 6371 km

r
2

= 2000 km + 6371 km

[ i`Foh osQ osQUnz ls]

∴ 2
2T = 

2 3
1 2

3
1

.T r

r
 = (90 min)2 

3
8371 km

7371 km

⎛ ⎞
⎜ ⎟
⎝ ⎠

T
2
= 108.9 min

3. osQiyj osQ r`rh; fu;e osQ vuqlkj

2
earth
2

sedna

T

T
 = 

3
earth
3

sedna

r

r
[lw;Z ls nwjh]

T
earth

= 1 o"kZ, r
earth

 = 1 AU

2
sednaT  = 

2 3
3 2

3

(1 ) (86 AU)
(86)

(1AU)
=o"kZ

(o"k)Z
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∴ T
sedna

=797.5 o"kZ

4. ;fn i`Foh osQ osQUnz ls r nwjh ij fLFkr m nzO;eku osQ mixzg dk d{kh; osx v gks rks vfHkosQUnz
cy vkSj xq#Roh; cyksa dh rqyuk djus ij

2mv

r
 = 

G
2

mM

r
 ⇒ v = 

GM

r

tgk¡ M i`Foh dk nzO;eku gSA

5. lehdj.kksa (5.16) vkSj (5.17) ls

2 2

2

4

T

rπ
 = 

GM

r
 ⇒ T2 = 

2 34 .

G .

r

M

π

or T2 α r3.

5.6

1. v
esc

= 
2GM

R

= 
2 24Nm 5.97 10 kg–112 6.67 10 .

2 6kg 6.371 10 m

×
× ×

×

= 
2 6.67 5.97 10

6.371

× × ×
 103 m s–1

= 11.2 × 103 m s–1 = 11.3 km s–1

2. v
esc

α 
1

R

;fn R 1/4R gks] rks v
esc

 dk eku nks xquk gks tk,xkA

3. v
esc

 α 
M

R

;fn M 8 xquk gks tk; vkSj R nks xquk gks tk, rks

v
esc

α 4  = 2 xquk gks tk,xkA
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5.7

1. (R + h) 
2

2 2

4 G

T ( )

M

R h

π =
+

⇒ (R + h)3 = 2

G

4

M

π  T2  = 
11 23 2

2

6.67 10 6.4 10 (14.6 3600)

4 (3.14)

−× × × × ×
×

= 8370 × 1018 m

R + h = 20300 km

h = 26900 km

2. (a) izfrfcac T;knk Li"V curs gSa%

(b) x-fdj.k nwjn'khZ vkfn Hkh dk;Z djrs gSaA

ikBkar iz'uksa osQ mÙkj

3. 125 N

5. g, 5.5 m s–2

7. Hkkj = 
500

N
6

, nzO;eku pUnzek ij Hkh 50 kg gh jgsxkA

8. T  
1

1 h
2

, v = 7.47 km s–1
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6

dk;Z] ÅtkZ vkSj 'kfDr

vki tkurs gSa fd oLrq esa xfr yxk, x, cy ls mRiUu gksrh gS vkSj bldk fooj.k U;wVu
osQ xfrfo"k;d fu;eksa }kjk fn;k tkrk gSA vki ;g Hkh tkurs gSa fd cy osQ iz;ksx ls osx
dk ifjek.k ,ao fn'kk oSQls ifjofrZr gksrs gSaA bl ikB esa geus dk;Z vkSj ÅtZk dh ladYiukvksa
dk lekos'k fd;k gSA orZeku lekt dks vusoQ izdkj osQ dk;Z djus osQ fy, cgqr vfèkd
ÅtkZ dh vko';drk gksrh gSA vkfn ekuo dk;Z djus osQ fy, ek¡lisf'k;ksa dh 'kfDr dk
iz;ksx djrk FkkA ckn esa euq"; dh enn osQ fy, i'kqvksa dh ÅtkZ mi;ksx esa ykbZ tkus yxhA
vusd izdkj dh e'khuksa osQ vkfo"dkj osQ lkFk dk;Z djus dh {kerk esa dkiQh o`f¼ gqbZ
gSA gekjh lH;rk dk fodkl dk;Z djus esa mi;ksxh ÅtkZ dh miyCèkrk ij fuHkZj djrk
gSA vr% ÅtkZ vkSj dk;Z bu nksuksa dk gekjh nqfu;k ls xgjk lacaèk gSA bl ikB esa vki dk;Z
vkSj ÅtkZ dk vFkZ le>sxsaA

mijksDr foospu ls ge ;g fu"d"kZ fudky ldrs gSa fd u, lkèkuksa osQ iz;ksx ls] vFkkZr~
tSls&tSls ge ekuo ls i'kq vkSj fiQj e'khuksa osQ iz;ksx dh vksj mUeq[k gq,] dk;Z djus dh
nj esa lqèkkj gqvkA dk;Z djus dh nj dks 'kfDr dgrs gSaA

mís';

bl ikB dk vè;;u djus osQ i'pkr~ vki

cy }kjk fd, x, dk;Z dks ifjHkkf"kr dj losaQxs vkSj dk;Z osQ ek=kd crk ik,axs_

fdlh fiaM ij vkjksfir cy }kjk fd, x, dk;Z dh x.kuk dj losaQxs_

dk;Z ÅtkZ izes; dk dFku dj ik,axs;

fdlh ra=k dh 'kfDr dks ifjHkkf"kr dj ik,axs_

fdlh nzO;eku osQ ,d LFkku ls nwljs LFkku ij tkus esa xq#Ro }kjk fd, x, dk;Z dh
x.kuk dj losaQxs;

ÅtkZ osQ vFkZ dks le>k losaQxs_
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xq#Roh; fLFkfrt ÅtkZ vkSj izR;kLFk fLFkfrt ÅtkZ osQ O;atd O;qRiUu dj ik,axs\

fdlh HkkSfrd ra=k osQ fy, ÅtkZ laj{k.k osQ fl¼karksa dks ykxw dj ik,axs vkSj

izR;kLFk la?kV~Vksa esa ÅtkZ ,ao laosx laj{k.k osQ fl¼kUrksa dks ykxw dj ik,axsA

6.1 dk;Z

dk;Z 'kCn dk vFkZ vyx&vyx O;fDr;ksa osQ fy, vyx&vyx gksrk gSA tc vki vè;;u
djrs gSa rks vki ekufld dk;Z djrs gSaA tc ,d Jfed Hkou osQ Åijh ryksa ij bZVsa ;k
lhesaV ys tkrk gS rks xq#Ro osQ foijhr 'kkjhfjd dk;Z djrk gSA foKku esa dk;Z dk ,d
fo'ks"k vFkZ gSA dk;Z dk rduhdh vFkZ lnSo lkekU; vFkZ tSlk ugha gksrk gSA dk;Z dks fuEu
Hkk¡fr ifjHkkf"kr fd;k tkrk gSA

ekuk fd fdlh oLrq ij ,d vpj cy F dk;Z djrk gSA ftlosQ dkj.k bl oLrq esa {kSfrt
ry ij ,d lhèkh js[kk dh fn'kk esa foLFkkiu d gksrk gSA (fp=k (6.1)A cy }kjk fd;k x;k
dk;Z cy osQ foLFkkiu dh fn'kk esa ?kVd vkSj foLFkkiu osQ xq.kuiQy osQ cjkcj gksrk gS

;fn cy F foLFkkiu dh fn'kk ls θ dks.k cukrk gS rks foLFkkiu dh fn'kk esa cy dk ?kVd
F cos θ gksrk gSA rc cy }kjk fd;k x;k dk;Z

W = F cosθ.d (6.1)

lfn'k #i esa] fd;k x;k dk;Z fuEu lw=k osQ vuqlkj fn;k tkrk gSA

W = F. d (6.2)

è;ku nsa] ;fn d = 0 rks W = 0 vFkkZr~] pkgs yxk, x, cy dk ifjek.k fdruk Hkh gks ;fn
oLrq esa dksbZ foLFkkiu ugha gksrk gS rks cy }kjk fd;k x;k oqQy dk;Z 'kwU; gksrk gSA bl
ckr ij Hkh è;ku nsa fd ;|fi cy vkSj foLFkkiu nksuksa lfn'k jkf'k;k¡ gSa] dk;Z ,d vfn'k
jkf'k gSA

fØ;kdyki 6.1

eku yhft, vki vkSj vkiosQ fe=k ,d dejs dh nhokj dks f[kldkus dk iz;Ru djrs gSaA
pkgs vki ftruk Hkh cy yxk,a nhokj ugha f[kldrhA bldk vFkZ ;g gqvk fd ,slh fLFkfr
esa yxk, x, cy }kjk fd;k x;k dk;Z 'kwU; gksrk gSA

fp=k-  6.1 : ,d fiaM ij yxk cy F  bls ,d {kSfrt nwjh d osQ cjkcj foLFkkfir djrk gSA cy

foLFkkiu dh fn'kk ls θθθθθ dks.k cukrk gSA
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dk;Z dk ek=kd lehdj.k (6.2) osQ }kjk ifjHkkf"kr fd;k tkrk gSA ;fn vkjksfir cy U;wVu
esa vkSj foLFkkiu ehVj esa O;Dr fd;k tk, rks dk;Z dk (ek=kd) twy gksrk gSA

(cy dh bdkbZ)×(foLFkkiu dh bdkbZ) = U;wVu . ehVj = N m (6.3)

bldks ,d fo'ks"k uke twy fn;k x;k gS vkSj bls J ls O;Dr djrs gSaA

,d twy] ,d U;wVu cy }kjk ,d ehVj foLFkkiu esa fd, x, dk;Z osQ cjkcj gksrk gSA
twy dk;Z dk SI ek=kd gSA

mnkgj.k 6.1 : dk;Z dk foeh; lw=k Kkr dhft,A

gy : W = cy × foLFkkiu

= nzO;eku × Roj.k × foLFkkiu

∴ dk;Z dh foek = [M] × [LT–²] × [L]

= [ML²T–2]

oS|qr ekiuksa esa dk;Z dh bdkbZ fdyksokV ?kaVk (kW h) gSA bldk twy osQ lkFk fuEuor~ lacaèk
gSA

1kW h = 3.6 × 106 J

bldk ge blh ikB esa vU;=k foLrkjiwoZd vè;;u djsaxsA

mnkgj.k 6.2 : ,d oLrq ij 6N dk cy {kSfrt ls 60º dk dks.k cukrs gq, yxk;k x;k gSA
oLrq dks {kSfrt fn'kk esa 2 ehVj f[kldkus esa gq, dk;Z dh x.kuk dhft,A

gy : lehdj.k (6.2) ls ge tkurs gSa fd

W = Fd cosθ = 6×2 × cos 60º = 6×2 × (½) = 6 J

mnkgj.k 6.3 : ,d O;fDr Hkw ry ls 5 kg  vkyw mBkdj 4m dh Å¡pkbZ osQ izFke ry rd
ys tkrk gSA mlosQ }kjk fd, x, dk;Z dh x.kuk dhft,A

gy : D;ksafd vkywvksa dks Åij mBk;k tk jgk gSA vr% O;fDr dks xq#Ro osQ fo#¼ dk;Z
djuk gksrk gSA ge fy[k ldrs gSa

O;fDr }kjk yxk;k x;k cy = mg

= 5 kg× 9.8 m s–²

= 49 N

vr% mlosQ }kjk fd;k x;k dk;Z = 49 × 4 (N m)

    = 196 J
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6.1.1  èkukRed ,oa ½.kkRed dk;Z

tSlk fd vkius ns[kk fd fd;k x;k dk;Z lehdj.k (6.2) }kjk ifjHkkf"kr fd;k tkrk gSA
tgk¡ ij cy vkSj foLFkkiu osQ chp dk dks.k θ Hkh egRoiw.kZ gSA rF; ;g gS fd blosQ
dkj.k ,slh fLFkfr;k¡ mRiUu gksrh gSa tgk¡ ij dk;Z èkukRed vFkok ½.kkRed gks tkrk gSA
uhps fn;s x, mnkgj.kksa ij fopkj dhft,A

fp=k- 6.2 (a) esa dkj  + x fn'kk esa xfr djrh gqbZ fn[kkbZ xbZ gS vkSj ,d cy F mlh fn'kk
esa yxk;k x;k gSA dkj dh pky c<+rh tkrh gSA cy vkSj foLFkkiu nksuksa ,d gh fn'kk esa
dk;Z dj jgs gSa vFkkZr~ θ = 0º blfy, dk;Z

W = Fd cos 0º

= Fd (6.4)

bl n'kk esa dk;Z èkukRed gSA

fp=k- 6.2 (b) esa dkj +x fn'kk esa xfr djrh gS vkSj bls jksdus osQ fy, xfr dh foijhr
fn'kk esa cy F yxk;k x;k gSA vr% bl fLFkfr esa θ = 180º blfy, fd;k x;k dk;Z

W = Fd cos 180º.

= –Fd (6.5)

vr% cy }kjk fd;k x;k dk;Z ½.kkRed gSA okLro esaθ  osQ 90º vkSj 270º osQ chp osQ ekuksa
osQ fy, cy }kjk fd;k x;k dk;Z ½.kkRed gksrk gSA

Åij osQ mnkgj.k ls ge ;g fu"d"kZ fudkyrs gSa%

a) tc ge dkj dk Rofj=k (accelerator) nckrs gSa rks dkj dh xfr dh fn'kk esa cy vkjksfir
gksrk gSA ifj.kkeLo:i dkj dh pky c<+rh gSA fd;k x;k dk;Z èkukRed gksrk gSA

b) tc dkj osQ czsd bLrseky fd, tkrs gSa rks xfr dh foijhr fn'kk esa cy yxrk gSA
dkj dh pky de gksus yxrh gS vkSj varrksxRok ;g #d tkrh gSA bl n'kk esa dk;Z
½.kkRed gksrk gSA

fp=k. 6.2 : ,d {kSfrt lM+d ij pyrh gqbZ dkj a) cy F dkj dh xfr dh fn'kk esa dk;Z djrk
gS rFkk dkj dh xfr esa Roj.k mRiUu gksrk gS  b) cy F  dkj dh xfr dh fn'kk osQ
foijhr dk;Z djrk gS vkSj dkj oqQN nwjh pyus osQ ckn fojke voLFkk esa vk tkrh
gSA

(a) (b)
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c) ;fn cy vkSj foLFkkiu ,d nwljs osQ yEcor gksa] vFkkZr~ θ  = 90º dk dks.k cukrs gSa
rks ,slh n'kk esa cy }kjk dksbZ dk;Z ugha fd;k tkrk gSA

6.1.2  xq#Roh; cy }kjk fd;k x;k dk;Z

fp=k.6.3(a) esa ,d nzO;eku m(Hkkj = mg) dks h Å¡pkbZ rd mBk;k tkrk gS vkSj fp=k 6.3

(b) esa blh nzO;eku dks h nwjh rd gh uhps mrkjk tkrk gSA nksuksa fLFkfr;ksa esa oLrq dk Hkkj
mg gSA vki igys ikB esa ikB esa i<+ pqosQ gSa fd Hkkj ,d cy gSA

fp=k. 6.3 (a) esa xq#Roh; cy mg (tks fd uhps dh vksj yxk gS) osQ foijhr dk;Z fd;k tk
jgk gSA ;gk¡ foLFkkiu Åij dh vksj gS (θ = 180º)] vr%

W = Fd cos 180º    (foLFkkiu ,oa cy dh fn'kk,a foijhr gaSA
blfy, θ = 180°)

= – mgh

fp=k. 6.3(b) esa nzO;eku dks uhps yk;k tk jgk gSA bl fLFkfr esa cy mg vkSj foLFkkiu d

,d gh fn'kk esa gaS (θ = 0º) vr% fd;k x;k dk;Z

W = Fd cos 0º

= + mgh (6.6)

fVIi.kh & Åij izkIr ifj.kkeksa dh O;k[;k djus esa lkoèkkuh cjruh pkfg,A tc fdlh oLrq
dks Åij mBk;k tkrk gS rks xq#Roh; cy }kjk fd;k x;k dk;Z ½.kkRed & ysfdu oLrq
dks Åij mBkus esa O;fDr }kjk fd;k x;k dk;Z èkukRed gSA tc oLrq dks uhps yk;k tkrk

fp=k- 6.3 : a) oLrq dks xq#Roh; cy osQ foijhr Åij mBk;k tk jgk gSA
b) oLrq dks i`Foh dh vksj yk;k tk jgk gSA

(a)

(b)
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gS rks xq#Roh; cy }kjk fd;k x;k dk;Z èkukRed gS ysfdu O;fDr }kjk fd;k x;k dk;Z
½.kkRed gSA bu nksuksa fLFkfr;ksa esa ;g ekuk x;k gS fd oLrq dks fcuk Roj.k osQ LFkkukUrfjr
fd;k tk jgk gSA

ikBxr iz'u 6.1

1. tc ,d d.k o`Ùkkdkj iFk esa pDdj yxkrk gS rks ml ij ,d cy dk;Z djrk gSA
bl cy }kjk d.k ij fd, x, dk;Z dh x.kuk dhft,A

2. fuEukafdr esa ls izR;sd osQ fy, ,d mnkgj.k nsaA tcfd ,d cy }kjk fd;k tk jgk
dk;Z
a) 'kwU; gksA
b) ½.kkRed gksA
c) èkukRed gksA

3. ,d vukt osQ 2 kg osQ FkSys dks 5 ehVj Å¡pkbZ rd mBk;k tkrk gSA
a) mBkus okys cy }kjk fdruk dk;Z fd;k tkrk gS\
b) xq#Roh; cy }kjk fdruk dk;Z fd;k tkrk gS?

4. ,d cy F = (2 î  + 3 ĵ ) N }kjk mRiUu foLFkkiu d  = (– î  + 2 ĵ ) ehVj gSA fd, x,
dk;Z dh x.kuk dhft,A

5. ,d cy F = (5 î  +3 ĵ ) N fdlh oLrq dks d = (3 î  + 4 ĵ ) m nwjh foLFkkfir djrk gSA

a) foLFkkiu dk ifjek.k Kkr djsaA

b) cy dk ifjek.k Kkr djsaA

c) cy }kjk fdruk dk;Z fd;k tkrk gS\

6.2  ifjorhZ cy }kjk fd;k x;k dk;Z

vHkh rd vkius mu izdj.kksa dk vè;;u fd;k gS ftuesa fdlh oLrq ij dk;Z djus okys
cy dk eku vpj gksA ysfdu gks ldrk gS lnSo ,slk u gksA oqQN fLFkfr;ksa esa dk;Z osQ
fy, mÙkjnk;h cy le; osQ lkFk cnyrk jgrk gSA vc ge ,slh fLFkfr ij fopkj djrs
gSa tgk¡ ij cy dk ifjek.k F(x) oLrq dh fLFkfr;ksa x esa ifjorZu osQ lkFk ifjofrZr gksrk
gSA vkb, bl ifjorhZ cy osQ }kjk fd, x, dk;Z dh x.kuk djsaA ;g eku ysrs gSa fd foLFkkiu
esa x

i
 ls x

f
 rd ifjorZu gksrk gSA tgk¡ x

i
 vkSj x

f
  oLrq dh izkjafHkd ,ao vafre fLFkfr;k¡ gSaA
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bl izdkj dh fLFkfr;ksa esa NksVs&NksVs foLFkkiu varjkyksa Δx esa cgqr ls fd, x, dk;ksZa dh
x.kuk dh tkrh gSA njvly Δx bruk de fy;k tkrk gS fd bl varjky esa F(x) dk eku
vpj ekuk tk losQA NksVs foLFkkiuksa Δx esa fd;k x;k dk;Z

ΔW = F(x) Δx
(6.7)

x
i
 rFkk x

f
 osQ chp cy }kjk fd;k x;k oqQy dk;Z lHkh NksVs&NksVs {ks=kiQyksa osQ ;ksx osQ cjkcj

gksrk gSA

W = Σ ΔW

= Σ F (x) Δx (6.8)

iV~Vh dh pkSM+kbZ dks ;kn`fPNd #i ls NksVk cuk;k tk ldrk gS ftlls fd bl izdkj dh
lHkh NksVh&NksVh ifV~V;ksa dk {ks=kiQy ,d lkFk tksM+us ij x

i
 vkSj x

f 
 osQ chp f?kjs {ks=kiQy

osQ cjkcj gksrk gSA bldh xf.krh; vfHkO;fDr bl izdkj dh tkrkh gSA

W = 
lim 0

( )
Δ →

Δ 
x

F x x (6.9)

6.2.1  ,d fLizax }kjk fd;k x;k dk;Z

ifjorhZ cy dk ,d ljy mnkgj.k ,d fLizax }kjk vkjksfir cy gSA vkb, vc ge bl
izdj.k esa] fd, x, dk;Z osQ fy,] ,d O;atd O;qRiUu djsaA

fp=k- 6.5(a) esa ,d gYosQ fLizax] ftldk ,d fljk ,d n`<+ fHkfÙk osQ lkFk tqM+k gS vkSj ftlosQ
nwljs fljs ij m nzO;eku dk ,d CykWd tqM+k gS] dh larqyu voLFkk dks n'kkZ;k x;k gSA
bl O;oLFkk dks ,d fpduh {kSfrt est ij j[kk x;k gSA ge  x-v{k dks {kSfrt fn'kk osQ
vuqfn'k ys ysrs gSaA ekuk nzO;eku m dh fLFkfr x = 0 gSA vc fLizax oQks cká cy F yxkdj

fp=k- 6.4 : ,d ifjorhZ cy F oLrq dks izkjafHkd fLFkfr xi ls vafre fLFkfr xf. rd foLFkkfir
djrk gSA cy dk nwjh osQ lkFk foLFkkiu (;kn`fPNd) lrr oØ }kjk n'kkZ;k x;k gSA ,d
NksVs foLFkkiu esa fd, x, dk;Z dk vafdr eku fp=k (6.4) esa n'kkZ;k x;k {ks=kiQy F(x)ΔΔΔΔΔx
gS] ftls fp=k esa vkPNkfnr {ks=kiQy }kjk n'kkZ;k x;k gSA
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nck;k (;k [khapk) x;kA fLizax osQ izR;kLFkrk xq.kksa osQ dkj.k blesa ,d vkarfjd cy F
s
 mRiUu

gks tk,sxkA ;g cy F
s
 ] x dk eku c<+us osQ lkFk c<+sxk vkSj tc laihMu (;k nSè;Zo`f¼)

dk eku vfèkdre] x = x
m
, gksxk rks bldk eku F gks tk,sxkA

gqd osQ fu;ekuqlkj (tks osQoy x osQ vYi ekukas osQ fy, lR; gS) |F
s
| = kx, tgk¡ k dks fLizzax

fu;rkad dgk tkrk gSA D;ksafd F
s
 dh fn'kk lnSo laihMu (;k nSè;Z o`f¼) osQ foijhr gksrh

gS bldksa ge bl izdkj fy[k ldrs gSA

F = F
s
= – kx (6.10)

vc ge fd, x, dk;Z dk eku Kkr djrs gSa vkSj ;g Hkh tk¡p djrs gSa fd ;g èkukRed
gS ;k ½.kkRedA laihMu dh ?kVuk esa cká cy F vkSj foLFkkiu x nksuksa ckbZa vksj dks gSA vr%
cká cy }kjk fd;k x;k dk;Z èkukRed gSA ysfdu foLFkkiu dh leku fn'kk osQ fy, fLizax
esa mRiUu izR;ku;u cy (restoring force) nkbZa vksj dk;Z djrk gSA vFkkZr~ F vkSj x foijhr fn'kk
esa gSaA fLizax cy }kjk fd;k x;k dk;Z ½.kkRed gSA vki fLizax osQ ekeys esa Lo;a ijh{k.k djosQ
blh fu"d"kZ ij igq¡psxsaA ^^cká cy }kjk fd;k x;k dk;Z èkukRed gS ysfdu fLizax cy

}kjk fd;k x;k dk;Z ½.kkRed gS vkSj bldk ifjek.k (½) 2
mkx  gSA”

,d ljy x.kuk }kjk fd, x, dk;Z osQ fy, ,d O;atd izkIr fd;k tk ldrk gSA x =

0, ij F
s 
= 0, tSls&tSls x c<+rk gS] F

s
 Hkh c<+rk gS vkSj x = x

m 
ij bldk eku F osQ cjkcj

gks tkrk gSA pw¡fd foLFkkiu osQ lkFk cy osQ eku esa ifjorZu js[kh; gSA vr% laihMu (;k

foLrkj) nksuksa fLFkfr;ksa esa vkSlr cy dk eku yxHkx = 
0

2

+⎛ ⎞
⎜ ⎟
⎝ ⎠

Fs
 = 

2

Fs gSA

fp=k. 6.5 : ,d fLizax&nzO;eku fudk; ftldk ,d fljk n`<+rkiwoZd tqM+k gS vkSj nwljs fljs ij ,d
nzO;eku m gSA ;g ra=k ,d fpdus {kSfrt ry ij fLFkr gSA (a) fLizax osQ eqDr fljs dh
fojkekoLFkk x = 0 ij gSA  b) cká cy F yxkdj fLizax dks nck;k tkrk gSA c) cká
cy  F yxkdj fLizax dks [khapk tkrk gSA vfèkre laihMu@nS?;Z  x

m 
 gSA



 153HkkSfrdh

dk;Z] ÅtkZ vkSj 'kfDr ekWM~;wy  - 1
xfr] cy ,oa ÅtkZ

fVIif.k;k¡

cy }kjk fd, x, dk;Z dk ifjek.k W= cy × foLFkkiu

= 
2

Fs  . x,

ysfdu |F
s
| = k | x

m
|

vr% W = 
1

2
k x

m 
× x

m

= 
1

2
k x2

m
(6.11)

fd, x, dk;Z osQ eku dks vkys[ku fofèk }kjk Hkh izkIr fd;k tk ldrk gSA ;g fp=k- 6.6

esa n'kkZ;k x;k gSA

Nk;kafdr f=kHkqt dk {ks=kiQy = 
1

2
 vkèkkj × Å¡pkbZ

W = 
1

2
x

m
 × kx

m

= 
1

2
kx

m
²   (6.12)

;g fo'ys"k.kkRed #i ls izkIr lehdj.k (6.11) osQ gh leku gSA

fØ;kdyki 6.2

fLizax fu;rkad dk eku Kkr djuk

,d fLizax dks ÅèokZèkj yVdk,a tSlk fd fp=k 6.7 (a) esa n'kkZ;k x;k gSA vc fLizax osQ fupys
fljs ij ,d m nzO;eku dk xqVdk tksM+ nsasA ,slk djus ij fLizax oqQN nwjh rd f[kaprh gSA

fp=k. 6.6: fd;k x;k dk;Z ek=kkRed #i ls Nk;k¡fdr fd, x, f=kHkqt osQ {ks=kiQy osQ cjkcj gksrk gSA

x
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bl foLrkj dks ekfi,A eku yhft, ;g fp=k 6-7
(b) esa n'kkZ, vuqlkj B gSA D;ksafd fLizax cy
(izR;ku;u cy) ftldh fn'kk ÅèokZjr% Åij dh
vksj gS] xqVosQ osQ lkE;koLFkk esa Hkkj mg dks larqfyr
djrk gSA vki fLizax fu;rk¡d dk eku bl izdkj izkIr
dj ldrs gSa

F
s

= k.s

;k mg = k.s

vr% k = 
mg

s
(6.13)

mnkgj.k 6.4: ,d 2 fdyksxzke nzO;eku dks ,d gYosQ fLizax ls tksM+k tkrk gS] ftldk fLizax
fu;rk¡d  k =100 Nm–1 gSA fLizax dks 10 cm [khapus esa ckã cy }kjk fd, dk;Z dh x.kuk
dhft,A

gy:

W = 
1

2
kx²

= 
1

2
 × 100 × (0.1)²

= 50 × 0 .01 = 0.5 J

tSlk fd igys crk;k tk pqdk gS] fLizax esa izR;ku;u cy }kjk fd;k x;k dk;Z = – 0.5 J.

ikBxr iz'u 6.2

1. fLizax fu;rkad ifjHkkf"kr dhft,A bldk SI ek=kd fyf[k,A

2. 10 N dk ,d cy] ,d fLizax esa 1 cm f[kapko mRiUu djrk gSA 5 cm f[kapko mRiUu
djus osQ fy, fdrus cy dh vko';drk gksxh\ bl cy }kjk fdruk dk;Z fd;k tk,xk\

6.3  'kfDr (Power)

vki igys gh ,d cy }kjk fd, x, dk;Z dh x.kuk djuk lh[k pqosQ gSaA bu x.kukvksa
esa ;g fopkj ugha fd;k fd ;g dk;Z 1 lsdUM esa fd;k x;k Fkk ;k ,d ?kaVs esaA ysfdu
gekjs nSfud thou esa fdlh dk;Z dks djus esa fy;k x;k le; egRoiw.kZ gSA mnkgj.k osQ

fp=k. 6.8: ,d {kSfrt lrg ij ,d fLizax osQ
lkFk&lkFk 2 kg nzO;eku tksM+k x;k gSA

fp=k. 6.7 : fdlh fLizax dh yEckbZ
esa Hkkj osQ dkj.k o`f¼
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rkSj ij ,d O;fDr ,d Vªd esa lhesaV osQ cksjs yknus esa dbZ ?kaVksa dk le; yxk ldrk
gS tcfd e'khu bl dk;Z dks cgqr de le; eas dj ldrh gSA blfy, dk;Z djus dh
nj tkuuk egRoiw.kZ gSA dk;Z djus dh nj dks 'kfDr dgrs gSaA

;fn Δt le; esa ΔW dk;Z fd;k tkrk gS rks vkSlr 'kfDr dks fuEu izdkj ls ifjHkkf"kr fd;k
tkrk gSA

vkSlr 'kfDr = 
fd;k  x;k d k;Z

dk;Z  dju s esa fy;k  x;k  le;

xf.kr dh Hkk"kk esa ge bldks bl izdkj fy[k ldrs gSa%

P = 
W

t

Δ
Δ (6.14)

;fn dk;Z djus dh nj fu;r ugha gS rks ,slh fLFkfr esa ge rkR{kf.kd 'kfDr (Instantaneous

Power) dks bl izdkj ifjHkkf"kr dj ldrs gSaA

P = limit
t 0Δ →   

Δ  =  Δ  
W dW

t dt
(6.15)

'kfDr dh ifjHkk"kk gesa 'kfDr dk SI ek=kd Kkr djus esa lgk;rk djrh gSA

P = 
Δ
Δ
W

t

= twy/lsosQaM = okV

bl izdkj 'kfDr dk SI ek=kd okV gS ftls W ls n'kkZ;k tkrk gSA

;fn dksbZ vfHkdrkZ 1 lsdaM le; esa 1 twy dk;Z djrk gS rks mldh 'kfDr 1 okV (1W)

gksrh gSA vkSj esxkokV (M W) gSaA 1 kW = (103 W) rFkk 1MW = (106 W)

tsEl okV
(1736–1819)

LdkVySaM ns'k osQ fuoklh] vkfo"dkjd] ;kaf=kd vfHk;ark] tsEl okV]
ok"i batu dh n{krk esa lqèkkj djus osQ fy, [;kfrizkIr gSaA blls
vkS|ksfxd Økafr dk ekxZ iz'kLr gqvkA mUgksaus 'kfDr osQ ek=kd osQ #i
esa v'o 'kfDr dks lekfo"V fd;kA muosQ lEeku esa 'kfDr osQ SI ek=kd
dk uke okV j[kk x;kA

tsEl okV }kjk fd, x, egRoiw.kZ vkfo"dkj gS% ok"ipkfyr jsy dk
batu] nwfj;k¡ ukius osQ fy, nwjn'khZ esa yxk;k tkus okyk ,d layXud (attachment)A
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mnkgj.k 6.5 : 'kfDr dh foek,a Kkr dhft,A

gy : pw¡fd 'kfDr P = 
dk;Z

le;

= cy × 
njw h

le;

∴ P dh foek,a = [nzO;eku] × [Roj.k] × 
[ ]

[ ]

nwjh

le;

= [M] × 2

L

T
  
    

  × 
L

T
  
    

= [ML²T–3]

vkius fctyh osQ feL=kh dks e'khu dh 'kfDr dks v'o 'kfDr osQ #i esa O;Dr djrs lquk
gksxkA ;g ek=kd fczfV'k iz.kkyh osQ vUrxZr iz;ksx esa yk;k tkrk Fkk vkSj la{ksi esa bls hp

fy[kk tkrk gSA ;g 'kfDr dk ,d cM+s ifjek.k okyk ek=kd gSA
1hp = 746 W (6.16)

'kfDr dk ek=kd dk;Z (ÅtkZ) osQ ,d u, ek=kd dks ifjHkkf"kr djus esa iz;ksx fd;k tkrk
gSA ,slk ,d ek=kd fdyksokV ?kaVk (kilowatt hour) gSA bl ek=kd dk iz;ksx lkekU;r;k fo|qr
lacaèkh ekiuksa esa fd;k tkrk gSA

1 fdyksokV ?kaVk (kW h) = 1 kW × 1 h

= 10³ W × 3600s

= 
310 J

1 s  × 3600 s

= 36,00,000 J  = 3.6× 106 J

vFkok 1 kW h = 3.6 MJ (esxk twy) (6.17)

?kj esa [kir gkus okyh fctyh dk ekiu fdykokV ?kaVksa esa fd;k tkrk gSA lkekU; vkneh
dh Hkk"kk esa  1kW h(1 fdyksokV ?kaVk) = ,d bdkbZ fctyh dh [kir

ikBxr iz'u 6.3

1. ,d 100 kg nzO;eku dh oLrq dks 10 lsoaQM esa 8 ehVj dh Å¡pkbZ rd mBk;k tkrk
gSA mBkus okys dh 'kfDr dh x.kuk dhft,A

2. 10 v'o 'kfDr dks fdyks okV esa O;Dr dhft,A
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6.5   dk;Z rFkk xfrt ÅtkZ

vkidks Kkr gS] fd dk;Z djus dh {kerk dks ÅtkZ dgrs gSaA ;fn fdlh esa ÅtkZ gS rks bldk
rkRi;Z ;g gqvk fd mlesa dk;Z djus dh {kerk gSA lM+d ij pyus okyh eksVj xkM+h] bZaèku
(lh-,u-th-] isVªksy] Mhty) dh jklk;fud ÅtkZ dk mi;ksx djrh gSA ;g vius lkeus
vkusokyh oLrq dks oqQN nwjh rd èkosQy ldrh gSA vFkkZr~ ;g dk;Z dj ldrh gSA lHkh
xfr'khy oLrqvksa esa mQtkZ fufgr gksrh gS vkSj bldh lgk;rk ls os fojke voLFkk esa vkus
ls iwoZ dk;Z dj ldrh gSaA bl izdkj dh ÅtkZ dks xfrt ÅtkZ (kinetic energy) dgrs gSaA
xfrt ÅtkZ fdlh oLrq esa mldh xfr osQ dkj.k gksrh gSA

vkb,] ge ,d m nzO;eku dh oLrq ij ljy js[kh; xfr dh fn'kk esa ,d vpj cy F

yxk, tkus dh fLFkfr ij fopkj djrs gSaA ;g cy F ,dleku Roj.k a mRiUu djrk gS]
ftldk F ls lacaèk F = ma }kjk O;Dr fd;k tkrk gSA vc ekuk fd oLrq dh pky le;
t
1
 ij v

1
 vkSj le; t

2 
ij v

2
 gSA bl le; varjky (t

2
 – t

1
 ) esa oLrq s nwjh r; djrh gSA

xfr osQ lehdj.kksa dk iz;ksx djus ij ge fy[k ldrs gSaA
2
2v = 2

1v  + 2as

;k a =    
2 2
2 1–

2s

v v
(6.18)

bl ifj.kke dks U;wVu osQ f}rh; xfr fu;e osQ lkFk la;qDr djus ij ge fy[k ldrs gSa
fd

F = m  ×  
2 2
2 1–

2s

v v

ge tkurs gSa fd cy }kjk fd;k x;k dk;Z
W = Fs

vr% W = m  ×  
2 2
2 1–

2s

v v
s

= 2
2

1

2
mv  – 2

1

1

2
mv

= K
2 
– K

1
(6.19)

tgk¡ K
2
= 2

2

1

2
mv  vkSj K

1
 = 2

1

1

2
mv  Øe'k% oLrq dh vafre ,ao izkjafHkd xfrt ÅtkZ fufnZ"V

djrs gSaA
(K

2
 – K

1
) xfrt ÅtkZ esa ifjorZu gS tks fd cy }kjk fd, x, dk;Z osQ cjkcj gSA

xfrt ÅtkZ ,d vfn'k jkf'k gS (;g nzO;eku ,oa osx osQ oxZ osQ xq.kuiQy ij fuHkZj djrh
gSA blls oqQN vUrj ugha vkrk fd nzO;eku ,oa osx esa dkSu de ;k vfèkd gSA oqQy eku

1

2
m 2v  ls gh xfrt ÅtkZ dk fuèkkZj.k gksrk gSA
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mnkgj.k  6.6 : 4.0 m s–1 osQ izkjafHkd osx ls 10 kg nzO;eku dh ,d oLrq py jgh gSA bl
ij 30 N dk ,d cy 2 lsdUM osQ fy, yxk;k tkrk gSA
i) nks lsoaQM osQ ckn oLrq dk vafre osx D;k gksxk\
ii) bl vofèk esa fdruk dk;Z gks tk,xk\
iii) izkjafHkd xfrt ÅtkZ fdruh gS\
iv) vafre xfrt ÅtkZ fdruh gS?
v) bl vofèk esa oLrq }kjk fdruh nwjh r; dh xbZ\
vi) n'kkZ,a fd fd;k x;k dk;Z xfrt ÅtkZ esa ifjorZu osQ cjkcj gSA
gy :
i) cy (F) = ma

;k a = F/m
= 30/10 = 3 m s–²

vafre osx v
2

= v
1
+ at

= 4 + (3 × 2)
= 10 m s–1

ii) 2 lsoaQM esa r; dh xbZ nwjh

s = ut + 
1

2
at² = (4×2) + 

1

2
 (3×4) = 8 +6  = 14 m

∴ fd;k x;k dk;Z W = F × S
= 30 × 14 = 420  J

iii) izkjafHkd xfrt ÅtkZ

K
1

= 2
1

1
2

mv

= 
1

2
  (10 ×16) = 80 J

iv)  vafre xfrt ÅtkZ

K
2

= 2
2

1

2
mv

= 
1

2
 (10 ×100) = 500  J

v) r; dh xbZ nwjh (tSlh fd Åij x.kuk dh tk pqdh gS) = 14 ehVj
vi) xfrt ÅtkZ esa ifjorZu

K
2
– K

1
= (500 – 80) = 420  J

tks fd fd, x, dk;Z osQ cjkcj gSA

dk;Z&ÅtkZ izes;

^^fdlh oLrq ij yx jgs lHkh cyksa osQ ifj.kkeh cy }kjk fd;k x;k dk;Z oLrq dh
xfrt ÅtkZ esa ifjorZu osQ cjkcj gksrk gSA**
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ikBxr iz'u 6.4

1. D;k fdlh d.k dh xfrt ÅtkZ dk eku ½.kkRed gks ldrk gS\ D;ksa\

2. ,d d.k dh xfrt ÅtkZ esa D;k ifjorZu gksxk ;fn

a) d.k dk osx nks xquk dj fn;k tk,\

b) d.k dk nzO;eku m vkèkk vFkkZr~ m/2 gks tk,\

3. 3.6 J xfrt ÅtkZ ls py jgh dksbZ oLrq 180 N m–1 cy fu;rk¡d osQ ,d fLizax ls la?kV~V
djrh gSA fLizax esa vfèkdre fdruk laihMu gksxk\

4- ,d 1000 kg nzO;eku dh dkj 90 km h–1 dh pky ls tk jgh gSA czsd iz;ksx fd,
tkus ij dkj czsd yxk, x, LFkku ls 15 ehVj nwj tkdj #drh gSA jksèkdksa
(breaks) }kjk yxk;k tkus okyk vkSlr cy fdruk gS\ ;fn dkj czsd yxkus osQ
ckn 25 lsoaQM esa #drh gS rks] jksèkdksa (brakes) dh vkSlr 'kfDr dh x.kuk djsaA

5. ;fn ,d ckã cy fdlh fLizax osQ laihMu esa 375 J dk;Z djrk gS rks fLizax }kjk Loa;
fdruk dk;Z fd;k x;k\

6.6  fLFkfrt ÅtkZ

ge fiNys vuqPNsn esa ;g foospu dj pqosQ gSa fd
xfr'khy oLrq esa ,d ÅtkZ fufgr gksrh gSA bl ÅtkZ
dks xfrt ÅtkZ dk uke fn;k x;k gSA oLrqvksa esa mudh
fLFkfr osQ dkj.k Hkh ,d ÅtkZ gksrh gS ftls fLFkfrt
ÅtkZ dgrs gSaA bldk ,d fpj ifjfpr mnkgj.k
xq#Roh; {ks=k esa oLrq dh xq#Roh; fLFkfrt ÅtkZ gSA
vkb, bl mQtkZ dks le>saA

6.6.1 xq#Roh; {ks=k esa fLFkfrt ÅtkZ

ekuk ,d O;fDr m nzO;eku dh fdlh oLrq dks Hkwry
ls Åij h

1
 Å¡pkbZ ls h

2
 Å¡pkbZ ij ys tkrk gSA ge ;g

Hkh eku ysrs gSa fd xq#Rotfur Roj.k dk eku fu;r
jgrk gSA nzO;eku dks xq#Roh; cy osQ fo#¼ h = (h

2

– h
1
 ) nwjh rd foLFkkfir fd;k x;k gSA bl cy dk

ifjek.k mg gS vkSj ;g ÅèokZèkj uhps dh vksj dk;Z dj jgk gSA blfy, O;fDr }kjk fd;k
x;k dk;Z

      W = cy  × nwjh

=  mgh (6.20)

fp=k. 6.9: m nzO;eku osQ fiaM dks
h

1
 ls h

2
 Å¡pkbZ rd

mBk;k x;k gSA
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;g dk;Z èkukRed gS vkSj nzO;eku m esa ÅtkZ osQ #i esa lafpr gks tkrk gSA fdlh oLrq
dh fndLFkku esa fLFkfr osQ dkj.k] mlesa fufgr ÅtkZ oLrq dh xq#Roh; fLFkfrt ÅtkZ dgykrh
gSA blosQ dkj.k oLrq esa dk;Z djus dh {kerk jgrh gSA ;fn nzO;eku dks eqDr NksM+ fn;k
tk, rks ;g uhps fxjsxk vkSj bl fxjus dh vofèk esa blls oqQN dk;Z fy;k tk ldrk gSA
mnkgj.kr;k ;fn bls f?kjuh ls xqtjrh gqbZ fdlh Mksjh ls ,d nwljs nzO;eku osQ lkFk tksM+
fn;k tk, rks ;g ml nwljs nzO;eku dks Åij mBk ldrh gSA

bl foospuk esa izkjafHkd Å¡pkbZ h
1
 dk p;u ;kn`fPNd gSA egRoiw.kZ fo"k; Å¡pkbZ esa ifjorZu

(h
2
 – h

1
) gSA blfy, ge dgrs gSa fd fnd~LFkku esa fdlh Hkh fcanq dks 'kwU; fLFkfrt ÅtkZ

osQ lanHkZ fcanq osQ #i es pquk tk ldrk gSA lkekU;r% èkjkry ij fLFkr fdlh fcanq dks 'kwU;
fLFkfrt ÅtkZ osQ lanHkZ fcanq osQ #i esa fy;k tk ldrk gSA

mnkgj.k 6.7 : ,d Vªd esa phuh osQ cksjs yns gSa cksjksa lfgr Vªd dk oqQy nzO;eku 100,000

kg gSA Vªd ,d igkM+h ij ?kqekonkj jkLrs ij Åij p<+ jgk gS vkSj 1 ?kaVs esa 700 ehVj
Å¡pkbZ rd tkrk gSA bl dk;Z osQ fy, batu dh vkSlr 'kfDr fdruh gksuh pkfg,\

gy : W = mgh

= (100,000 kg) × (9.8 m s–2 × 700 m)

=  9.8× 7× 107 J

=  68.6 × 107J

          fy;k x;k le; = 1 ?kaVk = 60 × 60 lsoaQM

= 3600 lsoaQM

vkSlr 'kfDr, P = W / t

= 
768.6 10 J

3600 s

×

= 1.91 × 105 W

ge tkurs gSa fd 746 W = 1 hp (v'o 'kfDr)

∴ P = 
51.91 10

746

×
= 2.56 × 10² = 256 hp

mnkgj.k 6.8 :  ty fo|qr mRiknu esa Å¡pkbZ ls fxjrs ikuh }kjk VjckbZu dh ia[kqfM+;ksa dks
?kqekdj fo|qr mRiUu dh tkrh gSA ,d ikoj LVs'ku esa 1000 × 10³ kg ikuh ,d lsd.M
esa 51 ehVj Å¡pkbZ ls fxjrk gSA

i) fxjrs gq, ty }kjk fd, x, dk;Z dh x.kuk dhft,A

ii) vkn'kZ fLFkfr;ksa esa fdruh 'kfDr mRiUu dh tk ldrh gS\



 161HkkSfrdh

dk;Z] ÅtkZ vkSj 'kfDr ekWM~;wy  - 1
xfr] cy ,oa ÅtkZ

fVIif.k;k¡

gy :

i) 'kh"kZ ij ikuh dh fLFkfrt ÅtkZ = mgh

P.E. = (1000 × 10³ kg)  × (9.8 ms–2) × (51 m).

= 9.8 × 51 × 106 J

=  500 × 106 J

ikuh dh fLFkfrt ÅtkZ esa ßkl gksrk gS vkSj ;g Vjckbu dh ia[kqfM+;ksa dks ?kqekus esa iz;ksx
gksrh gSA

W = cy × nwjh

= mg × h

= 1000 × 103 × 9.8 × 51 J

` = 500 × 106 J

= 500 M J

ii) izfr lsoaQM fd;k x;k dk;Z

P = W/t

= 
500 M J

1s

= 500 MW
;gk¡ vkn'kZ fLFkfr;ksa ls rkRi;Z ;g gS fd ?k"kZ.k cyksa osQ dkj.k dksbZ ÅtkZ {k; ugha gksrhA
e'khuksa esa fuf'pr #i ls ÅtkZ ßkl gksrk gSA ;g ßkl de ls de fd, tk ldrs gSa ysfdu
iw.kZ #i ls [kRe ugha fd, tk ldrs gSaA

6.6.2 dekuh (fLizax) dh fLFkfrt ÅtkZ

vc vki ;g le> pqosQ gSa fd fdlh fLizax dks laihfMr djus ;k [khapus osQ fy, ,d
cká cy dh vko';drk gksrh gSA ;s fLFkfr;k¡ fp=k 6.5 esa n'kkbZ xbZ gaSA eku ysa fd fLizax
dk cy fu;rk¡d k gSA bl fLizax dks x nwjh osQ cjkcj laihfMr fd;k tkrk gSA lehdj.k
(6.11) dh lgk;rk ls cká cy }kjk fLizax dks laihfMr djus esa fd;k x;k dk;Z

W = 
1

2
kx²

;g dk;Z fLizax esa izR;kLFk fLFkfrt ÅtkZ osQ #i esa lafpr gks tkrk gSa tc fLizax dks eqDr
fd;k tkrk gS rks ;g >VosQ osQ lkFk ihNs gVrk gS vkSj fLizax esa lafpr izR;kLFk fLFkfrt
ÅtkZ m nzO;eku dh xfrt ÅtkZ esa cny tkrh gSA

6.6.3 ÅtkZ dk laj{k.k

ge vius pkjksa vksj ÅtkZ osQ vusd #i ns[krs gSa] ftuesas ls oqQN gekjs fy, vU; #iksa dh
vis{kk vfèkd tkus igpkus gSaA mnkgj.k osQ fy, fo|qr ÅtkZ] rkih; ÅtkZ] xq#Roh; ÅtkZ]
jklk;fud ÅtkZ vkSj ukfHkdh; ÅtkZ vkfnA bu ÅtkZvksa dk ,d nwljs osQ lkFk fudV lacaèk
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gS D;ksafd buesa ls izR;sd dk vU; #iksa esa ifjorZu laHko gSA ÅtkZ lacaèkh ,d ewyHkwr fu;e
gS% ÅtkZ laj{k.k dk fl¼karA blosQ vuqlkj ^^,d foyfxr fudk; dh oqQy ÅtkZ lnSo
fLFkj jgrh gS**A ÅtkZ dk #i ifjofrZr gks ldrk gSA ;g ,d #i ls nwljs #i esa ifjofrZr

gks ldrh gSA ysfdu fudk; dh iwjh ÅtkZ lnSo
vifjofrZr jgrh gSA ,d foyfxr fudk; esa] ;fn
,d izdkj dh ÅtkZ dk ál gksrk gS rks leku ek=kk
esa nwljs izdkj dh ÅtkZ esa o`f¼ gksrh gSA vr% ÅtkZ
u rks mRiUUk dh tk ldrh gS vkSj u gh bldk
{k; gksrk gSA gekjk czãk.M Hkh ,d foyfxr fudk;
gS D;ksafd blosQ ijs oqQN Hkh ugha gSA blfy, ;g
dgk tkrk gS fd czãkaM dh oqQy ÅtkZ lnSo leku
jgrh gS Hkys gh izR;sd {k.k czãkaM esa vusdksa
ifjorZu gksrs jgrs gSaA ;g cgqr egRo dk fu;e
gSA bl fu;e }kjk foKku esa vusd ubZ [kkstsa gqbZ
gSa vkSj ;g fu;e dHkh xyr ugha ik;k x;kA

,d FkeZy ikoj LVs'ku esa dks;ys dh jklk;fud
ÅtkZ dks fo|qr ÅtkZ esa ifjofrZr fd;k tkrk gSA
fo|qr ÅtkZ e'khuksa dks pykrh gSA bu e'khuksa esa
fo|qr ÅtkZ ;kaf=kd ÅtkZ] izdk'k ÅtkZ vkSj rki ÅtkZ
esa ifjofrZr gksrh gSA

ÅtkZ laj{k.k dk fu;e ftruk ge lksprs gSa mlls vfèkd O;kid gSA ;g cM+s xzgksa vkSj
rkjksa ls ysdj lcls NksVs ukfHkdh; d.kksa osQ fy, ykxw gksrk gSA

(a) eqDr #i ls fxjrs fiaMksa osQ fy, ;kaf=kd ÅtkZ laj{k.kA

D;ksafd bl le; gekjs foospu dk fo"k; ;kaf=kd mQtkZ gS] vkb,] ;kaf=kd ÅtkZ osQ izdj.k
esa ÅtkZ laj{k.k fu;e dh lR;rk dh tk¡p eqDr #i ls fxjrs gq, fiaMksa osQ fy, djsaA

eku ysa fd m nzO;eku dh ,d oLrq dks èkjkry ls h Å¡pkbZ rd mBk;k tkrk gSA fd;k x;k
dk;Z mgh osQ cjkcj gqvk tks fd oLrq esa fLFkfrt ÅtkZ osQ #i esa lafpr gks tkrk gSA vc
bl oLrq dks eqDr #i ls h

1 
nwjh osQ cjkcj ('kh"kZ ls) uhps fxjus fn;k tkrk gSA vc ge

bl oLrq dh ÅtkZ dk eku Kkr djrs gSaA èkjkry ls oLrq dh ÅpkbZ h
2
 = h – h

1
 gS (fp=k

6. 10)A bl fcanq ij fLFkfrt ÅtkZ = mgh
2

tc dksbZ oLrq eqDr #i ls fxjrh gS rks blesa Roj.k mRiUu gksrk gS vkSj bldh xfr c<+rh
gSA ge oLrq osQ h

1
 nwjh fxj tkus ij izkIr osx dh x.kuk lehdj.k

v² = u² + 2gs osQ mi;ksx ls dj ldrs gSaA    (6.21)

tgk¡ s fiaM }kjk pfyr nwjh ,oa u bldk izkjafHkd osx gSA h
1 
nwjh fxjus dh izfØ;k esa u =

0 ,oa s = h
1

fp=k. 6.10 : m nzO;eku dks ìFoh dh lrg
ls h Å¡pkbZ rd mBk;k tkrk
gSA ogk¡ ls ;g nzO;eku eqDr
#i ls fxj dj h

2
 Å¡pkbZ ij

vkrk gSA fcanq P ij oqQy ÅtkZ
mPpre fcanq ij ÅtkZ osQ
cjkcj gSA
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leh- 6-21 ls v² = 2gh
1

fcanq P ij xfrt ÅtkZ gksxh

K.E  = 
1

2
mv²

= 
2

m
 × 2gh

1

= mgh
1

(6.22)

fcanq P ij oqQy ÅtkZ gS

xfrt ÅtkZ + fLFkfrt ÅtkZ = mgh
1
+ mgh

2 
= mgh

1
 + mg (h – h

1
)

= mgh (6.23)

;g vfèkdre Å¡pkbZ ij fLFkfrt ÅtkZ osQ cjkcj gSA vr% oqQy ÅtkZ lajf{kr jgrh gSA

(b) ,d fLizax ls tqM+s gq, nzO;eku osQ nksyu osQ fy, ;kaf=kd ÅtkZ dk laj{k.k

fp=k 6.11 ,d fpdus {kSfrt lery ij fLFkr ,d fLizax dks n'kkZrk gS ftldk ,d fljk
n`<+ nhokj ls tqM+k gS vkSj nwljk fljk lery ij j[ks ,d xqVosQ osQ lkFk tqM+k gSA fLizax
dh foJkar voLFkk esa bldk eqDr fljk x

0
 fLFkfr esa gSA fLizax osQ vuqfn'k ,d m nzO;eku

dk xqVdk v osx ls vkdj bl eqDr fljs ls Vdjkrk gS vkSj bls x
m 
fLFkfr rd laihfMr

dj nsrk gSA ;g vfèkdre laihMu gSA fLFkfr x
0 
ij fLizax&nzO;eku fudk; dh oqQy ÅtkZ

1

2
mv² gS tks fd nzO;eku dh xfrt ÅtkZ gSA fLizax dh fLFkfrt ÅtkZ 'kwU; gSA vfèkdre

laihMu dh fLFkfr esa] fLizax dh fLFkfrt ÅtkZ 21
 

2 mk x  gS vkSj nzO;eku dh xfrt ÅtkZ 'kwU;

gSA vc bl fLFkfr esa oqQy ÅtkZ 21
 

2 mk x  gSA

fp=k. 6.11 : ,d m nzO;eku dk xqVdk {kSfrt ry esa v osx ls xfr'khy gS vkSj ;g ,d fLizax ls
Vdjkrk gSA fLizax esa vfèkdre laihMu x

m 
gSA
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Li"Vr;k 21
 

2 mk x  = 21

2
mv (6.24)

la?kV~V osQ iwoZ (xfrt ÅtkZ + fLFkfrt ÅtkZ) = la?kV~V mijkar (xfrt ÅtkZ + fLFkfrt ÅtkZ)

21

2
mv  + 0 = 0 + 2

m

1

2
kx (6.25)

vFkkZr~ oqQy ÅtkZ lajf{kr jgrh gSA

ukfHkdh; vfHkfØ;kvksa esa nzO;eku&ÅtkZ laj{k.k

ukfHkdh; ÅtkZ vU; ÅtkZvksa ls bl vFkZ esa fHkUu gS fd ;g ÅtkZ osQ fdlh izdkj
osQ #ikUrj.k ls izkIr ugha gksrh gSA blosQ foijhr ;g nzO;eku osQ ÅtkZ esa #ikUrj.k
ls mRiUu gksrh gSA

vr% ukfHkdh; vfHkfØ;kvksa esa nzO;eku laj{k.k ,oa ÅtkZ laj{k.k osQ fl¼kar feydj
nzO;eku & ÅtkZ laj{k.k dk fu;e cukrs gSaA

mnkgj.k 6.9 : ,d 0.5 kg nzO;eku dk xqVdk ,d
fpdus oØ ry ij fiQlyrs gq, 2.5 m  Å¡pkbZ ls
uhps fxjdj ,d {kSfrt ry ij igq¡p tkrk gS (fp=k-
6.12)A ÅtkZ&laj{k.k osQ fl¼kar ij fuEufyf[kr
x.kuk,a djsa

 i) fcanq A ij ÅtkZ vkSj

 ii) fcanq B ij xqVosQ dh pkyA

gy :

i)  A ij fLFkfrt ÅtkZ = mgh

= (0.5) × (9.8) × 2.5  J
= 4.9 × 2.5 J
= 12.25 J

fcanq A ij xfrt ÅtkZ = 0

vr% oqQy ÅtkZ = 12.25 J

ii) fcanq A ij oqQy ÅtkZ fcUnq B ij oqQy ÅtkZ osQ cjkcj gksuh pkfg,A
fcanq A ij oqQy ÅtkZ (fLFkfrt mQtkZ  + xfrt mQtkZ) = 12.25 J

fcaanq B ij oqQy ÅtkZ (fLFkfrt mQtkZ + xfrt mQtkZ) = 
1

2
mv²

D;ksafd fcanq B ij fLFkfrt ÅtkZ 'kwU; gS vkSj oqQYk mQtkZ osQoy xfrt ÅtkZ gSA

fp=k. 6.12 : ,d x qVdk oØ ry ij
fiQlyrk gSA fcanq A  ij oqQy
ÅtkZ (osQoy fLFkfrt)  fcanq B
ij iw.kZ #i ls xfrt ÅtkZ esa
cny tkrh gSA
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vr%
1

2
mv² = 12.25

v² = 
12.25 2

0.5

×

=  12.25 × 4
v² = 49.00
v = 7.0 m s–1

fVIi.kh: ;g ifj.kke xfr osQ lehdj.kksa dh lgk;rk ls Hkh izkIr fd;k tk ldrk gSA

v² = 2
0v  + 2gx

   = 0 + 2 × 9.8 × 2.5
v² = 49
v = 7 m s–1

6.5.4 laj{kh ,ao {k;dkjh (vlaj{kh) cy

(a) laj{kh cy

geus ns[kk fd ,d oLrq ij yxs gq, xq#Roh; cy }kjk
fd;k x;k dk;Z oLrq osQ Hkkj ,ao mlosQ ÅèokZèkj foLFkkiu
osQ xq.kuiQy osQ cjkcj gksrk gSA ;fn fdlh oLrq dks
xq#Roh; cy osQ vèkhu fcanq A ls B dh fLFkfr esa
foLFkkfir fd;k tkrk gS rks fd;k x;k dk;Z bu fcanqvksa
osQ chp ÅèokZèkj nwjh ij fuHkZj djrk gSA ;g A ls B

rd igq¡pus osQ fy, viuk, x, iFk ij fuHkZj ugha djrk
gSA tc dksbZ cy bl fu;e dk ikyu djrk gS rks mls
laj{kh cy dgk tkrk gSA

xq#Roh; cy] izR;kLFk cy vkSj fLFkj oS|qr cy laj{kh
cyksa osQ oqQN mnkgj.k gSaA

,d laj{kh cy dk xq.k ;g gS fd blosQ }kjk fd;k x;k
dk;Z iFk ij fuHkZj ugha djrk gSA fp=k  6.13 (a) esa

W
AB

 (iFk&1 osQ vuqfn'k) = W
AB

 (iFk&2 osQ vuqfn'k)

fp=k. 6.13 (b) oLrq dh nks fLFkfr;ksa dks n'kkZrk gSA oLrq
A ls B rd iFk 1 ls igq¡prh gS vkSj iFk 2 ls okil
A ij vk tkrh gSA ifjHkk"kk osQ vuqlkj ,d laj{kh cy
}kjk iFk 1 dh fn'kk es fd;k x;k dk;Z iFk 2 dh
fn'kk esa fd, x, dk;Z osQ cjkcj vkSj foijhr gksrk gSA

(a)

(b)

fp=k. 6.13 :a) oLrq dks A ls B rd nks
vyx&vyx jkLrksa ls ys
tk;k tkrk gS b) bls iFk 1
ls  A ls B rd ys tk;k
tkrk gS vkSj iFk 2 ls B ls
A rd okil yk;k tkrk
gSA
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W
AB

 (iFk 1 osQ vuqfn'k)= – W
BA

 (iFk 2 osQ vuqfn'k)

vFkok W
AB

 + W
BA

= 0 (6.27)

bl ifj.kke ls laj{kh cy dk ,d fof'k"V xq.k izkIr gksrk gS fd tc dksbZ oLrq ,d cUn
iFk ij pyrh gqbZ okil izkjafHkd fcanq ij ykSV vkrh gS rks laj{kh cy }kjk bl ij fd;k
x;k dk;Z 'kwU; gksrk gSA

(b) vlaj{kh cy
?k"kZ.k dk cy vlaj{kh cy dk ,d vPNk mnkgj.k gSA fp=k 6.14 ,d [kqjnjs {kSfrt ry
dks n'kkZrk gSA ,d m nzO;eku dk xqVdk fcanq A ij v pky ls py jgk gSA lhèkh js[kk esa
oqQN nwj pyus ij ;g xqVdk fcanq B ij #drk gSA fcanq A ij xqVosQ dh xfrt ÅtkZ E =

1

2
mv² FkhA fcanq B ij blesa xfrt ;k fLFkfrt ÅtkZ oqQN Hkh ugha gSA bldh lkjh ÅtkZ O;;

gks xbZ gSA D;k vki tkurs gSa fd ;g ÅtkZ dgka xbZ\ bldk #ikUrj.k gks x;k gSA oLrq
}kjk ?k"kZ.k cyksa osQ fo#¼ dk;Z fd;k x;k ;k nwljs 'kCnksa esa ?k"kZ.k osQ cy us xqVosQ ij
½.kkRed dk;Z fd;kA fudk; dh xfrt ÅtkZ rki ÅtkZ esa #ikUrfjr gks tkrh gSA vc leku
xfrt ÅtkZ ;qDr xqVosQ dks iFk 2 ij A ls B dh vksj pykrs gSaA

;g gks ldrk gS fd ;g fcanq B rd u igq¡p ik,A ;g fcanq B ij igq¡pus ls cgqr igys
gh #d ldrk gSA bldk Li"V vFkZ gqvk fd bl iFk esa oqQN vkSj dk;Z fd, tkus dh
vko';drk gSA vr% ,slh fLFkfr esa fd;k x;k dk;Z iFk ij fuHkZj djrk gSA

ikBxr iz'u 6.5

1. ABC ,d f=kHkqt gS ftlesa AB {kSfrt gS vkSj BC ÅèokZèkj gSA AB = 3 m-, BC = 4 m

vkSj AC=5m gSA ,d 2 kg nzO;eku dk xqVdk A fcanq ij gSA fLFkfrt ÅtkZvksa esa D;k
ifjorZu gksxk ;fn xqVosQ dks

fp=k. 6.14: ,d xqVdk ,d [kqjnjs {kSfrt ry esa ,d ljy js[kh; iFk ij pky v  ls iFk 1 ij
pyrk gS vkSj fcanq B ij fojke voLFkk esa vk tkrk gS b) esa ;g leku pky v ls fLFkfr
A ls pyuk izkjEHk djrk gS ysfdu vc nwljs jkLrs (iFk&2) B ij py dj ij igq¡prk
gSA
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a) A ls B rd ys tk;k tk,A

b) B ls C rd ys tk;k tk,A

c) C ls A ys tk;k tk,A

d) xq#Roh; cy }kjk B ls C rd ys tkus osQ fy,
fdruk dk;Z djuk iM+sxk\ (èkukRed ;k ½.kkRed)?

2. 0.5 kg nzO;eku dh ,d xsan tehu ls 10 ehVj Å¡ps fcUnq
A ij fLFkr gSA dk;Z ÅtkZ fl¼kar dk iz;ksx djrs gq, crykb, fd oLrq
dks eqDr #i ls fxjus dh voLFkk esa

a) fcanq B ij xsan dh pky D;k gksxh?

b) fcanq C ij xsan dh pky D;k gksxh?

c) xq#Roh; cy }kjk xsan dks A ls C fcanq ij ykus esa
fdruk dk;Z fd;k tk,xk\ (èkukRed ;k
½.kkRed)\

3. ,d vkur ry osQ 'kh"kZ ls ,d xqVdk fiQlyrk gSA
ry dh yackbZ BC = 2 m gS vkSj ;g f{kfrt ls 30°

dk dks.k cukrk gSA xqVosQ dk nzO;eku 2 kg gSA fcanq
B ij xqVosQ dh xfrt ÅtkZ 15.6 J gSA vlaj{kh cyksa
osQ dkj.k fdruh fLFkfrt ÅtkZ dk {k; gksrk gS\ ?k"kZ.k
cyksa dk ifjek.k D;k gS\

4. fp=k 6.18 esa ,d lkèkkj.k yksyd osQ xksyd dh ÅtkZ
E vkSj foLFkkiu x osQ fy, nks oØ fn;s x, gSaA dkSu
lk oØ xksyd dh fLFkfrt ÅtkZ dks n'kkZrk gS vkSj D;ksa\

5. tc fdlh fudk; esa vlaj{kh cy dk;Z djrs gSa rks D;k
oqQy ;kaf=kd ÅtkZ fLFkj  jgrh gS\

6.6 izR;kLFk ,oa vizR;kLFk la?kV~V

ge nks fiaMksa osQ fudk; ij fopkj djrs gSa ;g ,d lao`Ùk fudk; gSA lao`Ùk fudk; ls rkRi;Z
;g gS fd bl ij dksbZ ckã cy dk;Z ugha djrk gSA ;g lao`r fudk; nks xsnsa] nks fLizaxksa
;k ,d xsan vkSj ,d fLizax dk gks ldrk gSA tc nks oLrq,a vU;ksU; fØ;k djrh gSa rks bls
la?kV~V dgk tkrk gSA blesa dksbZ ckã cy dk;Z ugha djrk gSA

ge nks fudk;ksa osQ la?kV~V dk izdj.k ysrs gSa vkSj fo'ys"k.k dks ljy cukus osQ fy, lEeq[k
la?kV~V ij fopkj djrs gSaA bl izdkj osQ la?kV~V esa fudk; ,d nwljs osQ osQUnzksa dks feykus
okyh js[kk ;k blosQ lekUrj xfr djrs gSaA ;s la?kV~V nks izdkj osQ gksrs gSaA

fp=k. 6.15

fp=k. 6.16

fp=k. 6.17

fp=k. 6.18
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(i) iw.kZ izR;kLFk la?kV~V: ;fn nks fi.Mksa osQ chp dk;Zdkjh cy laj{kh gksa rks fudk; dh
oqQy xfrt ÅtkZ fu;r jgrh gS vFkkZr~ la?kV~V ls iwoZ xfrt ÅtkZ la?kV~V osQ ckn dh
xfrt ÅtkZ osQ cjkcj jgrh gSA bl izdkj osQ la?kV~Vksa dks iw.kZ izR;kLFk la?kV~V dgk
tkrk gSA

(ii) iw.kZ vizR;kLFk la?kV~V: tc nks la?kV~V djus okys fudk; la?kV~V osQ i'pkr vkil
esa tqM+ tkrs gSa vkSj ,d bdkbZ osQ #i esa pyrs gSa rks bl izdkj osQ la?kV~V dks iw.kZ
vizR;kLFk la?kV~V dgrs gSaA ;g cUnwd ls pyh ml xksyh dh xfr osQ leku gS tks
y{; ls Vdjkdj ml gh esa èkal tkrh gSA

6.6.1 izR;kLFk (lEeq[k) la?kV~V

nks xsans A vkSj B, ftuosQ nzO;eku Øe'k%  m
A
 vkSj m

B
 gS] lEeq[k la?kV~V djrs gSa] fp=k. (6.19)A

ekuk bu xsanksa osQ la?kV~V osQ iwoZ osx v
Ai

 vkSj v
Bi

 vkSj la?kV~V osQ ckn osQ osx v
Af

 vkSj v
Bf

gSA

laosx laj{k.k ,ao xfrt ÅtkZ laj{k.k osQ fu;eksa ls ge ikrs gSa%

laosx laj{k.k osQ fy,

m
A
v

Ai
 + m

B
v

Bi
= m

A
v

Af
 + m

B
v

Bf
(6.28)

xfrt ÅtkZ laj{k.k osQ fy,

1

2
 m

A
2
Aiv  

+ 
1

2
m

Bi
2
Biv  = 

1

2
m

A
2
Afv + 

1

2
m

B
2
Bfv (6.29)

;gk¡ ij osQoy nks vKkr jkf'k;k¡ (la?kV~V osQ ckn osQ osx) gSa vkSj gekjs ikl nks lehdj.k
gSa (6-28) ,ao (6-29)A gy dfBu ugha gS ysfdu yack gSA vr% ge osQoy ifj.kke O;Dr
djrs gSaA

(v
Bf 

– v
Af

) = – (v
Bi 

– v
Ai

) (6.30)

fp=k.6.19 : lEeq[k la?kV~V osQ foU;kl dk izLrqrhdj.k& (a) izR;kLFk la?kV~V; (b) vizR;kLFk la?kV~V
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v
Af

=
 
 B B

A B

2

+
im

m m

v
+  

Ai A B

A B

( – )m m

m m+
v

(6.31)

v
Bf

= – A A

A B

2

+
im

m m

v
+

  
B A B

A B

( – )

)+
im m

(m m

v
(6.32)

vc ge oqQN fo'ks"k fLFkfr;ksa dk foospu djrs gSaA

fLFkfr I : eku ysa la?kV~V djus okyh nks xsanksa osQ nzO;eku leku gSa vFkkZr~& m
A
= m

B
= m

rks lehdj.k (6.31 vkSj 6.32) osQ vuqlkj

v
Af

= v
Bi

(6.33)

vkSj v
Bf

= v
Ai

(6.34)

vFkkZr~ nks leku xsanksa osQ lEeq[k la?kV~V esa la?kV~V osQ i'pkr mudk osx fofue; gks tkrk
gS (vFkkZr~ ,d nwljs ls cny tkrs gSaA)

la?kV~V osQ i'pkr : i) A dk osx B osQ la?kV~V&iwoZ osx osQ leku gSA

  ii) B dk osx A osQ la?kV~V&iwoZ osx osQ leku gS

vc vki fopkj djsa fd ;fn ,d xsan la?kV~V iwoZ fLFkj gS] rks D;k gksxk%

ekuk fd B xsan fojke voLFkk esa gS

 v
Bi

 = 0 rc v
Af

 = 0 vkSj v
Bf 

= v
Ai

la?kV~V osQ i'pkr xsan A fLFkj gks tkrh gS vkSj xsan B xsan A osQ la?kV~V iwoZ osx ls xfr djrh
gSA

blh izdkj xsanksa dh la?kV~V i'pkr xfrt ÅtkZ osQ ckjs esa Hkh leku fu"d"kZ ij igq¡pk tk
ldrk gSA (m

A
 ≠ m

B
) dh fLFkfr esa A dh ÅtkZ esa iw.kZ ;k vkaf'kd {k; dk eku B dh xfrt

ÅtkZ esa o`f¼ osQ cjkcj gksrk gSA ukfHkdh; fj,DVjksa esa U;wVªkWuksa dh xfr de djus esa bu
fl¼karksa dh vge Hkwfedk gSA

fLFkfr II : nwljh jkspd fLFkfr esa tc fd nksuksa d.k vleku nzO;eku osQ gksa

i) ge eku ysrs gSa fd m
B
, m

A
 ls dkiQh cM+k gSA d.k B izkjEHk esa fojke voLFkk esa gS%

m
B
>> m

A
 vkSj v

Bi
= 0

nzO;eku m
B
 dh rqyuk esa m

A 
dks ux.; ekuk tk ldrk gSA lehdj.k (6.31) vkSj (6.32) ls

ge ikrs gSa
v

Af
 ≈ –v

Ai

vkSj v
Bf

 ≈ 0

la?kV~V osQ i'pkr Hkkjh d.k fojke dh voLFkk esa gh jgrk gSA vkSj gYdk d.k vius izkjafHkd
osx ls mYVh fn'kk esa okil ykSVrk gSA

,slk gh gksrk gS tc ,d cPpk xsan dks nhokj ij ekjrk gSA
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bu ifj.kkeksa dk iz;ksx ijek.kq HkkSfrdh esa fd;k tkrk gSA mnkgj.k osQ rkSj ij α – d.k }kjk
Hkkjh ukfHkd] tSls ;wjsfu;e] ij izgkj fd, tkus osQ izdj.k esaA

ikBxr iz'u 6.6

1 nks l[r xsansa ,d nwljs ls Vdjkrh gSa tcfd muesa ls ,d fLFkj gSA D;k laHko gS
fd &
a) la?kV~V osQ ckn nksuksa xsansa fojke voLFkk esa gksa?
b) D;k ;g laHko gS fd la?kV~V osQ ckn muesa ls ,d fLFkj jgs?

2. rhu loZle xsansa A, B, C dk fudk; ,d ljy js[kh;
fLFkfr esa gS tSlk fd fp=k esa n'kkZ;k x;k gSA B vkSj C
tqM+h gqbZ gSa vkSj fojke voLFkk esa gSaA  A xsaan v osx ls
pyrh gqbZ B xsan ls Vdjkrh gSa (lEeq[k la?kV~V)A la?kV~V
i'pkr A, B vkSj C osQ vyx&vyx osx D;k gksaxs\

3. 2 kg nzO;eku dh xsan A, + x fn'kk esa
50 m s–1 osQ osx ls xfr djrh gqbZ –x fn'kk
esa 40m s–1 osQ osx ls vkrh gqbZ 4 kg nzO;eku
dh xsan B ls lEeq[k la?kV~V djrh gSA la?kV~V
osQ ckn A vkSj B osQ osx D;k gSa? la?kV~V izR;kLFk
gSaA

4. ,d 1 kg nzO;eku dh xksyh fojke voLFkk esa j[ks gq, 1 kg nzO;eku osQ ydM+h osQ xqVosQ
ls Vdjkrh gS vkSj mlesa èkal tkrh gSA la?kV~V ls iwoZ xksyh dk osx 90m/s gSA

a) la?kV~V osQ ckn fudk; dk osx D;k gS\

b) la?kV~V ls iwoZ ,ao ckn esa xfrt ÅtkZvksa dh x.kuk dhft,A

c) ;g fdl izdkj dk la?kV~V gS% izR;kLFk ;k vizR;kLFk\

d) la?kV~V esa fdruh ÅtkZ dk {k; gqvk gS\

5.    nks xsanksa osQ chp izR;kLFk la?kV~V esa D;k izR;sd xsan dh xfrt ÅtkZ la?kV~V osQ ckn
ifjofrZr gksrh gS\

 vkius D;k lh[kk

,d fu;r cy }kjk fd;k x;k dk;Z

W = F.d = Fd cosθ

tgk¡ θ, F vkSj d osQ chp dk dks.k gSA dk;Z dk ek=kd twy gSA dk;Z ,d vfn'k jkf'k
gSA

fp=k. 6.21

fp=k. 6.20
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dk;Z dk eku ek=kkRed #i ls F-x osQ xzkiQ osQ chp osQ {ks=kiQy osQ cjkcj gksrk gSA

gqd dk fu;e ikyu djus okys izR;kLFk cy }kjk fd;k x;k dk;Z W =  
1

2
kx² gksrk

gSA tgk¡ k fu;rkad gS (izR;kLFk inkFkZ fLizax ;k rkj osQ fy,) W dk fpg~u fLizax ij
dk;Z djus okys ckã cy osQ fy, èkukRed gS vkSj fLizax osQ izR;ku;u cy }kjk fd,
x, dk;Z osQ fy, ½.kkRed gSA x fLizax dk laihMu ;k f[kapko gSA

k dh bdkbZ U;wVu@ehVj (N m–1) gSA

dk;Z djus dh nj dks 'kfDr dgrs gSaS bldk ek=kd P = W/t = J/s vFkkZr okV W gSA

fdlh fudk; dh ÅtkZ nks #iksa esa fo|eku gksrh gS (i) xfrt ÅtkZ vkSj (ii) fLFkfrt ÅtkZA

v osx ls pyrh gqbZ m nzO;eku dh oLrq dh xfrt ÅtkZ E = 
1

2
mv² gksrh gSA ;g ,d vfn'k

jkf'k gSA

dk;Z&ÅtkZ izes; osQ dFkukuqlkj lHkh cyksa }kjk fd;k x;k dk;Z oLrq dh xfrt ÅtkZ
esa ifjorZu osQ cjkcj gksrk gSA

W = K
f
 – K

i
 = ΔK

,d laj{kh cy }kjk ,d d.k ij fd, x, dk;Z dk eku d.k dh ;kaf=kd ÅtkZ esa
ifjorZu osQ cjkcj gksrk gS vFkkZr~ xfrt ÅtkZ vkSj fLFkfrt ÅtkZ osQ ;ksx esa ifjorZu
osQ cjkcjA nwljs 'kCnksa esa laj{kh cyksa osQ vèkhu ;kaf=kd ÅtkZ vifjofrZr jgrh gSA

Δ E = (E
f 
– E

i
)

P
 + (E

f 
– E

i
)

 k

= (ΔE)
P
 + (ΔE)

k

,d laj{kh cy }kjk fdlh oLrq ij ,d can iFk esa fd;k x;k dk;Z (tcfd oLrq
viuh izkjaafHkd voLFkk esa igq¡p tkrh gS) 'kwU; gksrk gSA

,d laj{kh cy }kjk fd;k x;k dk;Z iFk ij fuHkZj ugha djrk gSA ;g osQoy oLrq dh
izkjafHkd ,oa vafre fLFkfr;ksa ij fuHkZj djrk gSA

,d vlaj{kh cy }kjk oLrq ij fd;k x;k dk;Z oLrq dh xfr osQ iFk ij fuHkZj djrk
gSA iw.kZ ;kaf=kd ÅtkZ lajf{kr ugha jgrhA

,d d.k dh fLFkfrt ÅtkZ ,d laj{kh {ks=k esa mldh fLFkfr osQ dkj.k gksrh gSA

,d laihfMr ;k rus gq, fLizax esa lafpr ÅtkZ izR;kLFk fLFkfrt ÅtkZ dgykrh gSA bldk

eku 
1

2
kx² gksrk gSA tgk¡ k fLizax fu;rkad ,ao x foLFkkiu gSA

i`Foh dh lrg osQ lehi m nzO;eku dh fdlh oLrq esa lafpr ÅtkZ mgh gksrh gSA bls
xq#Roh; fLFkfrt ÅtkZ dgrs gSaA ;gk¡ h ÅèoZ fn'kk esa nzO;eku dh fLFkfr esa ifjorZu
gSA 'kwU; fLFkfrt ÅtkZ dk ry ;kn`fPNd gSA
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,d foyfxr fudk; esa ,d izdkj dh ÅtkZ dk nwljs izdkj dh ÅtkZ esa #ikUrj.k laHko
gSA ysfdu ÅtkZ dks u rks mRiUu fd;k tk ldrk gS vkSj u gh u"V fd;k tk ldrk
gSA oqQy ÅtkZ lnSo vpj jgrh gSA

laosx laj{k.k dk fu;e fdlh Hkh izdkj osQ la?kV~V dh fLFkfr esa ykxw gksrk gSA

izR;kLFk la?kV~V esa xfrt ÅtkZ Hkh lajf{kr jgrh gS tcfd vizR;kLFk la?kV~V esa ,slk
ugha gksrk gSA

ikBkar iz'u

1. ;fn nks d.kksa dh xfrt ÅtkZ leku gks rks D;k muosQ laosx Hkh leu gksaxs\ le>kb,A

2. ,d xfr'khy d.k ,d fojke voLFkk okys d.k ls la?kV~V djrk gSA D;k ;g laHko
gS fd la?kV~V osQ ckn os nksuksa fojke voLFkk esa vk tk,a\

3. D;k fdlh ra=k dh oqQy ;kaf=kd ÅtkZ dk eku fLFkj gks ldrk gS tcfd ra=k esa {k;h
cy yxs gksa\

4. ,d cPpk 20 m s–1 osQ osx ls ,d xsan dks ÅèokZèkjr% Åij dh vksj isaQdrk gSA

(a) fdl fcUnq ij xfrt ÅtkZ vfèkdre gksxh\

(b) fdlh fcanq ij fLFkfrt ÅtkZ vfèkdre gksxh\

5. ,d 20 m s–1 osx ls pyrk gqvk 3 kg nzO;eku dk ,d xqVdk ,d 1200 N m–1 cy
fu;rkad okys fLizax ls la?kV~V djrk gSA fLizax esa mRiUu gq, vfèkre laihMu dk eku
Kkr dhft,A

6. iz'u 5 esa ;fn xqVosQ dh xfrt ÅtkZ fLizax dh izR;kLFk fLFkfrt ÅtkZ ls nks xquh gks
rks fLizax dk laihMu fdruk gksxk\

7. ,d fo|qr cYc dh 'kfDr 60W  gSA 12 ?kaVk izfrfnu osQ fglkc ls 30 fnu esa O;;
gqbZ fo|qr ÅtkZ dk eku Kkr djsaA

8. 1000 kg dh ikuh izfr lsoaQM 120 ehVj dh Å¡pkbZ ls uhps fxjrk gSA bl fxjrs gq,
ikuh ls fo|qr ÅtkZ mRiUu dh tkrh gSA tsujsVj dh 'kfDr dh x.kuk dhft, (ÅtkZ
ßkl 'kwU; ekudj)

9. 1200 kg dh 90 km h–1 pky ls tkrh gqbZ dkj czsd yxkus ij 3 lsdUM esa fojke
dh voLFkk esa vk tkrh gSA xfr eandksa dh vkSlr 'kfDr dh x.kuk dhft,A

10. ,d 400 xzke dh 5 m s–1 osQ osx ls tkrh gqbZ xsan 600 xzke dh fojke voLFkk esa fLFkr
xsan ls izR;kLFk la?kV~V djrh gSA la?kV~V osQ i'pkr xsanksa dh pkyksa dh x.kuk dhft,A

11. ,d 500 m/s osQ osx ls tkrh gq;h 10 xzke dh xksyh ,d 20 kg osQ ydM+h osQ xqVosQ
ls Vdjkdj mlesa èkal tkrh gSA
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(a) la?kV~V osQ ckn xqVosQ dk osx Kkr dhft,A

(b) la?kV~V esa fdruh ÅtkZ dk {k; gksrk gS\

12. 6 kg dh ,d oLrq {kSfrt ry ij fojke dh voLFkk esa gSA oLrq ij ,d 15N dk
{kSfrt cy yxkrkj yxk;k tkrk gSA oLrq 10 lsd.M esa 100 ehVj pyrh gS

(a) yxk;k x;k cy fdruk dk;Z djrk gS?

(b) 10 lsd.M osQ i'pkr CykWd dh xfrt ÅtkZ fdruh gS?

(c) ?k"kZ.k cyksa dk ifjek.k o fn'kk D;k gS (;fn dksbZ gS)\

(d) xfr osQ nkSjku fdruh ÅtkZ dk ßkl gksrk gS\

13. A, B, C vkSj D vèkZxksykdkj mYVs j[ks gq, I;kys esa pkj fcanq gSaA O;kl BC = 50 cm

,d 250g dk d.k fLFkfr A ls fpdus ry ij fiQlyuk 'kq# djrk gSA x.kuk djsa

(a) B lkis{k A fcanq ij fLFkfrt ÅtkZ

(b) fcanq B ij pky (fuEure fcanq)

(c) fcanq D ij xfrt ,ao fLFkfrt ÅtkZ

D;k vki ikrs gSa fd xqVosQ dh ;kaf=kd ÅtkZ lajf{kr
jgrh gS\ D;ksa\

14. ,d fLizax dk cy fu;rkad 400N/m gSA fLizax dks

(a) 6.0 cm [khapus esa fdruk dk;Z djuk iM+sxk\

(b) x = 4.0 cm ls x = 6.0 cm rd [khapus esa] tgk¡ x = 0 fLizax dh f'kfFky voLFkk gSA

15. ,d dkj dk nzO;eku 1000 kg gSA ;g fojke fLFkfr ls 3 lsd.M esa 15 m s–1 dh xfr
izkIr djrh gSA x.kuk djsa%

(a) batu dh vkSlr 'kfDr

(b) dkj ij batu }kjk fd;k x;k dk;Z

ikBxr iz'uksa osQ mÙkj

6.1

1. cy ges'kk d.k dh xfr dh fn'kk osQ yEcor dk;Z djrk gSA vr% cy }kjk fd;k
x;k dk;Z 'kwU; gksxk\

2. (a) fd;k x;k dk;Z 'kwU; gSA (i) tc foLFkkiu 'kwU; gSA (ii) tc cy vkSj foLFkkiu osQ
chp dk dks.k 90º gSA
tc dksbZ nzO;eku {kSfrt ry esa pyrk gS rks xq#Ro }kjk fd;k dk;Z 'kwU; gksrk gSA
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(b) tc ,d oLrq dks ÅèokZèkj Åij dh vksj isaQdk tkrk gS rks xq#Roh; cy }kjk fd;k
x;k dk;Z ½.kkRed gksrk gSA

(c) tc oLrq vkjksfir cy dh fn'kk esa xfr djrh gS rks cy }kjk fd;k x;k dk;Z èkukRed
gksrk gSA

3. (a) W = mgh = 2 × 9.8 × 5 = + 98 J

(b) xq#Ro }kjk fd;k dk;Z = –98 J

4. F = (2 î  + 3 ĵ ) d = (– î  + 2 ĵ )

W = F.d     = (2 î  + 3 ĵ ) . (– î  + 2 ĵ )

–2 + 6 = 4

5. F = (5 î  + 3 ĵ ) d = (3 î  + 4 ĵ )

(a)  | d | = 9 + 16 = 25 = 5 m

(b)  | F | = 25 + 9  = 34  = 5.83 bdkbZ

(c)  W  = F.d = (5 î  + 3 ĵ ) . (3 î  + 4 ĵ )

= 15 + 12 = 27 J

6.2

1. fLizax fu;rkad og izR;ku;u cy gS tks ,d bdkbZ foLFkkiu mRiUu djrk gSA vr%
;g N m–1 esa ekik tkrk gSA

2. k = 
10N

1cm
 = 

10N

1/100m
= 100 N m

pw¡fd F = kx , x = 50 cm foLFkkiu osQ fy, fd;k x;k dk;Z F = 
N

100 (0.5 m)
m

  
    

     = 50 N.

W = 
1

2
kx2 =  

21 100N 5 5
m

2 m 100 100
  × × ×    

      = 1.25 N m = 1.25 J.

6.3

1. P = 
( )100 9.8 8

10

mgh

t s

× ×
= J = 784 W.

2. 10 H.P = (10 × 746) W = 
10 746

1000

×
 kW

      = 7.46 kW
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6.4

1. xfrt ÅtkZ = 
1

2
mv2. ;g dHkh Hkh ½.kkRed ugha gksrh D;ksafd

 (i) m dHkh Hkh ½.kkRed ugha gksrk

(ii) v2 lnSo èkukRed gksrk gSA

2. (a) xfrt ÅtkZ = 
1

2
mv2 = E

tc v dks 2v dj fn;k tkrk gS rks xfrt ÅtkZ 4 xquk vFkkZr~ 4E gks tkrh gSA

(b) tc m, 
2

m
 gks tkrk gS rks E, 

2

E
 gks tkrh gSA

3. fLizax dh fLFkfrt ÅtkZ = 
1

2
kx2 = 3.6 J

∴ x2 = 
2 3.6

k

×
= 

2 3.6

180

×
= 0.04 m

vkSj  x = 0.2 m = 20 cm.

4.  v2 = u2 – 2as, vafre osx 'kwU; gS ,ao izkjfEHkd osx 
90 km

h
 = 25m s–1

∴
2

2

u

s
= a = 

25 25

2 15

×
×  = 20.83 m s–2

F = ma = 1000 × 20.83= 20830 N.

'kfDr = 
W

t
 = 

20830 15

25

×
 = 12498 W

5. cká cy }kjk fd;k x;k dk;Z = 375 J

fLizax }kjk fd;k x;k dk;Z = – 375 J

6.5

1. (a) fLFkfrt ÅtkZ esa dksbZ ifjorZu ugha]

 (b) fLFkfrt ÅtkZ esa ifjorZu = mgh = 2 × 9.8 × 4 = 78.4 J

(c) fLFkfrt ÅtkZ esa ifjorZu = 78.4 J.

(d) – 78.4 J.

2.  (a) fLFkfrt ÅtkZ esa ifjorZu = mgh = 0.5 × 9.8 × 4 = 19.6 J

fcanq B ij xfrt mQtkZ = 
1

2
mv2 = 19.6 J

v2 = 
19.6 2

0.5

×

v2 = 78.4 ⇒ v = 8.85 m s–1
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b)  v = 14 m s–1

(c) mgh = 0.5 × 9.8 × 10 = 49.0 J (/ukRed)

W = +49 J

3. BC = 2ehVj

AC

BC
 = sin30º

AC = BC sin30º

= 2 × 
1

2
 = 1

C ls B rd ifjorZu esa fLFkfrt ÅtkZ esa ifjorZu

= mgh = 2 × 9.8 × 1 = 19.6 J

ysfdu B fcanq ij xfrt ÅtkZ = 15.6 J

ÅtkZ ßkl = 19.6 – 15.6 = 4J

;g ßkl ?k"kZ.k cy osQ dj.k gksrk gSA

4J = F × d = F × 2

  F = 2N

4. tc ,d ljy yksyd dk xksyd vkorZ xfr djrk gS rks x = 0 ij bldh xfrt ÅtkZ
vfèkdre vkSj x = x

m 
ij 'kwU; gksrh gSA

fLFkfrt ÅtkZ x = 0 ij fuEure vkSj x = x
m 
ij vfèkdre gksrh gSA vr% A fLFkfrt ÅtkZ

oØ dks n'kkZrk gSA

5. ughaA

6.6

1. (a) ugha, js[kh; laosx laj{k.k osQ fl¼kar osQ foijhr gSA

(b) gk¡

2.

v
A
 = 0, v

B
 = 0, v

C
 = v

D;ksafd ;gh fLFkfr (i) js[kh; laosx laj{k.k vkSj (ii) oqQy xfrt ÅtkZ laj{k.k dh 'krsa iwjh djrh
gSA

3. v
Af

=
 
 B B

A B

2

+
im

m m

v
+  

Ai A B

A B

( – )m m

m m+
v

= 
( ) ( )2 4 40 50 2

6 6

× × − −
−

→v
A B C
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= 
320 100

6 6
− +

= 
220

6
−

= – 35m s–1.

v
Bf

= – A A

A B

2

+
im

m m

v
+

  
B A B

A B

( – )

)+
im m

(m m

v

= 
( )( )40 4 22 2 50

6 6

− −× ×
+

= 
200 80

6 6
−

= 
120

6
= 20 m s–1.

vr% xsan A, 35 m s–1 osQ osx ls okil gksrh gS vkSj xsan B, 20 m s–1 osQ osx ls vkxs
tkrh gSA

4. (a) 1.76 m s–1.

(b) 81 J and 1.58 J

(c) vizR;kLFk la?kV~V esa

(d) 79.42 J

5. gk¡] ysfdu nksuksa xsanksa dh la?kV~V ls igys ,ao la?kV~V osQ ckn oqQy ÅtkZ leku jgrh
gSA

ikBkar iz'uksa osQ mÙkj

5. 1 m.

6. 0.707 m

7. 21.6 kW

8. 1.2 MW

9. 125 kW

10.
1

4
m s–1, 

19

6
 m s–1
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11. (a) 0.25 m s–1

(b) 1249.4 J

12. (a) 1500 J (b) 1200 J (c) 3 N xfr dh fn'kk osQ foijhr (d) 300 J

13. (a) 0.625 J (b) 5 m s–1 (c) 0.313 J

14. (a) 0.72 J    (b) 0.4 J

15. (a) 37.5 kW (b) 1.25 × 105 J
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7

n`<+ fiaM dh xfr

vHkh rd vkius ,dy fcanq nzO;eku dh xfr osQ fo"k; esa vè;;u fd;kA ;g ljyhdj.k
;kaf=kdh osQ fu;eksa dks le>us osQ fy;s dkiQh mi;ksxh gSA ysfdu okLrfod thou esa oLrq,a
cgqr ls vo;oksa ls feydj cuh gksrh gSaA ,d NksVs ls iRFkj osQ VqdM+s esa yk[kksa d.k gksrs
gSaA D;k bl fLFkfr esa izR;sd d.k osQ fy, vki vyx&vyx lehdj.k fy[ksaxs\ bl izdkj
yk[kksa lehdj.kksa dh vko';drk gksxhA D;k bldk dksbZ ljy fodYi gS\ bu iz'uksa osQ
mÙkj <w¡<+rs le; vki nzO;eku osQUnz vkSj tM+Ro vk?kw.kZ vkfn osQ ckjs esa tku losaQxsA
tM+Ro&vk/w.kZ ?kw.kZu xfr esa ogh Hkwfedk fuckgrk gS tks nzO;eku LFkkukUrj.k&xfr esa fuckgrk
gSA

blosQ lkFk gh ge HkkSfrdh dh egRoiw.kZ ladYiuk vkSj cy vk?kw.kZ ,oa dks.kh; laosx osQ
fo"k; esa Hkh i<+saxsA ;fn fdlh ?kw.kZu djus okys ra=k ij dksbZ cká vlarqfyr cy vk?kw.kZ
vkjksfir ugha gksrk] rks bldk dks.kh; laosx lajf{kr jgrk gSA bl ckr dh HkkSfrdh esa cgqr
mi;ksfxrk gSA ;g gesa crykrk gS fd oSQls ,d rSjkd ,d Mqcdh iVy (Mkbfoax cksMZ)
ls dykckth djrk gqvk uhps ikuh esa owQnrk gSA

mís';

bl ikB dks i<+us osQ i'pkr vki%

,d n`<+ fi.M esa nzO;eku osQUnz dks ifjHkkf"kr dj losaQxs_

;g O;k[;k dj ik,axs fd n`<+ fi.M dh xfr] LFkkukarj.k xfr vkSj ?kw.kZu xfr nksuksa dk
la;kstu D;ksa gS_

tM+Ro vk?kw.kZ dks ifjHkkf"kr dj losaQxs rFkk yEcor~ ,oa lekUrj v{kksa osQ izes;ksa dk
dFku dj losaQxs_

cy vk?kw.kZ ifjHkkf"kr dj losaQxs rFkk blosQ }kjk mRiUu ?kw.kZu dh fn'kk Kkr dj losaQxs_

 ,d n`<+ fi.M dh xfr dk lehdj.k fy[k losaQxs_

dks.kh; laosx laj{k.k osQ fl¼kar dks cryk losaQxs vkSj
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,d ur lery ij xfreku n`<+ fi.M dh xfr osQ var esa mlosQ osx dh x.kuk dj
losaQxsA

7.1 n`<+ fi.M

tSlk fd Åij crk;k tk pqdk gS fd fcanq nzO;eku ,d vkn'kZ voèkkj.kk gS ftls foospu
dks ljy cukus osQ fy, mi;ksx esa yk;k tkrk gSA O;ogkj esa tc nks fi.Mksa osQ chp vU;ksU;
fØ;k gksrh gS rFkk muosQ chp dh nwjh muosQ vkdkj dh rqyuk esa cgqr vf/d gks rks bl
fLFkfr esa muosQ vkdkj dks ux.; ekudj ,d fcanq nzO;eku osQ #i esa fy;k tk ldrk
gSA D;k vki ,sls nks mnkgj.k ns ldrs gSa ftuesa fi.Mksa dk vkdkj egRo ugha j[krk gks\
flrkjksa dk vkdkj vkdk'kxaxk dh rqyuk esa cgqr de gksrk gSA vr% flrkjksa dks fcanq nzO;eku
ekuk tk ldrk gSA blh izdkj i`Foh&pUnzek fudk; esa] pUnzek dk vkdkj ux.; ekuk tk
ldrk gSA ijUrq tc ge fdlh v{k osQ bnZ fxnZ ,d n`<+ fi.M osQ ?kw.kZu ij fopkj djrs
gSa rks fi.M dk vkdkj egRoiw.kZ gks tkrk gSA tc ge fdlh fudk; osQ ?kw.kZu ij fopkj
djrs gSa rks ge lkekU;r;k ;g eku ysrs gSa fd ?kw.kZu dh vofèk esa buosQ vo;o d.kksa
osQ chp dh nwjh vpj jgrh gSA d.kksa osQ bl izdkj osQ fudk; dks n`<+ fi.M dgrs gSaA

n`<+ fi.M ,d ,slk fi.M gksrk gS ftlosQ vo;o d.k xfr dh voLFkk esa Hkh viuh
lkis{k fLFkfr cuk, j[krs gSa vFkkZr~ d.kksa osQ chp dh nwjh esa ifjorZu ugha gksrk gSA

bl ifjHkk"kk ls Li"V gS fd xfreku voLFkk esa n`<+ fi.M dk vkdkj lajf{kr jgrk gSA rFkkfi]
fcanq d.k dh rjg ,d n`<+ fi.M Hkh vkn'kZ fLFkfr gS D;ksafd] ;fn fdlh n`<+ fi.M ij
vR;fèkd cy yxk,a rks muosQ d.kksa osQ chp dh nwjh esa ifjorZu gks tkrk gSa ]Hkys gh ;s
ifjorZu vR;Ur lw{e gh D;ksa u gksaA bl izdkj ls izo`Qfr esa dksbZ Hkh vkn'kZ n`<+ fi.M
ugha gSA lkekU;r% ge ,d Bksl oLrq dks n`<+ fiaM eku ysrs gSaA ,d fØosQV dh xsan] ydM+h
dk xqVdk] ,d bLikr dh fMLd vkSj i`Foh rFkk pUnzek dks Hkh bl vè;k; esa n`<+ fiaM
eku fy;k x;k gSA

D;k ckYVh esa ikuh dks ,d n`<+ fi.M ekuk tk ldrk gS\ Li"V #i ls ,d ckYVh esa ikuh
n`<+ fi.M ughsa gks ldrk D;ksafd tc ckYVh dks b/j&m/j èkosQyk tkrk gS rks ikuh vkdkj
cnyrk gSA

vc vki ;g tkuuk pkgsaxs fd n`<+ fiaM osQ fo"k; esa vkius D;k le>k gS\

ikBxr iz'u 7.1

1. ydfM+;ksa dh N% NM+ksa dk ,d izsQe cuk;k x;k gSA NM+sa bl izdkj ls ,d&nwljs ls
lVh gSa fd ;s ?kwe ugha ldrha vFkok vyx ugha gks ldrh gSaA D;k ;g fudk; ,d
n`<+ fi.M gS\

2. D;k jsr osQ <sj dks ,d n`<+ fi.M ekuk tk ldrk gS\ vius mÙkj dh O;k[;k djsaA
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7.2  ,d n`<+ fi.M dk nzO;eku osQUnz

cgqr ls d.kksa ls cus n`<+fi.Mksa ij fopkj djus ls iwoZ ,d dkiQh ljy fudk; ij fopkj
djsaA ekuk leku nzO;eku osQ nks d.k ,d NM+ ls tqM+s gq, gSa ftldk viuk dksbZ nzO;eku
ugha gS vkSj tks vforkU; gS (ftldh yackbZ vpj gS)A D;k ge bl ra=k dks n`<+ fiaM dg
ldrs gSa\

bl fudk; eas nks d.kksa osQ chp dh nwjh fu;r gS] vr% ;g ,d n`<+ fiaM gSA

eku yhft, fd nks d.k ,d {kSfrt lery ls
z

1
 vkSj z

2
 Å¡pkbZ;ksa ij gSa (fp=k 7-1)A ;g Hkh eku

ysa fd ml NksVs&ls {ks=k esa] ftlesa bu nks d.kksa
dk fudk; ?kwerk gS] xq#Roh; cy ,d leku gSA
nksuksa d.kksa ij mg cy dk;Z djrk gSA vr% fudk;
ij yxus okyk oqQy cy 2mg gSA vc gesa fudk;
esa ,d ,sls fcanq dk irk yxkuk gS fd ;fn 2mg

cy ml fcUnq ij yxs rks fudk; dh xfr mlh
izdkj dh gks tSlh fd nksuksa d.kksa ij yxs izR;sd
cy mg osQ yxus ls gksrh gSA eku yhft, fd cy 2mg fcUnq C ij yxrk gS ftldh {kSfrt
lery ls Å¡pkbZ z gSA d.k 1 rFkk 2 dh fLFkfrt mQtkZ,a Øe'k% mgz

1
 rFkk  mgz2 gSaA

fcanq C ij ekus x, d.k dh fLFkfrt ÅtkZ 2mgz gqbZA pw¡fd bldk eku nksuksa d.kksa dh la;qDr
fLFkfrt ÅtkZ osQ cjkcj gksuk pkfg,A vr%

2 mgz = mgz
1
 + mgz

2
(7.1)

;k z = 
z z1 2+

2
(7.2)

è;ku nhft, fd bl fLFkfr esa fcanq C nks d.kksa osQ chp fLFkr gksrk gSA ;fn nksuksa nzO;eku
vleku gksa] rc ;g fcanq chp esa ugha jgsxkA ;fn d.k 1 dk nzO;eku m

1
 vkSj d.k 2 dk

nzO;eku m
2 
gks rks lehdj.k (7-1) dk #i fuEuor gks tk,xk%

(m
1
 + m

2
) gz = m

1
gz

1
 + m

2 
gz

2
(7.3)

vr%

z = 
1 1 2 2

1 2( )

m z m z

m m

+
+ (7.4)

fcanq C fudk; dk nzO;eku osQUnz (cm) dgykrk gSA okLro esa ;g ek=k ,d xf.krh; lk/
u gS vkSj nzO;eku osQUnz tSlk dksbZ HkkSfrd d.k ugha gksrk gSA bl ladYiuk dks le>us osQ
fy, fuEu mnkgj.k dk lkoèkkuhiwoZd vè;;u djsaA

mnkgj.k 7.1 : ;fn mi;qZDr fLFkfr esa ,d d.k dk nzO;eku nwljs d.k dk nqxquk gks rks]
nzO;eku osQUnz dh fLFkfr Kkr djsaA

fp=k 7.1 : nks d.kksa dk fudk;
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fp=k. 7.2 : vusd d.kksa ls cus
,d fudk; (fi.M)
dk nzO;eku osQUnz

gy :  m
1
= m vkSj m

2
= 2 m, rc lehdj.k (7.4) ls izkIr gksxkA

z = 
1 22

( 2 )

m z m z

m m

+
+  = 1 22

3

z z+

tc ,d fi.M vusd d.kksa ls fufeZr gksrk gS] rks nzO;eku osQUnz dks ifjHkkf"kr djus osQ
fy, lehdj.k (7-4) dks O;kid cuk ysrs gSaA ;fn d.k dk nzO;eku m

1
 vkSj fdlh ,d

izsQe osQ funsZ'kkadksa osQ lkis{k mlosQ funsZ'kkad (x
1
, y

1
, z

1
), nzO;eku m

2
 osQ funsZ'kkad (x

2
, y

2
,

z
2
) rFkk blh izdkj vU; nzO;ekuksa osQ funsZ'kkad gksa (fp=k 7-2) rks nzO;eku osQUnz osQ funsZ'kkad

gksaxs%

         x = 
1 1 2 2

1 2

...

...

m x m x

m m

+ +
+ +  = 

1

i

i
i

m x

m
=

∑

∑

N

i
i=

N
1

x = 1

N

i
i

m x

M
=
∑ i

(7.5)

blh izdkj y = 1

N

i
i

y

M
=
∑ im

(7.6)

 ,oa z = 1

N

i
i

M
=
∑ im z

(7.7)

tgk¡ 
1

N

i =
∑ im  lHkh d.kksa osQ nzO;ekuksa dk ;ksx n'kkZrk gS] vr% 

1

N

i=
∑ im  oLrq dk oqQy nzO;eku

(M) gSA

gesa nzO;eku osQUnz dks bruk lqLi"V #i ls ifjHkkf"kr djus dh D;k vko';drk gS\

;kn dhft,] foLFkkiu dh nj dks osx dgrs gSa vkSj osx dh nj dks Roj.k dgrs gSaA ;fn
a

1x
 d.k 1 osQ x-v{k osQ vqufn'k Roj.k osQ ?kVd dks n'kkZrk gS vkSj blh izdkj vU; d.kksa

osQ fy, Hkh laxr ?kVd ysa rks leh- (7-5)dh lgk;rk ls ge fy[k ldrs gSaA

M a
x

= m
1 
a

1x
 + m

2 
a

2x
 +... (7.8)

tgk¡ a
x
] x-fn'kk esa nzO;eku osQUnz dk Roj.k gSA blh izdkj y- vkSj z- v{kksa dh fn'kk esa Hkh

Roj.kksa osQ fy, leku Lo:i osQ lehdj.k gksaxsA lfn'k fu#i.k dk mi;ksx djrs gq, bu
rhuksa lehdj.kksa dks ,d lehdj.k osQ #i esa fy[kk tk ldrk gS%

M a = m
1 
a

1
 + m

2 
a

2
 +... (7.9)
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ysfdu nzO;eku ,oa Roj.k dk xq.kuiQy cy gksrk gSA vr% m
1 
a

1
d.k 1 ij yxus okys lHkh

cyksa dk ;ksx gSA blh izdkj m
2  a2 d.k 2 ij yxus okyk usV cy gSA vFkkZr~ lehdj.k

(7-9) osQ nkfguh vksj fy[ks cy] fi.M ij yxus okys leLr cy gSaA

fi.M ij yxus okys cy nks izdkj osQ gks ldrs gSaA oqQN cy fi.M ij ckgjh lzksrksa ls
yxrs gSaA ,sls cyksa dks cká cy dgrs gSaA bl cy dk ,d lqifjfpr mnkgj.k xq#Ro gSA
oqQN cy fi.M osQ vUnj osQ d.kksa dh ikjLifjd vU;ksU; fØ;kvksa osQ iQyLo#i Hkh yxrs
gSaA ,sls cyksa dks vkarfjd cy dgrs gSaA ,sls cy dk ,d lqifjfpr mnkgj.k llatd cy
gSA

,d n`<+ fi.M osQ fy, vkUrfjd cyksa dk ;ksx 'kwU; gksrk gS D;ksafd os ,d&nwljs dks tksM+s
osQ #i esa fujLr djrs gSaA vr% fi.M osQ vyx&vyx d.kksa osQ Roj.k cká cyksa osQ ifj.kkeh
osQ dkj.k gksrs gSaA bl lanHkZ esa lehdj.k (7-9) dks bl izdkj fy[k ldrs gSa&

M a = F
ext

(7.10)

blls Li"V gS fd fi.M dk CM (nzO;eku osQUnz) oqQN bl rjg ls xfreku gksrk gS
tSls fd fiaM dk lkjk nzO;eku ml fcanq ij fLFkr gks rFkk fi.M ij yxus okys
lHkh ckgjh cy ml fcUnq ij yx jgs gksaA è;ku nsa fd nzO;eku osQUnz dh ifjHkk"kk ls
O;qRifÙk fdruh vklku gks tkrh gSA vc gekjk fdlh fi.M osQ yk[kksa ,dy d.kksa ls dksbZ
okLrk ugha jgrk gS] osQoy nzO;eku osQUnz fuèkkZj.k dh vko';drk jg tkrh gS& rkfd ,d
fn, x, fiaM dh xfr dk fuèkkZj.k fd;k tk losQA ;g rF; fd nzO;eku osQUnz dh xfr
cká cyksa }kjk fu/kZfjr gksrh gS rFkk vkarfjd cyksa dh blesa dksbZ Hkwfedk ugha gS] euksjatd
fu"d"kksZa dh vksj ys tkrk gSA

vki iz{ksI; xfr ls lqifjfpr gSaA D;k vkidks ;kn gS fd iz{ksI; }kjk pyk x;k iFk oSQlk
gksrk gS\

iz{ksI; iFk ijoy;kdkj gksrk gSA

eku yhft, fd iz{ksI; ,d ce gS vkSj og
Åij vkdk'k esa gok osQ chp vusd VqdM+ksa
esa foLiQksfVr gks tkrk gSA foLiQksV vkarfjd cyksa
osQ dkj.k gksrk gSA cká cy esa] (tks fd
xq#Roh; cy gS) dksbZ ifjorZu ugha vkrk gSA
vr% iz{ksI; dk nzO;eku osQUnz mlh ijoy;
ij xfr djrk jgrk gSA ftl ij ;fn foLiQksV
ugha gksrk rks og xeu djrk (fp=k 7-3)A

ce osQ VqdM+s lHkh fn'kkvksa esa ijoy;kdkj iFkksa
esa xfr dj ldrs gSaA ysfdu mudk nzO;eku osQUnz ewy ijoy; ij gh fLFkr gksrk gSA vc
vki nzO;eku osQUnz dh ladYiuk dk egRo le> x, gksaxsA vkxkeh vuqPNsnksa esa vkidk
lkeuk oqQN vU; egÙoiw.kZ mnkgj.kksa ls gksxkA

fp=k.7.3 : ,d iz{ksI; dk nzO;eku osQUnz
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vr% vc ge ,d ljy mnkgj.k }kjk ns[krs gSa fd fdlh fudk; oQk nzO;eku osQUnz oSQls Kkr fd;k
tkrk gSaA

mnkgj.k 7.2 : eku yhft, 1.0  kg, 2.0 kg,

3.0 kg vkSj 4.0 kg osQ pkj nzO;eku ,d oxZ
osQ pkjksa dksuksa ij fLFkr gaS% oxZ dh Hkqtk 1.0

m gSA bl fudk; osQ nzO;eku osQUnz (C.M)

dh x.kuk dhft,A

gy : oxZ dh jpuk ge ,d ry esa dj ldrs
gSaA eku yhft, ;g ry (x,y) gSA ;g Hkh ekfu,
fd oxZ dk ,d dksuk ry osQ v{kksa osQ ewy
fcUnq ij iM+rk gSA x rFkk y nks v{k gSaA
pkj nzO;ekuksa osQ funsZ'kkad m

1
 (0,0), m

2

(1.0,0), m
3
 (1.0,1.0) vkSj m

4
 (0, 1.0) gSa vkSj

lHkh (yackb;k¡) nwfj;k¡ ehVj esa gSaA (fp=k 7-
4)
lehdj.kksa (7.5) ,ao (7.6) dk mi;ksx djus ij

x = 
10 0 2 0 10 30 10 4 0 0

10 2 0 30 4 0

. . . . . .

. . . .

× × × ×+ + +

+ + + ehVj = 0.5 ehVj

vkSj y = 
10 0 2 0 0 30 10 4 0 10

10 2 0 30 4 0

. . . . . .

. . . .

× × × ×+ + +

+ + + ehVj = 0.7 m

nzO;eku osQUnz osQ funsZ'kkad (0.5 m, 0.7 m) gSa vkSj fp=k (7-4) esa bls C ls fu#fir
fd;k x;k gSA ;g oxZ osQ osQUnz ij ugha gSA ;|fi oxZ ,d lefer (symmetrical)

vko`Qfr gSA
nzO;eku osQUnz oxZ osQ osQUnz ij u gksus osQ D;k dkj.k gSa\

bl iz'u dk mÙkj izkIr djus osQ fy, nzO;eku osQUnz osQ funsZ'kkad ml fLFkfr osQ fy,
izkIr djsa tc lHkh nzO;eku leku gSaA

lkj.kh 7.1  oqQN fu;fer ,oa lefer fiaMksa osQ nzO;eku osQUnz dh fLFkfr

fp=k nzO;eku osQUnz dh fLFkfr

7.2.1 oqQN fiaMksa osQ nzO;eku osQUnz (CM)f=kHkqtkdkj IysV

rhuksa ekfè;dkvksaa dk izfrPNsnu fcanq

fu;fer cgqHkqt vkSj o`Ùkkdkj IysV

vko`Qfr osQ T;kferh; osQUnz ij

fp=k. 7.4 : fdlh oxZ osQ pkjksa 'kh"kksZa ij
fLFkr nzO;ekuksa osQ nzO;eku&osQUnz
dk fLFkfr fuèkkZj.k
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foLr`r fiaMksa osQ nzO;eku osQUnzksa dh fLFkfr dh x.kuk vklkuh ls ugha dh tk ldrh gSA D;ksafd
blosQ fy, gesa fiaM dk fuekZ.k djus okys cgqr&ls d.kksa ij fopkj djuk gksxkA ;g rF;
fd fdlh n`<+ fiaM osQ lHkh d.kksa dk nzO;eku leku gksrk gS vkSj os fiaM esa leku #i
ls forfjr jgrs gSa & x.kuk dks oqQN vklku cuk nsrs gSaA

;fn fdlh fiaM dh vko`Qfr fu;fer vkSj lefer gks] tSls csyukdkj vFkok xksykdkj rks
x.kuk oqQN ljy gks tkrh gSA ysfdu ;s x.kuk,a bl iqLrd osQ fo"k; {ks=k ls ckgj gSaA fiQj
Hkh nzO;eku osQUnz osQ egRo dks è;ku esa j[krs gq, lkj.kh 7-1 esa oqQN fu;fer ,oa lefer
fi.Mksa osQ nzO;eku osQUnz fn, x, gSaA

nzO;eku osQUnz osQ fo"k; esa nks ckrsa ;kn j[kuh pkfg, (i) nzO;eku osQUnz oLrq dh lhek ls
ckgj gks ldrk gS] tSls fdlh vaxwBh osQ fy, (ii) tc nks oLrq,a ,d&nwljs osQ pkjksa vksj
?kwerh gSa rks os okLro esa vius mHk;fu"V nzO;eku osQUnz osQ pkjksa vksj ?kwerh gSaA mnkgj.k
osQ fy, rkjksa osQ ck;usjh (Binary) fudk; esa (;qXerkjkfudk; esa) rkjs mHk;fu"B nzO;eku
osQUnz dk pDdj yxkrs gSaA lw;Z&i`Foh fudk; Hkh vius mHk;fu"B nzO;eku osQUnz dk ifjØe.k
djrk gSA ysfdu pw¡fd lw;Z dk nzO;eku i`Foh dh rqyuk esa dkiQh vfèkd gksrk gS] fudk;
dk nzO;eku&osQUnz lw;Z osQ osQUnz osQ dkiQh lehi gksrk gSA

vc ;g vkidk viuh izxfr tk¡pus dk le; gSA

csyu rFkk xksyk

vko`Qfr osQ T;kferh; osQUnz ij

fijkfeM vkSj 'kaoqQ

vkèkkj osQ osQUnz vkSj 'kh"kZ dks tksM+us okyh js[kk ij
vkèkkj ls h@4 Å¡pkbZ ij

v{kh; lefefr okyh vko`Qfr

lefer vko`Qfr osQ v{k ij

lefer osQUnz okyh vko`Qfr
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ikBxr iz'u 7.2

1. fn[kkbZ xbZ fxzM esa A, B, C, D vkSj E d.k gSa
ftuosQ nzO;eku Øe'k%  1.0 kg, 2.0 kg, 3.0 kg,

4.0 kg vkSj 5.0 kg gSA fudk; osQ nzO;eku osQUnz
o s Q  f L F k f r fun s Z ' k k ad K kr dj s a
(fp=k 7-5)A

2. ;fn rhu d.k m
1
, m

2
, vkSj m

3
 ftuosQ nzO;eku

Øe'k% 1-0 kg, 2-0 kg vkSj 3-0 kg gSa] ,d
lef=kckgq f=kHkqt osQ dksuksa ij vofLFkr gSaA
fudk; osQ nzO;eku osQUnz osQ fLFkfr funsZ'kkad Kkr djsaA

3. n'kkZb, fd nks nzO;ekuksa dh muosQ nzO;eku osQUnz lss nwfj;k¡ muosQ nzO;eku dh O;qRØekuqikrh
gksrh gSaA

7-3 n`<+ fi.M dh LFkkukUrjh; ,oa ?kw.kZu xfr & ,d rqyuk

;fn ,d ǹ<+ fi.M bl izdkj pyrk gS fd blosQ lHkh d.k & lekUrj iFk osQ vuqfn'k xfr
djrs gSa (fp=k 7-6) rks bldh xfr dks LFkkukUrjh; (Translational) xfr dgrs gSaA pw¡fd lHkh
d.k leku xfr djrs gSa] vr% bldk nzO;eku osQUnz Hkh ,dleku iFk dk vuqlj.k djrk gSA
vr% ,d LFkkukUrjh; xfr esa oLrq dh xfr lehdj.k (7.10) }kjk fn[kk;h tkrh gS%

M a = Fext

D;k vc vki fdlh oLrq osQ nzO;eku osQUnz dks ifjHkkf"kr fd, tkus dk ykHk le> pqosQ
gSa\ bldh lgk;rk ls fdlh oLrq dh LFkkukUrjh; xfr ,d rqY; nzO;eku osQ ,dy d.k
dh xfr osQ lehdj.k ls fn[kkbZ tk ldrh gSA ;g d.k nzO;eku osQUnz ij fLFkr gS vkSj
n`<+ oLrq ij yxus okys lHkh dk;Zdkjh cká cyksa dk ;ksx bl ij dk;Z djrk gSA bl ladYiuk
dks Bhd <ax ls le>us osQ fy, fuEu fØ;kdyki djsa%

fØ;kdyki 7.1

,d ydM+h dk xqVdk ysaA bldh fdlh Hkh lrg
ij nks ;k rhu fpg~u cuk,aA vc fpg~u dks viuh
vksj j[ksa vkSj xqVosQ dks {kSfrt ry esa ,d èkDdk
nsaA bu fpg~uksaa }kjk cuk, x, iFkksa osQ fu'kku ns[ksaA
;s lHkh fpg~u lrg osQ lekUrj ,d&nwljs osQ lekUrj xfr djrs gSaA vki ;g vklkuh ls
ns[k ldrs gSa fd iFkksa dh yackb;k¡ Hkh cjkcj gSaA (fp=k 7-6)

fp=k. 7.6 : ,d ydM+h dk xqVdk iQ'kZ osQ
ry ij py jgk gSaA xqVdk ,d
LFkkukUrjh; xfr djrk gSA

fp=k. 7.5
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fØ;kdyki 7.2

vc ge ,d nwljk ljy iz;ksx djrs gSaA ,d
csyukdkj ydM+h dk VqdM+k yhft,A blosQ lery
fljs ij ,d ;k nks fu'kku cuk nsaA vc csyu dks
èkhjs ls ry ij yq<+dk nsaA fu'kku yxk gqvk lery
fgLlk viuh vksj j[ks fp=k (7-7)A ;g lrg osQ
lekUrj pyus osQ lkFk o`Ùkkdkj xfr Hkh djrk gSa
vr% fiaM us LFkkukUrjh; ,oa ?kw.kZu nksuksa izdkj dh
xfr;k¡ dh gSaA gkykafd n`<+ oLrqvksa dh vke xfr
LFkkukUrjh; (Translational) ,oa ?kw.khZ] nksuksa izdkj dh
gksrh gSa ysfdu ;fn fiaM dk ,d fcanq fu;r dj
fn;k tk, rks ;g osQoy ?kw.khZ xfr gh dj ldrk
gSA bl dk;Z osQ fy, fu;r dj fn;k tkus okyk lcls
lqfoèkktud fcanq bldk nzO;eku osQUnz gSA

vkius vkVk ihlus okyh pDdh vo'; ns[kh gksxhA
iRFkj dk gRFkk ,d o`Ùkh; iFk esa xfr djrk gSA iRFkj
osQ lHkh fcanq Hkh o`Ùkh; iFk esa xfr djrs gSa] ftudk
v{k & pDdh osQ iRFkj osQ osQUnz ls xqtjrk gS (fp=k
7-8)A

,d n`<+ fiaM dh xfr ftlesa lHkh d.k laosQanzh o`Ùkh; iFk esa xfr djrs gSa] ?kw.kZu
xfr dgykrh gSA

ge Åij ns[k pqosQ gSa fd ,d n`<+ fiaM
dh LFkkukUrjh; xfr ,dy d.k dh xfr
osQ lehdj.k osQ rqY; n'kkZbZ tk ldrh
gSA vki bu lehdj.kksa ls iwoZ ifjfpr
gSaA vr% bl vè;k; esa ge osQoy ,d
n`<+ oLrq dh ?kw.kZu xfr ij gh è;ku
osQfUnzr djsaxsA fiaM osQ fdlh ,d fcanq

dks fLFkj djosQ ?kw.kZu xfr dh tk ldrh gS (bl fLFkfr esa bldh LFkkukUrjh; xfr ugha
gksxh)A xf.krh; lqfoèkk osQ fy, bl fcanq  dks nzO;eku osQUnz (CM) fy;k tkrk gSA ,slh
fLFkfr esa ?kw.kZu nzO;eku osQUnz ls xqtjus okys v{k osQ ifjr% gksrk gSA bldk ,d vPNk
mnkgj.k i`Foh dk viuh èkqjh ij ?kw.kZu gS (fp=k 7-9)A vkius fiNys vè;k; esa vè;;u fd;k
fd js[kh; xfr esa oLrq dk nzO;eku ,d egRoiw.kZ Hkwfedk fuHkkrk gSA ;g fdlh yxk, x, cy
}kjk fdlh oLrq esa mRiUu Roj.k dk fuèkkZj.k djrk gSA D;k ge dksbZ blh izdkj dh fdlh jkf'k
dk fuèkkZj.k ?kw.khZ xfr osQ fy, Hkh dj ldrs gSaA vkb, ns[ksaA

fp=k. 7.7 :,d csyu dh yq<+dus okyh
xfr A us lrg osQ lekUrj xfr%
osQ lkFk&lkFk o`Ùkh; xfr Hkh
dh gSA

fp=k. 7.8 : pDdh dh 'kq¼ ?kw.kZu xfr

fp=k. 7.9 : i`Foh dk vius v{k ij ?kw.kZu
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7.3.1 tM+Ro vk?kw.kZ

eku yhft, C ,d n`<+ fi.M dk nzO;eku osQUnz
gS vkSj fiaM C ls xqtjus okys v{k osQ prqfnZd
?kw.kZu xfr djrk gS (fp=k 7.10)A

eku yhft, m
1
, m

2
, m

3
... nzO;eku osQ d.k ?kw.kZu

v{k ls Øe'k% r
1
, r

2
, r

3
... nwjh ij fLFkr gSa vkSj

Øe'k% v
1
, v

2
, v

3
 osx ls xfr dj jgs gSaA m

1

nzO;eku osQ d.k 1 dh xfrt ÅtkZ (½) m
1

2
1v gSA

blh izdkj m
2
 nzO;eku osQ d.k dh xfrt ÅtkZ

(½) m
2

2
2v gSA lHkh d.kksa dh xfrt ÅtkZ dks

tksM+us ij gesa fiaM dh oqQy ÅtkZ izkIr gksrh gSA
;fn T  fiaM dh oqQy xfrt ÅtkZ crykrk gS]
rks ge fy[k ldrs gSaA

T = (½) m
1

2
1v  + (½) m

2
2
2v +...

= 
2

1

1

2

=

=

⎛ ⎞
⎜ ⎟
⎝ ⎠∑

i n

i i
i

mv (7.11)

tgk¡ 
1

i n

i

=

=
 lHkh d.kksa osQ ;ksx dks n'kkZrk gSA

vè;k; 4 esa ge i<+ pqosQ gSa fd dks.kh; pky (ω) o js[kh; pky (v) osQ chp osQ lacaèk osQ
fy, lehdj.k v = r ω gSA bl ifj.kke dks lehdj.k (7.11) esa iz;ksx djus ij]

T =
2

1

1
( )

2

i n

i i

i

m r
=

=

⎛ ⎞ ω⎜ ⎟
⎝ ⎠∑ (7.12)

;gk¡ è;ku nsa fd geus ω osQ lkFk i dk iz;ksx ugha fd;k gS D;ksafd n`<+ fiaM osQ lHkh d.kksa
dh dks.kh; pky ω cjkcj gksrh gSA lehdj.k (7.12) dks bl izdkj fy[kk tk ldrk gSA

T = 
2 21

2

i n

i=1
i im r

=⎛ ⎞ ω⎜ ⎟
⎝ ⎠
∑

= 
1

2
 I ω2 (7.13)

jkf'k
I = 

i
Σ 2

i im r (7.14)

dks fiaM dk tM+Ro&vk?kw.kZ dgrs gSaA

fp=k. 7.10 :,d lery iVy dk vius
nzO;eku osQUnz ls xqtjrh v{k
osQ pkjksa vksj ?kw.kZu
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mnkgj.k 7.3 : m nzO;eku osQ pkj d.k ,d oxZ ftldh izR;sd Hkqtk L gS] osQ pkjksa dksuksa
ij fLFkr gSaA mudk tM+Ro&vk?kw.kZ] oxZ osQ osQUnz ls xqtjrh vkSj blosQ ry osQ yEcor
v{k osQ ifjr% ifjdfyr dhft,A

gy : ljy T;kferh ls ge tkurs gSa fd izR;sd d.k dh blosQ v{k ls nwjh r =L 2 .

vr%

I = 
2 2 2 2m r m r m r m r+ + +

= 4m r2

= 
2

4
2

L
m
⎛ ⎞
⎜ ⎟
⎝ ⎠

(pw¡fd 
2

= L
r ).

22 m L=

;gk¡ ;g è;ku nsus ;ksX; gS fd tM+Ro vk?kw.kZ dks fdlh ?kw.kZu v{k
osQ lanHkZ esa ifjHkkf"kr fd;k tkrk gSA blfy,] tc Hkh vki tM+Ro
vk?kw.kZ dh ppkZ djsa] rks ?kw.kZu v{k Hkh bafxr fd;k tkuk pkfg,A orZeku
mnkgj.k esa I] oxZ osQ osQUnz ls gksrh gqbZ rFkk pkjksa nzO;ekuksa osQ ry
osQ yEcor~ v{k osQ ifjr% fiaM dk tM+Ro&vk?kw.kZ gS (fp=k 7-10)A

tM+Ro&vk?kw.kZ  kg m2 esa O;Dr fd;k tkrk gSA ,d n`<+ fi.M dk
tM+Ro&vk?kw.kZ cgqèkk

I = M K2  osQ :i esa fy[kk tkrk gSA (7.15)

tgk¡ M oLrq dk oqQy nzO;eku gS vkSj K oLrq dh ifjHkze.k&f=kT;k (Radius of gyration))
gSA ifjHkze.k&f=kT;k ?kw.kZu v{k ls og nwjh gS ftl ij leLr fi.M osQ nzO;eku dks j[kk
gqvk ekuk tk ldrk gSA  ftlls fd gesa ogh tM+Ro&vk?kw.kZ izkIr gks tks fd okLro esas
fiaM dk gSA ;gk¡ ;g ;kn j[kuk egRoiw.kZ gS fd fdlh v{k osQ fxnZ ,d oLrq dk tM+Ro&vk?kw.kZ
ml v{k osQ prqfnZd nzO;eku osQ forj.k ij fuHkZj djrk gSA ;fn nzO;eku dk forj.k ifjofrZr
gksrk gS] rks mldk tM+Ro vk?kw.kZ Hkh cny tk,xkA bls mnkgj.k 7.3 dh lgk;rk ls le>k
tk ldrk gSA ekuk fd ge nks foijhr dksuksa esa m nzO;eku vkSj j[k nsrs gSA rc oxZ osQ
yacor C ls xqtjus okyh v{k osQ lanHkZ esa&

I = 
2 2 2 22 2m r m r m r m r+ + +

= 6m r2

Li"Vr;k tM+Ro&vk?kw.kZ 6mL2 ls 3 mL2 esa ifjofrZr gks x;k gSA

lehdj.k 7.13 dks iqu% è;ku ls nsf[k, rFkk js[kh; xfr esa fdlh fi.M dh xfrt ÅtkZ
osQ lehdj.k ls bldh rqyuk dhft,A D;k vkidks dksbZ lkn`'; fn[kykbZ nsrk gS\ vki ns[ksaxs
fd

Fig. 7.11
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js[kh; xfr esa tks Hkwfedk nzO;eku dh gS ogh Hkwfedk ?kw.kZu xfr esa tM+Ro vk?kw.kZ
dh gS vkSj js[kh; xfr esa js[kh; osx dh tks Hkwfedk gS oSlh gh Hkwfedk] ?kw.kZu xfr
esa dks.kh; osx dh gSA

lkj.kh 7.2 oqQN fu;fer vkSj ,d leku fi.Mksa osQ tM+Ro&vk?kw.kZ

I = MR2

NYy s dk
osQUnzh; v{k osQ
ifjr%

Bksl csyu dk
csyu dh v{k osQ
ifjr%

iryh NM+ dk
blosQ osQUnz ij
vfHkyacor~ v{k
osQ fxnZI = 

2

12

M L

NYys dk fdlh
O;kl osQ fxnZ

I = 
22

5

M R

Bksl xksys dk
fdlh O;kl osQ
fxnZ

I = 
2

2

M R

oy;kdkj csyu ;k
NYys dk viuh v{k
osQ fxnZ

Bksl csyu (;k fMLd)
dk ,d osQUnzh; O;kl
osQ fxnZ

,d iryh NM+ dk
blosQ v{k osQ yacor
,d fljs ls xqtjrh js[kk
osQ fxnZ

irys xksyh; dks'k dk
fdlh O;kl osQ fxnZ

NYys dk ,d Li'kZ
js[kk osQ fxnZ

I = 
2
M

( 2
1R  + 2

2R )

I = 
2

4
M R

 + 
2

12

M l

I = 
2

3

M L

I = 
22

3

M R

I = 
23

2

M R

I = 
2

2

M R
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A. tM+Ro&vk?kw.kZ dk HkkSfrd egRo

tM+Ro&vk?kw.kZ dk HkkSfrd egRo ?kw.kZu xfr esa oSlk gh gS] tSlk js[kh; xfr esa nzO;eku dk
gksrk gSA tSls js[kh; xfr esa nzO;eku oLrq dh js[kh; xfr dh voLFkk esa ifjorZu dk fojksèk
djrk gS] oSls gh tM+Ro&vk?kw.kZ ?kw.kZu xfr esa ifjorZu dk fojksèk djrk gSA tM+Ro&vk?kw.kZ
osQ bl xq.k dk O;kogkfjd thou esa cgqr mi;ksx fd;k x;k gSA ?kw.kZu xfr iSnk djus okyh
e'khuksa esa ,d vo;o izk;% ,d fMLd gksrh gS ftldk tM+Ro&vk?kw.kZ cgqr vfèkd gksrk
gSA jsy dk ok"i batu vkSj Lopkfyr okgu blosQ mnkgj.k gSaA og fMLd ftldk tM+Ro
vk?kw.kZ cgqr vfèkd gksrk gS] xfrikyd pØ (Fly wheel) dgykrh gSA xfrikyd pØ dh
dk;Z'kSyh dks le>us osQ fy, dYiuk dhft, fd jsyxkM+h dk pkyd vpkud gh jsyxkM+h
dh pky c<+kuk pkgrk gS] ysfdu xfrikyd pØ bl xfr dk fojksèk djrk gSA ;g xfr
dks èkhjs&èkhjs c<+us nsrk gSA blh izdkj ;g vpkud pky de djus osQ iz;kl dk Hkh fojksèk
djrk gSA bldh otg ls xkM+h 'kuS%'kuS #d ikrh gSA

bl izdkj ls xfrikyd pØ] vfèkd tM+Ro&vk?kw.kZ osQ dkj.k jsyxkM+h esa yxus okys >Vdksa
dks de djrk gS vkSj ;k=kh lqxerkiwoZ ;k=kk dj ikrs gSaA

geus ns[kk fd ?kw.kZu xfr esa dks.kh; osx dh lkn`';rk js[kh; xfr esa js[kh; osx ls gSA dks.kh;
Roj.k (ftls izk;% α ls n'kkZrs gSa)] dks.kh; osx esa ifjorZu dh nj gksrh gS] tks fd js[kh;
xfr esa js[kh; Roj.k osQ ln`'; gksrh gSA

B. leku #i ls ?kw.kZu dj jgs n`<+ fi.M osQ fy, xfr osQ lehdj.k

fdlh iVy osQ fcanq 0 osQ yEcor v{k osQ fxnZ ?kw.kZu ij fopkj djsaA ;fn ;g ,dleku
dks.kh; osx ω ls xfr dj jgk gS] tSlk fd n'kkZ;k x;k gS] rks ;g t lsdUM esa θ dks.k ls
?kwe tk,xk]

θ = ω t 7.16(a)

rFkkfi] ;fn iVy ij yxkrkj ,dleku cy&vk?kw.kZ yxk;k tk, (cy vk?kw.kZ cy dk ?kqekus
okyk izHkko gSA)] rks bl oLrq esa ,d leku dks.kh; Roj.k mRiUu gksxkA fuEufyf[kr lehdj.k
bldh ?kw.kZu xfr dk fu#i.k djrs gSa_

ω
f

= ω
i
 + α t

7.16(b)
tgk¡ ω

i
 izkjafHkd dks.kh; osx gS rFkk ω

f
 vafre dks.kh; osx gSSA

blh rjg ge fy[k ldrs gSa

θ = ω
i
 t + 

1

2
 α t2 7.16(c)

ω
f
2 = ω

i
2 + 2 α θ 7.16(d)

è;ku ls ns[kus ij vki dks bu lehdj.kksa dh LFkkukUrjh; xfr osQ lehdj.kksa ls lkn`';rk
Li"V gks tk,xhA
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mnkgj.k 7.4 : ,d lkbfdy dk ifg;k ,d {kSfrt v{k osQ fxnZ pDdj yxkus osQ fy,
Lora=k gSA ;g izkjEHk esa fojkekoLFkk esa gSA bl ij [khaph xbZ ,d js[kk OP dh dYiuk djsaA
;fn leku dks.kh; Roj.k  2.5 rad s–2 gks] rks js[kk OP, 2 lsdUM esa fdrus dks.k ls ?kwe
tk,xh\

fp=k.7.13 : ,d lkbfdy osQ ifg, dk ?kw.kZu

gy : js[kk OP dk dks.kh; foLFkkiu

θ = ω
0 
t + (½) α t2 = 0 + (½) × (2.5 rad s–2). × 4 s2 = 5 rad

geus Åij lh[kk gS fd ?kw.kZu xfr esa fiaM dk nzO;eku osQUnz fLFkj j[kk tkrk gSA ,slk osQoy
lqfoèkk dh n`f"V ls fd;k tkrk gSA ysfdu dbZ ckj ge nzO;eku osQUnz osQ vfrfjDr fdlh
vU; fcanq dks Hkh fLFkj j[k ldrs gSa vkSj fi.M mlosQ fxnZ ?kw.kZu xfr dj ldrk gSA rc
?kw.kZu v{k bl fcUnq ls gksdj tk,xkA bl fLFkj fcUnq ls tkus okyh v{k osQ fxnZ tM+Ro
vk?kw.kZ] n`<+ fi.M osQ fxnZ tM+Ro vk?kw.kZ ls fHkUu gksxkA tM+Ro vk?kw.kZ osQ izes;ksa }kjk bu
nksuksa tM+Ro vk?kw.kksZa osQ chp ,d lacaèk izkIr fd;k tk ldrk gSA

7.3.2 tM+Ro&vk?kw.kZ osQ izes;

nks v{kksa osQ fxnZ tM+Ro&vk?kw.kksZa osQ chp ijLij lacaèk
n'kkZus okys nks izes; gSaA ;s gS –

(i) lekUrj v{k izes;

(ii) yEcor~ v{k izes;

vc ge izes;ksa dh O;k[;k djsaxs vkSj buosQ mi;ksxksa dh
ppkZ djsaxs%

(i) lekUrj v{k izes;

eku yhft, fd dksbZ n`<+ fi.M nzO;eku osQUnz osQ vfrfjDr fdlh vU; fcanq P ls gksdj
tkus okyh v{k osQ fxnZ ?kw.kZuxfr djrk gSA bl v{k osQ fxnZ tM+Ro&vk?kw.kZ dh x.kuk bl
v{k osQ lekUrj osQUnz ls tkus okyh v{k osQ fxnZ tM+Ro&vk?kw.kZ osQ Kku ls dh tk ldrh
gSA ;fn p ls xqtjusokyh v{k osQ ifjr% tM+Ro&vk?kw.kZ dks I ls iznf'kZr djsa vkSj nzO;eku
osQUnz ls tkus okyh lekUrj v{k osQ fxnZ tM+Ro vk?kw.kZ I

C
 ls iznf'kZr fd;k tk;] rc

I = I
C
 + M d 2 (7.17)

fp=k.7.14 : CM ls xtjus okyh
v{k osQ lekUrj
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tgk¡ M fi.M dk nzO;eku gS vkSj d nksuksa v{kksa osQ chp dh nwjh gS] bls lekUrj v{k izes;
dgrs gSaA

(ii) yEcor~ v{k izes;

vkb, vc ge ijLij rhu yEcor v{kksa ij fopkj djsaA ftuesa ls nks v{k& x vkSj v{k&y

fi.M osQ lery esa gSa vkSj rhljh v{k z fi.M osQ lery osQ yEcor~ gS (fp=k 7-15)A
yEcor v{k izes; dk dFku gS fd x–v{k vkSj y–v{k osQ fxnZ tM+Ro vk?kw.kksaZ dk ;ksx
z–v{k osQ fxnZ tM+Ro vk?kw.kZ osQ cjkcj gksrk gSA

vFkkZr~ I
z

= I
x
 + I

y
(7.18)

vc ge ,d NYys dk mnkgj.k ysrs gSa] tSlk fd fp=k (7-16) esa fn[kk;k x;k gSA rkfydk
7-2 ls vki tkurs gSa fd ,d NYys dk viuh v{k osQ fxnZ tM+Ro vk?kw.kZ MR2 gksrk gS]
ftlesa M nzO;eku vkSj R f=kT;k gSA yEcor~ v{k osQ izes; osQ vuqlkj ;g tM+Ro vk?kw.kZ
nksuksa O;klksa osQ fxnZ & tM+Ro vk?kw.kZ osQ ;ksx osQ cjkcj gksuk pkfg, D;ksafd nksuksa O;kl ijLij
yEcor~ gSaA ywi dh lefefr ls irk pyrk gS fd fdlh Hkh O;kl osQ fxnZ tM+Ro vk?kw.kZ
cjkcj gksrk gSA bldk vFkZ ;g gqvk fd lHkh O;kl

fp=k.7.15 : yEcor~ v{k izes; fp=k.7.16 : ,d NYys dk tM+Ro vk?kw.kZ

rqY; gSaA vr% dksbZ Hkh nks yEcor~ O;kl pqus tk ldrs gsaA vc pw¡fd izR;sd O;kl osQ fxnZ
tM+Ro vk?kw.kZ leku gSa] ekuk ;g I

d
 gSA rc lehdj.k 7-18 osQ vuqlkj

M R2 = 2 I
d

vr%
I

d
= (½) MR2

vr% ,d NYys dk vius fdlh O;kl osQ fxnZ tM+Ro vk?kw.kZ (½) M R2 gksrk gSA

vc ge fje ij ,d fcanq P ysrs gSaA bl fcUnq P ij ywi dh Li'kZ js[kk ij fopkj djrs gSaA
;g js[kk ywi (NYys) dh v{k osQ lekUrj gSA nksuksa v{kksa osQ chp dh nwjh f=kT;k R osQ
cjkcj gSA Li'kZ js[kk osQ fxnZ tM+Ro vk?kw.kZ dh x.kuk] lekUrj v{k izes; dk mi;ksx djosQ
dh tk ldrh gSA Li'kZ js[kk osQ fxnZ vk?kw.kZ

I
Li'kZjs[kh;

= M R2 + M R2 = 2 M R2.

;gk¡ ;g Li"V dj nsuk vko';d gS fd rkfydk 7.2 esa cgqr%lh izfof"V;ksa esa lekUrj ,ao
yEcor~ v{k izes;ksa dk mi;ksx djosQ x.kuk dh xbZ gSaA
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7.3.3 cy&vk?kw.kZ vkSj cy ;qXe

fØ;kdyki 7.3

D;k vkius dHkh è;ku fn;k gS fd dCtksa ls nwj cy yxkdj
,d fdokM+ dks vklkuh ls [kksyk tk ldrk gS\ ;fn vki dCtksa
osQ ikl cy yxkdj fdokM+ [kksyuk pkgsa rks D;k gksrk gSa\ bl
fØ;kdyki dks dbZ ckj djosQ nsf[k,A vki eglwl djsaxs fd
dCtksa osQ utnhd cy yxkdj fdokM+ [kksyus esa vfèkd cy dh vko';drk gksrh gSA ,slk D;ksa
gksrk gS\ blh izdkj LiSuj }kjk ,d isap dks ?kqekus osQ fy, ,d yEcs gRFks dh vko';drk gksrh
gSA gRFkk yEck j[kus dk D;k mís'; gS\ vkb;s] vc ge bu iz'uksa dk mÙkj [kkstrs gSaA

eku ysa fd fi.M esa ,d fLFkj fcanq O gS vkSj bl fcUnq ls xqtjus okyh v{k osQ fxnZ ;g
fi.M ?kwe ldrk gS (fp=k 7-17)A ,d F ifjek.k dk cy AB js[kk dh fn'kk esa fcanq A ij
yxk;k tkrk gSA ;fn AB js[kk fcanq O ls xqtjrh gS rks ,slh fLFkfr esa yxk;k x;k cy oLrq
dks ?kqek ugha ik,xkA ;g AB js[kk fcanq O ls ftruh vfèkd nwj gksxh mruh gh vklkuh ls
cy iz;kssx }kjk fiaM dks O ls xqtjus okyh v{k osQ fxnZ ?kqek;k tk losQxkA cy osQ bl
?kw.kZu izHkko dks cy vk?kw.kZ dgrs gSaA bl cy&vk?kw.kZ dk ifjek.k

τ = F s = F r sin θ (7.19)

tgk¡ ij s ?kw.kZu v{k dh ml js[kk ls nwjh gS ftldh fn'kk esa cy yxk gSA cy&vk?kw.kZ dk
ek=kd] U;wVu ehVj (Nm) gSA cy&vk?kw.kZ okLro esa ,d lfn'k jkf'k gSA lehdj.k (7-19)
dks lfn'k #i esa bl izdkj Hkh fy[kk tk ldrk gS%

τττττ = r ××××× F    (7.20)

lehdj.k (7-20) ls cy vk?kw.kZ dk ifjek.k ,oa fn'kk
nksuksa iznf'kZr gksrs gSaA fi.M fdl fn'kk esa ?kwesxk\ bls Kkr
djus osQ fy, lfn'kksa osQ lfn'k xq.kuiQy osQ fu;e ij
fopkj dhft, (ikB 1 dks nsf[k,)A τττττ, r vkSj F nksuksa osQ
yEcor~ gS_ tks fd ;gk¡ ij dkx+t dk ry gSA (vFkkZr~
dkxt osQ ry osQ yEcor~ gS) (fp=k.7.18)A ;fn ge nk,a
gkFk osQ vaxwBs dks maxfy;ksa osQ yEcor~ j[ks vkSj maxfy;ksa
dks bl izdkj eksM+sa fd ;s r ls F dh vksj laosQr djsa]
rks vaxwBs dh fn'kk cy vk?kw.kZ dh fn'kk dks n'kkZ,xhA

bl fu;e dk iz;ksx djosQ n'kkZb, fd fp=k 7-18 esa cy
dk ?kw.kZu izHkko dkx+t dh lrg osQ yEcor~ uhps dh vksj
yxrk gSA ;g oLrq osQ ?kw.kZu dh nf{k.kkorZ fn'kk osQ laxr gSA

fp=k.7.17 : ,d oLrq dk ?kw.kZu

fp=k. 7.18 : nkfgus gkFk osQ vaxwBs dk
fu;e
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mnkgj.k 7.5 : fp=k.7.19 ,d lkbfdy iSMy fn[kkrk gS (i) eku ysa tc vki iSMy dks uhps
nck jgs gSa rks vkidk iSj 'kh"kZ ij gSa vki osQ }kjk mRiUu cy vk?kw.kZ fdruk gS\ (ii) vfèkdre
cy&vk?kw.kZ mRiUu djus osQ fy, vkidk iSj dgk¡ ij gksuk pkfg,A

fp=k.7.19 : lkbfdy iSMy (a) 'kh"kZ ij tcfd τττττ = 0; (b) tcfd τττττ vfèkdre gS

gy : (i) tc vki dk iSj 'kh"kZ ij gS rks cy dh dk;Z js[kk iSMy osQ osQUnz ls gksdj xqtjrh
gSA vr% θ = 0, vkSj τ = Fr sinθ = 0.

(ii) vfèkdre cy vk?kw.kZ izkIr djus osQ fy, sinθ
= 1 gksuk pkfg,A ;g rc gksrk gS] tcfd vkidk iSj
B fLFkfr esa gks vkSj vki iSMy dks uhps dh vksj nck
jgs gksaA

;fn fdlh fi.M ij cgqr&ls cy vk?kw.kZ dk;Z dj
jgsa gksa] rks ifj.keh cy vk?kw.kZ lHkh cy&vk?kw.kksZa dk
lfn'k ;ksx gksrk gSA ?kw.kZuxfr esa cy&vk?kw.kZ vkSj
js[kh; xfr esa cy dh Hkwfedk esa D;k vki dksbZ lkn`';
ns[krs gSa\
fp=k 7-20 dh Hkk¡fr oLrq ij yxus okys leku ifjek.k

,oa foijhr fn'kkvksa esa yxs cyksa ij fopkj dhft,A
eku yhft, fd fiaM O ls xqtjus okys v{k osQ fxnZ
?kweus osQ fy, Lora=k gSA fi.M ij yxs nksuksa cy vk?kw.kksZa
dk ifjek.k

τττττ1
 = (a + b) F

vkSj τττττ2 = a F

vki lR;kfir dj ldrs gSa fd bu nksuksa cy vk?kw.kksZa
osQ ?kw.kZu izHkko foijhr fn'kk esa gSaA vr% fiaM ij usV
?kw.kZu izHkko dk ifjek.k cM+s cy vk?kw.kZ dh fn'kk esa
gksxk] tks fd bl izdj.k eas τττττ1 gSA

τττττ = τττττ1
 – τττττ2

 = bF (7.21)

fp=k.7.20 : fdlh oLrq ij dk;Z dj
jgs nks foijhr

fp=k. 7.21 : fdlh v{k osQ ifjr%
?kwerh gqbZ ,d n`<+ oLrq
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vr% ge fu"d"kZ fudky ldrs gSa fd foijhr fn'kkvksa esa yxs nks leku cy ftudh
fØ;k js[kk,a vyx&vyx gSa ,slk cy&;qXe cukrs gSa ftlosQ cy&vk?kw.kZ dk ifjek.k
,d cy vkSj cyksa osQ chp dh yEcor~ nwjh osQ xq.kuiQy osQ cjkcj gksrk gSA

cy&vk?kw.kZ osQ fy, ,d vkSj u;k O;atd gS tks fd blls vkSj js[kh; xfr esa iz;qDr cy
esa lekurk iznf'kZr djrk  gSA fcanq O ls tkusokyh v{k osQ fxnZ ?kwers gq, fdlh ǹ<+ fi.M
ij fopkj dhft, (fp=k. 7.21)A Li"V#i ls fi.M dk ,d d.k P v{k osQ fxnZ ,d òÙkkdkj
ekxZ esa ?kwerk gS ftldk vèkZO;kl r gSA ;fn òÙkh; xfr vleku gks rks d.k Li'kZ js[kk ,oa f=kT;k
nksuksa dh fn'kkvksa esa cy dk vuqHko djrk gSA f=kT;k cy mω2 r, vfHkosQUnz cy gSA ;g d.k
dks òÙkkdkj iFk esa cuk, j[krk gSA Li'kZ js[kh; fn'kk esa yxus okyk cy] osx v osQ ifjek.k
dks cnyrk gSA ;kn j[ksa d.k esa osx dh fn'kk lnSo òÙkkdj iFk dh Li'kZ js[kk dh fn'kk esa
gksrh gSA bldk ifjek.k ma gksrk gS] tgk¡ a Li'kZjs[kh; Roj.k gSA f=kT; cy dksbZ cy&vk?kw.kZ
mRiUu ugha djrk gSA D;k vki crk ldrs gSa fd ,slk D;ksa gksrk gS\ Li'kZjs[kh; cy mar ifjek.k
dk cy vk?kw.kZ fufeZr djrk gSA D;ksafd a = r α (α dks.kh; Roj.k gS) gS vr% cy vk?kw.kZ
dk ifjek.k = m r2 α gksrk gSA ;fn ge fi.M osQ lHkh d.kksa ij fopkj djsa rks

τ = 
1

i n

i

=

=
∑ m

i
2

ir α =
2

ii
i

m r
⎛ ⎞
⎜ ⎟
⎝ ⎠
∑ α

= I α. (7.22)

Q α dk eku lHkh d.kksa osQ fy, leku gSA

bl lehdj.k vkSj F = m a osQ chp rqyuk ls Li"V gks tkrk gS fd τττττ dh ?kw.kZuxfr esa oSlh
gh Hkwfedk gS tSlh fd F dh jSf[kd xfr esa gksrh gSA lkj.kh 7-3 esa js[kh; vkSj ?kw.kZu xfr;ksa
esa iz;qDr gksus okyh jkf'k;ksa osQ chp lekurk dks n'kkZ;k x;k gSA bl lkj.kh dh lgk;rk
ls ge ?kw.kZu xfr esa iz;qDr gksus okyh fdlh Hkh jkf'k osQ lehdj.k dks fy[k ldrs gSa]
;fn gesa js[kh; xfr esa ml jkf'k osQ fy, lkn`'; Kkr gksA

lkj.kh 7.3 : js[kh; vkSj ?kw.kZu xfr esa iz;qDr gksus okyh jfk'k;ksa esa lekurk

js[kh; xfr fLFkj v{k osQ ifjr% ?kw.kZu xfr

foLFkkiu x dks.kh; foLFkkiu θ

osx v  = 
dx

dt
dks.kh; osx ω = 

d

dt

θ

Roj.k a = 
dv

dt
dks.kh; Roj.k α = 

d

dt

ω

nzO;eku M tM+Ro vk?kw.kZ I

cy F = m a cy vk?kw.kZ τ = I α

dk;Z W = Fz dx dk;Z W = τz dθ

xfrt ÅtkZ ½M v2 xfrt ÅtkZ (½) I ω2

'kfDr P = Fv 'kfDr P = τ ω

js[kh; laosx M v dks.kh; laosx I ω
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lehdj.k (7.22) dh lgk;rk ls ge fdlh fiaM esa fn, x, cy&vk?kw.kZ  }kjk mRiUu dks.kh;
Roj.k dh x.kuk dj ldrs gSaA

mnkgj.k 7.6 : fcuk ?k"kZ.k osQ 1.0 kg vkSj 0.1 ehVj vèkZO;kl
dh ,dleku fMLd blosQ osQUnz ls xqtjus okys v{k osQ fxnZ
?kwe ldrh gSA bl fMLd dh fje esa ux.; nzO;eku dh ,d
Mksjh iM+h gS (fp=k 7-2)A ;fn Mksjh ij 0.1 kg nzO;eku yVdk
fn;k tk, rks fMLd osQ (i) dks.kh; Roj.k (ii) ,d  lsd.M esa
?kwes x, dks.k rFkk (iii) ,d lsd.M esa tfur dks.kh; osx dh
x.kuk djsaA (g = 10 m s–2)

gy :  (i) ;fn R vkSj M fMLd dh f=kT;k vkSj nzO;eku n'kkZrs
gSa rks lkj.kh 7.2 dh lgk;rk ls ge ikrs gSa fd tM+Ro vk?kw.kZ
dk lehdj.k I = (½) M R2 gSA ;fn F Mksjh osQ fljs ls tqM+s nzO;eku
osQ dkj.k yxs cy F (= mg) dks n'kkZrk gS] rks τ = FR rc
lehdj.k (7.22) nsrk gS%

α  = τ /I = FR/I = 2F/MR

= 

2–2 (0.1kg) (10ms )

(1.0kg) (0.1 m)

× ×
×  =20 rad s–2.

(ii) ftl dks.k ij fMLd ?kwerh gS] ml dks.k dh x.kuk osQ fy, ge lehdj.k (7.16) dk
iz;ksx djrs gSaA D;ksafd izkjafHkd osx 'kwU; gSA vr%

θ = (½) × 20 × 1.0 = 10 rad (jsfM;u)

(iii) ,d lsd.M osQ ckn osx dh x.kuk osQ fy,

ω = α t = 20 × 1.0 = 20 rad s–1

vc] viuh izxfr dh tk¡p djus osQ fy, fuEu iz'uksa osQ mÙkj nsaA

ikBxr iz'u 7.3

1.  r yEckbZ osQ ,d oxZ osQ dks.kksa ij pkj d.k j[ks gSa
ftuesa izR;sd dk nzO;eku m gSA oxZ osQ ry osQ
yEcor~ ,d dksus ls gksdj tkus okyh v{k osQ fxnZ
tM+Ro&vk?kw.kZ dh x.kuk dhft,A oxZ dh ,d Hkqtk
ls gksdj tkus okyh v{k osQ fxnZ Hkh tM+Ro vk?kw.kZ
dh x.kuk dhft,A vius mÙkj dh tk¡p yEcor~ v{k
izes; dk iz;ksx djosQ dhft,A

1 m

fp=k. 7.22

0.1 kg

R
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2. ,d Bksl xksys dh ifjHkze.k&f=kT;k dh x.kuk dhft, ;fn ;g xksyk blosQ fdlh fcUnq
osQ Åij [khaph xbZ Li'kZ js[kk osQ ifjr% ?kw.kZu dj jgk gksA vki lkj.kh 7-2 dk mi;ksx
dj ldrs gsaA

7.4 dks.kh; laosx

lkj.kh 7.3 ls vki tkurs gSa fd js[kh; laosx osQ rqY; ?kw.kZu xfr esa dks.kh; laosx gksrk gSA
blosQ HkkSfrd egRo dks le>us ls iwoZ ge pkgrs gSa fd vki ,d fØ;kdyki djsaA

fØ;kdyki 7.4

,d ,slk ?kweus okyk LVwy yhft, ftlosQ ?kweus esa vfèkd ?k"kZ.k u yxrk gksA vius ,d
lkFkh dks mldh ck¡gs fleVokdj LVwy ij fcBkb,A LVwy dks rsth ls ?kqekb, vkSj mls ?kwerk
NksM+ nhft,A ?kw.kZu dh pky ekfi,A vc vius lkFkh dks ck¡gs iSQykus dks dfg, vkSj fiQj
ls ?kw.kZu dh pky ekfi,A iqu% vius lkFkh dks ck¡gsa lesVus osQ fy, dgsa vkSj LVwy dh
pky esa ifjorZu ns[ksaA

bl iz;ksx esa ck¡gksa dks iSQykus vkSj lesVus ij LVwy dh pky esa ifjorZu D;ksa gqvk\ vkb,]
bls le>saA

eku yhft, fd ,d n`<+ fi.M ,d fLFkj fcanq O ls tkus okys v{k(z &v{k) osQ fxnZ ?kwerk
gSA fi.M osQ lHkh fcUnq bl v{k osQ prqfnZd vius o`Ùkkdkj iFkksa ij ?kwers gSaA ,d d.k
P ij fopkj djsa tks v{k ls r nwjh ij gS (fp=k 7-23)A bl d.k dk js[kh; osx r

i
ω vksj

js[kh; laosx m
i
 r

i 
ω gSA js[kh; laosx vkSj v{k ls nwjh osQ xq.kuiQy dks dks.kh; laosx dgrs

gSaA dks.kh; laosx dks L ls fu#fir djrs gSaA n`<+ fi.M osQ lHkh d.kksa osQ dks.kh; laosxksa dks
tksM+ fy;k tk, rks n`<+ fi.M dk dks.kh; laosx

L = 
i
∑m

i 
ω r

i 
 r

i  
= 

i
i im rΣ 2

F
HG

I
KJ ω

= I ω (7.23)

è;ku nhft, fd lHkh d.kksa dk dks.kh; osx cjkcj gksrk
gSA dks"Bdksa osQ chp dh jkf'k tM+Ro vk?kw.kZ gSA js[kh;
laosx dh  Hkkafr dks.kh; laosx Hkh lfn'k jkf'k gSA lehdj.k
(7-23) osQoy lfn'k L osQ ?kw.kZu&v{k dh fn'kk esa ?kVd
dks n'kkZrh gSA ;gk¡ ;g egRoiw.kZ gS fd I dks fLFkj v{k
osQ lanHkZ esa iz;ksx fd;k tkuk pkfg,A dks.kh; laosx dk
ek=kd kg m2 s–1 gSA

fp=k.7.23 : ,d fcanq ‘O’ osQ fxnZ
,d v{k ij ?kwerk n`<+ fiaM
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;kn dhft, fd ω osQ ifjorZu dh nj α gSA vkSj Iα = τ  vr% dks.kh; laosx dh ifjorZu
nj cy&vk?kw.kZ osQ cjkcj gSA

lfn'k jkf'k;ksa osQ fu#i.k osQ #i esa ?kw.kZu djrs n`<+ fiaM dk lehdj.k

d

dt

L
= τττττ  = I 

d

dt

ω
 = Iα (7.24)

7.4.1  dks.kh; laosx laj{k.k

lehdj.k (7.24) n'kkZrk gS fd ;fn fdlh fudk; ij dksbZ cká ifj.kkeh cy&vk?kw.kZ 'kwU;

gks] vFkkZr 
d

dt

L
= 0, rks fudk; dk oqQy dks.kh; laosx vpj jgrk gSA ;g dks.kh; laosx

laj{k.k dk fl¼kUr gSA ;g fl¼kar ÅtkZ laj{k.k] js[kh; laosx laj{k.k dh rjg HkkSfrdh dk
,d cgqr egRoiw.kZ fl¼kar gSA dks.kh; laosx laj{k.k osQ fl¼kar ls gesa vusd iz'uksa osQ mÙkj
fey tkrs gSaA ok;q eas rSjrh f[kykSuk Nrjh dh fn'kk fLFkj D;ksa jgrh gS\ [ksy Nrjh (f[kykSuk Nrjh)
esa mldks ?kqek nsuk ,d fVªd gSaA ?kqeko nsus ls [ksy Nrjh esa dks.kh; laosx mRiUu gks tkrk gSA
ok;q esa NksM+ nsus osQ i'pkr~ bl ij dksbZ cy vk?kw.kZ ugha yxrkA bldk dks.kh; laosx vpj jgrk
gSA pw¡fd dks.kh; laosx ,d lfn'k jfk'k gS] blfy,] bldh fn'kk vkSj ifjek.k nksuksa vpj jgrs
gSaA vr% f[kykSuk Nrjh tc rd gok esa jgrh gS] rc rd bldh fn'kk fLFkj jgrh gSA

?kweus okys LVwy osQ ekeys esa tc LVwy ij dksbZ cy vk?kw.kZ dke ugha djrk gS rks LVwy
vkSj ml ij cSBs O;fDr dk laosx lajf{kr jguk pkfg,A tc O;fDr vius gkFk iSQykrk gS
rks ra=k dk tM+Ro vk?kw.kZ c<+ tkrk gSA rc lehdj.k (7-23) osQ vuqlkj dks.kh; osx ?kV
tkrk gSA blh izdkj tc og vius gkFk fldksM+rk gS] rks fudk; dk tM+Ro vk?kw.kZ de gksrk
gS ftlls dks.kh; osx esa o`f¼ gksrh gSA è;ku nhft, fd tM+Ro vk?kw.kZ esa vUrj ewy #i
ls ?kw.kZu v{k ls d.kksa dh nwjh esa ifjorZu osQ dkj.k gksrk gSA

vc laosx laj{k.k osQ oqQN vkSj mnkgj.kksa ij fopkj djsaA ekuk gekjs ikl M nzO;eku dh
,d xksykdkj xsan gS ftldh f=kT;k R gSA ,d cy vk?kw.kZ yxkdj bls ?kqek fn;k tkrk gS
vkSj fiQj cy vk?kw.kZ dks gVk fn;k tkrk gSA ,slh fLFkfr esa tc xsan ij dksbZ cy&vk?kw.kZ
yx gh ugha jgk gS rks xsan esa ftruk Hkh dks.kh; laosx mRiUu gks x;k gks] mls lajf{kr jguk
pkfg,A xsan dk tM+Ro vk?kw.kZ (2/5) M R2 gSA (lkj.kh 7-2)A vr% bldk dks.kh; laosx gS%

L = 
2

5
M R2ω (7.25)

vc dYiuk dhft, fd xsan dh f=kT;k fdlh izdkj de gks tkrh gSA rc dks.kh; laosx
osQ laj{k.k osQ fy, ω dk eku c<+ tkuk pkfg, vkSj dks rsth ls ?kweuk pkfg,A ,slk okLro
esa oqQN rkjksa osQ lkFk gksrk gS_ tks fd iYlj cu tkrs gSa (i`"B 174 ij ckWDl ns[ksa)A

;fn xsan dh f=kT;k vpkud c<+ tk; rks D;k gksxk\
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vki lehdj.k (7.25) dh lgk;rk ls n'kkZ ldrs gSa fd ;fn R c<+rk gS rks dks.kh; laosx
esa laj{k.k osQ fy, ω dk eku cnyuk pkfg,A bldh f=kT;k dh c”kk; ;fn fdlh izdkj fudk;
osQ tM+Ro vk?kw.kZ dk eku cny tk, rks ω dk eku iqu% cny tk,xkA blosQ fy, ,d
jkspd izHkko osQ fy, fuEu ckDl dks nsf[k,A

fnu dh yackbZ fu;r ugha gSA

oSKkfudksa us ;g ik;k gS fd i`Foh osQ viuh èkqjh ij ?kw.kZu
osQ le; blosQ ?kw.kZu&dky vFkkZr fnu dh yackbZ esa cgqr
vYi varjky osQ vkSj vfu;fer ifjorZu gksrs gSaA blosQ
ftl ,d dkj.k dk irk pyk gS& og gS ekSleA ekSle
esa ifjorZu osQ dkj.k i`Foh osQ ok;qe.My esa cM+s iSekus
dh xfrfofèk;k¡ gksrh gSa ftlosQ dkj.k i`Foh dh v{k osQ
pkjksa vksj nzO;eku forj.k esa ifjorZu mRiUu gksrk gS vkSj
blls i`Foh dk tM+Ro&vk?kw.kZ Hkh cny tkrk gSA pw¡fd
i`Foh dk dks.kh; osx L = I ω lajf{kr jguk pkfg,A blfy,
I  osQ eku esa ifjorZu osQ iQyLo#i i`Foh dh ?kw.kZu xfr
vFkok fnu dh yackbZ cnyrh gSA

dykckt (Acrobats), LosQVlZ] xksrk [kksj rFkk vU; f[kykM+h
laosx laj{k.k osQ fl¼kar dk 'kkunkj mi;ksx djosQ vius
djrc fn[kkrs gSaA

jk"Vh; vkSj vUrjkZ"Vªh; rSjkdh izfr;ksfxrkvksa (tSls ,sf'k;kbZ
[ksy] vksyfEid [ksy ;k jk"Vªh; [ksy esa vkius ns[kk gksxk fd xksrk[kksj oSQls xksrk[kksjh osQ
fy, cus iVyksa ls Nykax yxkrs gSaA Nykax yxkrs le; xksrk[kksj gok esa vius 'kjhj dks
eksM+ ysrk gS eksM+us ls mlesa oqQN dks.kh; laosx mRiUu gksrk gSA tc xksrk[kksj gok esa gksrk
gS rks ml ij dksbZ cy&vk?kw.kZ ugha yxrk gSA ysfdu mldk dks.kh; laosx fLFkj jgrk gSA
tc 'kjhj eksM+us ls R dk eku de gks tkrk gS vkSj og rsth ls ?kweus yxrk gSA tc og
'kjhj dks iSQyk ysrk gS rks mldk tM+Ro&vk?kw.kZ vfèkd gks tkrk gS (fp=k 7-24) vkSj iQyr%
mldk ?kweuk èkhek gks tkrk gSA bl izdkj 'kjhj dh vko`Qfr esa fu;a=k.k osQ iQyLo#i xksrk[kksj
gok esa vusd djrc fn[kk ldrk gSA

mnkgj.k 7.7 : 'khyk ?kw.kZu djrs gq, ,d eap osQ osQUnz ij [kM+h gSA bl eap esa ?k"kZ.kjfgr
fc;fjax yxh gSaA mlosQ izR;sd gkFk esa ,d 2.0 kg dh oLrq gS tks fd fudk; osQ ?kw.kZu v{k
ls 1.0 m dh lekUrj nwjh ij gSA fudk; izkjaHk esa 10 pDdj@feuV dh pky ls xfr'khy
gSA x.kuk djsa (a) izkjafHkd dks.kh; osx jsfM;u izfr lsoaQM esa (b) dks.kh; osx tc oLrq,¡
?kw.kZu v{k ls 0.2 ehVj dh nwjh ij ykbZ tkrh gSa (c) fudk; dh xfrt ÅtkZ esa ifjorZu
(d) ;fn xfrt ÅtkZ esa o`f¼ gksrh gS] rks bldk D;k dkj.k gS\ (;g eku ysa fd 'khyk vkSj
IysViQkeZ dk tM+Ro&vk?kw.kZ I

SP 
1.0 kg m2 gSA

fp=k.7.24 : xksrk[kksjh osQ fy,
cus iVy ls Nykax
yxkrk xksrk[kksj
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gy : (a) 1 pDdj = 2π radian

∴ izkjafHkd dks.kh; osx ω = 
10 2 rad

60 s

× π
 = 1.05 rad s–1

(b) ;gk¡ ij dks.kh; laosx osQ fl¼kar dk iz;ksx djuk vko';d gSA

izkjafHkd tM+Ro vk?kw.kZ I
i

= I 
SP

+ m 2
ir  + m 2

ir

= 1.0 kg m2 + (2.0 kg) × (1m)2 + (2.0 kg) × (1m)2

=  5.0 kg m2.

tc oLrq,a 0.2 m dh nwjh ij ykbZ tkrh gSa] rks vafre tM+Ro vk?kw.kZ

I
t

= I
SP

 + 2
fmr  + 2

fmr

= 1.0 kg m2 + 2.0 kg × (0.2)2m2 + 2.0 kg × (0.2)2 m2

= 1.16 kg m2.

dks.kh; laosx laj{k.k osQ fl¼kar osQ vuqlkj]
I

i
ω

i
= I

f
 ω

f

;k ω
f

= 
i i

f

I

I

ω
 = 

2 – 1

2

( 5 .0  k g  ) × 1 .0 5 ra d s

1 .1 6 k g  

m

m

= 4.5 rad s–1

(c) ekuk fd xfrt ÅtkZ esa ifjorZu ΔE gSA rc

ΔE = 
1

2
I

f
 ω f

2  – 
1

2
I
i
 ωi

2

= 
1

2
 × 1.16 kg m2 × (4.5 rad s–1)2 – 

1

2
 ×

   5.0 kg m2 × (1.05 rad s–1)2

= 9.05J

pw¡fd vafre xfrt ÅtkZ izkjafHkd xfrt ÅtkZ ls vfèkd gS] blfy, fudk; dh xfrt ÅtkZ
c<+rh gSA

(d) tc 'khyk oLrqvksa dks v{k dh vksj [khaprh gS] rks fudk; ij dk;Z djrh gSA ;g fd;k
x;k dk;Z fudk; dh xfrt ÅtkZ dks c<+k nsrk gSA

ikBxr iz'u 7.4

1. ,d gkbMªkstu v.kq nks ,dleku ijek.kqvksa ls cuk gSA izR;sd ijek.kq dk nzO;eku m

gS vkSj muosQ chp dh nwjh d gSA ;g nwjh fLFkj jgrh gSA ;g v.kq nksuksa ijek.kqvksa osQ
chp osQ fcUnq ls tkus okyh v{k osQ fxnZ ω dks.kh; osx ls ?kwerk gSA v.kq osQ dks.kh;
laosx dh x.kuk dhft,A
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2. ,d o`rkdkj fMLd dk nzO;eku 2.0 kg vkSj f=kT;k 20 cm gSA ;g vius lery osQ
yEcor O;kl osQ ,d dksus ls tkus okyh v{k osQ fxnZ 10 rad s–1 osQ dks.kh; osx ls
?kwerh gSA ?kw.kZu v{k osQ fxnZ bldk dks.kh; laosx fudkfy,A

3. vius ÅèokZèkj v{k osQ fxnZ ,d ifg;k ω dks.kh; pky ls ?kwe jgk gSA ,d nwljk ifg;k
ftldk nzO;eku bldk vkèkk gS ysfdu mrus gh vèkZO;kl dk gS] og fojke dh voLFkk
esa gSA mls mlh v{k ij yxk fn;k tkrk gSA nksuksa ifg, ,d gh v{k osQ fxnZ leku
pky ls ?kweus yxrs gSaA ifg;ksa osQ ?kweus dh bl leku dks.kh; pky dh x.kuk djsaA

4. ,slk dgk tkrk gS fd xSl osQ cknyksa osQ fleVus ls i`Foh dk fuekZ.k gqvk gSA dYiuk
dhft, Hkwrdky esa bldh f=kT;k orZeku f=kT;k dh 25 xquh FkhA rc bldk viuh v{k
osQ fxnZ ?kw.kZu dky fdruk Fkk\ x.kuk djsaA

7.5  ;qxir~ dks.kh; vkSj LFkkukUrjh; xfr;k¡

ge ns[k pqosQ gSa fd ;fn ,d fcanq fdlh n`<+ oLrq ij fLFkj
u gks] rks bldh dks.kh; vkSj LFkkukUrjh; nksuksa xfr;k¡ laHko
gSaA ,d n`<+ oLrq esa lkekU;r;k ;s nksuksa xfr;k¡ gksrh gSaA ,d
xkM+h osQ ifg, dh ,d {kSfrt lery ij xfr osQ ckjs esa fopkj
djsaA eku ysa fd vki ,d o`Ùkh; i`"B dk voyksdu dj jgs
gSa (fp=k 7-25) vki viuk è;ku ,d fcanq P rFkk o`Ùkh; i`"B
osQ osQUnz C ij osQfUnzr djsaA bl ifg;s dk nzO;eku osQUnz Hkh
C ij gSA tc ;g yq<+drk gS rks vki ns[krs gSa fd fcanq P

fcanq C osQ fxnZ ?kw.kZu djrk gS vkSj fcanq C Hkh xfr dh fn'kk
esa xfr'khy jgrk gSA vr% ifg, dh LFkkukUrjh; ,oa ?kw.kZu nksuksa izdkj dh xfr;k¡ gksrh gSaA
;fn nzO;eku osQUnz C dk js[kh; osx v

cm  
gks rks LFkkukUrjh; xfrt ÅtkZ

(KE)
tr

= 
1

2
2
cmM v (7.26)

tgk¡ ij M oLrq dk nzO;eku gSA ;fn ω ?kw.kZu dh dks.kh; pky gks rks] ?kw.kZu xfrt ÅtkZ

(KE)
rot

= 
1

2
I ω2 (7.27)

tgk¡ ij I tM+Ro vk?kw.kZ gSA LFkkukUrjh; ,oa ?kw.kZu xfr osQ iQyLo#i oqQy xfrt ÅtkZ bu
nksuksa osQ ;ksx osQ cjkcj gksxhA vkur ry ij yq<+dh oLrq la;qDr LFkkukUrjh; ,oa ?kw.kZu xfr
dk ,d euksjatd mnkgj.k gSA

mnkgj.k 7.8 : eku yhft, ,d n`<+ fiaM ftldk nzO;eku M, f=kT;k R vkSj tM+Ro vk?kw.kZ
I gSA ;g h Å¡pkbZ osQ vkur lery ij yq<+drk gS (fp=k 7-25)A fiaM viuh ;k=kk osQ var

fp=k.7.25
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esa js[kh; osx v vkSj dks.kh; osx ω izkIr dj ysrk gSA ?k"kZ.k osQ ÅtkZ ßkl dks ux.; eku ysaA
v dk eku h osQ inksa esa izkIr djsaA

fp=k.7.26 : ,d vkur ry ij n`<+ fudk; dh xfr

gy : ÅtkZ laj{k.k osQ fu;e osQ vuqlkj LFkkukarjh; o ?kw.kZu xfr;ksa osQ dkj.k xfrt ÅtkZ]
fi.M osQ vkur lery osQ Åijh fljs ij fLFkfrt ÅtkZ osQ cjkcj gksuh pkfg,A vr%

(½) Mv2  + ½ I ω2 = M g h (7.28)

;fn xfr iw.kZr% yksVfud gks vkSj fiQlyu u gks rks v = R ω

bl O;atd dks lehdj.k (7-28) eas j[kus ij] gesa izkIr gksxk%

1

2
M v2 + 

1

2
 I 

v 2

2R
= M g h (7.29)

;fn n`<+ fi.M ,d NYyk gks rks bldk tM+Ro vk?kw.kZ vius v{k osQ fxnZ MR2 gksrk gSA nsf[k,
(lkj.kh 7-2)

rc lehdj.k (7-29)ls
1

2
M v2 + 

1

2

2 2

2

M R

R

v
= M g h

vFkok v = g h (7.30)

D;k bl lehdj.k esa vki dksbZ euksjatd ckr ikrs gSa\ NYys dk js[kh; osx] mlosQ nzO;eku
,oa f=kT;k ls Lora=k gS vFkkZr~ NYyk fdlh Hkh inkFkZ dk gks vkSj mldh f=kT;k fdruh Hkh
gks] og ur lery ij leku pky ls yq<+drk gSA

ikBxr iz'u 7.5

1. ,d Bksl xksyk fdlh ur lery ij fcuk fiQlyrs gq, yq<+drk gSA ur lery dh
Å¡pkbZ osQ inksa esa blosQ osx dh x.kuk dhft,A

2. ,d Bksl csyu vkur lery ij fcuk fiQlyrs gq, yq<+drk gSA bldh xfrt ÅtkZ
dk dkSu lk Hkkx LFkkukUrjh; xfrt ÅtkZ gS\ h Å¡pkbZ osQ ur lery ls yq<+dus osQ
ckn blosQ osx osQ ifjek.k dh x.kuk djsA
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3. ,d 10 cm f=kT;k vkSj 2 kg nzO;eku dk xksyk] ,d vkur ry ij tks {kSfrt ls 300

dk dks.k cukrk gS] NksM+k tkrk gSA bldk (a) dks.kh; Roj.k, (b) ur lery ij js[kh;
Roj.k vkSj (c) ur lery ij 2 ehVj pyus ij bldh xfrt ÅtkZ dh x.kuk dhft,A

iYllZ (Pulsars) dk jgL;

iYllZ dks.kh; laosx laj{k.k dk ,d euksjatd mnkgj.k izLrqr djrs gSaA ;s og rkjs
gksrs gSa] tks gekjh vksj vR;fèkd rhozrk osQ fofdj.k Lian Hkstrs gSaA Lian vkorhZ gksrs
gSa vkSj budh vkorZrk vR;ar ifjekftZr (ifj'kq¼) gksrh gSA

vkorZdky dh ifjlhek ,d lsd.M osQ yk[kosa Hkkx ls ysdj dbZ lsd.M rd gksrh
gSaA brus de vkorZdky ;g iznf'kZr djrs gSa fd ;s rkjs cgqr rsth ls ?kwe jgs gSaA
bu rkjksa dk vfèkdre Hkkx U;wVªkWuksa ls cuk gksrk gS U;wVªkWu rFkk izksVªkWu ijek.kq ukfHkd
dh fuekZ.k bdkb;k¡ gSa)A bu rkjksa dks U;wVªkWu rkjk dgk tkrk gSA ;s rkjs vius thou
osQ vafre iM+ko esa gksrs gSaA rsth ls ?kweus dk jgL; muosQ NksVs lkb”k dk gksuk gSA
,d fo'ks"k U;wVªkWu rkjs dh f=kT;k osQoy 10 km gksrh gSA bldh lw;Z dh f=kT;k (7
× 105 km) ls rqyuk dhft,A lw;Z viuh v{k ij 25 fnu esa ?kwerk gS (?kw.kZu vkorZdky
25 fnu gS)A dYiuk dhft, fd fcuk nzO;eku esa ifjorZu fd, lw;Z vpkud floqQM+dj
U;wVªkWu rkjs osQ vkdkj dk gks tk, rks vius dks.kh; laosx dks lajf{kr j[kus osQ fy,
lw;Z osQ ?kw.kZu dk vkorZdky ,d feyhlsoaQM ls Hkh de gks tk,xkA

vkius D;k lh[kk

,d n`<+ fi.M dh ?kw.kZu ,oa LFkkukarjh; xfr;k¡ gksrh gSaA

,d n`<+ fi.M osQ LFkkukUrjh; xfr osQ fy, lehdj.k & ,dy d.k dh xfr osQ lehdj.kksa
dh Hkk¡fr gksrk gS] ftldh xfr nzO;eku osQUnz dh xfr dks n'kkZrh gSA

;fn fdlh n`<+ fi.M dk ,d fcanq fLFkj gks rks ;g osQoy ?kw.kZu xfr dj ldrk gSA

?kw.kZu v{k osQ fxnZ tM+Ro vk?kw.kZ 
i
Σ m ri i

2 }kjk ifjHkkf"kr fd;k tkrk gSA

?kw.kZu xfr esa tM+Ro vk?kw.kZ dh oSlh gh Hkwfedk gS] tSlh js[kh; xfr esa nzO;eku dh
gksrh gSA

,d n`<+ fi.M ij yxs cy F dk ?kqeko izHkko cy vk?kw.kZ τττττ = r ××××× F gksrk gSA

leku fdUrq foijhr fn'kkvksa esa yxs nks cy cy&;qXe cukrs gSaA cy ;qXe dk ifjek.k
,d cy vkSj cyksa dh fØ;k js[kk osQ chp dh yEcor~ nwjh dk xq.kuiQy gksrk gSA

cká cy vk?kw.kZ yxus ls fi.M dk dks.kh; laosx cny tkrk gSA
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;fn lHkh cká cy vk?kw.kksZa dk ;ksx 'kwU; gks rks fi.M dk dks.kh; laosx vpj jgrk
gSA

tc ,d csyukdkj ;k ,d xksykdkj (fiaM) ,d vkur lery ij fcuk fiQlys gq,
yq<+drk gS] rc mldh pky mlosQ nzO;eku vkSj f=kT;k ij fuHkZj ugha djrh gSA

ikBkUr iz'u

1. fi.M osQ Hkkj Mg dks lkekU;r;k bl izdkj fy;k tkrk gS fd og fi.M osQ nzO;eku
osQUnz ij yxrk gSA D;k bldk ;g vFkZ gS fd i`Foh fi.M osQ vU; d.kksa dks vkdf"kZr
ugha djrh gS\

2. D;k ;g laHko gS fd fi.M dk nzO;eku osQUnz fiaM osQ ckgj fLFkr gks\ vius mÙkj
dh i`f"V esa dksbZ nks mnkgj.k nhft,A

3. dkcZu eksuksDlkbM (CO) osQ v.kq esa nksuksa ijek.kqvksa osQ ukfHkdksa osQ chp dh nwjh
1.13 × 10–10 ehVj gSA v.kq osQ nzO;eku osQUnz dk LFkku fuèkkZfjr djsaA

4. 100 rad s–1 osQ dks.kh; osx ls 5.0 kg nzO;eku vkSj 0.20 m O;kl dk pDdh dk ifg;k
?kwe jgk gSA bldh xfrt ÅtkZ dh x.kuk dhft,A Lora=krkiwoZd fxjus dh fLFkfr esa
bls fdruh Å¡pkbZ ls bruh xfrt ÅtkZ dh izkfIr osQ fy;s fxjuk pkfg,A ( g = 10.0

m s–2 ysa)

5. 2 pDdj izfr lsoaQM pDdj izfr lsoaQM2 izkjafHkd dks.kh; osx ls ,d fLFkj v{k osQ
fxnZ 1.0 m O;kl dk ifg;k ?kwe jgk gSA bldk dks.kh; Roj.k 3 pDdj izfr lsoaQM2

(a) 2 lsd.M ckn dks.kh; osx dh x.kuk dhft,A

(b) brus le; esa ifg;k fdrus dks.k ls ?kwe x;k?

(c) le; t = 2 lsd.M ij ifg;s osQ fje ij fdlh fcUnq ij Li'khZ; osx dh x.kuk
dhft,A

(d) le; t = 2 lsd.M ij ifg;s osQ fje ij ,d fcUnq dk ifj.kkeh Roj.k fudkfy,A

6. 20 jsfM;u@lsoaQM osQ dks.kh; osx ls ?kwe jgs ,d ifg, dks 4.0 lsd.M esa ,d vpj
cy vk?kw.kZ osQ yxkus ls fojke voLFkk esa dj fn;k tkrk gSA ;fn ?kw.kZu v{k osQ fxnZ
tM+Ro vk?kw.kZ 0.20 kg m2 gks rks izFke nks lsd.M esa cy vk?kw.kZ }kjk fd;k tkus okyk
dk;Z fudkfy,A

7. ,d ,Dly esa nks ifg, A ,oa B yxs gSaA ifg;s A dk tM+Ro vk?kw.kZ 5 × 10–2 kg m2

gS rFkk ifg;s B dk tM+Ro vk?kw.kZ 0-2 kg m2 gSA ifg;k A 600 pDdj izfr lsoaQM
osQ fglkc ls ?kwerk gS tcfd ifg;k B fLFkj j[kk tkrk gSA nksuksa ifg;ksa dks ,d Dyp
ls tksM+ fn;k tkrk gS] rkfd os lkFk&lkFk ?kwe losaQA
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(a) os fdl pky ls ?kwesaxs\

(b) Dyp osQ tksM+s tkus osQ ckn vkSj Dyp dks tksM+us ls igys ?kw.kZu xfrt ÅtkZvksa
dh rqyuk dhft,A

(c) Dyp osQ dk;Z djus dh vofèk esa ;fn A, 10 pDdj yxkrk gks rks Dyp fdruk
cy&vk?kw.kZ yxkrk gSA

8. vkidks ns[kus esa ,d tSls nks xksy fi.M fn, x, gSa vkSj ;g dgk x;k gS fd muesa
ls ,d [kks[kyk gSA dkSu&lk xksyk [kks[kyk gS] bldk irk yxkus dk dksbZ rjhdk crk,a\

9. ,d ifg, dk tM+Ro vk?kw.kZ 1000 kg m2  blosQ ?kw.kZuksa dks ,d leku Rofjr fd;k
tkrk gSA fdlh le; esa bldk dks.kh; osx 10 jsfM;u@lsoaQM gSA 100 jsfM;u osQ dks.k
ls tc ifg;k ?kwe tkrk gS] rc ifg, dk dks.kh; osx 100 jsfM;u@lsd.M gks tkrk
gSA ifg, ij yxus okys cy&vk?kw.kZ dh x.kuk dhft, rFkk xfrt ÅtkZ esa ifjorZu
dh Hkh x.kuk dhft,A

10. 1.0 kg nzO;eku vkSj 10 cm vèkZO;kl dh ,d fMLd viuh v{k osQ fxnZ ?kwe jgh
gSA fojke voLFkk ls bls ,dleku #i ls Rofjr fd;k tkrk gSA izFke lsd.M dh vofèk
esa ;g 2-5 jsfM;u ?kwerh gSA nwljs lsd.M esa ;g fdrus dks.k ls ?kwe tk,xh\ fMLd
ij yxus okys cy vk?kw.kZ dk ifjek.k fudkfy,A

ikBxr iz'uksa osQ mÙkj

7.1

1. gk¡] D;ksafd izsQe osQ fcanqvksa osQ chp dh nwfj;k¡ ugha cny ldrhA

2. ugha] D;ksafd dksbZ gypy jsr osQ d.kksa osQ chp dh nwjh dks cny ldrh gSA vr%
jsr osQ <sj dks ,d n`<+ oLrq ugha le>k tk ldrk gSA

7.2

1. ik¡p nzO;ekuksa osQ funsZ'kkad A (–1, –1), B (–5, –1), C (6, 3), D (2, 6) rFkk E (–3, 0)

gSa vkSj muosQ nzO;eku Øe'k% 1 kg , 2 kg , 3 kg, 4 kg vkSj 5 kg gSaA

vr% nzO;eku osQUnz osQ funsZ'kkad

x = 
-1 1 – 5 2 6 3 2 4 – 3 5

1 2 3 4 5

× × + × + × ×
+ + + +  = 0

y = 
–1 1 1 2 3 3 4 6 0 5

1 2 3 4 5

× − × + × + × + ×
+ + + +  = 

30

15
 = 2.0

2. ekuk fd rhuksa d.kksa okys fudk; dks fuEu fp=k dh Hkk¡fr n'kkZ;k x;k gS tgk¡ ij fcUnq
A (ewy fcanq ij) 2 kg dh nzO;eku fLFkfr gSA
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x = 
2 0 1 0.5 3 1 3.5

1 2 3 6

× + × + × =
+ +

m = 0.5 m

y = 

3
2 0 1 3 0 32

1 2 3 12

× + × + ×
=

+ +
m

vr% nzO;eku osQUnz osQ funsZ'kkad 
3.5 3

,
6 12

  
      

 gSaA

3. ekuk nksuksa d.k x-v{k esa fLFkr gSa vkSj muosQ x– funssZ'kkad 0 vkSj x gSA nzO;eku osQUnz
osQ funsZ'kkad

X = 
1 2

1 2

0m m x

m m

× + ×
+  = 

2

1 2

m x

m m+ , Y = 0

X  m
1
 dh nzO;eku osQUnz ls nwjh gSA m

2
 dh nzO;eku osQUnz ls nwjh

x – X = x – 
2

1 2

m x

m m+  = 
1

1 2

m x

m m+

∴
X

Xx +  = 
2

1

m

m

vr% d.kksa dh nzO;eku osQUnz ls nwfj;k¡ nzO;ekuksa osQ O;qRØe vuqikr esa gSaA

7.3

1- oxZ osQ ry osQ yacor~ ,d dksus ls gksdj tkus okyh v{k osQ fxnZ

fudk; dk tM+Ro vk?kw.kZ

= m r2 + m (2 r2) + m r2 = 4 m r2

,d Hkqtk osQ fxnZ tM+Ro vk?kw.kZ = m r2 + m r2 = 2 m r2

lR;kiu : QP osQ fxnZ tM+Ro vk?kw.kZ  = m r2 + m r2 + 2 m r2. vc yEcor~ v{k izes;
osQ lehdj.k osQ vuqlkj & v{k SP osQ fxnZ tM+Ro vk?kw.kZ = (2mr2)  + v{k QP 2

m r2 ls xqtjus okyh vkSj ry osQ yEcor~ v{k osQ fxnZ tM+Ro vk?kw.kZA D;ksafd ;g
lR; gS blfy, ifj.kke lR;kfir gq,A

2. Bksl xksys dh Li'kZjs[kk osQ fxnZ Bksl xksys dk tM+Ro vk?kw.kZ

= 
2

5
 M R2 +M R2 = 

7

5
 M R2 gSA (lekUrj v{k osQ izes; }kjk)
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M K2 = 
7

5
 M R2 ;fn ifjHkze.k f=kT;k K gks rks

 K = R
7

5

7.4
1. dks.kh; laosx

L = 
2 2

4 4

  
+  

  
d d

m m ω

L = 
2

2

ωm d

2. dks.kh; laosx ,d ?kw.kZu v{k (O;kl) osQ fxnZ

L = I ω = m 
r2

4
 × ω

pw¡fd NYys osQ blosQ O;kl osQ fxnZ tM+Ro vk?kw.kZ = 
2

4

m r

∴ L = 20 kg × 
2 2(0.2)

4

m
× 10 rad s–1 = 0.2 kg m2 s–1.

3. dks.kh; laosx laj{k.k osQ vuqlkj
I

1
ω = (I

1
 + I

2
) ω

1

tgk¡ I
1
 ewy ifg;s dk tM+Ro vk?kw.kZ vkSj I

2
 nwljs ifg;s dk tM+Ro vk?kw.kZ gSA ω izkjafHkd

dks.kh; pky vkSj ω
1
 mHk;fu"B vafre dks.kh; pky

m r2 ω = 
2 2

2
  +    

m
m r r ω

1

ω = 
3

2
ω

1 
⇒ ω

1 
= 

2

3
 ω

4. ekuk fd i`Foh dk orZeku ifjØe.k le; T rFkk izkjafHkd ifjØe.k le; T
0 
gSA dks.kh;

laosx laj{k.k osQ vuqlkj

2

5
M (25 R)2 × 

0

2

T

⎛ ⎞π
⎜ ⎟
⎝ ⎠

= 
2

5
 M R2 × 

2π  
    T

= 
2

5
M R2 × 

2π  
    T

T
0
 = 6.25 T

vr% Hkwrdky esa i`Foh osQ ifjØe.k dk le; T
0
 = 6.25 × orZeku ifjØe.k le;A
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7.5

1. lehdj.k (I = 
2

5
M R2) dk iz;ksx djus ij ,d Bksl xksys osQ fy,

1

2
mv2 + 

1

2
I ω2 = m g h

;k,
1

2
mv2 + 

1

2
 × 

2

5
m r2 . 

v2

2r
 = m g h

Q  ω = v /r.

blls v = 
10

.
7

g h

2. ,d Bksl csyu osQ fy, I = 
2R

2

m

∴ oqQy xfrt ÅtkZ 
1

2
m v2 + 

1

2
I ω2 = 

1

2
m v2 + 

1

2

2R

2

m
.  

v2

2R
 = 

3

4
m v2

Q  ω = v /r

vr% LFkkukUrjh; xfrt ÅtkZ dk Hkkx = 

2

2

1
2
3
4

m

m

v

v
 = 

2

3

Åijh iz'u 1 osQ mÙkj dh Hkk¡fr v =
4

3
g h

ikBkUr iz'uksa osQ mÙkj

3. dkcZu ijek.kq ls 0.64 Å dh nwjh ij

4. 125 J, 2.5 m

5. (a) 16 π rad s–1 (b) 20 π rad (c) 25 m s–1 (d) 1280 m s–2

6. 30 J

7. (a) 4 π rad s–1 (b) E
i
 = 5 E

f
(c) 49 π N m

9. T = 5 × 104 N m, KE = 5 × 106 J

10. 7.5 rad, τ = 5 × 10–2 J



mPprj ekè;fed ikB~;Øe
HkkSfrdh

fOk|kFkhZ ewY;kdau i=k & 1

vf/dre vad % 50 le; % 
1

1
2

 ?kaVk

funsZ'k
lHkh iz'uksa osQ mÙkj dkxt dh i`Fkd 'khV ij nhft,A
viuh mÙkj iqfLrdk ij fuEufyf[kr lwpuk,a nhft,

uke
iath;u la[;k
fo"k;
ewY;kadu i=k la[;k
irk

vius ewY;kadu i=k dk ewY;kadu vius vè;;u osQUnz osQ fo"k;kè;kid ls djk;sa rkfd vkidks muls vius dk;Z
osQ lacaèk esa /ukRed izfrfØ;k izkIr gks losQA

viuk ewY;kadu i=k NIOS dks u Hkstsa
1. ;g n'kkZus osQ fy, ,d mnkgj.k nhft, fd fdlh xfreku d.k dk vkSlr osx rks 'kwU; gks ldrk gS ijUrq bldk

vkSlr osx 'kwU; ugha gks ldrkA (1)

2. iz{ksI; xfr esa mPpre fcUnq ij ¯iM dk osx {kSfrt D;ksa gks tkrk gS\ (1)

3. D;k xq:Ro osQ varxZr fxjrs ¯iM osQ fy, js[kh; laosx osQ laj{k.k dk fu;e ykxw fd;k tk ldrk gS\
le>kbZ;sA

(1)

4. njoktksa ij gSafMy dCtksa ls vf/dre nwjh ij D;ksa yxk;s tkrs gSa\ (1)

5. pUnzek ij ok;qeaMy D;ksa ugha gS\ (1)

6. ljy js[kk esa fu;r cy osQ varxZr xfreku ¯iM dk osx&le; xzkiQ cukb,A (1)

7. 20 cm f=kT;k dh fMLd dh ifjHkze.k&f=kT;k mlosQ osQUnz ls xqtjus okyh ,oa ry osQ yEcor~ v{k osQ ifjr% Kkr
dhft,A (2)

8. ,d gYosQ vkSj ,d Hkkjh nzO;eku dh oLrq dh xfrt ÅtkZ,a leku gSa] buesa fdldk js[kh; laosx vf/d gksxk\
(1)



9. 10 bdkbZ ifjek.k dk ,d lfn'k A ,oa 6 bdkbZ ifjek.k dk nwljk lfn'k B ,d nwljs ls 600  dk dks.k cukrs gSaA

bu lfn'kksa dk vfn'k xq.kkad ,oa lfn'k xq.kkad dk ifjek.k Kkr dhft,A (2)

10. dksbZ iqQVcky f[kykM+h 0.5 kg nzO;eku dh xsan dks 10m s-1 osQ vf/dre osx ls Bksdj (kick) ekj ldrk gSA og
Bksdj ekj dj bl xsan dks vf/dre fdruh {kSfrt nwjh rd igqapk ldrk gS\ (2)

11. fdlh d.k dk foLFkkiu  y = at +bt2 }kjk O;Dr fd;k tk ldrk gS] tgka  a ,oa b vpjkad gSa ,oa  t  le; gSA b/

a dk foeh; lw=k Kkr dhft,A

12. fdlh NM+h dh lsoaQM dh lqbZ dh yackbZ 10 cm gSA blosQ fljs (T.P.) dh pky dh x.kuk dhft,A (2)

13. ;fn izo`Qfr esa vk;s fdlh foy{k.k ifjorZu osQ dkj.k i`Foh dk vk;ru blosQ orZeku vk;ru dk 1/8th  gks tkrk
gS rks ,d fnu dh vof/ fdruh gks tk;sxh\ (4)

14. fdlh dkYifud xzg dk lw;Z ls ifjr% ifjØe.k dky 100 o"kZ gks rks bl xzg dh lw;Z ls nwjh dh x.kuk dhft,A
vki lw;Z ls i`Foh rd dh nwjh 1.5 x 1011 m ys ldrs gSaA (4)

15. 2 kg nzO;eku dk dksbZ xqVdk ,d lery i`"B ij j[kk gSA {kSfrt ls ry osQ >qdko dks cnyk tk ldrk gSA tc
{kSfrt ls bldk >qdko 300 gksrk gS rks xqVdk Bhd xfr osQ fy, lUu¼ gksrk gSA ry dk {kSfrt ls >qdko 450  gksus
ij xqVdk ftl Roj.k ls uhps vk;sxkA mldh x.kuk dhft,A (4)

16. nks fdyksxzke nzO;eku osQ ,d ¯iM ij] tks fojkekoLFkk esa gS] 20 N dk fu;r cy 2s rd yxk;k
tkrk gSA izkjaHk ls 3s dh le;kof/ esa ;g ¯iM fdruh nwjh r; djsxk\
(4)

17. fdlh ¯Lizx osQ fy, Hkkj&foLFkkiu xzkiQ cukb,A vki bl xzkiQ dks fdl izdkj mi;ksx esa yk;saxs
(i) ¯Lizx dk cy&fu;rkad Kkr djus osQ fy,

(ii) ¯Lizx dks x-nwjh rd laihfMr djus osQ fy,\

18. 3 kg ,oa 5 kg osQ nks nzO;eku ,d nzO;eku jfgr Mksjh ls tqM+s gSa vkSj Mksjh dks fp=k esa n'kkZ;s vuqlkj ,d ?k"kZ.k
jfgr f?kjuh osQ Åij ls xqtkjk x;k gSA Mksjh esa ruko ,oa 3 kg nzO;eku osQ Roj.k dh x.kuk dhft,A (4)

19. rhu NM+sa] ftuesa izR;sd dk izfr bdkbZ nzO;eku 1 kg m-1  ,oa yackbZ 20 cm gS] feydj ,d leckgq f=kHkqt cukrh
gSaA bl iz.kkyh osQ (i) nzO;eku osQUnz ,oa (ii)  nzO;eku osQUnz ls xqtjrh vkSj ry osQ vfHkyacor~ v{k osQ ifjr%
tM+Ro&vk?kw.kZ dk fu/kZj.k dhft,A (5)

20. m nzO;eku osQ fojkekoLFkk esa j[ks ¯iM ls m nzO;eku dk gh nwljk ¯iM u osx ls Vdjkrk gSA la?kV~V osQ i'pkr izR;sd
¯iM dk ifjek.k ,oa fn'kk Kkr dhft,A (5)
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8

Bksl ds izR;kLFk xq.k

fiNys vè;k;ksa esa vki fdlh cy osQ izHkko ls fdlh oLrq esa gksus okys foLFkkiu dk vè;;u
dj pqosQ gSaA fdlh oLrq ij yxk;k x;k cy ml oLrq osQ lkbt ;k vko`Qfr ;k nksuksa dks
ifjofrZr dj ldrk gSA mnkgj.k osQ fy, tc fdlh /krq dh dekuh ij bldh yEckbZ
osQ vuqfn'k mi;qDr cy yxk;k tkrk gS rks bldh vko`Qfr ,oa lkb”k nksuksa esa ifjorZu gks
tkrk gSA tc cy gVk fy;k tkrk gS rks ;g viuh iwokZoLFkk esa vk tkrh gSA vc vki xhyh
fpduh feV~Vh ;k fi?kys gq, ekse ls cuh fdlh oLrq ij cy yxk,¡A D;k yxk;k x;k cy
gVk nsus ij os vius iwoZ fLFkfr dks izkIr dj ysrs gSa\ ugha] os viuh ewy vko`Qfr ;k lkb”k
izkIr ugha dj ikrhA bl izdkj oqQN oLrq,¡ viuh iwoZ vko`Qfr ,oa lkbt+ nksckjk izkIr dj
ysrh gSa tcfd oqQN oLrqvksa osQ ekeys esa ,slk ugha gksrk gSA oLrqvksa dk ,slk O;ogkj muosQ
,d xq.k ij fuHkZj djrk gS] ftls izR;kLFkrk dgrs gSaA

inkFkksZa dh izR;kLFk izo`Qfr (xq.k) dk gekjs nSfud thou esa dkiQh egRo gSA bldh lgk;rk
ls vki fdlh oLrq tSls dkj] ozsQu] fyÝV vkfn dks yVdkus esa iz;qDr gksus okys osQcyksa
(jTtqvksa) dh lkeF;Z dks Kkr dj ldrs gSaA bl xq.k dk iz;ksx Hkouksa vkSj iqyksa osQ fuekZ.k esa
iz;qDr naMks (cheksa) dh lkeF;Z dk irk yxkus esa fd;k tkrk gSA bl bdkbZ esa vki izR;kLFk ifjorZuksa
dh izòQfr ,oa budh O;k[;k djuk lh[ksaxsA

mn~ns';

bl vè;k; osQ vè;;u osQ ckn vki%

inkFkZ osQ vk.kfod fl¼kar osQ vk/kj ij inkFkZ dh rhu voLFkkvksa esa Hksn dj losQaxs_

izR;kLFk ,oa IykfLVd (lq?kV~;) oLrqvksa esa Hksn dj losaQxs_

izfrcy vkSj nkc esa Hksn dj losaQxs_

fdlh izR;kLFk Bksl osQ fy, izfrcy&foo`Qfr oØ dk vè;;u dj losQaxs_

;ax dk xq.kk¡d] vk;ru xq.kk¡d] n`<+rk¡d ,oa Ioklksa vuqikr dks ifjHkkf"kr dj losaQxs_
vkSj

fdlh fLaix dh izR;kLFk fLFkfrt ÅtkZ dk O;atd O;qRiUu dj ldsaxsaA



ekWM~;wy  - 2 Bksl ds izR;kLFk xq.k

Bkslksa ,oa rjyksa dh ;kaf=kdh

fVIif.k;k¡

HkkSfrdh 216

8.1 nzO; dk vk.kfod fl¼kar% varjk&v.kqd cy

ge tkurs gSa fd izR;sd inkFkZ ijek.kqvksa vkSj v.kqvksa ls feydj cuk gksrk gSA ijek.kqvksa
vkSj v.kqvksa osQ chp dk;Zjr cy ls nzO;ksa dh lajpuk dk fu/kZj.k gksrk gSA v.kqvksa osQ chp
vU;ksU;fØ;k cyksa dks varjk&v.kqd cy dgrs gSaA

v a r j k&v. k qd cy vk S j
varjk&v.kqd vUrjky osQ chp
fopj.k osQ xzkiQ dks fp=k 8-1 esa
fn[kk;k x;k gSA tc nks v.kqvksa
osQ chp ikFkZD; vf/d gksrk gS]
rks muosQ chp vkd"kZ.k cy
yxrk gS ftldk ifjek.k de
gksrk gSA tc v.kqvksa osQ chp
ikFkZD; ?kVrk gS] rks oqQy vkd"kZ.k
cy ,d lhek rd c<+rk gS vkSj
blosQ ij s cy izfrd"k Zd

(Repulsive) gks tkrk gSA R
0
 nwjh ij nks v.kqvksa osQ chp yxus okyk cy 'kwU; gksrk gSA ;g

ikFkZD; (R) lkE; ikFkZD; dgykrk gSA

vr% ;fn varjk&v.kqd ikFkZD; R > R
0
 rks v.kqvksa osQ chp vkd"kZd cy dk;Z djrk gSA

tc R < R
0 
rc v.kqvksa osQ chp izfrd"kZd cy dk;Z djrk gSA

Bksl inkFkZ esa] lkE; ikFkZD; dh voLFkk esa v.kq ,d&nwljs osQ dkiQh fudV gksrs gSa
(  10–10 m) mPp varjk&vk.kfod cyksa osQ dkj.k os viuh fLFkfr ij yxHkx fLFkj jgrs
gSaA vc vki le> ldrs gSa fd fdlh Bksl inkFkZ dk vkdkj fuf'pr D;ksa gksrk gSA nzoksa
esa] v.kqvksa osQ chp vkSlr ikFkZD; FkksM+k vfèkd gksrk gS] rks vkd"kZ.k cy {kh.k gksrk gS]
vkSj v.kq rqyukRed :i ls nzo inkFkZ osQ laiw.kZ nzO;eku osQ Hkhrj xfr'khy jgus osQ fy,
vf/d Lora=k jgrs gSaA vc vki le> ldrs gSa fd nzo inkFkksZa dk vkdkj fuf'pr D;ksa
ugha gksrk gSA nzo inkFkZ ftl cjru esa j[ks tkrs gSa mlh dh vkÑfr xzg.k dj ysrs gSaA xSlksa
esa varjk&vk.kfod ikFkZD; cgqr T;knk gksrk gS vkSj vk.kfod cy dkiQh {kh.k gksrk gS (yxHkx
ux.;)A v.kq fdlh crZu esa xfr djus osQ fy, iw.kZLora=k gksrs gSaA blfy, xSlksa dk vk;ru
vkSj vko`Qfr fuf'pr ugha gksrsA

ijek.kq osQ fo"k; esa izkphu Hkkjrh; n`f"Vdks.k

lalkj esa ijek.kq dh ladYiuk izfrikfnr djus okys d.kkn izFke O;fDr FksA mudk
thou dky bZlk ls yxHkx Ng 'krkCnh iwoZ dk gSA os izHkkl (bykgkckn osQ ikl)
osQ fuoklh FksA

fp=k. 8.1 : varjk&v.kqd cy vkSj varjk&v.kqd ikFkZD; osQ
chp xzkiQ
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muosQ vuqlkj] czãk.M dh izR;sd oLrq ijek.kq ;k v.kq ls cuh gSA ;s 'kk'or ,oa
vfouk'kh gSaA ijek.kq la;kstu djosQ fofHkUu v.kqvksa dk fuekZ.k djrs gSaA ;fn nks ijek.kq
feydj v.kq cukrs gSa rks bls f}v.kqd vkSj rhu ijek.kqvksa ls feydj cus v.kq dks
f=kv.kqd dgrs gSaA os ^oS'ksf"kd lw=k** osQ ys[kd FksA ijek.kqvksa osQ lkb”k dk vuqeku
Hkh yxk;k x;k FkkA cq¼ dh thouh (yfyrkfoLrkj) esa Hkh ijek.kq dk lkb”k vuqekfur
FkkA ogk¡ bls 10–10 m dh dksfV dk vk¡dk x;k Fkk] tks fd ijek.kq osQ orZeku dky
esa vk¡osQ x, lkb”k osQ dkiQh lfUudV gSA

8.2 izR;kLFkrk

vkius è;ku fn;k gksxk fd tc fdlh oLrq ij ckg~; cy dk iz;ksx fd;k tkrk gS rks bldh
vko`Qfr ;k lkb”k (vFkok nksuksa) cny tkrs gSa vFkkZr fo:i.k mRiUu gks tkrk gSA fo:i.k
fdruk gksrk gS ;g oLrq osQ inkFkZ] vkd`fr vkSj ckg~; cy ij fuHkZj djrk gSA tc fojQi.k
djus okys cy gV tkrs gSa rks oLrq viuh iqjkuh vko`Qfr vkSj lkb”k izkIr djus dk iz;kl
djrh gSA

mnkgj.k osQ rkSj ij vki fLizax ij dksbZ Hkkj
yVdk nsa rks bldh yEckbZ esa ifjorZu vk tkrk
gS vkSj Hkkj gVk nsus ij og viuh iwokZoLFkk
esa vk tkrh gSA blh izdkj ;fn jcj dh xsan
dks nck;k tk, rks og nc tkrh gS vkSj nkc
gVk ysus ij viuh iwokZoLFkk esa vk tkrh gSA
blh izdkj ;fn /uq"k dh Mksjh ij cy yxk,¡
rks bldh vko`Qfr cny tkrh gS vkSj cy gVk
nsus ij ;g viuh iwokZoLFkk esa vk tkrk gS
(fp=k 8-2)A

fdlh oLrq dk og xq.k ftlosQ iQyLo:i fo:id cy gVkus ij oLrq iqu% viuh ewy
vko`Qfr ,oa lkb”k (vkeki) izkIr dj ysrh gS] izR;kLFkrk dgykrk gSA

8.2.1 izR;kLFk ,oa lq?kV~; oLrq,¡

,d oLrq tks fo:id cy osQ gVus ij iw.kZ :i ls viuh iwokZoLFkk esa vk tkrh gS] iw.kZ
izR;kLFk dgykrh gSA nwljh vksj] ;fn fo:id cy gVk ysus dksbZ oLrq vius ewy vkÑfr
esa vkus dh dksbZ izo`fRr ugha j[krh vkSj vius ifjofrZr :i esa gh jg tkrh gS] rks mls
iw.kZ lq?kV~; dgrs gSaA rFkkfi]O;ogkj esa lHkh oLrq,¡ bUgha nks lhekvksa osQ chp gh O;ogkj
djrh gSaA izo`Qfr esa u rks dksbZ iw.kZ izR;kLFk oLrq gS vkSj u gh dksbZ iw.kZ lq?kV~; oLrqA DokVZt
js'ks dks yxHkx iw.kZ izL;kLFk ekuk tk ldrk gS vkSj lkekU; iqV~Vh iw.kZ lq?kV~; gSA tks oLrq

fp=k 8.2 :/uq"k dh Mksjh ij yxk, x, cy
ls mldh vkÑfr esa ifjorZu gks
x;k gS
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fo:i.k dk ftruk fojks/ djrh gS] og mruh gh izR;kLFk gksrh gSA fu%lansg izR;kLFk fo:i.k
foKku ,oa izkS|ksfxdh osQ fy, dkiQh egRoiw.kZ gS] ysfdu ;kaf=kd izfØ;kvksa esa IykfLVd
fo:i.k Hkh egRoiw.kZ gSA vkius /krqvksa ij eksgj yxkus dh] /krq osQ VqdM+ks dks eksM+us vkSj
<ksdus&ihVus dh izfØ;k,sa ns[kh gksaxhA ;s lHkh dk;Z IykfLVd fo:i.k osQ dkj.k gh laHko
gSA izLF;kLFkrk dh O;k[;k varjk&v.kqd cyksa osQ inksa }kjk dh tk ldrh gSA

8.2.2 izR;kLFkrk dk vk.kfod fl¼kUr

tSlk fd vki tkurs gSa fd Bksl oLrq ,d fuf'pr Øe esa O;ofLFkr cgqr ls ijek.kqvksa
ls fufeZr gksrh gSA izR;sd ijek.kq ij mlosQ vkl&ikl osQ ijek.kqvksa osQ cyksa dk izHkko
iM+rk gSA varjkijek.kqd cyksa osQ dkj.k Bksl dh ,slh vko`Qfr cuh jgrh gS fd izR;sd ijek.kq
fLFkj lkE; voLFkk esa jgrk gSA tc oLrq fu:fir gks tkrh gS] rks ijek.kq viuh ewy n'kk
ls gV tkrs gSa vkSj mudh varjkijek.kqd nwfj;k¡ cny tkrh gSaA ;fn foo`Qfr esa ikFkZD; muosQ
lkE; ikFkZD; ls c<+ tkrk gSa (vFkkZr] (R >R

0
) rks izcy vkd"kZ.k cy mRiUu gksrs gSa vkSj

blosQ foijhr] ;fn mudh varjkijek.kqd nwjh ?kV tkrh gS (vFkkZr~]  R < R
0
), rks izcy izfrd"kZ.k

cy mRiUu gksrs gSaA bu cyksa dsk izR;ku;u cy dgrs gSaA ;s cy ijek.kqvksa dks viuh
iwoZ fLFkfr esa ys vkrs gSaA Bksl oLrq osQ ijek.kqvksa osQ O;ogkj dh rqyuk ,d ,sls ra=k ls
dh tk ldrh gS ftlesa xsans fLizaxksa ls tqM+h gksaA

vc ge mu rjhoQksa dk vè;;u djrs gSa ftuls oLrq dks fo:fir djus osQ fy, cy yxk,
tkrs gSaA

8.2.3 izfrcy
tc fdlh oLrq ij dksbZ ckg~; cy ;k dksbZ ckg~; cy&ra=k yxk;k tkrk gS] rks oLrq dh
vkÑfr ;k lkb”k esa yxk, tkus okys cy dh izo`Qfr osQ vuqlkj ifjorZu gksrk gSA ge igys
O;k[;k dj pqosQ gSa fd fo:i.k dh izfØ;k esa] viuh lkE;koLFkk ls v.kqvksa osQ foLFkkiu
osQ dkj.k vkrafjd izR;ku;u cy mRiUu gks tkrk gSA ;g cy fo:i.k dk fojks/ djrk
gSA

fo:fir oLrq osQ vuqizLFk ifjPNsn osQ izfr bdkbZ {ks=k ij dk;Z djus okys vkrafjd
izR;ku;u cy dks izfrcy dgk tkrk gSA

lkE;koLFkk esa izR;ku;u cy ifjek.k esa fo:id cy osQ leku gksrk gS rFkk bldh fn'kk
ckg~; fo:id cy dh fn'kk osQ foijhr gksrh gSA blh dkj.k izfrcy dks lkE;koLFkk esa
vkus ij vuqizLFk ifjPNsn osQ izfr bdkbZ {ks=k esa yxus okys ckã cy }kjk ekik tkrk gSA
;fn fo:id cy dk ifjek.k F gS vkSj ;g A {ks=kiQy esa dk;Zjr gS] rks bls fuEu izdkj
ls fy[k ldrs gSa&

izfrcy = 
iRz ;ku;u cy
{ks= kiQy  = 

( )

( )

fo:id cy
{ks=kiQy

F

A
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;k izfrcy = 
F

A
(8.1)

izfrcy dk ek=kd Nm–2  gSA izfrcy] vuqnSè;Z] vfHkyEcor~ ;k vijQid gks ldrk gSA vkb,]
buosQ ckjs esa Øe'k% tkusaA

(i) vuqnSè;Z izfrcy : ;fn fo:id cy oLrq dh yackbZ dh fn'kk esa gks] rks mRiUu izfrcy
vuqnSè;Z izfrcy dgykrk gSA fp=k 8.3 (a) vkSj fp=k 8.3 (b).

Fig   8.3 (a) : ruu izfrcy (b) laihMu izfrcy

(ii) vfHkyEcor~ izfrcy% ;fn fo:id cy oLrq osQ laiw.kZ lrg ij leku ,oa yacor~
yxk;k tk, ftlls fd oLrq dh vko`Qfr esa ifjorZu u gks] ysfdu vk;ru esa ifjorZu
gks tk, (fp=k 8-4) rks bl izdkj mRiUu izfrcy dks vfHkyEcor~ izfrcy dgk dgk
tkrk gSA vki oLrq dh laiw.kZ lrg ij ,d leku nkc yxkdj vfHkyacor~ izfrcy
mRiUu dj ldrs gSaA fdlh lrg osQ vfHkyacor izfr bdkbZ {ks=kiQy esa dk;Z djus
okyk fo:id cy nkc dgykrk gS] tcfd lrg osQ vfHkyac izfr bdkbZ {ks=kiQy ij
mRiUu vkarfjd izR;ku;u cy dks izfrcy dgrs gSaA

(a) (b)
fp=k. 8.4 : vfHkyEcr~ izfrcy

(iii) vi:id izfrcy : ;fn fo:id cy lrg osQ lekUrj ;k Li'kZjs[kh; <ax ls dk;Z
djrk gS (fp=k 8-5 a) ftlls fd oLrq osQ vk;ru esa ifjorZu gq, fcuk vko`Qfr esa
ifjorZu gks tkrk gS] rks bl izdkj dk izfrcy vijQid izfrcy dgykrk gSA vi:id
izfrcy dk ,d mnkgj.k fp=k 8-5(b) esa n'kkZ;k x;k gS ftlesa iqLrd dks frjNs /
Ddk fn;k tkrk gSA blosQ foijhr iQyd dks  ?k"kZ.k jksosQ j[krk gSA



ekWM~;wy  - 2 Bksl ds izR;kLFk xq.k

Bkslksa ,oa rjyksa dh ;kaf=kdh

fVIif.k;k¡

HkkSfrdh 220

fp=k. 8.5: (a) vi:id izfrcy  (b) iqLrd dks fdukjs ls f[kldkuk

8.2.4 foo`Qfr (Strain)

fo:id cyksa ls oLrq dh foekvksa esa ifjorZu gks tkrk gSA lkekU; :i ls oLrq dh foek
esa izfr bdkbZ foek ifjorZu (tSls yackbZ] vkdkj ;k vk;ru) dks foo`Qfr dgrs
gSaA ;g nks ln`'; jkf'k;ksa dk vuqikr gksus osQ dkj.k foekghu jkf'k gSA fo:id cy osQ
yxk, x, izdkj osQ vuqlkj] foo`Qfr rhu izdkj dh gksrh gSa] (1) js[kh; foo`Qfr (2) vk;ru
foo`Qfr vkSj (3) vi:id foo`QfrA

(i) js[kh; foo`Qfr : ;fn vuqnS?;Z vi:id cy osQ mi;ksx ls fdlh oLrq oQh yackbZ  l

esa Δl ifjorZu gksrk gS (fp=k 8-6) rks

js[kh; foo`Qfr = 
yca kbZ eas ifjoruZ

eyw  yca kbZ  = 
Δl
l

(ii) vk;ru foo`Qfr : tc ,d leku nkc Δp osQ iz;ksx
ls fdlh oLrq dh vko`Qfr esa ifjorZu gq, fcuk mlosQ
vk;ru V  esa ΔV ifjorZu gks (fp=k 8-7) rc

vk;ru foo`Qfr = 
vk;ru  eas ifjoruZ

eyw  vk;ru  = 
ΔV

V

(iii) vi:id foo`Qfr: tc vi:id cy Li'kZ js[kh; (fp=k 8-8) gks] rks vi:id foo`Qfr
ml dks.k }kjk Kkr dh tkrh gS tks fuf'pr ry ij ,d yac js[kk fo:i.k osQ ckn
cukrh gS] ;fn dks.k dk eku cgqr de gks] rks

fp=k. 8.6: js[kh; foo`Qfr

fp=k. 8.7: vk;ru foo`Qfr
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θ = 
Δx

y

fp=k. 8.8 : vi:id foo`Qfr

8.2.5  /krq rkj osQ fy, izfrcy&foo`Qfr oØ

,dleku vuqizLFk ifjPNsn okys /krqrkj ij ckg~; cy c<+rs Hkkj osQ Øe esa yxkus ij
ij mldh foo`Qfr osQ lkFk izfrcy n'kkZus okyk oØ fp=k 8-9 esa n'kkZ;k x;k gSA ge
bl oØ esa mu {ks=kksa vkSj fcanqvksa dk vè;;u djsaxs ftudk fof'k"V egRo gSA

Fig. 8.9: ,d bLikr osQ rkj osQ fy, izfrcy foo`Qfr oØ

(i) lekuqikfrd {ks=k OA% oØ dk OA Hkkx lh/h js[kk gS ftlls irk pyrk gS fd bl
{ks=k esa izfrcy foo`Qfr osQ lekuqikfrd gS vkSj oLrq dk O;ogkj iw.kZ :i ls izR;kLFk
oLrq osQ ln`'k gSA

(ii) izR;kLFkrk lhek : ;fn foo`Qfr dks A FkksM+k vkSj c<+k fn;k tk, rks izfrcy foo`Qfr osQ
iw.kZ:is.k lekuqikrh ugha gksrk gSA rFkkfi] rkj izR;kLFk jgrk gS] vFkkZr~] fo:id cy
(Hkkj) dks gVk nsus ij ;g viuh ewy fLFkfr esa vk tkrk gSA foo`Qfr dk vf/dre
eku] tgka rd oLrq (rkj) esa izR;kLFk xq.k jgrk gS] izR;kLFkrk lhek dgykrk gSA izR;kLFkrk
lhek osQ ijs dksbZ Hkh oLrq IykfLVd oLrq tSlk O;ogkj djrh gSA

(iii) fcUnq C : tc rkj dks lhek B ls vf/d [khapk tkrk gS rks foo`Qfr vf/d rsth ls
c<+rh gS vkSj oLrq IykfLVd (lq?kV~;) gks tkrh gSA bldk vFkZ ;g gqvk fd fo#id
cy gVkus osQ ckn Hkh rkj viuh ewykoLFkk esa ugha vk ik,xkA Hkkj dks /hjs&/hjs de
djus ij oLrq (rkj) fcanqfdr iFk dks viukrh gSA ,slk fp=k esa CD js[kk dks ns[kdj
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le>k tk ldrk gSA 'kwU; Hkkj dh fLFkfr esa rkj esa 'ks"k foo`Qfr dks LFkk;h lsV dgrs
gSaA fcanq E osQ ckn rkj dk foLrkj T;ksa dk R;ksa cuk jgrk gSA mlesa dksbZ deh ugha
gksrhA

(iv) foHkatu fcUnq F : fcUnq E ls vkxs foo`Qfr vkSj rsth ls c<+rh gS vkSj fcUnq F osQ lehi
rkj dh yackbZ] cy esa o`f¼ osQ fcuk Hkh yxkrkj gksrh gSA bl fcUnq ij rkj VwV tkrk
gSA bl fcanq F dks foHkatu fcUnq ;k foHkax fcanq dgrs gSaA

foHkatu fcanq F ij izfrcy dks foHkatu izfrcy ;k ruu {kerk dgrs gSaA izR;kLFk lhek
osQ vanj ,d oLrq ij yxk;k tk ldus okyk vf/dre izfrcy dk;Z izfrcy dgykrk
gS] vkSj dk;Z izfrcy rFkk foHkatd izfrcy dk vuqikr lqj{kk dkjd dgykrk gSA fczVsu
esa bldk eku 10 vkSj vesfjdk esa 5 fy;k tkrk gSA geus fczVsu dk ekunaM viuk;k gSA
;fn izR;kLFkrk lhek vkSj foHkatu fcanq osQ chp fo:i.k dkiQh vfèkd gks tkrk gS rks inkFkZ
rU; dgykrk gSA ;fn inkFkZ izR;kLFkrk lhek dks ikj djrs gh VwV tkrk gS rks og Hkaxqj
dgykrk gS] tSls dk¡pA

8.2.6 jcM+ osQ fy, izfrcy&foo`Qfr oØ

;fn vki jcM+ dh Mksjh dks bldh ewy
yackbZ ls dbZ xquk T;knk [khaps rks cy
osQ gVkus ij ;g viuh ewy yackbZ ij
vk tkrh gSA vFkkZr] bldk izR;kLFk {ks=k
cM+k gS vkSj blesa lqifjHkkf"kr IykfLVd
izokg {ks=k (Plastse flow region) ugha gSA
,sls inkFkZ ftuosQ foo`Qfr osQ eku dkiQh
cM+s gksrs gSa& bySLVksej (Elastomer)

vFkok izR;kLFkyd dgykrs gSA ;g xq.k
muosQ vk.kfod foU;kl osQ dkj.k gksrk
gSA fp=k 8-10 esa nks ckrsa eq[; :i ls uksV djus yk;d gSaA izFke] vki ns[k ldrs gSa fd
bl oØ dk dksbZ Hkh Hkkx foo`Qfr osQ lekuqikrh ugha gSA nwljk] tc fo:id cy /hjs&èkhjs
de fd;k tkrk gS rks ewy oØ iFk dk vuqxeu ugha gksrk gS tcfd ;g izfrn'kZ (Sample)

var esa viuh ewy yackbZ esa vk tkrk gSA inkFkZ fo:fir voLFkk ls ewy fLFkfr esa vkus esa
oqQN de dk;Z djrk gS vFkkZr] inkFkZ dks fo:fir djus esa fd;k x;k dk;Z vf/d gksrk
gSA bl izdkj bl pØ esa oqQN mQtkZ vo'kksf"kr gks tkrh gS] tks mQ"ek osQ :i esa izdV gksrh
gSA (bls vki jcM+ dks vius gksBksa ls Nqvkdj eglwl dj ldrs gSa)A bl ifj?kVuk dks izR;kLF;
'kSfFkY; (elastic hysteresis) dgrs gSaA

izR;kLFk 'kSfFkY; dk iz?kkr&vo'kks"kdksa (Shock absorbes) esa egRoiw.kZ ;ksxnku gSA fo:id
cy }kjk ÅtkZ dk tks Hkkx LFkkukUrfjr gksrk gS] og iz?kkr&vo'kks"kd esasa lafpr gks tkrk gS]

Fig. 8.10: jcM+ osQ fy, foo`Qfr&izfrcy oØ
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osQoy ,d NksVk Hkkx gh ml fudk; dks lapfjr gksrk gS tks fd iz?kkr vo'kks"kd ls tqM+k
jgrk gSA

8.2.7. bLikr jcM+ ls vfèkd izR;kLFk gS

,d cM+k fo:id cy yxkus ij fdlh oLrq esa ;fn cgqr de foÑfr mRiUu gksrh gS]
rks og oLrq vfèkd izR;kLFk dgykrh gSA ;fn ge nks ,d leku jcM+ vkSj bLikr osQ rkj
ysa vkSj nksuksa esa leku fo:id cy dk iz;ksx djsa rks vki ik,saxs fd bLikr osQ rkj easa jcM+
osQ rkj dh vis{kk yackbZ esa de o`f¼ gqbZ gSA ysfdu bLikr osQ rkj esa o jcM+ osQ rkj
esa leku foÑfr iSnk djus osQ fy, bLikr osQ rkj esa vfèkd izfrcy yxsxkA bLikr osQ
fo:i.k osQ fy, vR;fèkd izfrcy dh vko';drk ;g n'kkZrh gs fd bLikr esa mRiUu vkarfjd
izR;ku;u cy jcM+ dh vis{kk vfèkd gSA vr% bLikr jcM+ ls vfèkd izR;kLFk gSA

mnkgj.k 8.1 : ,d ehVj yacs rkj osQ fljs ls 100 kg dk Hkkj yVdk;k tkrk gSA ;fn rkj
0-20cm f[kaprk gS] rks  (i) ruu izfrcy vkSj (ii) rkj esa fod`fr dh x.kuk dhft, g = 9.80
ms–2.

gy :

(i) ruu izfrcy = 
F

A
 = 

Mg

A
 = 

– 2

–4 2

(100 kg) (9.80 ms )

0.10 10 m×

 = 9.8 x 107 Nm–2

(ii) ruu foo`Qfr = 
Δl
l

 = 
–20.20 10 m

1.0 m

×

= 0.20 × 10–2

mnkgj.k 8.2 : LVhy rkj dh vf/dre yackbZ Kkr dhft, ftls VwVs fcuk yVdk;k tk ldrk
gS] ;fn Hkatu izfrcy = 4.0 x 108 Nm–2, ?kuRo = 7.9 × 103 kg m–3 vkSj g = 9.80 ms–2

gy :rkj dk Hkkj W = Alρg, tgk¡, A rkj dk vuqizLFk ifjPNsn gS]  ρ  rkj dk ?kuRo] vkSj

l  vf/dre yackbZ gSA rkj osQ vius Hkkj osQ dkj.k mRiUu izfrcy = 
W

A
= ρlg= Hkatu

izfrcy

fn;k x;k gS Hkatu izfrcy = 4.0 x 108 Nm–2. vr%

l = 
8 –2

3 –3 –2

4.0 × 10 Nm

(7.9×10 kg m ) (9.8 ms )

= 0.05 × 105 m

= 5 × 103 m = 5 km.

vc vki ,d fojke ysdj viuh izxfr dh tk¡p dj ldrs gSaA
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ikBxr iz'u 8.1

1. varj&vk.kfod cyksa dh izo`Qfr fdl izdkj izHkkfor gksxh ;fn fdlh oLrq ij yxk;k
x;k fojQid cy (i) varj&vk.kfod i`FkDdj.k dks c<+krk gSA (ii) varj&vk.kfod
i`FkDdj.k dks ?kVkrk gS\

2. ;fn fdlh NM+ osQ ,d fljs dks n`<+rkiwoZd tdM+ fn;k tk; vkSj blosQ nwljs fljs
osQ vuqizLFk ifjPNsn ij yEcor cy yxk;k tk, rks izfrcy ,oa foo`Qfr fdl izdkj
dh gksxh\

3. /krq rkj osQ de fo:i.k osQ fy, izfrcy@ foo`Qfr dk vuqikr fLFkj jgrk gSA tc
fo:i.k vfèkd gks tkrk gS] rks crkb, fd ;g vuqikr ?kVsxk ;k c<+sxk\

4. fdu ifjfLFkfr;ksa esa izfrcy dks Hkatu izfrcy dgk tkrk gS\

5. ;fn 4 kg nzO;eku dks mQèokZ/j 4 m yEcs o 0.64 mm O;kl osQ rkj ls yVdkus ij
bldh yackbZ esa 0.60 mm dh o`n~f/ gksrh gS] rks ruu izfrcy vkSj foo`Qfr Kkr djsaA

8.3 gqd dk fu;e

1678 esa jkcVZ gqd us dbZ Bksl inkFkksZa osQ fy, iz;ksx djosQ foo`Qfr vkSj izfrcy oØ izkIr
fd, vkSj izR;kLFkrk dk fu;e izfrikfnr fd;kA mUgha osQ uke ij bl fu;e dks gqd dk
fu;e dgrs gSaA bl fu;ekuqlkj] izR;kLFkrk lhek esa izfrcy foÑfr osQ lekuqikrh gksrk gSA

vFkkZr] izfrcy α foÑfr

;k
ifz rcy

fooQ̀fr
 = fLFkjk¡d (E) (8.2)

fdlh inkFkZ dh izR;kLFkrk dk ekid fLFkjkad lekuqikfrdrk E
dks izR;kLFkrk xq.kkad (modulus of elasticity) dgk tkrk gSA
D;ksafd foÑfr vfoeh; jkf'k gS] vr% izR;kLFkrk xq.kkad dh foek
(;k ek=kd) Hkh izfrcy dh Hkkafr gh gSaA bldk eku izfrcy
rFkk foÑfr ij fuHkZj ugha djrk] ysfdu ;g oLrq dh izÑfr
ij fuHkZj djrk gSA bls ns[kus osQ fy, vki fuEufyf[kr
fØ;kdyki dj ldrs gSaA

fØ;kdyki 8.1

,d LVhy dh fLizax ysdj bldk mQijh fljk nhokj esa yxs fdlh
n`< voyac ls fLFkj dj nhft, vkSj blosQ fdukjs ij ,d ehVj
LosQy yxk nhft, (fp=k 8-11)A blosQ fupys fljs ij 100

fp=k. 8.11:gqd osQ fu;e
osQ fy,
midj.k
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xzke dk ,d Hkkj yVdk nsa (100gm Hkkj yxHkx 1N cy osQ rqY; gksrk gS)A bl cy
osQ dkj.k fLizax esa gqbZ yEckbZ esa o`f¼ dks ekisaA vc bl ij 100&100 xzke osQ Øe eas
Hkkj c<+krs tk,A izR;sd ckj fLizax eas gqbZ yEckbZ dh o`f¼ dks ekisaaA bl izdkj 500 xzke
rd Hkkjksa dks c<+kus rd osQ izs{k.k ysaA vc Hkkj vkSj yackbZ esa o`f¼ dk vkjs[ku djsaA xzkiQ
dh vko`Qfr oSQlh gS\ D;k ;g gqd osQ fu;e dk ikyu djrk gS\ xzkiQ ,d lhèkh js[kk
gksuh pkfg,A ;g bafxr djrk gS fd Hkkj rFkk foLrkj.k dk vuqikr fLFkj gSA bl fØ;k dks
jcM+ osQ rkjksa vkSj vU; inkFkksZaa osQ lkFk nksgjkb,A

vkidks ;g tkudkjh gksuh pkfg, fd gqd osQ fu;e dk ikyu djus okys inkFkZ fLizax rqykvksa
;k cy ekidksa osQ :i esa iz;qDr gksrs gSa tSlk fp=k 8-11esa n'kkZ;k x;k gSA vkius ns[kk gksxk
fd tc Hkh iyM+s esa Hkkj j[kk tkrk gS] rks fLizax dh yackbZ c<+rh gSaA yackbZ esa ;g o`f¼
,d laosQrd }kjk iSekus ij n'kkZbZ tkrh gS vkSj cy (Hkkj) esa o`f¼ ekiu osQ fy, iz;ksx
dh tk ldrh gSA

jkWcVZ gqd
(1635 – 1703)

l=kgoha 'krkCnh osQ es/koh iz;ksxdrkZ jkWcVZ gqd] U;wVu osQ ledkyhu
FksA mudh fofo/ {ks=kksa esa :fp;k¡ Fkha vkSj mUgksaus HkkSfrdh] [kxksfydh
rduhdh foKku] tho foKku] HkwfoKku] thok'e foKku] LFkkiR;dyk
vkSj leqnz;ku rduhdh osQ {ks=k esa ;ksxnku fn;kA blosQ vykok mUgsa
loZfn'kh lafèk] 'old dk izkjafHkd Lo:i] vkbfjl Mk;izQke] ?kafM;ksa
osQ fy, larqyd] fLizax o ?kM+h dk og iqtkZ tks lcls NksVs ifg,s osQ

,d nk¡rs dks gVkrk gqvk xfr mRiUu djrk gS& cukus dk Js; tkrk gSA 1666 esa yanu
us yxh cM+h vkx osQ ckn izeq[k losZ{kd osQ :i esa bUgsa yanu osQ iqufuekZ.k dk Js;
tkrk gSA mUgksaus izR;kLFkrk osQ fu;e dk izfriknu fd;k vkSj ngu dk leqfpr fl¼kar
fn;kA bUgksaus ekSle lacaèkh midj.kksa dh [kkst dh vkSj muesa lqèkkj Hkh fd;k tSls nkcekih]
iou osxekih vkSj vknzZrkekih)A

8.3.1 izR;kLFkrk xq.kk¡d

fiNys [k.Mksa esa vki i<+ pqosQ gSa fd foo`Qfr rhu izdkj dh gksrh gSA vr% ;g Li"V gS
fd rhu foo`Qfr;ksa osQ vuq:i rhu izR;kLFkrk&xq.kkad gksus pkfg,&jSf[kd foo`Qfr osQ fy,
;ax dk xq.kkad vk;ru foÑfr osQ fy, vk;ru izR;kLFkrk xq.kkad vkSj vi:i.k foo`Qfr
osQ fy, vi:i.k xq.kkad ;k n`<+rkad (moodulus of rigidity)A

(i) ;ax dk xq.kkad: vuqnSè;Z izfrcy vkSj vuqnSè;Z foo`Qfr osQ vuqikr dks oLrq dk ;ax
dk xq.kkad dgk tkrk gSA eku yhft, yackbZ lvkSj vuqizLFk ifjPNsn osQ {ks=kiQy A

okys rkj ij ,d vuqnSè;Z cy yxk;k tkrk gSA bl cy F osQ dkj.k rkj f[kaprk gSA

eku yhft, blosQ iQyLo:i rkj dh yackbZ esa ifjorZu ΔL gks tkrk gSA
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rc]

vuqnSè;Z izfrcy = 
F

A

vkSj vuqnS?;Z foo`Qfr = 
ΔL

L

vr% ;ax dk xq.kkad  Y = 
Δ /

F/A

L L
 = 

×

×Δ
F L

A L

;fn ;g rkj ,d n`<+ vk/kj ls mQèokZ/j yVdk;k tk, vkSj ,d nzO;eku M blosQ ,d
fljs ij yVdk;k tk, rFkk rkj dh f=kT;k r gks rks]  A = πr2 vkSj  F = M g.

∴ Y = 2p D

M g L

r L (8.3)

Y osQ SI ek=kd gSa N m–2A ;ax osQ xq.kkad dk eku oqQN fof'k"V nzO;ekuksa osQ fy, rkfydk la[;k
8-1 esa fn;k x;k gSA blls irk pyrk gS fd rk¡cs dh rqyuk esa bLikr dgha vf/d izR;kLFk gksrk
gSA

lkj.kh 8-1 oqQN fof'k"V nzO;ekuksa osQ fy, ;ax dk xq.kkad

(ii) vk;ru izR;kLFkrk xq.kk¡d: vfHkyEc izfrcy rFkk vk;ru foo`Qfr osQ vuqikr dks oLrq
dk vk;ru izR;kLFkrk xq.kk¡d dgrs gSaA

;fn ΔP nkc o`f¼ osQ dkj.k oLrq osQ vk;ru V  esa] fcuk vkdkj ifjorZu osQ  ΔV dh
deh gksrh gS] rks

vfHkyEc izfrcy = ΔP

vk;ru foo`Qfr = ΔV/V

vk;ru izR;kLFkrk xq.kkad  B = 
/

Δ Δ
Δ Δ

=
P P

V
V V V

(8.4)

inkFkZ dk
uke Y (109Nm–2)

,yqehfu;e 70

rk¡ck 120

yksgk 190

bLikr 200

dk¡p 65

vfLFk 9

iksyhLVªhu 3



 227HkkSfrdh

Bksl ds izR;kLFk xq.k ekWM~;wy  - 2
Bkslksa ,oa rjyksa dh ;kaf=kdh

fVIif.k;k¡

fdlh oLrq osQ vk;ru izR;kLFkrk xq.kkad osQ O;qRØe dks laihM~;rk dgk tkrk gSA ;fn laihM~;rk
dks k ls n'kkZ,¡ rks

k = 
1

B
 = 

1

V
 

Δ
Δ

V

P
(8.5)

xSals lcls vf/d laihM~; vkSj lcls de izR;kLFk gksrh gSa] tcfd Bksl lcls de laihM~;
vkSj lcls vf/d izR;kLFk gksrs gSaA

 B
Bksl

> B
nzo

> B
xSl

(iii) n`<+rkad ;k vijQi.k xq.kkad: vi:i.k izfrcy vkSj vi:i.k foo`Qfr osQ vuqikr
dks oLrq osQ inkFkZ dk n`<+rkad ;k vi:i.k xq.kkad dgk tkrk gSA

;fn Li'kZa js[kh; cy  F {ks=k A ij dk;Z djs vkSj θ vi:i.k foo`Qfr gks] rks

n`<+rk¡d η = 
vi:i.k ifz rcy
vi:i.k ifz rcy

 = 
/F A

θ
 = 

θ
F

Α (8.6)

vkidks ;g Kkr gksuk pkfg, fd Bksl ,oa rjy nksuksa osQ vk;ru izR;kLFk xq.kk¡d gksrs gSaA
ysfdu rjyksa osQ fy, ;ax xq.kkad vkSj foo`Qfr xq.kkad ugha gksrs D;ksafd ,d rjy ruu izfrcy
;k vi:i.k izfrcy dks lgu ugha dj ldrk gSA

mnkgj.k 8.3 : ,d 0.1 cm2 vuqizLFk ifjPNsn {ks=kiQy okyh ,d LVhy dh rkj dh yackbZ
dks 50%. c<+kus osQ fy, vko';d cy dh x.kuk djsaA fn;k gS Y = 2 × 1011 N m–2.

gy : rkj dh yackbZ esa o`f¼ = 50%. ;fn ΔL yackbZ esa o`f¼ vkSj L rkj dh lkekU; yackbZ
gks rks

 
ΔL

L
 = 

1

2

∴ Y = 
×

×Δ
F L

A L

;k F = 
Y × × ΔA L

L
 = 

11 – 2 –4 2(2 10 Nm ) (0.1 10 m ) 1

2

× × ×

=  0.1 × 107 N = 106 N

mnkgj.k 8.4 : tc ,d Bksl jcM+ dh xsan dks >hy dh lrg ls mlosQ uhps ry rd yk;k
tkrk gS rks blosQ vk;ru esa 0.0012 %. dh deh gksrh gS! >hy dh xgjkbZ 360 m, gSA >hy
ty dk ?kuRo 103 kgm–3 gS vkSj xqjQRo tfur Roj.k 10 m s–2. gSA jcM++ dk vk;ru izR;kLFk
xq.kkad fudkfy,A
gy :

xsan ij nkc dh o`f¼ P = hρg = 360m × 103 kgm–3 × 10 ms–3

= 3.6 × 106 Nm–2
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vk;ru foo`Qfr = 
ΔV

V
 = 

0.0012

100
 = 1.2 × 10-5

vk;ru izR;kLFk xq.kkad B =  
Δ
PV

V
  =  

6

–5

3.6 10

1.2 10

×
×  = 3.0 × 1011 Nm–2

8.3.2  Ioklksa vuqikr (Poisson's Ratio)

vkius è;ku fn;k gksxk fd tc ,d jcM+ dh V~;wc dks bldh yackbZ dh fn'kk esa [khapk
tkrk gS rks blosQ O;kl esa laoqQpu gks tkrk gS (fp=k 8-12)A ;g rkj osQ fy, Hkh lR;
gSA gkykafd ;g mruk Li"V n`f"Vxkspj ugha gksrk gSA rkj dh yackbZ yxk, x, cy dh fn'kk

esa c<+rh gSA laoqQpu blesa yac fn'kk esa gksrk gSA iz;qDr
cy osQ yac fn'kk dh foo`Qfr dks ik'oZ foo`Qfr dgrs
gSaA Ioklksa us n'kkZa;k fd izR;kLFkrk lhek osQ varxZr ik'oZ
foo`Qfr vuqnSè;Z foo`Qfr dh lekuqikrh gksrh gSA

fdlh oLrq osQ inkFkZ osQ fy, ik'oZ foo`Qfr ,oa vuqnSè;Z
foo`Qfr dk vuqikr fLFkjkad gksrk gS] bls Ioklksa vuqikr
dgk tkrk gS vkSj ;g ;wukuh v{kj σ (flXek) }kjk n'kkZ;k
tkrk gSA ;fn  α vkSj β Øe'k% vuqnSè;Z vkSj ik'oZ foo`Qfr;k¡
gks rks Ioklksa vuqikr

σ = β / α.

;fn l yackbZ vkSj d O;kl osQ rkj (naM ;k uyh) ij ruu
cy osQ yxkus ls mldh yackbZ esa Δ l  dh o`f¼ vkSj O;kl
esa  Δd, dh deh gks tk, rks

  jSf[kd foo`Qfr  = 
Δl
l

ik'oZ foo`Qfr β = 
d

d

Δ

Ioklksa vuqikr σ =  
d/dΔ

Δ /l l
 = 

d

l
 

dΔ
Δl

(8.7)

pwafd Ioklksa vuqikr nks foo`Qfr;ksa dk vuqikr gS] ;g foekghu jkf'k gS vkSj ,d 'kqn~/ la[;k
gSA

Ioklksa vuqikr dk eku osQoy nzO; dh izo`Qfr ij fuHkZj djrk gS vkSj vf/dka'k inkFkksZa osQ
fy, ;g 0-2 vkSj 0-4 osQ chp jgrk gSA tc fdlh oLrq ij nkc Mkyus ls mlosQ vk;ru
esa ifjorZu ugha gksrk] vFkkZr~ oLrq iw.kZr;k vlaihM~; gksrh gS] rks Ioklksa vuqikr dk eku
vf/dre gksrk gS vFkkZr~ 0-5A lS¼kfUrd :i ls Ioklksa vuqikr dk eku –1.0 vkSj 0-5
osQ chp gksrk gSA

Fig:  8.12  : ,d f[kaph gqbZ
jcM+ dh V~;wc
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8.3.3 izR;kLFk mQtkZ

tc fdlh fLiazx dks nck;k ;k [khapk tkrk gS] rks bldk foU;kl cny tkrk gS vkSj blesa
dk;Z djus dh {kerk vk tkrh gSA

izR;kLFk mQtkZ fLFkfrt mQtkZ dk ,d izdkj gS tks fLiazx tSlh izR;kLFk oLrqvksa ds laihMu
;k foLrkj ls lacaf/r gSA ;gka ij lac¼ cy fLiazx cy gSA ;fn ge fdlh fLaizx dks nck;sa
;k [khaps rks fLaizx ds isQjksa dh lkis{k fLFkfr ifjo£rr gksrh gSA jcM+ V~;wc ds izdj.k esa
fofHkUu ijrksa dh lkis{k fLFkfr ifjo£rr gksrh gSA ,d izR;ku;u cy bl ifjorZu dk fojks/
djrk gS ftlds ifj.kke Lo:i gekjs }kjk fd;k x;k dk;Z fLizax vFkok blh izdkj dh oLrqvksa
dh fLFkfrt mQtkZ esa o`f¼ dj nsrk gSA

eku yhft, fdlh fLizax dk fLizax&fu;rkad k gSA fdlh {k.k ;fn fLizax dks x nwjh rd
[khapk tkrk gS rks vkjksfir cy F = kx gksxkA (fp=k 8.3.3)

fp=k 8.3.3

;fn fLiazx dks iqu% dx nwjh rd [khapk tkrk gS (fp=k 8.3.3c) rks fd, x, vYi dk;Z
dks uhps fn, x, vuqlkj fy[kk tk ldrk gS%

dW = kx.dx

blhfy,] fLizax dks lkE;koLFkk ls r nwjh rd [khapus esa fd;k x;k dqy dk;Z (fp=k 8.3.3)
gksxk%

W =
2

2
0

0

1

2 2

⎡ ⎤
= =⎢ ⎥

⎣ ⎦
∫

r
r x
kxdx k kr

vr% izR;kLFk fLFkfrt mQtkZ]

21

2
U kr=
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fØ;kdyki 8.2

nks leku rkj ysaA fdlh ,d rkj dks FkksMk lk ejksM dj blesa FkksM+h nsj osQ fy, ,saBu okys
daiu iSnk djsaA oqQN le; i'pkr nwljs rkj esa Hkh blh izdkj osQ daiu iSnk djasA nksuksa rkjksa
osQ daiuksa dh {k; nj dk voyksdu djsaA

vki ik,¡xs fd yEcs le; ls daiu dj jgs rkj osQ daiu vf/d tYnh {k; gks tkrs gSaA
rkj esa ,d Jkafr mRiUu gks tkrh gS vkSj blesa oaQiuksa dk cus jguk eqf'dy gks tkrk gSA
bl ?kVuk dks izR;kLFk Jkafr dgrs gSA

izR;kLFkrk osQ fo"k; esa oqQN vkSj rF; :

1. ;fn ge oqQN mi;qDr izdkj dh v'kqn~f/;k¡ /krqvksa esa feyk,a rks muosQ izR;kLFk
xq.kksa esa ifjorZu gksrk gS mnkgj.k osQ fy,] ;fn yksgs esa dkcZu ;k lksus esa iksVSf'k;e
feyk fn;k tk,] rks blls yksgs ;k lksus dh izR;kLFkrk c<+ tkrh gSA

2. rki osQ c<+us ls inkFkksZa dh izR;kLFkrk ?kVrh gSA mnkgj.k osQ rkSj ij] dkcZu lkekU;
rki ij vR;f/d izR;kLFk gSA tc blesa fo|qr/kjk izokfgr djosQ bls xje fd;k
tkrk gS rks ;g lq?kV~; cu tkrk gSA blh izdkj IykfLVd dks nzo gok esa BaMk djus
ij ;g vR;f/d izR;kLFk gks tkrk gSA

3. izR;kLFkrk xq.kkad izfrcy ;k foÑfr ij fuHkZj ugha djrkA ;g osQoy oLrq osQ inkFkZ
dh izÑfr ij fuHkZj djrk gSA

mnkgj.k 8.5: ,d 20 cm  Hkqtk okys /krq osQ ?ku ij ,d 104 Nm–2 ifjek.k dk vi:id
cy yxk;k tkrk gSA ;fn ?ku dk mQijh fgLlk fupys fgLls dh rqyuk esa 0.01 cm foLFkkfir
gksrk gS rks n`<+rkad Kkr dhft,A

gy : vi:id izfrcy = 104 Nm–2 fn;k x;k gS  Δx = 0.01 cm,

vkSj    y = 20 cm

∴ vi:id foo`Qfr = 
x

y

Δ
 = 

0.01cm

20 cm

vr% = 0.005

n`<+rkad  η = 
vi:id  ifz rcy

vi:id  fooQ` fr
 = 

4 –210 Nm

.0005

      =  2 × 107 N m–2
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mnkgj.k 8.6 : 10 kg  nzO;eku dks 5 m yacs vkSj 1 mm O;kl osQ rk¡cs osQ rkj osQ fljs
ls yVdk;k tkrk gSA yackbZ esa o`f¼ ,oa ik'oZ foo`Qfr dh x.kuk djsaA ;fn Ioklksa vuqikr
0.25. o ;ax xq.kkad Y = 11 × 1010 N m–2.

gy : ;gk¡ L= 5 m, r = 0.05 × 10-3 m,  y =  11 × 1010 Nm–2  F  = 10 × 9.8 N, vkSj

      σ  =  0.25.

rkj esa mRiUu foLrkj.k

Δ l = 2

.
Y

F

rπ
l

 = 
– 2

–3 2 10 – 2

(10 kg) × (9.8ms ) × (5m)

3.14 (0.5×10 m) × (11×10 Nm )

= 4

490

8.63 10×
 m

= 5.6 × 10-3 m

vuqnSè;Z foo`Qfr = α = 
Δl
l

= 
-35.6 10

5 m

m×

= 1.12 × 10-2

Ioklksa vuqikr (σ) = 
(β)

( )

ik'oZ fooQ̀fr
vuqnèS ;Z fooQ̀fr α

∴ ik'oZ foo`Qfr β = σ × α

= 0.125 × 1.12 × 10-2

= 0.14 × 10–3.

vc vki ,d fojke yas vkSj viuh izxfr dh tk¡p djsaA

ikBxr iz'u 8.2

1. D;k vuqnSè;Z izfrcy vkSj ;ax&xq.kkad osQ ek=kd ,d gh gSa\ vius mÙkj dks dkj.k
lfgr Li"V djsaA

2. Bksl inkFkZ nzoksa ,oa xSlksa ls vf/d izR;kLFk gSaA bldk vkSfpR; fl¼ dhft,A

3. ,d rkj dh yEckbZ dkV dj vk/h dj nh tkrh gSA ,d fn, x, Hkkj }kjk bldh
yackbZ esa o`f¼ fdl izdkj izHkkfor gksxh\
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4. nks rkj ,d gh /krq osQ cus gSaA igys rkj dh yackbZ nwljs rkj dh vk/h gS vkSj bldk
O;kl igys rkj ls nks xquk gSA ;fn nksuksa rkjksa ij leku Hkkj yVdk, tk,a rks mudh
yackbZ esa o`f¼;ksa dk vuqikr D;k gksxk\

5. ,d rkj ij 8 21 10 N m−×  dk izfrcy yxkus ij bldh yackbZ esa 10μ3 xquk o`f¼
gksrh gSA rkj osQ inkFkZ osQ ;ax xq.kkad dh x.kuk dhft,A

6. 100 N m–1  fLizax fu;rkad ds fdlh fLizaax dks 10 cm dh nwjh rd [khapus ij blesa
HkaMkfjr izR;kLFk fLFkfrt ÅtkZ dk ifjdyu dhft,A

 oLrqvksa osQ izR;kLFk O;ogkj osQ mi;ksx

oLrqvksa osQ izR;kLFk O;ogkj dh gekjs nSfud thou esa ,d
egRoiw.kZ Hkwfedk gSA naM ,oa LraHk gekjs okLrqdyk lacaèkh
<k¡pksa osQ egRoiw.kZ fgLls gSaA ,d lkekaxh NM+ ftldk ,d
fljk {kSfrt :i esa tdM+k jgrk gS vkSj ftlosQ nwljs fljs
ij Hkkj yVdk jgrk gS oSQUVhyhoj dgykrh gSA (fp=k i)
½f"kosQ'k esa y{e.k >wys dk fuyach lsrq vkSj dksydrk dk fo|klkxj lsrq dSUVhyhoj
osQ vkèkkjksa ij fLFkr gSaA

,d oSQUVhyhoj ftldh yackbZ l pkSM+kbZ b vkSj eksVkbZ d gks vkSj blosQ eqDr fljs ij
M nzO;eku gks rks dSUVhyhoj dk voueu (δ) bl izdkj O;Dr fd;k tk ldrk gS%

3

3

4δ =
γ

lM g

b d

vc ;g ljyrk ls le> esa vk ldrk gS fd xMZlZ rFkk jsy iVfj;ks a dk vuqizLFk
ifjPNsn I-vko`Qfr dk D;ks a j[kk tkrk gS (fp=k ii)A nwljs ?kVd leku jgus
ij δ α d–3A vr% eksVkbZ c<+kus ls] ge leku Hkkj osQ fy, voueu vfèkd
izHkko'kkyh <ax ls de dj ldrs gS aA blls inkFkZ dh dkiQh cpr gksrh gS vkSj
che dh 'kfDr esa dksbZ deh ugha vkrh] tcfd che nksuks a vksj ls dlh gks
vkSj blesa chp esa Hkkj yxk gks (fp=k iii)] eè; fcanq dk voueu gksxk

3

34
δ

γ
=

lM g

b d

(i)

(iii)
(ii)
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vr% ,d fn, x, Hkkj osQ fy,] ge ,sls inkFkZ dk p;u djsaxs ftldk ;ax
xq.kk¡d Y vf/d gks vkSj eksVkbZ vf/d gks rkfd δ dk eku de j[kk tk
losQA rFkkfi] ,d xgjh che esa ,saBus dh izo`fRr gks ldrh gS (fp=k iv)A
bls Vkyus osQ fy,] ,d cM+k Hkkj ogu djus okyh lrg cukbZ tkrh gSA I-

vko`Qfr osQ vuqizLFk ifjPNsn esa ;s nksuksa vko';drk,¡ iwjh gks tkrh gSaA

Øsuksa esa] ge Hkkjh lekuksa dks ,d LFkku ls gVkdj nwljs LFkku ij ys tkus
osQ fy, eksVh èkkfRod jTtq dk iz;ksx djrs gSaaA 300 esxk ikLdy ijkHko {kerk
(yield strength) dh LVhy dh jTtq ls nl ehfVªd Vu osQ Hkkj dks mBkus osQ
fy, LVhy jTtq dk vuqizLFk ifjPNsn dh f=kT;k de ls de 10 cm gksuh
pkfg,A bruh f=kT;k dk vosQyk rkj ,d n`<+ NM+ osQ leku O;ogkj djsxkA blfy,
bu jTtqvksa dks cgqr ls irys rkjksa dks xqafiQr djosQ cuk;k tkrk gSA bls cukus esa vklkuh
gksrh gS] ,slh jTtq vf/d yphyh vkSj 'kfDr'kkyh gksrh gSA

D;k vki tkurs gSa fd i`Foh ij ,d ioZr dh vf/dre m¡QpkbZ yxHkx 10 km gks
ldrh gS_ vU;Fkk blosQ Hkkj osQ dkj.k blosQ uhps dh pV~Vkus fo:fir gks tk,¡xhA

vkius D;k lh[kk

oLrq esa vo:i.k mRiUu djus okyk cy fo:id cy dgykrk gSA

oLrq esa fo:i.k gksus ij mleas vkrafjd izR;ku;u cy mRiUu gksrk gSA fo:id cy
gVk ysus ij oLrq viuh ewy vko`Qfr vkSj vkeki (size) esa okil vk tkrh gSA

fo:i.k cy osQ gVus ij oLrq osQ ml xq.k dks ftlls mldk ewy Lo:i rFkk vkeki
cuk jgrk gS] izR;kLFkrk dgrs gSaA

fo:id cy dks gVk ysus osQ ckn tks oLrq iw.kZ :i ls vius ewy vkeki vkSj :i
esa ykSV vkrh gS] mls iw.kZ izR;kLFk oLrq dgk tkrk gSA

;fn oLrq iw.kZ :i ls viuk ifjofrZr #i cuk, j[ks rks og iw.kZ lq?kV~; inkFkZ dh
cuh (IykfLVd) dgh tkrh gSA

izfrcy] vkarfjd izR;ku;u cy osQ izfr bdkbZ {k s=kiQy osQ cjkcj gksrk gSA
bldk ek=kd Nm–2 gSA

fod`fr] foek esa izfr bdkbZ foek ifjorZu (tSls yackbZ] vk;ru ;k vkÑfr) osQ cjkcj
gksrh gSA foo`Qfr dk dksbZ ek=kd ugha gSA

lkekU; voLFkk esa fdlh ijek.kq ij ldy varjkijek.kq cy 'kwU; gksrk gSA ;fn ijek.kqvksa
osQ chp ikFkZD; nwjh leku voLFkk dh ikFkZD; nwjh ls vf/d gksrh gS rks varjkijek.kq
cy vkd"khZ gksrs gSaA ;fn ikFkZD; de gks rks cy izfrd"khZ gksrs gSaA

izfrcy dk og vf/dre eku tgk¡ rd oLrq osQ izR;kLFk xq.k fo|eku jgrs gSa] izR;kLFk
lhek dgykrk gSA izR;kLFk lhek osQ ijs oLrq dk O;ogkj lq?kV~; (IykfLVd) oLrq dh rjg
gks tkrk gSA

(iv)
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gqd dk fu;e crkrk gS fd izR;kLFkrk dh lhek esa] oLrq esa mRiUu izfrcy foo`Qfr
osQ lekuqikrh gksrk gSA

;ax xq.kkad vuqnSè;Z izfrcy vkSj vuqnSè;Z foo`Qfr dk vuqikr gksrk gSA

vk;ru izR;kLFkrk xq.kk¡d] vfHkyac izfrcy vkSj vk;ru foo`Qfr dk vuqikr gksrk gSA

ik'oZ foo`Qfr vkSj vuqnSè;Z foo`Qfr osQ vuqikr dks Ioklksa vuqikr dgk tkrk gSA

fdlh fLizax dks [khapus esa fd;k x;k dk;Z mlesa izR;kLFk fLFkfrt ÅtkZ ds :i esa HkaMkfjr
gks tkrk gSA

ikBkar iz'u

1. izR;kLFkrk dh ifjHkk"kk nhft,A izR;kLFk ,oa lq?kV~; oLrqvksa osQ mnkgj.k Hkh nsaA
2. izfrcy] foo`Qfr ,oa gqd osQ fu;e dh O;k[;k djsaA
3. varjk&vk.kfod cyksa oQh lgk;rk ls nzO; osQ izR;kLFk xq.kksa dh O;k[;k dhft,A
4. ;ax xq.kk¡d] vk;ru izR;kLFk xq.kk¡d vkSj n`<+rkad dks ifjHkkf"kr djsaA
5. izfrcy foÑfr xzkiQ dh lgk;rk ls c<+rs Hkkj osQ lkFk /kfRod rkj osQ O;ogkj dh

O;k[;k djsaA

6. LVhy] jcM+ ls vf/d izR;kLFk D;ksa gksrk gS\

7. Ioklksa vuqikr dk dksbZ ek=kd D;ksa ugha gksrk gS\

8. nzO; dh rhu voLFkkvksa vFkkZr Bksl] nzo vkSj xSl esa dkSu lcls vf/d izR;kLFk gksrk
gS vkSj D;ksa\

9. 4 m yacs vkSj 1mm O;kl okys /krq dk rkj 4 kg Hkkj }kjk [khapk tkrk gSA mRiUu
vuqnSè;Z o`f¼ (yackbZ esa o`f¼) Kkr dhft,A ;fn rkj osQ inkFkZ osQ fy, Y, 13.78

× 1010 N m–2.gksA

10. ,d xksys dk vk;ru mls leqnz es a 1 km uhps] xgjkbZ es a ys tkus es a 0.02%

de gks tkrk gSA xksys osQ inkFk Z dk vk;ru izR;kLFk xq.kk ¡d Kkr djs aA vki
leqnz osQ ty dk ?kuRo 1000 kg m–3 and g = 9.8m s–2 eku ldrs gS aA

11. ,d  0.2 mm. f=kT;k okys rkj dh yackbZ esa 0.2% dh o`f¼ djus osQ fy, fdrus cy
dh vko';drk gksxh\ ;fn Y = 9 × 1010 N m–2.

12. vo:i.k izfrcy] vo:i.k foo`Qfr vkSj n`<+rk¡d D;k gSa\

13. 10 cm Hkqtk okys ?ku dh mQijh lrg ij tc 5 × 105 N Li'khZ; cy yxk;k tkrk gS] rc
mldh mQijh lrg 2 mm lekUrj :i esa gV tkrh gS] tcfd uhps dh lrg dks fLFkj j[kk
tkrk gSA foòQfr dh x.kuk dhft,A

14. izR;kLFkrk osQ xq.k dk gekjs thou esa cgqr egRo gSA lq?kV~;rk gekjh lgk;rk oSQlh
djrh gS\
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15. L yackbZ vkSj r f=kT;k osQ rkj dk ,d fljk DySEl ls tqM+k gSA tc blosQ eqDr fljs
ij F cy yxkdj bls [khapk tkrk gS] rc bldh yackbZ esa  x  o`f¼ gks tkrh gSA mlh
inkFkZ osQ ,d nwljs rkj] ftldh yackbZ  2L gS] ij 2F cy yxk;k tkrk gSA crkb, bl
nwljs rkj dh yackbZ esa fdruh o`f¼ gksxh\

ikBxr iz'uksa osQ mÙkj

8-1

1. ;fn R > R
0 
, cy vkd"kZd izo`Qfr dk vkSj ;fn R < R

0
 rks fod"kZd (izfrd"khZ) izo`Qfr

dk gksxkA

2. vuqnSè;Z izfrcy vkSj js[kh; foo`Qfr (vuqnSè;Z foo`Qfr)

3. vuqikr de gksxkA

4. foHkatu fcanq osQ laxr izfrcy dks Hkatu izfrcy dgrs gSaA

5. 0.12 × 1010N m–2.

8-2

1. nksuksa osQ ek=kd ,d gh gSa] D;ksafd foo`Qfr dk dksbZ ek=kd ugha gSA

2. D;ksafd nzoksa o xSlsa dh laihM~;rk Bksl inkFkksZa dh vis{kk vf/d gS vkSj vk;ru izR;kLFk
xq.kkad laihM~;rk dk O;qRØekuqikrh gksrk gSA blfy, Bksl nzoksa ,oa xSlksa dh vis{kk vf/
d izR;kLFk gSA

3. vk/k

4. 1 : 8

5. 1 × 1011N m– 2.

6. 1 J

ikBkar iz'uksa osQ mÙkj

9. 0.15 m.

10. 4.9 × 10–10 N m–2

11. 22.7 N

13. 2 × 10–2

15. x.
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9

rjy inkFkksZa osQ xq.k

fiNys vè;k; esa vius i<+k fd Bksl inkFkksZa dh izR;kLFkrk dk fu/kZj.k varjk&v.kqd cyksa
}kjk gksrk gSA D;k nzo vkSj xSlksa osQ fy, Hkh ,slk gh gksrk gSA (nzoksa vkSj xSlksa dks lfEefyr
:i ls] budh mi;qDr fLFkfr;ksa esa izokg dh izo`fRr osQ dkj.k rjy dgk tkrk gSA) D;k
vkius dHkh vius {ks=k] eaMy ;k izns'k esa unh ij cus ck¡/ dh cukoV dks ns[kk gS\ ;fn
ns[kk gS rks vkius ;g vo'; è;ku fn;k gksxk fd tSls&tSls ge xgjkbZ dh vksj tkrs gSa]
oSls&oSls nhokj dh eksVkbZ c<+rh gSA D;k vkius bl ckr osQ ihNs fufgr HkkSfrdh osQ fl¼kar
osQ ckjs esa lkspk\ blh izdkj D;k vki fo'okl dj ldrs gSa fd vki ,d gkbMWªkfyd fyÝV
osQ ,d IysViQkeZ ij [kM+s gksdj osQoy vius 'kjhj osQ Hkkj ls gh ,d dkj] Vªd ;k gkFkh
dks mBk ldrs gSA D;k vkius dHkh /qykbZ djus osQ fy, gkbMªkWfyd tSd osQ IysViQkeZ ij
fdlh dkj dks mBk;k x;k ns[kk gSA bls fdruh vklkuh ls mQij mBk fy;k tkrk gS\ vkius
;g Hkh ns[kk gksxk fd ePNj fLFkj ikuh osQ mQij cSB ;k py ldrs gSa ysfdu ge ,slk
ugha dj ldrs gSaA vki bu lHkh izs{k.kksa dh O;k[;k nzOkksa osQ xq.kksa tSls nzoLFkSfrd nkc] ikLdy
osQ fu;e ,oa ì"B ruko osQ vk/kj ij dj ldrs gSA bl vè;k; esa vki buosQ ckjs esa i<+saxsA

D;k vkius vuqHko fd;k gS fd vki ikuh dh vis{kk Hkwfe ij vf/d vklkuh ls py ldrs
gSaA ;fn vki fdlh ,d iQuy esa ty vkSj nwljh esa 'kgn mM+sysa rks vki ns[krs gS fd ty vf/
d vklkuh ls cgdj ckgj tk ldrk gSA bl vè;k; esa ge nzoksa osQ mu xq.kksa osQ ckjs esa tkusaxs
ftuosQ dkj.k muosQ izokg esa vUrj gksrk gSA vkius ns[kk gksxk fd dksey IykfLVd ;k jcj dh
uyh osQ [kqys eq¡g dks nckus ij mlesa cg jgk ty vf/d nwj tkdj fxjrk gSA D;k vki tkurs
gSa fd fØosQV osQ [ksy esa xsanckt xasn dks oSQls ?kqekrk gS\ gokbZ tgkt oSQls mB ikrk gS\ bu
lHkh euksjatd izs{k.kksa dh cuZwyh osQ fl¼kar osQ vk/kj ij O;k[;k dh tk ldrh gSA

mís';

bl vè;k; osQ vè;;u osQ ckn vki%

fdlh nzo dh fuf'pr xgjkbZ ij nzoLFkSfrd nkc dh x.kuk dj losaQxs_

mRIykodrk vkSj vkfdZfefMt osQ fu;eksa dk o.kZu dj losaQxs_
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ikLdy osQ fu;e dk o.kZu dj losaQxs rFkk gkbMªkWfyd izsl] gkbMªkWfyd fyÝV vkSj
gkbMªkWfyd czsd dh fØ;kfof/ dh O;k[;k dj ik,axsA

i`"B ruko o i`"B mQtkZ dh O;k[;k dj ik,axs_

osQf'kdk esa ty osQ p<+us osQ fy, O;atd izkIr dj losaQxs_

nzoksa osQ /kjk js[kh; rFkk iz{kqC/ izokg esa varj dj ik;saxs_

fdlh nzo osQ izokg osQ Økafrd osx o jsukYM la[;k dk ifjdyu dj ik,axs_

';kurk dks ifjHkkf"kr dj ik,axs vkSj nSfud thou dh oqQN ?kVukvksa oQh O;k[;k nzoksa
dh ';kurk osQ vk/kj ij dj ik,axs] rFkk

cuwZyh osQ fl¼kar dk o.kZu dj ik,axs vkSj blosQ vk/kj ij nSfud thou dh oqQN
?kVukvksa dh O;k[;k dj ik,axsA

9.1 nzoLFkSfrd nkc

vkius dkxtksa esa fiu yxkrs le; vuqHko fd;k gksxk fd ,d rh{.k uksd okyh fiu ls
dk;Z djuk ,d f?klh uksd okyh fiu ls dk;Z djus dh vis{kk vklku gSA ;fn uksd dk
{ks=kiQy vf/d gks rks vkidks vf/d cy iz;ksx djuk iM+sxk ;k ge ,sls Hkh dg ldrs
gSa fd ,d leku cy osQ fy, NksVs {ks=kiQy ij cy dk izHkko vf/d gksxkA bdkbZ {ks=kiQy
ij cy dk ;g izHkko nkc dgykrk gSA

fp=k 9-1 dks ns[ksaA ;g ,d ck¡/ osQ fdukjs dh nhokj dks n'kkZrk gSA è;ku nsa fd nhokj
ck¡/ osQ vkèkkj dh vksj vf/d eksVh gksrh pyh x;h gSA D;k ge ,slk vius edku dh
nhokjsa cukus osQ fy, Hkh djrs gSa\ ugha] edku dh nhokjksa dh eksVkbZ leku jgrh gSA D;k
vki bldk dkj.k tkurs gSa\

fp=k. 9.1 : ck¡/ osQ fdukjs dh nhokj

fiNys ikB ls vki tkurs gSa fd ,d fo:id cy osQ dkj.k Bksl inkFkksZa esa vi:id izfrcy
mRiUu gksrk gS D;ksafd varjk.kfod cyksa dk ifjek.k dkiQh vf/d gSA ysfdu rjy inkFkksZa
esa vi:id izfrcy mRiUu ugha gksrk vkSj tc fdlh oLrq oQks nzo esa MqCkk;k tkrk gS rks
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nzo osQ dkj.k cy oLrq dh lrg osQ yEcor dk;Z djrk
gS (fp=k 9-2)A lkFk gh nzo /kjd dh nhokj osQ izR;sd fcanq
ij Hkh yEcor dk;Z djrk gSA

nzo }kjk ,dkad {ks=kiQy ij yEcor~ yxk;k tkus okyk cy
(iz.kksn) nkc dgykrk gSA ftls P ls izdV djrs gSaA

vr%                  nkc P = 
i.z kkns

{ks=kiQy
(9.1)

nzo dh fLFkj voLFkk esa blosQ }kjk yxk;k x;k nkc nzoLFkSfrd
nkc dgykrk gSA

bldk SI ek=kd N m–2 gSA bls izQkalhlh oSKkfud Cyst ikLdy
(Blaise Pascal) osQ lEeku esa ikLdy dgk tkrk gS vkSj (Pa)

}kjk n'kkZ;k tkrk gSA

9.1.1 nzo osQ vanj fdlh fcUnq ij nzoLFkSfrd nkc

eku yhft, ,d crZu esa ty Hkjk gSA bl ty osQ vanj
,d csyukdkj oLrq dh dYiuk djsa ftlosQ vuqizLFk
ifjPNsn dk {ks=kiQy A  gS] vkSj mQ¡pkbZ h gS fp=k (9-3)A
ekuk fd csyu osQ vk/kj (uhps) vkSj mQij dh lrg ij
nzo }kjk yxk;k tkus okyk nkc Øe'k% P

1
 vkSj P

2
 gSA vr%

nzo }kjk csyu osQ ry ij mQij dh vksj vkjksfir cy P
1
A

vkSj 'kh"kZ ij vkjksfir cy (uhps dh vksj) P
2
 A

vr% mQij dh vksj yxus okyk oqQy cy (P
1
A – P

2
A)

csyu (flfyaMj) esa nzo dk nzO;eku
= ?kuRo × csyu dk vk;ru
= ρ. A. h
tgk¡ ρ nzo dk ?kuRo gS

∴ csyu esa nzo dk Hkkj =  ρ. g. h. A
D;ksafd csyu lkE;koLFkk esa gSA blfy, bl ij yxus okyk ifj.kkeh cy 'kwU; gksuk pkfg,A
vFkkZr~

P
1
 A

   
 – P

2
A – ρ g h  A = 0

⇒ P
1  

– P 
2

= ρ g h (9.2)

vr% mQ¡pkbZ  h osQ nzo osQ LraHk osQ }kjk ry ij yxus okyk nkc

P =  ρ g h

vFkkZr fdlh rjy osQ dkj.k nzoLFkSfrd nkc xgjkbZ osQ lkFk jSf[kd :i ls cnyrk gSA blh
dkj.k ck¡/ dh nhokj uhps dh vksj pkSM+h gksrh pyh tkrh gSA

fp=k. 9.2 : Mwch gqbZ oLrq ij
rjy inkFkZ }kjk
vkjksfir cy

fp=k. 9.3 :nzo esa h mQ¡pkbZ dk
,d dkYifud csyu
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;fn ge csyu osQ mQijh fgLls osQ ry dks nzo dh eqDr lrg ij eku ysa tSlk fd fp=k
9-4 esa n'kkZ;k x;k gS rc  P

2  
 dh txg ok;qe.My nkc dk eku j[kk tk;sxkA

;fn ge  P
1
dks P ls n'kkZ;sa rks ry ls fdlh xgjkbZ h ij oqQy nkc

P – P
atm

 + ρ g h

;k P = P
atm

 + ρ g h (9.3)

fp=k. 9.4 : nzo esa csyu ftldk ,d i`"B nzo dh eqDr lrg ij gSA

è;ku nsa fd lehdj.k  (9.3) esa {ks=kiQy A ugha vkrkA bldk vFkZ ;g gqvk fd ,d nh xbZ
xgjkbZ ij nkc dk eku crZu dh vko`Qfr ij fuHkZj ugha djrk gS (fp=k 9-5)A

fp=k- 9.5 : nkc crZu dh vko`Qfr ij fuHkZj ugha djrk gS

vc vki uhps fn;s x, mnkgj.k dks lko/kuh ls i<+saA bldh lgk;rk ls vkidh nkc lacaèkh voèkkj.kk
n`<+ cu tk;sxhA

mnkgj.k 9.1: lhesUV dh 1 ehVj eksVh nhokj 105 N m–2. nkc lgu dj ldrh gSA 100
ehVj xgjs ty osQ ck¡/ osQ vk/kj ij nhokj dh eksVkbZ fdruh gksuh pkfg,\ ty dk ?kuRo
= 103 kg m–3 vkSj g = 9.8 m s–2.

gy: ck¡/ osQ ry ij ik'oZ dh nhokj ij nkc
P = h ρ  g

= 100 × 103× 9.8
= 9.8 × 105 Nm–2
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,sfdd fof/ dk iz;ksx djus ij] ge nhokj dh eksVkbZ Kkr dj ldrs gSa tks fd  9.8×105

Nm–2. nkc dks lgu dj losQ
nhokj dh vko';d eksVkbZ (ehVj esa)

t = 
59.8 10

510

× –2

–2

Nm

Nm
 = 9.8 m

9.1.2 ok;qe.Myh; nkc

ge tkurs gSa fd i`Foh osQ pkjksa vksj yxHkx 200 km rd ok;qe.My gSA ok;qe.My }kjk
yxk;k x;k nkc ok;qe.Myh; nkc dgykrk gSA ,d teZu oSKkfud vks-oh- X;wfjd us
ok;qe.Myh; nkc osQ dkj.k oLrqvksa ij yxs cy dks iznf'kZr djus osQ fy, ,d iz;ksx fd;kA
mUgksaus 20 bap O;kl osQ rks¡cs osQ nks [kks[kys v/Zxksys fy, vkSj mUgsa ,d nwljs osQ lkFk
n`<+rk ls tksM+ fn;kA vanj ok;q jgus ij bUgsa vklkuh ls vyx fd;k tk ldrk FkkA tc
muosQ chp dh ok;q fudky nh x;h rks mUgsa vyx djus osQ fy, vkB ?kksMksa dh 'kfDr
dh vko';drk iM+hA

VkWfjflyh us nzoLFkSfrd nkc osQ lw=k dk mi;ksx ok;qe.Myh; nkc dk ifjek.k Kku djus
osQ fy, fd;kA

mUgksaus ,d ehVj yach uyh yh ftlesa ikjk (?kuRo 13,600 kg

m–3) Hkjk FkkA bls ikjs osQ Vc esa mQèokZ/j mYVk dj fn;k x;k
tSlk fd fp=k 9-6 esa fn[kk;k x;k gSA mUgksusa ns[kk fd uyh esa
ikjk p<+ tkrk gS ftldh Å¡pkbZ Vc esa j[ks ikjs dh eqDr lrg
ls 76 cm gksrh gSA

lkE;koLFkk esa ikjs osQ LraHk osQ }kjk yxk nkc vkSj ok;qe.Myh;
nkc cjkcj gksus pkfg,A vFkkZr~ ok;qe.Myh; nkc]

P
atm

=  h ρ g  = 0.76 × 13600 × 9.8 Nm–2

       = 1.01 × 10 5   Nm–2

       = 1.01 × 105   Pa

9.2 mRIykodrk

;g ,d lkekU; vuqHko gS fd fdlh oLrq dks ty osQ vanj mBkuk mls gok esa mBkus ls
vklku gksrk gSA ;g oLrq ij nzo }kjk mQij dh vksj yxk, x, cy osQ dkj.k gksrk gSA
fdlh nzo esa Mwch gqbZ oLrq ij mQij dh vksj tks cy dk;Z djrk gS mls mRIykod cy
dgrs gSaA

rjy inkFkZ esa j[kh xbZ oLrq ij yxus okys mRIykod cy dh izo`Qfr dh [kkst vkfdZfeMht
us dhA vius izs{k.kksa osQ vk/kj ij mUgksaus ,d fu;e izfrikfnr fd;k ftls vkfdZfeMht
osQ fl¼kar osQ uke ls tkuk tkrk gSA bl fu;e osQ vuqlkj]

Fig: 9.6 : VkSfjlSyh
nkcekih
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tc ,d oLrq dks fdlh rjy esa vk¡f'kd ;k iw.kZ :i ls Mqcks;k tkrk gS rks mRIykod cy
dk ifjek.k oLrq }kjk gVk;s x;s nzo osQ Hkkj osQ cjkcj gksrk gSA fp=k 9-7 esa mRIykod
cy osQ varxZr fdlh oLrq dh fofHkUu fLFkfr;k¡ n'kkZ;h x;h gSA

fp=k. 9.7:
(a) : oLrq ij yxus okyk (b) :  ,d iw.kZ :i ls MqcksbZ xbZ (c) : nzo ls vf/d ?kuRo
mRIykod cy ifjek.k esa Bhd oLrq ftldk ?kuRo nzo osQ dh oLrq nzo esa Mwc tk;sxhA
oLrq osQ Hkkj osQ cjkcj gSA oLrq ?kuRo ls de gSA blesa ,d usV
lkE;koLFkk esa gSA cy ÅèokZèkjr% mQij dh vksj

yxrk gSA

mRIykod cy dk nwljk mnkgj.k xje gok dk xqCckjk gSA pwafd xeZ gok dk ?kuRo BaMh
gok ls de gksrk gS blfy, blesa ,d usV mRIykod cy mèokZ/jr% mQij dh vksj dk;Z
djrk gSA ftlosQ dkj.k xqCckjk gok esa rSjrk gSA

rSjrh gqbZ oLrq,sa
vkius ty esa rSjrs gq, ydM+h osQ VqdM+s dks ns[kk gksxkA
lkekoLFkk esa D;k vki esa bl ij yxus okys cyksa dhs igpku
dj losQaxs\ tSlk fd Li"V gS] ,d cy xqjQRoh; cy gS tks
fd bl ij uhps dh vksj yxrk gSA foLFkkfir ty }kjk yxk;k
x;k mRIykod cy tks mQij dh vksj yxrk gSA vr% tc ;s
cy ,d nwljs dks larqfyr djrs gSa rks oLrq fojke voLFkk esa
vk tkrh gS vkSj ;g oLrq dh fLFkj lkE;okLFkk dgykrh gS
vkSj rc oLrq ty esa Iyfor dgh tkrh gSA
bldk rkRi;Z ;g gqvk fd Iyou djrh oLrq vius Hkkj osQ
cjkcj rjy dks foLFkkfir djrh gSA fp=k. 9.8:gok esa rSjrk xeZ

gok dk xqCckjk
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vkfdZfeMht

( 287- 212   B.C bZlk iwoZ)

xzhd HkkSfrd 'kkL=kh] vfHk;ark vkSj xf.krK vkfoZQfeMht] laHkor% vius le; osQ lcls
egku oSKkfud FksA os oLrqvksa ij yxus okys mRIykod cyksa dh izo`Qfr dh [kkst osQ

fy, izfl¼ gSaA vkfdZfeMht isap vkt Hkh iz;ksx fd;k tkrk
gSA ;g ,d vkur ?kw.kZu djrh gqbZ dqaMyho`Qr uyh gS ftldk
mi;ksx ikuh osQ tgkt esa ikuh mQij mBkus osQ fy, fd;k tkrk
gSA mUgksaus xksiQ.kk dk vfo"dkj fd;k vkSj mRrksyd ,oa f?kjuh
ra=k dh Hkh [kkst dhA ,d ckj vkdZehfMt ls lkbjsD;wt 'kgj
osQ jktk gsjksa us ;g tkap djus osQ fy, dgk fd eqdqV 'kq¼
lksus dk cuk gS vFkok blesa vU; /krqvksa dk feJ.k gS (fcuk

eqoqQV dks {kfr igq¡pk;s)A ugkrs le; mUgsa bldk gy izkIr gks x;kA viuh Hkqtkvksa
rFkk Vkaxksa dks ikuh esa Mqckus ij mUgsa Hkkj esa vk¡f'kd deh eglwl gqbZA os bl [kkst
ij brus mRrsftr gks x, fd uaxs gh 'kgj dh xfy;ksa esa ;wjsdk] ;wjsdk dgrs gq, nkSM+
iM+sA ;wjsdk dk vFkZ ^eSaus ik fy;k gS* gksrk gSA

 9.3 ikLdy dk fu;e

cl ls ;k=kk djrs le; vkius ns[kk gksxk fd Mªkboj iSjksa }kjk ,d gYdk lk czsd yxkdj
xkM+h jksd nsrk gSA D;k vius gkbMªkWfyd tSd ;k fyÝV ns[kk gS tks dkj ;k Vªd dks vko';d
mQ¡pkbZ rd mBk ldrk gS\ blosQ fy, vki ,d eksVj dk;Z'kkyk esa tkb,A dikl (jQbZ)
dh xkBksa dks Hkh gkbMªkWfyd izsl dh lgk;rk ls cuk;k tkrk gSa] tks blh fl¼kar ij dk;Z
djrs gSaA
;s ;qfDr;k¡ ikLdy osQ fu;e ij vk/kfjr gSaA ftlosQ vuqlkj fuf'pr ek=kk (ifjek.k) osQ fdlh
ifjc¼ nzo dh fLFkjkoLFkk esa ry osQ fdlh LFkku ij ;fn nkc Mkyk tk; rks ;g nkc leku
ifjek.k esa iwjs nzo esa lHkh fn'kkvksa vkSj /kjd dh nhokjksa ij lapfjr gks tkrk gSA
bl fu;e dks nzo osQ nkc lapj.k dk fu;e Hkh dgrs gSA

9.3.1  ikLdy osQ fu;e osQ vuqiz;ksx

(A)  gkbMªkWfyd izsl@cSysUl@tSd@fyÝV

;g ikLdy osQ fu;e ij vk/kfjr ,d ljy ;qfDr gS ftldk mi;ksx FkksM+k lk cy yxkdj
Hkkjh lkeku dks mBkus esa fd;k tkrk gSA fp=k (9-9) esa bldk ewyHkwr O;oLFkk vkjs[k n'kkZ;k
x;k gSA eku ysa ,d cy F

1 
 dks NksVs {ks=kiQy A

1
 osQ fiLVu ij yxk;k tkrk gSA nwljh vksj

,d cM+s {ks=kiQy A
2
 dk fiLVu] ,d IysViQkeZ ls tqM+k gS] ftl ij Hkkjh lkeku j[kk tk

ldrk gS] NksVs fiLVu ij yxk nkc nks fiLVuksa osQ chp Hkjs nzo ls lapfjr gksdj cM+s fiLVu
ij dk;Z djrk gSA D;ksafd nksuksa vksj nkc cjkcj gSA vr%
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fp=k- 9-11(a)% gkbMªkWfyd rqyk

NksVs fiLVu ij nkc , P = 
cy

{ks=kiQy
 = 

1

1

F

A

ikLdy osQ fu;e osQ vuqlkj ;gh nkc cM+s {ks=kiQy A
2
 osQ fiLVu ij Hkh dk;Z djrk gSA

vr% cM+s fiLVu ij yxus okyk cy = nkc × {ks=kiQy = 
1

1

F

A
 × A

2
(9.4)

tks fd Li"Vr;k F
1 
 ls vf/d gSA  

2 2

1 1

F A
=

F A  dks gkbMªkWfyd izsl dk ykHk dgrs gSA

FkksM+s ls :ikUrj.k ls blh O;oLFkk dk gkbMªkWfyd izsl] gkbMªkWfyd rqyk] gkbMªkWfyd tSd
osQ :i esa mi;ksx fd;k tk ldrk gSA

(B) gkbMªkWfyd tSd ;k dkj fyÝV

eksVj xkfM+;ksa osQ odZ'kkWi ;k lfoZl&LVs'ku
esa vkius ns[kk gksxk fd eksVj dkj ;k Hkkjh
Vªd vkfn dks ,d fuf'pr mQ¡pkbZ rd mBk
fn;k tkrk gS rkfd feL=kh lqfo/kiwoZd uhps
dke dj losQ (fp=k 9-10)A blesa Hkh ,d
{ks=kiQy ij yxs nkc dks lapfjr dj cM+s
{ks=k ij yxk;k tkrk gS rkfd okgu dks mQij
mBkus osQ fy, i;kZIr cy mRiu fd;k tk
losQA

(C) gkbMªkWfyd czsd

cl ;k dkj ls liQj djrs gq, ge ns[krs gSa fd
pkyd vius iSj ls ,d NksVk lk cy czsd iSMy
ij yxkdj okgu dks jksd nsrk gSA bl izdkj
yxk;k x;k nkc czsd osQ rsy ls gksdj lapkfjr
gksrk gS vkSj cM+s&{ks=k ij yxs flfyaMj ij dk;Z
djrk gSA fiLVu dh xfr ls czsd 'kw f[kldrk

       fp=k. 9.9 : gkbMªkWfyd fyÝV fp=k. 9.10 :  gkbMªkWfyd tSd

fp=k. 9.11(b) :  gkbMªkWfyd izsl
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gS vkSj pkjksa ifg;ksa osQ  czsd Mªeksa esa yxrk gSA ,d gh lkFk ifg;s ?kweuk cUn dj nsrs gSa
vkSj okgu :d tkrk gSA

ikBxr iz'u 9.1

1. ciZQ Ldhbax osQ fy, iz;ksx fd, tkus okys twrs cM+s D;ksa cuk;s tkrs gSa\

2 1500 ehVj xgjs leqnz osQ ry ij nkc dh x.kuk dhft,A leqnz osQ ty dk ?kuRo
1.024 × 103 kg m–3 gS vkSj ok;qe.Myh; nkc = 1.01×105 Pa gSA g dk eku
9.80 m s–2.gSA

3. 5000 kg dk gkFkh ,d gkbMªkWfyd fyÝV osQ 10 m2  {ks=kiQy okys cM+s fiLVu ij [kM+k
gSA D;k 25 kg dk cPpk tks 0.05 m2 {ks=kiQy okys NksVs fiLVu ij [kM+k gS] gkFkh dks
larqfyr dj ldrk ;k mBk ldrk gS\

4. ;fn ,d lqbZa dks vkidh Ropk esa ,d fuf'pr cy ls nck;k tkrk gS rks vkidks nnZ
gksrk gS fdUrq] ;fn bruk gh cy ,d NM+ }kjk vkidh Ropk ij yxk;k tk, rks oqQN
Hkh ugha gksrkA D;ksa\

5. ,d cM+s gkbMªkWfyd fyÝV osQ 0.1 m2  {ks=kiQy osQ NksVs fiLVu ij 50 kg Hkkj dk
otu j[kk gSA x.kuk dhft, blls 10 m2 {ks=kiQy okys cM+s fiLVu ls vf/dre
fdruk otu mBk;k tk ldrk gSA

9.4  i`"B ruko

;g ,d lk/kj.k vuqHko gS fd ckg~; cy dh vuqifLFkfr esa ty dh cwans lnSo xksykdkj
gksrh gSa] FkksMk lk ikjk oqQN mQ¡pkbZ ls fxjkus ij NksVh xksy cwanksa osQ :i esa fc[kj tkrk gSA

vkius cpiu esa lkcqu osQ cqycqyksa osQ [ksy dk vkuan mBk;k gksxkA D;k vki tkurs gSa fd
'kqn~/ ikuh osQ cqycqys cukuk bruk vklku D;ksa ugha gSA ;s lHkh ?kVuk,sa nzoksa osQ ,d xq.k
osQ dkj.k gksrh gSa ftls i`"B ruko dgrs gSaA bls le>us osQ fy, ge pkgsaxs fd vki fuEufyf[kr
fØ;kdyki djsaA

fØ;kdyki 9.1

1. lkcqu dk ?kksy cuk,aA

2. blesa FkksM+h lh fXyljhu feyk,aA

3. ,d iryh dk¡p ;k IykfLVd dh uyh ysaA bldk ,d fljk ?kksy esa Mqcks,aa rkfd oqQN
nzo vanj vk tk;A

4. bls ckgj fudkysa vkSj blosQ nwljs fljs dks eq¡g ls iwQosQaA
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5. cM+s vkdkj osQ lkcqu osQ cqycqys cusaxsA

6. uyh dks FkksM+k >Vdk nsdj cqycqys dks uyh ls vyx djsa] nsf[k, cqycqyk gok esa
rSjrk gSA

;g le>us osQ fy, fd i`"B ruko oSQls mRiUu gksrk gS] ge vius varjk.kfod cy osQ
Kku dh ppkZ djrs gSaA fiNys vè;k; esa vkius v.kqvksa ;k ijek.kqvksa osQ dsUnzksa osQ chp
dh nwjh osQ lkFk varjk.kfod cyksa esa ifjorZu dk vè;;u fd;k gSA

varjk.kfod cy nks izdkj osQ gksrs gS% laltd vkSj vklatdA ,d gh inkFkZ osQ v.kqvksa
osQ chp vkd"kZ.k cy dks laltu cy dgrs gS] tcfd nks vleku izdkj osQ v.kqvksa osQ
chp vkd"kZ.k cy dks vklatu cy dgrs gSA vklatu cy osQ dkj.k gh ge dkxt ij
fy[k ldrs gSaA xkasn] isQohdksy vkfn inkFkksZa esa 'kfDr'kkyh vklatu gksrk gSA

vk'kk gS vc vki bl ckr dh O;k[;k dj ldrs gSa fd ikuh dk¡p dks D;ksa xhyk djrk
gS vkSj ikjk D;ksa ugha djrkA

fØ;kdyki 9.2

dk¡p o ty osQ v.kqvksa osQ chp vklatu cy n'kkZus osQ fy,

1. dk¡p dh ,d LoPN iV~Vh ysaA

2. bl ij ty dh oqQN cwans MkysaA

3. ty okyh lrg dks uhps dh vksj mYVk djosQ idM+asA

4. ty dh cwanksa dk voyksdu djsaA

dk¡p vkSj ty osQ v.kqvksa osQ chp yxus okys vklatu cy osQ dkj.k ty dh cwans dk¡p
dh iV~Vh ij fpidh jgrh gS (fp=k 9-12)A

9.4.1 i`"B mQtkZ

fdlh ik=k esa j[ks gq, nzo dh lrgh ijr 'ks"k nzo dh vis{kk oqQN vyx xq.k/eZ n'kkZrh
gSA fp=k 9-13 esa nzo esa fofHkUu LFkkuksa ij v.kq fn[kk;s x, gSaA P v.kq dks pkjksa vksj osQ
v.kq vkdf"kZr djrs gSa tcfd lrg ij fLFkr v.kqvksa esa ,slk ugha gksrk gSA

fp=k. 9.12 ty dh cwansa dkap dh iV~Vh ij fpidh jgrh gSa
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lrg ij fLFkr v.kqvksa vkSj  S vkSj R, ij ,d usV
ifj.kkeh cy uhps dh vksj yxrk gS D;ksafd cy
izHkko osQ mQijh xksykèkZ esa bu v.kqvksa dks vkdf"kZr
djus okys v.kqvksa dh la[;k fupys xksyk/Z dh
vis{kk de gSA ;fn ge nzo ;k nzo gok varjki`"B
ij nzo ok"i osQ v.kq Hkh eku yas rks Hkh v.kqvksa esa
,d ifj.kkeh v|ksxkeh cy dk;Z djsxk D;ksafd nzo
Okk"i esa v.kqvksa dh la[;k de gSA

vr% ;fn fdlh nzo osQ v.kq dks nzo dh lrg (i`"B) ij yk;k tkrk gS rks vanj dh vksj
yxs ifj.kkeh cyksa osQ foijhr dk;Z djuk iM+rk gS tks bu v.kqvksa dh fLFkfrt mQtkZ dks
c<+k nsrk gSA bldk vk'k; ;g gS fd lrgh ijr esa ,d vfrfjDr mQtkZ gksrh gS ftls i`"B
mQtkZ dgrs gSaA

fdlh ra=k dh lkE; voLFkk esa fLFkfrt mQtkZ U;wure gksuh pkfg,A vr% i`"B dk {ks=kiQy
U;wure gksuk pkfg,A blfy, fdlh nzo dk eqDr ry U;wure i`"B ry izkIr djus dh ps"Vk
djrk gSaA blosQ dkj.k lrg ij ,d ruko mRiUu gksrk gS ftls i`"B ruko dgrs gSaA

i`"B ruko nzo dh lrg (i`"B) dk ,d xq.k gS] ftlosQ dkj.k bldh izo`fr nzo i`"B dks
de djus dh gksrh gSA blosQ ifj.kkeLo:i nzo dh lrg ,d ruh gqbZ f>Yyh dh Hkkafr
dk;Z djrh gSA vki bldk vfLrRo vklkuh ls ns[k ldrs gSa] ,d lqbZ dks ikuh dh lrg
ij /hjs ls j[ksaA ;g rSjrh jgrh gSA

bls ge le>us dh dksf'k'k djrs gSa] ,d js[kk AB dh dYiuk dhft;s tks fd fLFkj nzo
dh lrg ij [khaph gSA bl js[kk osQ nksuksa vksj dh lrgsa ,d nwljs dks [khaprh gSa (fp=k
9-14)A

vr% nzo i`"B dh izfr bdkbZ yackbZ ij dke djus okyk
cy i`"B ruko dgykrk gSA

T = F/L (9.5)

T i`"B ruko dks n'kkZrk gS vkSj  F fdlh L yackbZ dh dkYifud
js[kk osQ nksuksa vksj yxus okys dqy cy dk ifjek.k gS (fp=k
9-14)A i`"B ruko dk SI ek=kd Nm–1 gSa vkSj bldh foek
[MT–2].gSA

ge fp=k 9-15 dh Hkkafr ,d vk;rkdkj izsQe ysrs gSa ftldh
,d Hkqtk ,d f[kldus okyk rkj gSA bl izsQe dks ,d lkcqu osQ ?kksy esa Mqcks,aa vkSj ckgj
fudky ysaA izsQe ij lkcqu dh ,d fiQYe (ijr) cu tk;sxhA bl fiQYe dh nks lrgsa

fp=k.  9.14 :,d nzo lrg ij
i`"B ruko dh
fn'kk

fp=k 9.13 :  P ij dk;Zdkjh ifj.kkeh cy
'kwU; gS ysfdu  R vkSj S ij
,d ifj.kkeh mQèokZ/j cy
uhps dh vksj yxrk gSA
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gSaA nksuksa lrgsa f[kldus okys rkj osQ laidZ esa gSA vr% ge ;g dg ldrs gSa fd rkj ij
bu nksuksa lrgksa osQ dkj.k i`"Bruko dk;Z djrk gSA

fp=k. 9.15 : lkE;koLFkk esa ,d ijr

eku yhft, T  lkcqu osQ ?kksy dk i`"B ruko gS vkSj L, rkj dh yackbZ gSaA izR;sd lrg
}kjk rkj ij vkjksfir cy T×L gS] vr% rkj ij yxk oqQy cy = 2TL.

eku yhft, fd lrgsa  Δx. eku ls laoqQfpr gksus dh vksj izo`r gSaA rkj dks larqyu esa j[kus
osQ fy, gesa ,d leku ckg~; cy yxkuk iM+sxkA ;fn ge rkj dh ,d fLFkj pky ls nwjh
Δx, [khapdj ijr dk i`"Bh; {ks=kiQy c<+krs gS rks ijr ij fd;k x;k dk;Z

W = F × Δx = T × 2L × Δx

tgk¡ 2L × Δx ijr osQ nksuksa vksj osQ i`"Bh; {ks=kiQy esa o`f¼ gSA bls ge A ls n'kkZrs gSaA

W = T × A

;g ckg~; cy }kjk fd;k x;k dk;Z u, i`"B esa fLFkfrt mQtkZ osQ :i esa lafpr jgrk gS]
vkSj bls i`"Bh; mQtkZ dgrs gSaA

T = W/A (9.6)

bl izdkj ge ns[krs gSa fd fdlh nzo dh eqDr lrg osQ {ks=kiQy dks ,dkad c<+kus
esa ftruk dk;Z fd;k tkrk gS mls ml nzo dk i`"B ruko dgrs gSaA

ge ;g Hkh dg ldrs gSa fd i`"B ruko izfr bdkbZ i`"Bh; mQtkZ osQ cjkcj gSA vc ge
fu"d"kZ fudky ldrs gSa fd] i`"B ruko

nzo i`"B ;k nzo vkSj fdlh vU; inkFkZ tSls gok osQ lkFk cus varjki`"B dk xq.k/
eZ gSA

eqDr i`"B ij fdlh js[kk osQ yacor vkSj ijr osQ Li'kZ js[kh; fn'kk esa dk;Z djrk
gSA

bldh izo`fRr nzo osQ eqDr i`"B dk {ks=kiQy de djus dh gksrh gSA

bldh mRifRr varjk.kfod cyksa osQ dkj.k gksrh gS tks fd rki ij fuHkZj djrs gSA

rki o`f¼ osQ lkFk i`"B ruko de gksrk gSA

uhps o.kZu fd;k x;k lk/kj.k iz;ksx nzo i`"Bksa osQ i`"B ruko osQ xq.k dks n'kkZrk gSA
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fØ;kdyki 9.3

,d irys rkj dk o`Rrkdkj izsQe ysa vkSj bls lkcqu osQ ?kksy esa Mqcks,aA vki ns[ksaaxs fd blesa
,d lkcqu dh ijr cu x;h gSA vc vki ,d /kxs dk NksVk o`Rrkdkj ywi cuk,a vkSj
bls /hjs ls lkcqu dh ijr

p=k 9.16 (a) :lkcwu dh f>Yyh 9.16 (b) :/kxs dk vkdkj

(,d can ywi osQ /kxs osQ lkFk) (van:uh lkcqu dh f>Yyh osQ cxSj)

(f>Yyh) ij j[k nsaA ;g ,d vfu;fer vkdkj esa f>Yyh osQ mQij iM+k jgrk gS tSlk
fp=k 9-16 esa n'kkZ;k x;k gSA vc vki ,d lqbZ ysdj blosQ fljs dks ywi osQ vanj lkcqu
dh f>Yyh ls Li'kZ djk nsaA vki D;k ns[krs gSa\ vki ik,axs fd /kxk o`Rrkdkj vkdkj xzg.k
dj ysrk gS] tSlk fd fp=k 9-16 esa n'kkZ;k x;k gSA izkjEHk esa /kxs osQ nksuksa vksj lkcqu dh
f>Yyh FkhA nksuksa vksj dh f>Yyh bl ij cy yxk jgh Fkh vkSj oqQy i`"B ruko cy 'kwU;
FkkA vanj dh f>Yyh u"V dj fn, tkus ij cy osQ izHkko ls /kxs dk vkdkj o`Rrkdkj
gks x;k rkfd ;g vf/dre {ks=k ?ksj losQA ,slk gksus dk dkj.k ;g gS fd ckgjh f>Yyh
U;wure {ks=kiQy izkIr djus dk iz;Ru djrh gSA

9.4.2 i`"B ruko osQ mi;ksx

(a) ePNjksa dk ty osQ i`"B ij cSBuk

vkius ePNjksa dks ty osQ i`"B ij cSBs ns[kk gS\ ;s nzo osQ i`"B ruko osQ dkj.k ugha MwcrsA
ml fcanq ij tgk¡ ePNj osQ iSj ty esa Mwcrs gSa] nzo dk ry vory gks tkrk gSA i`"B
ruko dk cy ry ij Li'kZ js[kh; fn'kk esa dk;Z djrk gSA iQyLo:i ;g {kSfrt osQ lkFk
,d dks.k cukrk gSA bl cy dk mQèoZ ?kVd] ePNj osQ Hkkj dks] tks fd mQèokZ/j uhps
dh vksj yxrk gS larqfyr djrk gS] tSlk fd fp=k 9-17 esa fn[kk;k x;k gSA



 249HkkSfrdh

rjy inkFkksZa osQ xq.k ekWM~;wy  - 2
Bkslksa ,oa rjyksa dh ;kaf=kdh

fVIif.k;k¡(a) (b)

fp=k. 9.17 : ePNj dk Hkkj i`"B ruko osQ cy=2πππππrTcosθ θ θ θ θ ls larqfyr gksrk gSA
(a) ty dh lrg esa ueu osQ dkj.k vory lrg dk cuuk (b) ifjof/Zr vkdkj

(b)  ,d xksyh; ry ij vory Hkkx esa vfrfjDr nkc

nzo i`"B osQ ,d NksVs ls Hkkx ij fopkj djsa ftl ij ,d js[kk  PQ gS tSlk fd fp=k
9-18 esa n'kkZ;k x;k gSA ;fn ry lery gS rks  θ = 900A bl js[kk osQ nksuksa vksj i`"B ruko
i`"B osQ Li'kZ js[kh; gS vkSj ;s ,d nwljs dks larqfyr djrs gSa vkSj ifj.kkeh Li'kZjs[kh; cy
'kwU; gS [fp=k. 9.18 (a)]A ;fn i`"B mRry ;k vory gksa [fp=k. (9.18 (b)] o [Fig. 9.18

(c)] rks js[kk QP osQ fdukjksa dh vksj yxs cyksa dk

fp=k. 9.18: (a)  lery i`"B (b) mRry i`"B (c) vory i`"B

ifj.kkeh R gksxk vkSj bldh fn'kk oØry dh oØrk osQUnz dh vksj gksxhA bl izdkj tc
Hkh ry oØ gksa rks i`"B ruko osQ dkj.k ,d cy i`"B osQ oØrk osQUnz dh vksj yxrk
gSA ;g nkc i`"B ij ,d cjkcj vkSj foijhr fn'kk esa yxus okys cy ls larqfyr gksrk gSA
vr% nzo i`"B osQ vory gksus ij vory Hkkx dh vksj lnSo ,d vfrfjDr cy dk;Z
djrk gS fp=k (9.18 B)A

(i) xksykdkj cwan
,d cwan dk osQoy ,d ckgjh ry gksrk gS (nzo dk og {ks=k tks gok osQ laidZ esa jgrk
gS nzo dk i`"B dgykrk gS)A

eku yhft, fd  r NksVh lh xksykdkj cw¡n dh f=kT;k gS vkSj P cwan osQ vanj (tks fd vanj
vory vkSj ckgj mÙky gS) vfrfjDr nkc gS rc

P  = (P
i 
– P

0
)

tgk¡ P
i
 vkSj P

0 
Øe'k% cwan osQ vUnj o ckgj nkc gSaA (fp=k 9-19a) ;fn bl lrr~ vfrfjDr
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nkc P osQ dkj.k cwan dh f=kT;k  Δr ifjek.k ls c<+ tkrh gS rks xksykdkj cwan osQ i`"Bh;
{ks=kiQy esa o`f¼

ΔA = 4π (r + Δr)2 – 4πr2

= 8π r Δr

tgk¡ ij geus Δr2dks ux.; eku fy;k gSA nzo ij bl {ks=kiQy o`f¼ osQ fy, fd;k x;k
dk;Z

W = vfrfjDr i`"Bh; mQtkZ = TΔA = T. 8π r Δr
(9.7)

;fn ;g cwan lkE; voLFkk esas gks rks ;g vfrfjDr i`"Bh;
mQtkZ izLkkj esa fd;s x, ml dk;Z osQ cjkcj gksxh tks izlkj
nkc esa varj ;k vfrfjDr nkc osQ dkj.k gksrk gSA

fd;k x;k dk;Z = P ΔV = P. 4π r2 Δr      (9.8)

leh- (9.7) vkSj (9.8), dks la;qDr djus ij ge fuEu laca/ izkIr djrs gSa%

P. 4π r2 Δr = T.8 π r Δr

;k P =   2 T/ r (9.9)

(ii) ty esa gok osQ cqycqys

blesa Hkh osQoy ,d i`"B gksrk gS tks vanj dh vksj gksrk gSA vr% T i`"B ruko okys nzo
osQ Hkhrj vfrfjDr nkc

P =   2T/ r (9.10)

(iii) gok esa rSjrs lkcqu osQ cqycqys

lkcqu osQ cqycqys eas nks leku {ks=kiQy osQ ry gksrs gSa (ckgjh
vkSj vanj dk) tSlk fd fp=k 9-19(c) esa n'kkZ;k x;k gSA vr%
r f=kT;k osQ lkcqu osQ cqycqys osQ vanj vfrfjDr nkc

P = 4T/ r (9.11)

;gk¡ T lkcqu osQ ?kksy dk i`"B ruko gSA

;g ty osQ vanj cus leku vkdkj osQ gok osQ cqycqys osQ vanj vfrfjDr
nkc dk nks xquk gSA vc vki le> ldrs gSa fd lkcqu dk cqycqyk cukus
osQ fy, D;ksa FkksM+k vf/d nkc dh vko';drk iM+rh gSA

mnkgj.k 9.3: Hkhrjh vkSj ckgjh nkc osQ varj dh x.kuk djsa tc (i)

xksykdkj lkcqu dk cqycqyk gok esa gks (ii) gok dk cqycqyk ty esa gks
(iii) ty dh cwan gksA fn;k gS ty dk i`"B ruko = 7.2 × 10–2 Nm–1 vkSj

fp=k. 9.19 b : gok dk cqycqyk

fp=k. 9.19 (a) :,d xksykdkj cwan

fp=k.9.19 (c)
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lkcqu osQ ?kksy dk i`"B ruko = 7.5 × 10–2 Nm–1 izR;sd cqycqys dh f=kT;k = 1 mmA

gy:

(i) gok esa r f=kT;k osQ lkcqu ossQ cqycqys osQ Hkhrj vfrfjDr nkc

P = 4T/r

= 
–24 2.5 10

–31 10 m

× ×

×
 Nm–1

= 100 Nm–2

(ii)   ty esa gok osQ cqycqys osQ Hkhrj vf/d nkc

= 2T ′/ r

= 
–2 –12 7.2 10 Nm

–31 10 m

× ×
×

= 144 Nm–2

(iii)  ty xksykdkj dh cwan osQ vanj vfrfjDr nkc =2T ′/ r

= 144 Nm–2

(c)  fMVtsaZV ,oa i`"B ruko

vkius cgqr ls foKkiu ns[ks gksaxs ftuesa fMVtsaZV dh fo'ks"krk,a crkbZ tkrh gSa fd ;s diM+ks
ls rsy osQ nkx NqM+k nsrs gSA ikuh /ksus vkSj liQkbZ osQ ekè;e osQ :i esa iz;qDr gksrk gSA
lkcqu vkSj fMVtsZaV ikuh dk i`"B ruko de dj nsrs gSaA ;g /ksus vkSj liQkbZ osQ fy, ok¡fNr
gSA D;ksafd 'kqn~/ ikuh osQ i`"B ruko dk eku vf/d gksus osQ dkj.k ;g diM+s osQ js'kksa
osQ chp iQals /wy xnaxh osQ d.kksa ;k rsy osQ v.kqvksa rd vklkuh ls ugha igqap ikrk gSA

vki tkurs gSa fd lkcqu osQ ?kksy dk i`"B ruko ty dh vis{kk de gS vkSj fMVtsZaV dk
blls Hkh de gksrk gS blfy, ;s lkcqu dh vis{kk vf/d izHkkoh gksrs gSaA fMVtsZaV dks ty
esa ?kksydj mi;ksx esa ykus ij eSy osQ d.kksa dh diM+s osQ js'ks ij idM+ de gks tkrh gSA
ftlosQ iQyLo:i diM+s dks jxM+us o fupksM+us ij eSy vklkuh ls NwV tkrk gSA

fMVtsZaV feykus ij blosQ v.kq ,d vksj ty vkSj nwljh vksj rsy dks vkdf"kZr djrs gSa
vkSj ty osQ i`"B ruko dks cgqr de dj nsrs gSA blls eSy osQ d.kksa osQ bnZ&fxnZ fMVtsZaV
vkSj fiQj ty ls f?kj dj lw{e xksyksa osQ :i esa varjki`"B cu ldrs gSaA fMVtsZaV osQ xq.k
dk mi;ksx osQoy diM+s /ksus esa ugha gS vfirq [kfut v;Ld] rsy vkfn osQ fudkyus esa
Hkh gksrk gSA
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fp=k 9-20% fMVtsZUV dh fØ;k

(d) Ekkse dh cr[k dk ikuh ij rSjuk

vkius lh[kk fd nzoksa dk i`"B ruko ?kqyh gqbZ v'kqn~f/;ksa osQ dkj.k de gks tkrk gSA ;fn
vki diwj dh ,d NksVh lh fVfd;k dks ekse osQ cr[k (f[kykSus) dh isanh esa fpidkdj
fLFkj ty dh lrg ij NksM+ nsa rks vki ns[ksaxs fd oqQN le; ckn ekse dh cr[k ty
ij b/j&m/j pyus yxrh gSaA diwj osQ ikuh esa ?kqyus ls cr[k osQ Bhd uhps osQ ty osQ
i`"B ruko dk eku pkjksa vksj osQ ty osQ i`"B ruko ls de gks tkrk gSA i`"B ruko cyksa
dk oqQy varj cr[k dks pykrk gSA

vc ;g tkuus dk le; gS fd vkius D;k lh[kkA vr% fuEufyf[kr iz'uksa osQ mRrj nhft,A

ikBxr iz'u 9.2

1. llatd vkSj vklatd cyksa esa D;k varj gS\

2. nzo dh NksVh cawnsa xksy D;ksa gksrh gSa\

3. D;k Bksl inkFkZ Hkh i`"B ruko osQ xq.k n'kkZrs gSa\ D;ksa\

4. ikjs dks lery ij fxjkus ij mlosQ NksVs&NksVs xksys D;ksa cu tkrs gSa\

5. fuEu esa ls fdlosQ Hkhrj vfrfjDr nkc dk eku vf/d gS\

(i) ty osQ vanj 2 cm f=kT;k osQ gok osQ cqycqys dk tcfd ty dk ì"B ruko
727 × 10–3 Nm–1  gSA

vFkok

(ii)  4 cm f=kT;k osQ lkcqu osQ cqycqyksa dk tcfdlkcqu osQ ?kksy dk ì"B ruko
25 × 10–3 Nm–1 gSA
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9.5 Li'kZ dks.k

vki ns[k ldrs gS fd ,d ik=k esa j[ks gq, nzo dk eqDr i`"B oØkdkj gksrk gSA mnkgj.k
osQ fy, tc ,d dk¡p osQ tkj esa ikuh Hkjk tkrk gS rks ;g vory gks tkrk gS] ysfdu
;fn iSjkiQhu ekse osQ tkj esa ikuh Hkjk tkrk gS rks ;g mÙky gks tkrk gSA blh izdkj tc
ikjs dks dk¡p osQ fxykl eas Hkjk tkrk gS rks mldk ry mRry gksrk gSA vr% ge ;g ns[krs
gSa fd ,d ik=k esa nzo dk vkdkj] nzo dh izo`Qfr] ik=k osQ inkFkZ rFkk nzo osQ eqDr i`"B
osQ mQij osQ ekè;e ij fuHkZj djrk gSA bldk foospu djus osQ fy, ge Li'kZ dks.k dh
vo/kj.kk dk lekos'k djrs gSaA ;g Li'kZ fcUnq ij nzo osQ Hkhrj] nzo&i`"B osQ Li'kZ js[kh;
ry rFkk ik=k dh nhokjksa osQ Li'kZ js[kh; ry osQ chp dk dks.k gSA

fp=k 9-21 dk¡p osQ tkj o iSjkiQhu ekse
osQ tkj esa ty osQ fy, Li'kZdks.k n'kkZrk
gSA dk¡p osQ tkj esa ty dks j[ksa rks bldk
ry vory gksrk gS] vkSj Li'kZ dks.k dk
eku 90° de vFkkZr~ U;wu dks.k gksrk gS vkSj
iSjkiQhu osQ tkj esa ty dk ry mÙky gksrk
gS vkSj Li'kZ dks.k dk eku 900  ls vf/
d vkrk gSA Bhd ;gh ckr dkWp osQ tkj
esa ikjs osQ fy, Hkh ykxw gksrh gSA ,d crZu
esa j[ks gq, nzo osQ i`"B ij fLFkr ,d v.kq
ij dbZ cy dk;Z djrs gSaA pwafd nzo osQoy
fupys prqFkk±'k esa mifLFkr gSA blfy,
ifj.kkeh llatd cy P ij fLFkr v.kq ij
lefer :i ls dk;Z djrk gSA fp=k 9-22
(a)]A blh izdkj lefefr osQ dkj.k ifj.kkeh

vklatd cy Fa ik=k dh nhokjksa osQ yEcor~ ckgj dh vksj yxrk gSA cy Fc dks ijLij
nks yacor ?kVdksa esa fo?kfVr fd;k tk ldrk gSA Fc cos θ  mQèokZèkj uhps dh vksj dk;Z
djrk gS vkSj Fc sin θ ik=k dh lhek osQ yacor~ dk;Z djrk gSA Li'kZdks.k θ  dk eku Fc

vkSj Fa osQ lkis{k ekuksa ij fuHkZj djrk gSA

fLFkfr% I: ;fn Fa > Fc sin θ bl fLFkfr esa usV {kSfrt cy ckgj dh vksj yxsxk vkSj (Fa

– Fc sinθ) gksxk rFkk Fc cos θ  vkSj (Fa – Fc sin θ) dk ifj.kkeh nhokj ls ckgj fLFkr gksxk
D;ksafd nzo yxkrkj yxrs fo:id cy osQ fojQ¼ fLFkj ugha jg ldrk gS] blfy, nzo ry
osQ lHkh v.kq fdukjs ij Fc  osQ yacor O;ofLFkr gks tkrs gSaA blls Fc  dk dksbZ ?kVd nzo
i`"B dh Li'kZT;k js[kk dh fn'kk esa dk;Z ugha djrk gSA fuf'pr :i ls ,sls i`"B fdukjs
ij xksyh; vory gksrs gSaA (D;ksafd o`Rr dh f=kT;k ifjf/ osQ izR;sd fcUnq ij yacor gksrh
gS)A ;g fLFkfr dkWp dh uyh esa j[ks ty osQ lkFk gksrh gSA

fp=k. 9.21 :eqDr ry dh izo`Qfr (a) ty dks dk¡p
osQ tkj (b) iSjkiQhu ekse osQ tkj] esa
Hkjk x;k gSA

(a) (b)
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fp=k. 9.22 : nzo uo pUnzd osQ fofHkUu :i

fLFkfr 2 : ;fn  Fa <  Fc sin θ rc F rFkk (Fc sin θ – Fa) dk ifj.kkeh {kSfrt :i ls dk;Z
djrk gS vkSj Fc cos θ  ÅèokZ/j uhps dh vksj dk;Z djrk gS (nksuksa nzo osQ fupys xksyk/
Z esa gh dk;Z djrs gSa)A nzo dk i`"B lhek ij bl izdkj O;ofLFkr gks tkrk gS fd ;g  F

osQ yacor gks tkrk gSA iQyLo:i nzo ry mRry xksyh; gksrk gSA ;g dk¡p uyh esa Hkjs
ikjs osQ fy, lgh gSA

fLFkfr 3 : ;fn Fa = Fc sinθ,  rc ifj.kkeh Fa = Fc sinθ, ÅèokZ/j uhps dh vksj dk;Z djrk
gS vr% ik=k dh lhek ij nzo dk i`"B {kSfrt ;k lery gksrk gSA

9.6 osQf'kdk fØ;k (Capillary Action)

vkius viuh iqfLrdkvksa ij fxjh vfrfjDr L;kgh dks gVkus osQ fy, L;kgh lks[k i=k vo';
iz;ksx fd;k gksxkA L;kgh lks[k i=k esa fLFkr lw{e gok dh ukfy;ksa esa L;kgh 'kh?kzrk ls p<+rh
gSA blh izdkj [ksr dk ty isM+ osQ rus ij fLFkfr vla[; osQf'kdkvksa dh lgk;rk ls 'kk[kkvksa
vkSj ifRr;ksa rd igq¡pkrk gSA D;k vki tkurs gS fd fdlku o"kkZ osQ ckn gh [ksr tksrrs
gSa rkfd feV~Vh dh mQijh ijrksa dh osQf'kdk,a VwV tk;sa vkSj feV~Vh esa iQalk ty isM+ksa }kjk
mi;ksx fd;k tk losQA nwljh vksj ge ;g ikrs gSa fd ;fn fdlh osQf'kdk dks ikjs esa Mqck;k
tk; rks blosQ vanj ikjs dk ry ckgj ikjs osQ ry ls uhps pyk tkrk gSA fdlh NksVh vuqizLFk
ifjPNsn okyh uyh esa fdlh nzo dk mQij ;k uhps tkuk i`"B ruko osQ dkj.k gksrk gSA

osQf'kdk ufy;ksa esa nzo dk mQij mBuk ;k uhps tkuk nzo dh osQf'kdk fØ;k ;k osQf'kdkRo dgykrk
gSA
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9.6.1 osQf'kdk uyh esa nzo dk p<+uk

ge ,d osQf'kdk uyh ysrs gS tks fd fdlh nzo (tSls ty) esa Mwch gSA uyh osQ vanj
nzo dk esfuLdl vory gksrk gS tSlk fd fp=k (9-23) esa fn[kk;k x;k gSA bldk dkj.k
;g gS fd dkap rFkk ty osQ chp vklatd cy ty osQ v.kqvksa osQ chp laltd cyksa
ls vf/d gSaA

fp=k. 9.23 : osQf'kdk fØ;k

ge nzo&ok;q varjki`"B osQ fudV pkj fcanq  A, B, C vkSj D ysrs gS] ge tkurs gSa fd nzo
dh Åijh lrg osQ Bhd uhps dk nkc blosQ Bhd mQij osQ nkc ls  2T/R, de gSA vFkkZr~

P
B

= P
A  

– 2T/R (9.12)

tgk¡ ij T nzo&ok;q varjki`"B dk i`"B ruko gSA ,oa R vory i`"B dh f=kT;k gSA

ysfdu A ij nkc = D ij nkc = ok;qe.Myh; nkc P (ekuk)] vkSj D ij nkc C ij nkc
osQ cjkcj gSA vr% fcanq ij nkc D fcanq ls de gSA ysfdu ge ;g Hkh tkurs gS fd nzo
esa ,d gh mQ¡pkbZ ij fLFkr lHkh fcanqvksa ij nkc leku gksuk pkfg,A blhfy, ckgjh fgLls
ls nzo uyh esa mQij p<+ tk;sxkA

bl izdkj nzo osQf'kdk uyh esa mQij mBuk izkjEHk gksrk gS vkSj ,d fo'ks"k mQapkbZ   h rd
igq¡prk gS (fp=k 9-2-3 b) tgka ij nzo LraHk ij nkc dk eku 2T/R..gks tkrk gS vkSj blosQ
ckn mBuk can gks tkrk gSA bl fLFkfr esa

h ρ g = 2 T/R (9.13)

tgka ρ nzo dk ?kuRo rFkk  g xqjQRoh; Roj.k gSA ;fn r

osQf'kdk uyh dh f=kT;k gks vkSj θ Li'kZ dks.k gks rks fp=k.
(9.24) dh T;kfefr ls

  R  = r /cosθ

R osQ bl eku dks lHkh (9.13) esa j[kus ij

h ρ g = 2T/ r /cos θ
fp=k 9-24% Li'kZ dks.k
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or h = 2T  cosθ  /  r ρ g (9.14)

mQij izkIr lw=k (9-14) ls Li"V gksrk gS fd ;fn uyh dh f=kT;k de gksxh rks nzo vfèkd
mQ¡pk mBsxkA

ikBxr iz'u  9.3

1. D;k Li'kZdks.k dk eku nzo osQ i`"B ruko ij fuHkZj djrk gS\

2. ,d Bksl ,oa nzo osQ chp Li'kZdks.k 900 ls de gSA D;k nzo Bksl dks xhyk djsxk\
;fn ,d osQf'kdk blh Bksl osQ inkFkZ dh cuk nh tk, rks blesa nzo mQij mBsxk ;k
uhps fxjsxk\

3. FkekZehVj cukrs le; ikjs ls Hkjs uk¡n esa osQf'kdk uyh dks lhèks Mqckdj ikjk Hkjuk D;ksa eqf'dy
gS\

4. ml dksf'kdk uyh dh f=kT;k dh x.kuk djsa ftls ty ls Hkjs crZu esa Mkyus ij ty
3 cm mQij mB tk,A nzo dk i`"B ruko 7.2×10–2 N m–1. ty dk ?kuRo 1000
kg m3, Li'kZdks.k dk eku 'kwU; gS vkSj g = 10 m s–2.

5. feV~Vh dk rsy (osQjksflu) ykyVsu dh cÙkh eas oSQls p<+ tkrk gS\

9.7  ';kurk

tc vki ,d chdj esa j[ks gq, nzo osQ chp esa ,d dk¡p
dh NM+ Mky dj mls ?kqek,a rks vki ns[krs gSa fd nzo dh
nhokj osQ ikl xfr vkSj chp esa xfr leku ugha gS (fp=k
9-25) vc nks nzoksa (mnkgj.k osQ fy, ty vkSj fXyljhu)
osQ izokg dks leku ikbiksa esa ns[ksaA vki ik,axs fd ty rsth
ls cgrk gS vkSj fXyljhu /hjs&/hjs cgrh gSA izR;sd nzo esa
LVhy dh xsans MkysaA xasnsa fXyljhu esa ty dh vis{kk vf/
d /heh pky ls xfr djrh gSaA bu izs{k.kksa ls nzoksa osQ ,d
yk{kf.kd xq.k dk irk pyrk gSA tks mudh xfr dk fuèkkZj.k
djrs gSaA bl xq.k dks ';kurk dgrs gSaA

9.7.1 ';kurk xq.kkad

ge tkurs gSa fd tc ,d Bksl oLrq nwljh Bksl oLrq osQ Åij fiQlyrh gS rks] muosQ chp
,d ?k"kZ.k cy dk;Z djrk gSA blh izdkj tc ,d nzo izokfgr gksrk gS rks vkl&ikl dh
nks ijrsa ,d nwljs ij Li'kZ js[kh; cy vkjksfir djrh gSa tks buosQ lkis{k izokg dk fojks/
djrk gSA nzo dk og xq.k ftlosQ dkj.k og lehiorhZ ijrksa dh lkis{k xfr dk fojks/

fp=k. 9.25: ikuh dks dk¡p
dh NM +  l s
?kqekuk
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djrk gS ';kurk dgykrk gSA fp=k 9-26 ,d uyh ls nzo osQ izokg dks n'kkZrk gSA uyh
dh nhokj dks Li'kZ djus okyh ijrsa fLFkj ekuh tk ldrh gSaA (nzoksa rFkk uyh dh nhokj
osQ chp mPp ?k"kZ.k cy osQ dkj.k) nwljh ijrsa fHkUu&fHkUu osxksa ls xfr'khy gSaA eku yhft,
fd lrg ls x nwjh ij ijr dh xfr v vkSj x + Δx nwjh ij v + dv gSA

    fp=k 9-26% fdlh ufydk esa nzo dk izokg% fHkUu&fHkUu ijrsa fHkUu&fHkUu
osx ls xfr djrh gSaA

vr% yEcor dx nwjh ij osx esa dv ijforZu gksrk gSA dv/dx dks osx izo.krk dgrs gSaA
rjy dh nks ijrksa osQ chp dk;Zdkjh ';kurk cy lekuqikrh gksrk gS&
• ijr osQ laioZQ {ks=kiQy A] vFkkZr~ F α A.

• nzo dh osx izo.krk osQ tks nzo osQ izokg dh fn'kk osQ yacor~ gksrk gSA
vFkkZr~

budks la;qDr djus ij F
dv

dv
α

;k F = – η A (dv/dx) (9.15)

tgk¡ n ,d vkuqikfrdrk fu;rkad gS vkSj bls ';kurk xq.kk¡d dgrs gSaA ½.kkRed fpg~u
n'kkZrk gS] fd cy xfr dk fojks/ djrk gSA

';kurk xq.kk¡d dk SI ek=kd  N s m–2 gS] cgs iz.kkyh esa ';kurk dk ek=kd ikWbt gSA

1 ikWbt = 0.1 N s m–2

';kurk xq.kk¡d dh foek [ML–1 T–1]  gksrh gSA

9.8 nzo izokg osQ izdkj

D;k vkius dHkh ck<+ ns[kh gS\ D;k ;g 'kgj esa ty forj.k iz.kkyh esa izokg osQ leku
gS\ bu iz'uksa dk mRrj izkIr djus osQ fy, ge nzoksa osQ izokg dk vè;;u djrs gSaA
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9.8.1  /kjkjs[kh; izokg

fdlh nzo osQ d.kksa }kjk vuqlj.k fd;k x;k iFk izokg&js[kk dgykrk gSA ;fn iFk osQ fdlh
fcanq ls gksdj xqtjus okyk izR;sd nzo d.k leku izokg&js[kk dk vuqlj.k djrk gS rks bl
izdkj osQ izokg dks /kjk js[kh; izokg dgrs gSaA fdlh /kjk js[kh; izokg dks ,d oØ ;k
iFk }kjk iznf'kZr fd;k tk ldrk gS ftlosQ fdlh fcanq ij Li'kZjs[kk ml fcanq ij nzo izokg
osQ osx dh fn'kk n'kkZrh gSA ,d fLFkj izokg esa /kjk js[kk,a izokg js[kkvksa dh laikrh gksrh
gSaA

è;ku nhft;s fd /kjk js[kh; izokg esa nks /kjk js[kk,a vkil esa ,d nwljs dks dHkh&dHkh
ugha dkVrh gSaA D;ksafd dVku fcanq ls nks Li'kZ js[kk,a [khaph tk ldrh gSa tks nzo osQ osx
dh nks fn'kk,a n'kkZ,axh tSlk gksuk laHko ugha gSA tc uyh esa fdlh nzo osQ izokg dk osx
Økafrd osx v

c
 dh vis{kk de gksrk gS rks xfr èkkjk js[kh; gksrh gSA ,slh fLFkfr esa ge

/kjk dh laiw.kZ eksVkbZ dks ,d nwljs ij fiQlyrh vusdksa
lery ijrksa ls fufeZr eku ldrs gSaA bl rjg osQ izokg
oQks iVyh; izokg dgk tkrk gSA

tc cgrs gq, nzo dk osx Økafrd osx v
c
 ls vf/d

gks tkrk gS rks /kjk js[kk,¡@izokg js[kk,a vkil esa fey
tkrh gS vkSj izokg iFk Vs<+k&es<+k gks tkrk gSA izokg js[kk,a
,d nwljs dks dkVrh jgrh gSaA bl izdkj dh xfr dks iz{kqC/
xfr dgk tkrk gSA

9.8.2  lkarR; lehdj.k

;fn ,d vlaihM~;] v';ku nzo fdlh vleku vuqizLFk ifjPNsn okyh uyh ls xqtjs
rks fdlh Hkh /kjk js[kh; izokg osQ fy, fdlh fcanq ij nzo dh pky vkSj ml fcanq ij
vuqizLFk ifjPNsn osQ {ks=kiQy dk xq.kuiQy fu;r jgrk gSA ;fn A

1
 vkSjA

2
 uyh osQ mu

vuqizLFk ifjPNsnksa osQ {ks=kiQy gSa tgka ls nzo uyh esa Øe'k% izos'k dj jgk gS vkSj ckgj
fudy jgk gS] fp=k 9-28 vkSj v

1
 vkSj v

2 
Øe'k% mu fcanqvksa ij nzo dh pkysa gSa vkSj ρ

nzo dk ?kuRo gS] rks A fcanq ij
izos'k gksus okyk nzo ,d lsd.M
esav

1
 nwjh r; djrk gSA vr% izfr

lsd.M izos'k djus okys nzo dk
vk;ru = A

1
 × v

1
. vr% fcanq  A

ij izos'k djus okys nzo dk
nzO;eku = A

1 
v

1 
ρA blh izdkj

fcanq B ij izfr lsadM ckgj
fudyus okys nzo dk nzO;eku =
A

2
 v

2
 ρ

fp=k. 9.28: fdlh uyh ls izokfgr gksrk nzo

fp=k. 9.27: /kjk js[kh; izokg
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D;ksafd uyh osQ vanj dgha Hkh rjy ,df=kr ugha gks jgk gSA blfy, fdlh Hkh vuqizLFk
dkV ls izokfgr gksus okys nzo dk nzO;eku leku gksuk pkfg,A vr%

A
1 
v

1 
ρ = A

2
 v

2
 ρ

;k A
1 
v

1
= A

2
 v

2

;g O;atd lkarR; lehdj.k dgykrk gSA

9.8.3  Øk¡frd osx o jsukWYM la[;k

ge tkurs gSa fd tc izokg dh xfr Økafrd osx ls de gksrh gS rks izokg /kjk js[kh; jgrk
gSA ysfdu tc izokg dk osx Økafrd osx ls vf/d gks tkrk gS rks izokg iz{kqC/ gks tkrk
gSA

fdlh nzo osQ Økafrd osx dk eku fuEufyf[kr ij fuHkZj djrk gS%

• nzo dh izo`Qfr vFkkZr nzo osQ ';kurk xq.kkad ( η ) ij

• uyh dk O;kl (d) ftlesa ls gksdj nzo izokfgr gks jgk gS vkSj

• nzo dk ?kuRo  (ρ).

iz;ksxksa }kjk fln~/ gksrk gS fd] v
c
 α η ; v

c
 α 

1

ρ
 vkSj v

c
 α 

1

d
.

vFkkZr

v
c

= R .η/ρ d (9.16)

tgk¡ ij R vkuqikfrdrk fLFkjkad gS vkSj bls jsukWYM la[;k dgk tkrk gSA bldh dksbZ foek
ugha gksrhA iz;ksxksa }kjk fln~/ gksrk gS fd izokg iVyh; gksrk gS ;fn R  1000 ls de gks
1000 vkSj 2000 osQ chp R osQ eku osQ fy, izokg vfLFkj vkSj R dk eku 2000. ls vfèkd
gksus ij izokg iz{kqC/ gks tkrk gSA

mnkgj.k 9.1: ân; pØ osQ foJke osQ Hkkx osQ le; /euh jDr dh vkSlr pky yxHkx
30 cm s–1  gksrh gSA ;fn jDr dk ?kuRo 1.05 g cm–3; vkSj η = 4.0 × 10–2 ikWbt gks rks crkb,
izokg iVyh; gS ;k iz{kqC/\

gy:(9.16) jsukWYM la[;k R = v
c
  ρ d/η.

R = 
–1 –3

–2 –1 –1

(30 cm s ) 2cm (1.05gcm )

(4.0 10 gcm s )

× ×
×

= 1575

pwafd 1575 < 2000, vr% izokg vfLFkj gSA
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9.9  LVksDl&fu;e

lj tktZ LVksDl us v. osx ls cgus okys η ';kurk xq.kk¡d osQ vf/d ';ku nzo esaa Lora=k
:i ls fxjus okys r f=kT;k osQ ,d fpdus xksyh; fiaM ij mldh xfr dh foijhr fn'kk
esa yxus okys Li'kZjs[kh; ';kucy dks ekius osQ fy, ,d fu;e crk;kA bl fu;e dks LVksDl
fu;e dgrs gSA

LVksDl fu;e osQ vuqlkj

F α η  r v

;k F = K η r v

tgk¡ ij K  vkuqikfrdrk fu;arkad gSA bldk eku iz;ksxksa }kjk 6π. izkIr fd;k x;k gSA

vr% LVksDl fu;e dks bl izdkj fy[kk tk ldrk gS%

F = 6π η r v (9.17)

bl fu;e dks foekvksa dh fof/ ls Hkh izkIr fd;k tk ldrk gSA LVksDl osQ vuqlkj] ';ku
cy fuEu ckrksa ij fuHkZj djrk gS%

ekè;e osQ ';kurk xq.kk¡d (η)

xksyh; fudk; dh f=kT;k (r)

fudk; dk osx (v)

rc F α ηa  rb vc

;k F = K ηa  rb vc

tgk¡ K vkuqikfrdrk fu;rkad gSA

nksuksa vksj dh foek,sa ysus ij

[MLT–2] = [ML–1T–1]a [L]b [LT–1]c

;k [MLT–2] = [Ma L–a+b+c T–a-c]

nksuksa vksj dh ?kkrksa dh rqyuk djus ij  a = b = c = 1.

blfy, F = K η r v
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9.9.1 vafre osx (Terminal Velocity)

ge ,d r f=kT;k vkSj ρ ?kuRo osQ xksykdkj fi.M osQ σ.?kuRo osQ nzo esa fxjus ij fopkj
djrs gSaA

fudk; ij yxus okys cy bl izdkj gSa%

(i) oLrq dk Hkkj W uhps dh vksj

(ii) ';kucy F mQèokZ/j mQij dh vksj

(iii) mRIykou cy B mQij dh vksj]

bu cyksa osQ izHkko ls fdlh fo'ks"k {k.k ij fiaM ij
yxus okyk oqQy cy 'kwU; gks tkrk gS (pwafd ';kurk
osx o`f¼ osQ lkFk c<+rh gS) vkSj rc fiaM ,d fLFkj osx ls uhps fxjrk gS ftls vaR; osx
(Terminal velocity) dgrs gSA ge tkurs gSa fd bu cyksa osQ ifjek.k gSa%

';ku cy F = 6π η r v
0

tgk¡ v
0
  vafre osx gSA

W = (4/3) π r3  ρg

vkSj B = (4/3) π r3  σg

D;ksafd usV cy 'kwU; gS blfy,

6π η r v
0

= 
4

3
 π r3  ρg  –  

4

3
 π r3  σg

;k vafre osx v
0  

= 
22 ( – )

9

r gρ σ
η (9.18)

9.9.2 LVksd~l fu;e osQ mi;ksx

(A) iSjk'kwV

tc ,d lSfud mM+rs gq, tgkt ls dwnrk gS rks og xqjQRoh; Roj.k g osQ dkj.k uhps fxjrk
gSA ysfdu LVksd~l osQ vuqlkj ok;q esa i'p';ku cy osQ dkj.k Roj.k de gksrk tkrk gS
vkSj og ,d vafre osx izkIr dj ysrk gSA lSfud rc ,d fu;r osx ls uhps fxjrk gS
vkSj tehu osQ fudV ,d fu;r m¡QpkbZ ij viuk iSjk'kwV [kksy ysrk gS vkSj vius y{;
osQ fudV lqjf{kr mrj tkrk gSA

B. o"kkZ dh cwanksa dk osx

tc o"kkZ dh cwans xqjQRoh; cy osQ dkj.k uhps fxjrh gS rks ok;q dk ';kud"kZ.k cy mudh
xfr dk fojks/ djrk gSA tc ';ku cy xqjQRoh; cy osQ cjkcj gks tkrs gSa rks] cawn ,d

fp=k. 9.29 : ,d ';ku nzo esa fxjrs gq,
xksys ij yxus okyk cy
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vafre osx izkIr dj ysrh gSA blfy, /jrh ij igq¡pus okyh o"kkZ dh cwanksa dh xfrt mQtkZ
cgqr vf/d ugha gksrhA

mnkgj.k 9.2: gok ls gksdj xqtjus okyh o"kkZ dh cwan dh f=kT;k Kkr dhft, ftldk vafre
osx  0.12 m s–1. Given η = 1.8 × 10–5 kg m–1 s–1, ρ = 1.21 kg  m–3, σ = 1.0 × 103  kg m–3

and g = 9.8 m s–2.

gy: vafre osx

v
0

= 
22 ( – )

9

ρ σ
η

r g

;k

r = 
09

2 ( – )g

η 
ρ σ

v

=   
–59 1.8 10 0.12

2 (1000 –1.21) 9.8

× × ×
m

= 10–5 m

ikBxr iz'u  9.4

1. /kjkjs[kh; ,oa iz{kqC/ izokg esa vrj Li"V dhft,A

2. D;k fdlh cgrs gq, nzo esa nks /kjkjs[kk,a ,d nwljs dks dkV ldrh gSa\

3. fdlh ';ku nzo osQ fy, ØkWfrd osx fdu&fdu HkkSfrd jkf'k;ksa ij fuHkZj djrk gS\

4. ,d 0.01m f=kT;k dh o"kkZ dh cawn osQ fy, vafre osx Kkr dhft,A fn;k gS ok;q dk
';kurk xq.kkad 1.8 × 10–5 N s m–2 ok;q dk ?kuRo 1.2 kg m–3. ikuh dk ?kuRo = 1000
kg m–3. Take g = 10 m s–2.

5. ,d fxykl eas j[ks nzo dks eFkus osQ ckn oqQN nsj j[k nsus ij nzo fLFkj gks tkrk gS]
D;ksa\

9.10 cuwZyh dk fl¼kar

D;k vkius dHkh lkspk [kjxks'k oqQRrs osQ fcy esa gok oSQls ifjlapkfyr gksrh gS\ fpeuh
ls /qvk¡ ,dne oSQls ckgj vk tkrk gSA dkj dk ifjoR;Z 'kh"kZ rst pky esa mQij dks D;ksa
mHkj tkrk gS\ vk¡/h esa vkius vius Nkrksa oQks mQij dh vksj iyVrk ns[kk gksxkA bu lHkh
ckrksa dks cuwZyh osQ fl¼kar osQ vk/kj ij le>k tk ldrk gSA
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9.10.1 ,d izokgh rjy dh mQtkZ

izokgh rjy inkFkksZa esa rhu izdkj dh mQtkZ gksrh gSA ge xfrt vkSj fLFkfrt mQtkZ ls lqifjfpr
gSA rjyksa dh rhljs izdkj dh mQtkZ mudh nkc mQtkZ gSaA ;g rjyksa esas nkc osQ dkj.k gksrh
gSA

nkc mQtkZ] nkc esa varj vkSj blosQ vk;ru osQ xq.kuiQy osQ cjkcj gksrh gSA ;fn m nzO;eku
osQ ,d nzo dk vYika'k (vo;o) ftldk ?kuRo  d gS] ,d nkckUrj  p, osQ varxZr xfreku
gS] rks

nkc mQtkZ = p × (m/d) joule

nkc mQtkZ izfr bdkbZ nzO;eku = (p/d) J kg–1

Msfu;y cuwZyh (1700-1782)

fLol HkkSfrd 'kkL=kh ,oa xf.krK Msfu;y cuwZyh dk tUe 8
iQjojh 1700 esa xf.krKksa osQ ifjokj esa gqvkA mUgksaus nzoxfrdh
esa egRoiw.kZ ;ksxnku fn;kA mudk izfl¼ dk;Z] ̂ ^gkbMªksMkbusfedk**
1738 esa izdkf'kr gqvkA mUgkasus nkc o rki esa ifjorZu osQ lkFk
xSlksa dh izo`Qfr esa ifjorZu (O;ogkj esa ifjorZu) dh O;k[;k
dh] ftlls xSlksa osQ xfrt fl¼kar dk fodkl gqvkA

mUgsa xf.krh; HkkSfrdh dk laLFkkid ekuk tkrk gSA cuwZyh dk fl¼kar
jlk;u iz;ksx'kkykvksa esa fuokZr mRiUu djus osQ fy, fd;k tkrk gSA
blosQ fy, ,d crZu oQks ,d uyh ls tksM+ fn;k tkrk gS ftlls gksdj ikuh rsth ls xqtjrk
gSA

9.10.2  cuwZyh dk lehdj.k

cuwZyh us ,d lehdj.k fodflr fd;k tks fd bl fl¼kar dks ek=kkRed :i ls vfHkO;Dr
djrk gSA bl lehdj.k dks fodflr djus osQ fy, rhu egRoiw.kZ vfHk/kj.kk;sa dh x;h
gSaA

1.rjy vlaihM~; gS vFkkZr~ tc ;g pkSM+s eq¡g dh uyh ls laoQjs eqag dh uyh esa izos'k
djrk gS rks bldk ?kuRo vifjorZuh; jgrk gSA

2.rjy v';ku gS ;kfu fd bldh O;qRifRr esa ';kurk osQ izHkko dks è;ku esa ugha j[kk tkrkA

3.rjy dh xfr /kjkjs[kh; gksrh gSA



ekWM~;wy  - 2 rjy inkFkksZa osQ xq.k

Bkslksa ,oa rjyksa dh ;kaf=kdh

fVIif.k;k¡

HkkSfrdh 264

fp=k. 9.30

ge ,d ifjorhZ vuqizLFk ifjPNsn osQ {ks=kiQy okyh izokguyh ysrs gSa tSlk fp=k 9-30 esa
n'kkZ;k x;k gSA ekuk fcanq A ij nkc  P

1
, vuqizLFk ifjPNsn dk {ks=kiQy A

1
, izokg dk osx

v
1
, /jkry ls mQpkWbZ  h

1
 gS RkFkk  B ij nkc  P

2
 ,vuqizLFk ifjPNsn dk {ks=kiQy A

2  
izokg osx

v
2 
, rFkk /jkry ls m¡QpkbZ h

2 
gSA

D;ksafd A vkSj B izokguyh ij dksbZ Hkh nks fcanq gks ldrs gS_ vr% cuwZyh dk lehdj.k
bl izdkj fy[kk tk ldrk gSA

P + 1/2 dv2 + h dg = fLFkjkad

vFkkZr fdlh rjy dh nkc mQtkZ] xfrt mQtkZ vkSj fLFkfrt mQtkZ osQ ;ksx dk eku /kjkjs[kh;
izokg osQ fy, fLFkj gksrk gSA

fØ;kdyki 9.4

1. vius gkFk esaa dkxt dh ,d 'khV ysaA

2. dkxt osQ {kSfrt Hkkx dks fp=k 9-31 dh Hkkafr FkksM+k uhps
eksM+saA

3. dkxt dh yackbZ ij {kSfrt iwaQd ekjsaA

dkxt dks è;ku ls ns[ksaA ;g mQij mB tkrk gS D;ksafd dkxt osQ mQij ok;q dh pky c<+
tkrh gS vkSj dkxT+k osQ mQijh Hkkx ij nkc de gks tkrk gSA

9.10.3 cuwZyh osQ izes; osQ vuqiz;ksx

gekjs thou esa cuwZyh osQ fl¼kar osQ dbZ vuqiz;ksx gSaA cuwZyh osQ fl¼kar osQ vk/kj ij oqQN
lkekU; :i ls izsf{kr ?kVukvksa dh O;k[;k dh tk ldrh gSA

fp=k. 9.31
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A. izokgekih ;k osaVqjhehVj

;g ,d ,slk midj.k gS tks uyh esa cgrs gq, nzo osQ izokg dh nj dks ekius osQ fy,
iz;ksx esa yk;k tkrk gSA midj.k dks izokg uyh esa izos'k djk;k tkrk gS (fp=k. 9.32) blesa
,d nkcekih gksrk gSA ftlesa nks ufy;kaa ,d ,slh uyh ls tqM+h gksrh gSa ftlosQ nks fljksa
A vkSj B osQ vuqizLFkdkVksa osQ {ks=kiQy Øe'k% A1 vkSj A2 gSaA eku yhft, fd eq[; uyh
dh {kSfrt mQ¡pkbZ  h gSA rc csUVqjhehVj ls nzo osQ fLFkj izokg osQ fy, cuwZyh osQ izes;
dk mi;ksx djus ij]

fp=k 9-32% oSUVqjhehVj

A ij oqQy mQtkZ =  B ij oqQy mQtkZ

1

2
m 2

1υ + mgh + 1mp

d
=   

1

2
m 2

2υ  + mgh + 2mp

d

vFkkZr]

( p
1 
– p

2
) = 

2

d
 ( 2

2v  – 2
1v ) = 

22
1 2

1

1
2

    −        

dv v
v (9.19)

;g n'kkZrk gS fd vf/d osx okys fcanqvksa ij nkc dk eku de gksrk gS (D;ksafd nkc mQtkZ
vkSj xfrt mQtkZ osQ ;ksx dk eku fLFkj jgrk gSA ;g osapqjh fl¼kar dgykrk gSA

csUVqjhehVj esa fLFkj izokg osQ fy,

A fcanq ij igq¡pus okys ty dk vk;ru ¾ A fcanq ls ckgj fudyus okys ty dk vk;ru

A
1
v

1
= A

2
v

2
(9.20)

nzo dks vlaihM~; ekuk x;k gS vFkkZr~ laosQjs Hkkx esa nzo dk osx vf/d gksrk gS vkSj pkSM+s
fljs ij nzo dk osx de gksrk gSA

bl ifj.kke dks (9-19) esa iz;ksx djus ij ge fu"d"kZ fudkyrs gSa fd laoQjs fljksa ij nkc de

gksrk gSA p
1 
– p

2
= 

2 2
1 1

2
2

A
1

2 A

  
−  

  

dv

= 
2
1

1

2
dv  

2

1

2

A
1

A

    
             



ekWM~;wy  - 2 rjy inkFkksZa osQ xq.k

Bkslksa ,oa rjyksa dh ;kaf=kdh

fVIif.k;k¡

HkkSfrdh 266

vFkkZr v
1

=   

1 2
2
1
2
2

2( – )

A
–1

A

p p

d
⎛ ⎞
⎜ ⎟
⎝ ⎠

(9.21)

;fn osUVqjhehVj osQ nks iQydksa osQ chp Lrj fHkUurk h gks rks

p
1 
– p

2
= h d g

vkSj v
1

= 2 2
1 22 [(A / A ) –1]hg

blls ge fu"d"kZ fudkyrs gSa fd v
1
 ∝ h  pawfd ,d osUVqjhehVj osQ fy, vU; lHkh izkpy

fu;r gksrs gSaA

bl izdkj v
1

= K h ; tgk¡ ij ,d K fLFkjkad gSA

izfr lsd.M izokfgr gksus okys nzo dk vk;ru

V = A
1
 v

1
 = A

1  
× K h

;k V = K′h

tgk¡ ij K′  =  K A
1
  ,d nwljk fLFkjkad gSA

cuwZyh osQ fl¼kar dk mi;ksx vusd midj.kksa esa fd;k tkrk gSA tSls df.k=k (,Vksekbtj)]
Lizsxu] cqulsu&Tokyd] dkcqZjsVj] ,;jksiQkW;y vkfnA

(i) df.k=k : df.k=k fp=k 9-33 esa n'kkZ;k x;k gSA tc jcj cYc
A dks nck;k tkrk gS rc gok B uyh osQ laoQjs }kj ls mPp
osx ls fudyrh gS vkSj bl dkj.k blosQ vkl&ikl de nkc
dk {ks=k fufeZr gks tkrk gSA nzo (b=k ;k jax) crZu ls uyh esa
mQij dh vksj izokfgr gksus yxrk gS vkSj uksty  N. ls ckgj
fudyrk gSA tc nzo uksty esa igq¡prk gS rks gok dh /kjk uyh
B ls bls ckjhd iqQgkj osQ :i esa cgkrh gSA

(ii) Lizsxu : tc fiLVu vanj dh rjiQ vkrk gS rks ;g laoQjs
ja/z ‘O’ ls gok dks vf/d osx ls fudkyrk gS ftlosQ dkj.k
vklikl de nkc dk {ks=k cu tkrk gS] nzo crZu osQ fljs (fdukjs)
ls tqM+h iryh uyh ls] tks Bhd ‘O’. osQ uhps [kqyrh gS] [khap
fy;k tkrk gSA fiLVu ls fudyus okyh gok osQ }kjk uyh osQ
fdukjs igq¡pus ij nzo ckjhd iqQgkj osQ :i esa fNM+d fn;k tkrk
gSA

fp=k. 9.33 : df.k=k

fp=k. 9.34  : Lizsxu
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(iii) cqUlsu Tokyd : tc xSl uksty N ls ckgj fudyrh gS rks
mldk osx vf/d gksus osQ dkj.k blosQ vkl&ikl nkc de gks tkrk
gS] blosQ lkFk gok ik'oZ fNnz A ls vanj dh vksj rsth ls c<+rh gS
vkSj xSl esa fey tkrh gSA ;g feJ.k izTofyr djus ij xje uhyh
ykS osQ lkFk tyus yxrk gSA

(iv) dkcqZjsVj : dkcqZjsVj fp=k 9-36 esa n'kkZ;h xbZ ,d ,slh ;qfDr
gS tks eksVj dkj osQ batu osQ flfyaMj dks gok vkSj isVªksy dk leqfpr (larqfyr) feJ.k
iznku djus osQ fy, mi;ksx esa yk;h tkrh gSA batu osQ flfyUMj osQ vanj feJ.k osQ tyus
ls mQtkZ fudyrh gSA isVªksy dks Iyoh d{k esa j[kk tkrk gSA fiLVu dh xfr osQ dkj.k fdukjs
A ij nkc de gks tkrk gSA blh dkj.k ok;q ckgj ls vanj dh vksj vf/d osx ls igq¡prh
gSA ;gh dkj.k gS fd uksty B ij nkc de gks tkrk gSA (B ij ladjs ekxZ osQ dkj.k ogk¡
ij f[kaph xbZ ok;q dk osx vfèkd gks tkrk gS)A vr% B uksty ls isVªksy ckgj vk tkrk
gS tks vanj vkus okyh (ckgj ls) ok;q ls fey tkrk gSA rc ok"iho`Qr isVªksy vkSj ok;q
(baZ/u) A uyh ls gksrk gqvk flfyUMj esa igq¡p tkrk gSA

fp=k. 9.36 : dkcqZjsVj

dHkh&dHkh tc dkcZu ;k vinzO; bdB~Bk gks tkus ls ukWty B can gS rks blls isVªksy dk
izokg jQd tkrk gS vkSj bZa/u u tkus osQ dkj.k dke djuk can dj nsrk gSA vr% uksty
dks [kksy dj lkiQ fd;k tkrk gSA

fp=k. 9.37 : izokg js[kkvksa dk mQijh fljs ij tek gksuk

(v) ,;jksiQk;y : tc dksbZ Bksl ok;q esa ?kwerk ;k xfr djrk gS rks izokg js[kk,aa cu tkrh
gSaA ok;q;ku dk vkdkj fo'ks"k :i ls cuk;k tkrk gS tSlk fd fp=k 9-37 esa n'kkZ;k x;k
gS tc ok;q;ku vius iFk ij nkSM+rk gS rks mPp osx okyh izokg js[kk,a cu tkrh gSaA mQijh

fp=k. 9.35  : cqUlu Tokyd
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fljs ij izokg js[kkvksa dh vf/drk osQ dkj.k ogka ok;q dk osx c<+ tkrk gS] vkSj ;g vis{kko`Qr
de nkc dk {ks=k cu tkrk gSA bl nkc esa varj osQ dkj.k ok;q;ku ij ,d cy mQij dh
vksj yxus yxrk gS vkSj og mQij mB tkrk gSA

^^izokg js[kkvksa dh vf/drk osQ dkj.k ml {ks=k ij ok;q osx vf/d jgrk gS vkSj nkc de
gks tkrk gS** bl fl¼kar ij vk/kfjr oqQN euksjatd mnkgj.k uhps fn, tk jgs gSaA

(a) vko`Q"V eaMyd (pfØdk) fojks/kHkkl :  tc nks xRrs dh ifV~;ksa osQ chp ,d ladjh
uyh uqek gRFks }kjk ok;q iwaQdh tkrh gS vkSj mQijh iV~Vh dks bl gRFks dh lgk;rk ls mBk;k
tkrk gS rks fupyh iV~Vh mQijh iV~Vh osQ lkFk gh mB tkrh gSA bls vkd`"V eaMyd fojks/
kHkkl dgrs gS%

fp=k. 9.38 : vko`Q"V eaMyd (pfØdk) fojks/kHkkl

(b) fiax ikax xsan dk ty osQ tsV osQ mQij ukpuk:

;fn ,d gYdh [kks[kyh xsan (fiax ikWx ;k Vscy Vsful
dh xsan) dks mQèokZ/j mQij dh vksj tsV ;qDr uyh ls
fudyus okyh ty dh /kjk esa j[ksa rks ;g i`Foh ij u
fxjdj bèkj&mèkj ukpus yx tkrh gS (fp=k 9-39)A tc
xasn ck;ha vksj pyh tkrh gS rc vf/d osx okyk {ks=k
cukrh gqbZ tsV dh vf/drj èkkjk;sa blosQ nkfgus vksj
ls xqtjrh gSa vkSj bl izdkj ck;ha vksj dh vis{kk blosQ
nk;ha vksj nkc de gks tkrk gS vkSj xsan iqu% eè;
/kj dh vksj /osQy nh tkrh gSA

(c) ty fuokZr iai ;k pwf"k=k ;k NUUkk iai (fiQYVj
iEi)%  fp=k 9-40 esa lkekU; ls FkksM+k de nkc cukus osQ
fy, fiQYVj iai n'kkZ;k x;k gSA laoQjs tsV okyh uyh A

osQ ekè;e ls ckgj fudyus osQ fy, VksaVh ls ty NksM+k tkrk
gSA uksty dk }kjd NksVk gksus ls osx vf/d gks tkrk gSA bl
izdkj uksty N osQ pkjksa vksj de nkc okyk {ks=k cu tkrk
gSA blfy, uyh B osQ ekè;e ls ik=k dks fjDr djus osQ fy,
gok [khap yh tkrh gSA ;g gok ckgj pyh tkrh gSA oqQN feuVksa osQ i'pkr bl izdkj iai
ls crZu esa gok dk nkc edZjh osQ yxHkx rd 1 cm de gks tkrk gSA .

fp=k. 9. 39: ukprh gqbZ fiax
ikax xsan

fp=k. 9.40 : fiQYVj iai
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(d) fØosQV dh xsan dk ygjkuk (fLoax djuk)

tc ,d fØosQV f[kykM+h ,d ?kwerh gqbZ xsan isaQdrk gS rks ;g gok esa ,d oØkdkj iFk
ij pyrh gSA bls xasn dk ygjkuk (fLoax djuk) dgrs gSaA tSlk fd fp=k (9-41) ls Li"V
gS tc ,d xsan vkxs c<+rh gS rks xsan }kjk fjDr fd, LFkku ij v osx ls ok;q vk tkrh
gSA tc xsan pDdj [kkrh gS rks blosQ pkjksa vksj dh ok;q Hkh blosQ lkFk pyrh gS] (ekuk
fd u  osx ls) rks xsan osQ mQij ok;q dk ifj.kkeh osx  (v – u) vkSj uhps (v + u) gksrk
gSA vr% xsan osQ mQij vkSj uhps nkckUrj osQ dkj.k xsan dk iFk oØkdkj gks tkrk gSA

Fig. 9.41 : fØosQV xsan dk ygjkuk

mnkgj.k 9.3:fdlh cM+s VSad dh nhokj dh ryh esa fLFkr NksVs fNnz ls ty ckgj vkrk
gSA VSad esa ty Lrj dh m¡QpkbZ ;fn 2.5 m gks rks ty osQ cgko dh pky D;k gksxh\

gy: ekuk fd ryh osQ ikl B fNnz gS]  A ls B rd ty izokg osQ fy, izokg ufydk dh
dYiuk djsaA cgqr de nzO;eku m osQ èkkjk js[kh; izokg osQ fy, ge fcanq A vkSj fcanq B

ij cuwZyh osQ fl¼kar oQks mi;ksx esa yk ldrs gSaA

B ij oqQy mQtkZ = A ij oqQy mQtkZ

A, fcanq ij v
A
= 0, p

A
= p = (ok;qe.Myh; nkc),

h
 
= Hkwfe ls mQ¡pkbZ

B, fcanq ijv
B 
= v = ?, p

B 
= p, h

B 
= Hkwfe ls fNnz dh mQ¡pkbZ

ekuk h
A 

– h
B 

= H = ik=k osQ nzo Lrj dh mQ¡pkbZ = 2.5
m

d = ty dk ?kuRo

cuwZyh osQ izes; dk mi;ksx djosQ o eku izfrLFkkfir djus ij

½m 2
Bv = mg (h

A 
– h

B
)

;k v
B

= 2 ( – )A Bg h h

= 2 9.8 2.5× ×
=  7 m s–1

fp=k. 9.42
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ikBxr iz'u 9.5

1. vk¡/h esa cgq/k fVu dh Nrsa mM+ tkrh gSaA cuwZyh lehdj.k fdl izdkj bldh O;k[;k dj
ldrk gSA

2. ikS/ksa dks lhapus osQ fy, tc vki ty osQ ikbi osQ eq¡g dks nckrs gSa rks ty vf/
d nwjh rd pyk tkrk gSA D;ksa\

3 ,d izokgh nzo osQ fo"k; esa cuwZyh dk izes; iz;ksx fd;s tkus dh D;k vko';d 'krsZa
gS\

4. vleku vuqizLFk ifjPNsn dh ,d {kSfrt uyh] esa ty cg jgk gSA ,d fcanq A ij
nkc o osx  20 mm ikjs dk nkc vkSj  0.20 m s–1. gSa] nwljs fcanq B ij nkc D;k gksxk]
tgk¡ ij osx 1.50 m s–1 gS?

5. fØosQV osQ eSp esa xsanckt fØosQV dh xsan dks osQoy ,d vksj ls D;ksa pedkrs gSa\

vkius D;k lh[kk

nzo osQ eqDr ry ls h xgjkbZ uhps nzo LFkSfrd nkc P = hdg gksrk gS] tgk¡ d nzo dk
?kuRo gSA

fdlh rjy esa Mwch gqbZ oLrq ij dk;Z djus okyk mQèokZ/j cy mRIykod cy dgykrk gSA

ikLdy osQ fu;e osQ vuqlkj ifjc¼ nzo dh fLFkj voLFkk esa tc fdlh LFkku ij nkc Mkyk
tkrk gS rks ;g iwjs nzo esa vkSj ik=k dh nhokjksa esa fcuk de gq, lapfjr gks tkrk gSA

nzo i`"B ij fLFkr v.kqvksa esa ,d fLFkfrt mQtkZ gksrh gS ftls i`"B mQtkZ dgrs gSaA

i`"B ruko dh ifjHkk"kk bl izdkj nh tk ldrh gS& ^^ fdlh nzo dh lrg ij [khaph
dkYifud js[kk dh izfr bdkbZ yEckbZ ij yxus okys cy dks i`"B ruko dgrs gSa bls
U;wVu izfr ehVj esa ekik tkrk gSA

fdlh nzo dk i`"B ruko og xq.k gS ftlosQ dkj.k nzo i`"B fdlh ruh f>Yyh dh
rjg O;ogkj djrk gSA

fdlh nzo osQ ry ij [khaph xbZ Li'kZa js[kk rFkk nzo osQ Hkhrj crZu dh nhokj osQ chp
osQ dks.k dks Li'kZ dks.k dgrs gSaA

osQf'kdk uyh esa nzo dk ry vory xksyh; ;k mRry xksyh; gksrk gSA ;g oØrk i`"B
ruko osQ dkj.k gksrh gSA

osQf'kdk esa nzo dk p<+ko (mUu;u) h = 
2 cos θT

r d g
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nzo lrg osQ vory Hkkx (f=kT;k r) esa vfrfjDr nkc P dk eku fuEufyf[kr gksrk
gSA

 P = 
2

R

T
, tgk¡ ij T nzo dk i`"B ruko gSA

nzo osQ Hkhrj ok;q osQ cqycqys osQ fy,]  P = 
2

R

T
,

ok;q esa lkcqu osQ cqycqys osQ fy,] P = 
4T

r

′
, tgk¡ ij T ′ lkcqu osQ ?kksy dk i`"B rukoA

fMVtsZaV diM+ksa dks vf/d lkiQ djrs gSa D;ksafd os ty&rsy dk i`"B ruko de djrs
gSaA

rjy dk og xq.k ftlosQ dkj.k ;g viuh lehiorhZ ijrksa osQ chp dh lkis{k xfr
dk fojks/ djrk gS] ';kurk dgrs gSaA

Øk¡frd osx (v
c
) ls nzo izokg osx dk eku vf/d gks tkus ij izokg iz{kqC/ gks tkrk

gSA ;g nzo dh izo`Qfr vkSj uyh dh f=kT;k ij fuHkZj djrk gS vFkkZr~ (η, ρ  vkSj d)

ijA

fdlh nzo dk ';kurk xq.kk¡d Li'kZjs[kh; i'pxkeh ';kucy osQ :i esa ifjHkkf"kr fd;k
tk ldrk gS tks bdkbZ osx izo.krk osQ {ks=k esa ijLij laidZ okyh nks lehiorhZ ijrksa
osQ chp bdkbZ {ks=kiQy ij dk;Z djrk gSA

LVksDl fu;e crkrk gS fd ;fn r f=kT;k okyk xksyh; fiaM η ';kurk xq.kk¡d okys nzo
esa ‘v’ osx ls fxjrk gS rks ml ij Li'kZjs[kh; i'pxkeh ';ku cy]

F = 6π η r v.

cuwZyh dk izes; crykrk gS fd LFkk;h :i ls cgus okys vlaihM~; nzo osQ nzO;eku
(m) osQ fdlh d.k dh oqQYk mQtkZ izokg osQ nkSjku lnSo fLFkj jgrh gSA izokg uyh osQ
fdUgha nks fcUnqvksa A rFkk B ij cuwZyh osQ fl¼kar dk xf.krh; :i fuEuor gS

1

2
m 2

Av  + m g h
A
+ APm

d
= 

1

2
m 2

Bv  + m g h
B
 + BPm

d

ikBkar iz'u

1. fdlh nzo LraHk osQ dkj.k LFkSfrd nkc osQ fy, O;atd izkIr dhft,A

2. ikLdy dk fu;e fyf[k,A gkbMªkWfyd izsl dh dk;Ziz.kkyh le>kb,A

3. i`"B ruko dks ifjHkkf"kr dhft, rFkk bldk foeh; lw=k Kkr dhft,A
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4. ,d iz;ksx dk o.kZu dhft, ftlls ;g n'kkZ;k tk losQ fd nzoksa osQ i`"B ruh gqbZ f>Yyh
dh Hkk¡fr O;ogkj djrs gSaA

5. fdlh crZu esa j[ks nzo osQ dkj.k 0.9 m dh xgjkbZ ij nzoLFkSfrd nkc 3.0 N m2. gSA
bl crZu esa 0-8m xgjkbZ ij ik'oZ dh nhokj osQ ,d fNnz esa nzoLFkSfrd nkc dh x.kuk
dhft,A

6. fdlh gkbMªkWfyd izsl esa 1000 kg nzO;eku osQ ,d Hkkjh iRFkj dks mBkus osQ fy, fdrus
Hkkj dh vko';drk gksxh\ fn;k gS& nksuksa fiLVuksa osQ vuqizLFk dkV osQ {ks=kiQy dk vuqikr
5 gSA D;k e'khu }kjk fd;k x;k dk;Z e'khu ij fd, x, dk;Z ls vf/d gS\ O;k[;k
djsaA

7. osQf'kdk uyh esa Hkjs nzo dk Åijh [kqyk i`"B mRry gSA ;fn Fa= vklatu cy Fc=

lalatu cy θ = Li'kZdks.k] rks fuEufyf[kr esa dkSu lk laca/ lgh gS\
(a) Fa > Fc sinθ; (b) Fa < Fc sinθ; (c) Fa cosθ = Fc; (d) Fa sinθ > Fc

8. ,e leku f=kT;k dh 1000 cwans vkil esa feydj ,d cM+h tycwan cukrh gSA ty
dh cwan osQ rki esa D;k ifjorZu gksxk\ D;ksa\

9. osQf'kdk"kZ.k D;k gS\ fdlh osQf'kdk uyh esa nzo osQ p<+us vkSj mrjus dks dkSu&dkSu
ls dkjd izHkkfor djrs gSa\

10. 0.05 m yach vkSj  0.2 × 10–3 m f=kT;k okyh ,d osQf'kdk uyh dks 1000 kg m3 ?kuRo
okys nzo esa Mqcks;k tkrk gSA osQf'kdk uyh esa nzo osQ mUu;u (p<+ko) dh x.kuk djsaA
nzo dk i`"B ruko  7.27 × 10–2 N m–1 gSA

11. gok esa ikuh osQ cqycqys cukuk dfBu gS tcfd lkcqu osQ cqycqys cukuk vklku gSA
D;ksa\

12. rsy yxs diM+ksa dks /ksus osQ fy, lkcqu osQ LFkku ij fMVtsZaV dk iz;ksx D;ksa fd;k tkrk
gS\

13. nks ,d leku xksykdkj xqCckjksa dks ok;q Hkjdj fofHkUu lkbtksa esa iqQyk;k x;k gSA nksuksa
dks ,d iryh uyh ls tksM+ fn;k tkrk gSA fuEufyf[kr izs{k.kksa esa ls vkidh jk; esa
dkSu lk izs{k.k laHkkfor gS\

(i) NksVs xqCckjs ls ok;q cM+s xqCckjs esa izokfgr gksxh vkSj rc rd gksrh jgsxh tc ij
iwjh ok;q mlesa u pyh tk,A

(ii) cM+s xqCckjs ls izokfgr gksdj ok;q NksVs xqCckjs esa tk,xh tc rd fd nksuksa esa cjkcj
gok u gks tk,A

mijksDr iz'u esa ;fn xqCckjksa oQks fofHkUu lkbt osQ cqycqyksa ls izfrLFkkfir dj fn;k
tk, rks vkidk mÙkj D;k gksxk\

14. fdlesa vfèkd nkc dh vko';drk gksxh] 3 cm f=kT;k osQ ok;q osQ cqycqyksa dks lkcqu
osQ ?kksy osQ Hkhrj cukus esa ;k 3 cm f=kT;k osQ gh lkcqu osQ cqycqys dks ok;q esa cukus esa\
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15. iVyh; vkSj iz{kqC/ izokg esa varj Li"V djsa vkSj rRi'pkr Økafrd osx dks ifjHkkf"kr
dhft,A

16. ';kurk vkSj ';kurk xq.kk¡d dks ifjHkkf"kr dhft,A ty vkSj fXyljhu esa dkSu vf/
d ';ku gS\ D;ksa\

17. jsukYM la[;k D;k gS\ bldk egRo D;k gS\ jsukWYM la[;k osQ vk/kj ij Økafrd osx
dks ifjHkkf"kr dhft,A

18. cuwZyh osQ fl¼kar dk o.kZu djsaA ok;q;ku dh ckWMh dk fMtkbu rS;kj djus esa blosQ
mi;ksx dh ppkZ dhft,A

19. O;k[;k dhft, fd ,slk D;ksa gksrk gS%

(i) ?kwerh gbZ Vsful dh xsan oØh; ekxZ dk vuqlj.k djrh gSA
(ii) ikuh osQ ikbi osQ }kjd osQ [kqys eq¡g dks nckdj de fd;k tkrk gS rks izokg dk osx
c<+ tkrk gSA
(iii) ,d fiax ikWx xsan i`Foh ij fxjs cxSj ikuh osQ tsV ij ukprh jgrh gSA
(iv) ';ku rjy esa fxjus okyh ,d NksVh xksyh; xsan oqQN le; i'pkr ,d fLFkj osx
izkIr dj ysrh gSA
(v) ;fn ikjs dks dkWp dh lery IysV ij mQij ls mM+sy fn;k tk, rks ;g NksVs&NksVs
xksyh; cwanksa (d.kksa) esa fc[kj tkrk gSA

20. 0.8 mm O;kl okys gok osQ cqycqys dk vafre osx Kkr dhft, tks 0.15 kg m–1 s–1

dh ';kurk vkSj 0.9 g m–3 ?kuRo okys nzo esa mQij mB jgk gSA mlh cqycqys dk vafre
osx D;k gksxk tc og ty esa mQij vk jgk gks\ ty osQ fy, η = 10–2 kg m–1 s–1A

21. 0.2 m O;kl okyh ,d ikbi ykbu esa ty izokfgr gks jgk gSA blesa 0.1 m O;kl okyk
ladh.kZu gSA ;fn  0.2 m O;kl okys ikbi esa ty dk osx 2 m s–1 gS rks] ifjdfyr dhft,
(i) ladh.kZu esa osx vkSj
(ii) D;wfcd ehVj@lsd.M esa foltZu njA

22. (i) 1 mm f=kT;k okyh LVhy dh xsan fXyljhu osQ VSad esa fdlh {k.k fdl osx ls fxjsxh
tc ml le; bldk Roj.k Lora=k :i ls fxjrs gq, fiaM dk vk/k gksA
(ii) xasn dk vafre osx D;k gksxk tc LVhy o fXyljhu osQ ?kuRo Øe'k%
8.5 g cm–3 vkSj 1.32 g cm–3 gks] fXyljhu dh ';kurk 8.3 ikWbt gSA

23. 20ºC ij 3 mm O;kl okys ikbi esa 50 cm s–1 dh pky ls ty izokfgr gksrk gSA crkb,

(i) jsukWYM la[;k D;k gS\

(ii) izokg dh izo`Qfr D;k gSA

 20ºC ij ty dh ';kurk = 1.005 × 10–2 ikWbt vkSj

vkSj ty dk ?kuRo 20ºC as = 1 g cm–3.
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24. vk/qfud fMtkbu okys ok;q;ku dh mM+ku osQ fy, mRFkkiu yxHkx 1000 N m–2 gksuk
pkfg,A dYiuk dhft, fd ok;q;ku osQ ia[kksa osQ Åij ls ok;q /kjk js[kh; izokg esa izokfgr
gksrh gSA ;fn ia[k dh fupyh lrg }kjk izokfgr ok;q dk osx 100 m s–1 gS rks visf{kr
mRFkkiu (fyÝV) 1000 N m–2 nsus osQ fy, mldh mQijh lrg ij fdrus osx dh
vko';drk gksxh\

25. fofHkUu vuqizLFk dkV okys ikbi ls ty izokfgr gksrk gSA ;fn fdlh fcanq ij] tgka
fd izokg dk osx 28 cm s–1  gS] ikuh dk nkc 5 cm ikjs osQ nkc osQ cjkcj gks rks ml
fcUnq ij nkc fdruk gksxk tgk¡ izokg dk osx 70 cm s–1 gS\ (ikuh dk ?kuRo
1 g cm–3)

ikBxr iz'uksa osQ mÙkj

9-1

1. D;ksafd tc vkneh dk Hkkj vf/d {ks=kiQy ij yxrk gS rks ciZQ ij nkc ?kV tkrk
gSA

2. P = P
a
 + ρ gh

P = 1.5 × 107 Pa

3.  yM+osQ osQ Hkkj }kjk vkjksfir nkc = 
2.5

0.05
 = 500 N m–2.

 gkFkh osQ Hkkj osQ dkj.k vkjksfir nkc = 
5000

10
 = 500 N m–2.

∴ blfy, yM+dk gkFkh dks larqfyr dj ldrk gSA

4. NM+ osQ vf/d {ks=kiQy osQ dkj.k Ropk ij nkc de gksxkA

5.
50

0.1
 = 

10

w
, w = 5000 kg wt.

9-2

1. ,d gh inkFkZ osQ v.kqvksa osQ chp ekxZ dk;Z djus okys vkd"kZ.k cy dks lalatd cy
vkSj fofHkUu inkFkksZa osQ v.kqvksa osQ chp dk;Z djus okys cy dks vklatd cy dgrs
gSaA

2. i`"B ruko osQ dkj.k nzo ,d fuf'pr vk;ru osQ fy, U;wure i`"Bh; ry ikuk pkgrk
gS tks fd xksykdkj gksrk gSA

3. ugha muosQ v.kq cgqr n`<+rk ls ca/s gksrs gSA
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4. i`"B ruko cyksa osQ dkj.kA

5. ikuh esa gok osQ cqycqys osQ fy,

P = 
2T

r
 = 

–3

–2

2 727 10

2 10

× ×
×

 = 72.7 N m–2.

 gok esa lkcqu osQ cqycqys osQ fy,

P′ = 
4T

r

′
′  = 

–3

–2

4 25 10

4 10

× ×
×

 = 2.5 N m–2.

9-3

1.  ugha

2.  gk¡] nzo mQij mBsxkA

3. ikjs dh lrg mRry gksrh gS vkSj Li'kZdks.k 90° ls vf/d gksrk gSA osQf'kdk esa ikjs
osQ ry esa fxjkoV osQ dkj.k ;g dfBu gksrk gSA

4. r = 
2T

h gρ  = 
–22 7.2 10

3 1000 10

× ×
× ×

= 4.8 × 10–6m

5.  osQf'kdk"kZ.k osQ dkj.k

9-4

1. ;fn iFk osQ fdlh fcanq ls gksdj xqtjus okys lHkh d.k vius iwoZorhZ d.k dh Hkkafr
,d gh izokg js[kk dk vuqlj.k djsa rks izokg /kjkjs[kh; dgykrk gS] ;fn izokg iFk
Vs<+k es<+k gks rks izokg iz{kqC/ dgykrk gSA

2.  ugha] vU;Fkk ,d gh izokg dh nks fn'kk;sa gksaxhA

3.  Økafrd osx] nzo dh ';kurk] uyh dh f=kT;k vkSj nzo osQ ?kuRo ij fuHkZj djrk gSA

4. .012 ms–1

5.  ';ku cyksa osQ dkj.k

9-5

1. mQijh Hkkx esa gok osQ vf/d osx ls de nkc dk {ks=k fodflr gks tkrk gSA
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2. {ks=kiQy esa deh osQ dkj.k mPp nkc fodflr gksrk gSA

3. rjy vlaihM~; vkSj v';ku gksuk pkfg,A izokg xfr /kjkjs[kh; gksuh pkfg,A

4. (P
1
 – P

2
) = 

1

2
d ( 2

2v  – 2
1v )

5. ftlls fd nksuksa ryksa ij izokg js[kk,sa fHkUu gksaA xsan esa vf/d ?kqeko mRiUu gksxkA

ikBkar iz'uksa osQ mÙkj

5. 2.67 N m–2.

6. 200 N, No.

20. 2.1 mm s–1, 35 cm s–1.

21. 8 m s–1, 6.3 × 10–2 m3 s–1.

22. 7.8 mm s–1, 0.19 m s–1.

23. 1500,  vfLFkj

24. 2 cm  ikjs osQ nkc osQ cjkcj



mPprj ekè;fed ikB~;Øe
HkkSfrdh

fOk|kFkhZ ewY;kdau i=k & 2

vf/dre vad % 50 le; % 
1

1
2

 ?kaVk

funsZ'k
lHkh iz'uksa osQ mÙkj dkxt dh i`Fkd 'khV ij nhft,A
viuh mÙkj iqfLrdk ij fuEufyf[kr lwpuk,a nhft,

uke
iath;u la[;k
fo"k;
ewY;kadu i=k la[;k
irk

vius ewY;kadu i=k dk ewY;kadu vius vè;;u osQUnz osQ fo"k;kè;kid ls djk;sa rkfd vkidks muls vius dk;Z
osQ lacaèk esa /ukRed izfrfØ;k izkIr gks losQA

viuk ewY;kadu i=k NIOS dks u Hkstsa

1. uhps fn;s x;s fp=kksa esa jcj osQ nks uewuksa osQ izfrcy&foo`Qfr xzkiQ n'kkZ;s x;s gSaA buesa ls dkSu&lk uewuk
iz?kkr&vo'kks"kd (Shock absorber) osQ :i esa vPNk dk;Z djsxk\ (1)

2. ,d gh /krq osQ leku yackbZ osQ nks rkjksa  A ,oa B ij leku Hkkj yVdk;k x;kA ;fn A  esa yackbZ o`f¼  B dh
vis{kk nks xquh gks rks  A ,oa B dh f=kT;kvksa esa D;k vuqikr gS\ (1)



3. fdlh ck¡/ dh nhokjsa vk/kj osQ ikl eksVh D;ksa cukbZ tkrh gSa\ (1)

4. ghfy;e xSl ls Hkjk xqCckjk gok esa vfuf'pr Å¡pkbZ rd Åij ugha mBrk oju ,d fuf'pr Å¡pkbZ ij Bgj
tkrk gSA ,slk D;ksa gksrk gS\ (1)

5. fdlh xSl dk rki c<+kus ls mldh ';kurk fdl izdkj ifjo£rr gksrh gS\ (1)

6. yksgs ,oa jcj esa dkSu vf/d izR;kLFk gS\ (1)
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10 xSlksa dk v.kqxfrd fl¼kar

11 Å"ekxfrdh

12 mQ"ek LFkkukUrj.k ,oa lkSj mQtkZ
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10

xSlksa dk v.kqxfrd fl¼kar

tSlk fd vkius fiNys vè;k;ksa esa i<+k gS fd ekud rki o nkc ij inkFkZ rhu voLFkkvksa
esa ik;s tkrs gSaμBksl] nzo vkSj xSlA ;s v.kvksa ls feydj cus gksrs gSa vkSj vkil esa
varj&vkf.od cyksa ls caèks jgrs gSaA dejs osQ rki ij] bu ijek.kqvksa@v.kqvksa dh ,d fuf'pr
rkih; ÅtkZ gksrh gSA tc vkSlr rkih; ÅtkZ esa o`f¼ dh tkrh gS rks ,slh fLFkfr vkrh gS
fd v.kq vfèkd Lora=k :i ls xfr djus yxrs gSa] inkFkZ dh bl voLFkk dks xSlh; voLFkk
dgrs gSaA xSlh; voLFkk esa varj&vkf.od cy i;kZIr {kh.k gks tkrs gSa vkSj v.kqvksa dh fLFkfrt
ÅtkZ mudh xfrt ÅtkZ ls dkiQh de gksrh gSaA

rki] nkc vkSj vk;ru dh fofHkUu fLFkfr;ksa osQ fy;s xSls fHkUu&fHkUu xq.k iznf'kZr djrh
gSaA mnkgj.k osQ fy;s ;fn fu;r vk;ru ij xSl dk rki c<+k;k tkrk gS rks blosQ nkc esa
o`f¼ gksrh gSA bl vè;k; eas vki xSlksa osQ v.kqxfrd fl¼kUr osQ ckjs esa i<+saxs tks fd oqqQN
ljyhdj.k voèkkj.kkvksa ij vkèkkfjr gSA vki rki dh xfrd O;k[;k rFkk v.kqvksa dh xfrt
ÅtkZ vkSj rki osQ eè; lacaèk osQ ckjs esa Hkh i<+saxs] bl ikB esa ;g O;k[;k Hkh dh tk,xh
fd xSlksa dh nks izdkj dh fof'k"V Å"ek D;ksa gksrh gSa] lkFk gh Å"eh; izlkj dh ladYiuk
dh O;k[;k Hkh dh tk,xhA

mís';

bl ikB dks i<+us osQ ckn vkiμ

xSlksa osQ v.kqxfrd fl¼kUr dh vfHk/kj.kkvksa dks crk losaQxs_

nkc P osQ fy;s O;atd  P  = 
1

3
2cρ ; izkIr dj losaQxs_

v.kqvksa osQ oxZ ekè; ewy (RMS) vkSj vkSlr osx dk rki osQ lkFk lacaèk LFkkfir dj
losaQxs_

xSl osQ v.kqxfr fl¼kUr osQ vkèkkj ij xSl osQ fu;eksa dh O;qRifr dj ik;saxs_
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rki dh xfrd O;k[;k dj ik;saxs vkSj ekè; xfrt ÅtkZ dh x.kuk dj losaQxs_

Å"ek /kfjrk ,oa fof'k"V Å"ek dks ifjHkkf"kr dj ldsaxs_

dSyksjhfefr dk fl¼kUr le>k ldsaxs_

Å"eh; izlkj dh O;k[;k dj ldsaxs_

α, β, ,oa γ esa laca/ LFkkfir dj ldsaxs_

d.kksa ds fdlh fudk; ds LokrU=k; dksfVeku dh O;k[;k dj ldsaxs_

ÅtkZ ds lefoHkktu ds fu;e dh O;k[;k dj ldsaxs_

xSl dh nks fof'k"V Å"ek,a gksus dh O;k[;k dj losaQxs vkSj

c
p
 – c

V
 = R/J lacaèk dks LFkkfir dj losaQxsA

10.1 mQ"eh; mQtkZ

o"kZ Hkj esa olUr Írq cM+h lqgkouh gksrh gS] blesa rkieku u rks xzh"e dh rjg vf/d
gksrk gS vkSj u gh  'kjn dh rjg de gksrk gSA ;g rkieku ifjorZu gekjs nSfud fØ;k&dykiksa
dks izHkkfor dSls djrk gS\ rkieku ifjorZu ls oLrqvksa ds xq.k dSls ifjo£rr gksrs gSa\ D;k
rkieku ,oa mQ"ek esa dksbZ vUrj gS\ vkxkeh vuqHkkxksa esa ,sls lHkh iz'uksa ij fopkj fd;k
tk,xkA

izk;% vke cksypky esa rkieku ,oa mQ"ek ,d nwljs ds fy, mi;ksx fd, tkrs gSaA gkykafd]
HkkSfrd foKku esa buds vFkZ esa cgqr vUrj gksrk gSA mQ"ek iznku djus ls izk;% rkieku c<+rk
gS ysfdu D;k ty ds mcyus vFkok ty ds teus dh izfØ;k esa Hkh ,slk gksrk gS\ leqnzrVh;
{ks=kksa esa lw;kZLr ds ckn iou ds izokg dh fn'kk mYVh D;ksa gks tkrh gS\ gFksyh ij j[kh
ciQZ fi?ky D;ksa tkrh gS vkSj gFksyh dks BaMd eglwl D;ksa gksrh gS\ bl izdkj ds lHkh
rF;ksa dh O;k[;k bl ikB esa dh tk,xhA

10-1-1 mQ"ek /kfjrk ,oa fof'k"V mQ"ek

tc fdlh Bksl (vFkok nzo) dks mQ"ek iznku dh tkrh gS rks mlds rkieku esa o`f¼ gksrh
gSA fofHkUu Bkslksa ds leku nzO;eku dks leku mQ"ek iznku djus ds ckotwn Hkh ;g o`f¼
vyx&vyx gksrh gSA bldk rkRi;Z gS fd fdlh Bksl dks fuf'pr mQ"ek iznku djus ij
rkieku esa o`f¼ inkFkZ dh izÑfr ij fuHkZj djrh gSA Bksl dh izÑfr inkFkZ dh fof'k"V
Å"ek /kfjrk vFkok fof'k"V mQ"ek ls fu#fir gksrh gSA fdlh Bksl (vFkok nzo) ds bdkbZ
nzO;eku dk rkieku 1ºC vFkok 1K c<+kus ds fy, vko';d mQ"ek fof'k"V mQ"ek dgykrh
gSA

;fn m nzO;eku ds fdlh Bksl (vFkok nzo) ds rkieku dks Δθ fMxzh c<+kus esa visf{kr
mQ"ek ΔQ gS rks fof'k"V mQ"ek fuEuor~ O;Dr dh tk ldrh gS%

C =
Δ
Δθ
Q

m
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vr% fdlh inkFkZ dks rkieku o`f¼ ds fy, vko';d mQ"ek dks fuEu :i esa izdV dj
ldrs gSa%

Δ = ΔθQ mC

fof'k"V mQ"ek dk SI ek=kd J kg–1 K–1 gSA

10-1-2 dSyksjhfefr

tc nks vleku rkieku dh oLrqvksa dks lEidZ esa j[kk tkrk gS rks vf/d rkieku dh oLrq
ls de rkieku dh oLrq esa mQ"ek dk LFkkukUrj.k gksrk gSA inkFkZ dh fof'k"V mQ"ek ,oa
blls lacf/r HkkSfrd jkf'k;ksa dk ekiu ,d ;qfDr }kjk fd;k tkrk gS ftls dSyksjh ehVj
dgrs gS ,oa ;g fof/ dSyksjhfefr dgykrh gSA

10-1-3 dSyksjhfefr dk fl¼kUr

ekuk m
1
, m

2
 nzO;eku ds nks inkFkZ ftudh fof'k"V mQ"ek Øe'k% C

1
 ,oa C

2
 gSa rFkk rkieku

θ
1
 ,oa θ

2
 gSa (θ

1
 > θ

2
) ijLij lEidZ esa j[ks x;s gSaA rc vf/d rkieku dh oLrq ls de

rkieku dh oLrq esa mQ"ek LFkkukrja.k gksxk ,oa inkFkZ ,d mHk;fu"B rkieku θ izkIr dj
ysaxsA

;fn dksbZ vU; izdkj dh mQ"ek gkfu ugha gS rks mQtkZ laj{k.k ds fu;ekuqlkj%

mQ"ek gkfu = mQ"ek o`f¼

⇒ 1 1 1( )θ − θm C = 2 2 2( )θ − θm C

;g dSyksjhfefr dk fl¼kUr gSA bl lacU/ dk mi;ksx dj ifj.kkeh rkieku θ Kkr fd;k
tk ldrk gSA ;fn ,d inkFkZ dh fof'k"V mQ"ek Kkr gks rks θ

1
, θ

2
 ,oa θ Kkr gksus ij inkFkZ

dh fof'k"V mQ"ek Hkh Kkr dh tk ldrh gSA

10-1-4 mQ"eh; izlkj

tc fdlh inkFkZ dks mQ"ek iznku dh tkrh gS rks mldh yEckbZ] {ks=kiQy ,oa vk;ru esa
o`f¼ gksrh gS ftls mQ"eh; izlkj dgrs gSaA yEckbZ] {ks=kiQy ,oa vk;ru izlkj Øe'k% js[kh;
izlkj] i`"B izlkj ,oa ?ku&izlkj dgykrs gSaA

js[kh; izlkj esa yEckbZ&o`f¼] ewy&yEckbZ ,oa rki&o`f¼ ds vuqØekuqikrh gksrh gSA

0l lΔ ∝ Δθ

vFkok 0l lΔ = α Δθ

tgk¡ α js[kh; izlkj xq.kkad vFkok js[kh; izlkj dk rki xq.kkad gSA vr%

0

Δα =
Δθ
l

l
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;fn 1Δθ = °C  ,oa l0 = 1m

rc α = Δl

vr% ,dkad yEckbZ dk rkieku 1°C c<+kus ij yEckbZ esa o`f¼ (ifjorZu) α  gksrh gSA

i`"Bh; izlkj esa] {kS=kiQy & o`f¼] ewy&{ks=kiQy ,oa rkieku&o`f¼ ds vuqØekuqikrh gksrh
gSA

0A AΔ ∝ Δθ

vFkok 0A AΔ = β Δθ

tgka β i`"Bh; rki&izlkj xq.kkad gSA

vk;ru izlkj esa] vk;ru & o`f¼] ewy&vk;ru ,oa rkieku&o`f¼ ds vuqØekuqikrh gksrh
gSA

0V VΔ ∝ Δθ

vFkok 0V VΔ = γ Δθ

tgka γ vk;ru rki&izlkj xq.kkad gSA

;fn V0 = 1m3 ,oa Δθ = 1°C, rc γ = ΔV

vr% vk;ru izlkj esa] ,dkad vk;ru dk rkieku 1°C c<+kus ij vk;ru esa o`f¼ γ gksrh
gSA

ααααα, βββββ ,oa γγγγγ esa lacU/

ekuk ,d ?ku dh Hkqtk l gS ftldk rkieku 1ºC c<+k;k x;k gSA
yEckbZ esa ifjorZu]

Δl = α Δθl

= αl ( )1Δθ = °C∵

vFkok       uohu yEckbZ]  (1 )′ = + Δ = + α = + αl l l l l l

fp=k 10.1
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vr%
Δα = l

l

,oa
2 2 2

2
(1 )Δ + α −β = =A l l

A l

  21 2 1= + α + α −

∴ α cgqr NksVk gS vr% α2 ux.; gksxkA blhfy,

β = 2α

blh izdkj]
3 3 3

3

(1 )Δ + α −γ = =V l l

V l

vFkok 3 3 2 33 3l lγ = + α + α + α −

Q α cgqr NksVk gS vr% α2 ,oa α3 ux.; gksaxsA

vr% γ = 3α.

10.1.5 ty esa folaxrhiw.kZ izlkj ,oa bldk izHkko

lkekU;r% fdlh nzo dk rkieku c<+us ij mudk vk;ru c<+rk gSA nzoksa dk rki&izlkj xq.kakd
Bkslksa ls yxHkx 10 xquk vf/d gksrk gSA rFkkfi 0 ls 4ºC rkieku ds fy, ty ds vk;ru

esa o`f¼ ugha gksrhA mYVk tc rkieku 0ºc ls 4ºC rd c<+rk gS rks ty dk vk;ru de

gksrk gS ,oa ;g 4ºC ij ?kuRo dk egRre eku 1 g mL–1 vFkok 1000 kg m–3 izkIr dj
ysrk gSA blds ckn vk;ru c<+uk izkjEHk gks tkrk gSA (tcfd ?kuRo de gksrk gS) tSlk

fd fp=k 10-2 esa n'kkZ;k x;k gSA

fp=k 10.2
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vc] ;g le>k tk ldrk gS fd rkykc ,oa >hy lrg ij D;ksa te tkrh gS tcfd blds
uhps ty nzo voLFkk esa jgrk gSA tSls&tSls rkykc BaMk gksrk gS] Hkkjh ,oa BaMk ty izkjEHk
esa lrg ls ryh dh vksj Mwcrk gSA tc leLr ty dk rkieku 4ºC gks tkrk gS rc ;g
izokg #d tkrk gSA ty dh lrg dk rkieku ?kVrk jgrk gS ,oa 0º ij te tkrk gSA tSls
gh lrg dk ty terk gS ;g ogha jgrk gS D;ksafd ciQZ mQ"ek dk dqpkyd gSA pwafd ciQZ
ty ls gYdk gksrk gS vr% lrg ij ciZQ dh ijr eksVh gksrh tkrh gS tcfd ryh esa 4ºC

dk ty cuk jgrk gSA ;fn ,slk ugha gksrk rks eRL; ,oa vU; ty tho thfor ugha cus
jg ldrs FksA

10.1.6 xSlksa esa mQ"eh; izlkj
tc xSlksa dks mQ"ek iznku dh tkrh gS rks os Hkh iQSyrh gSa vkSj ;g iQSyko Bksl ,oa nzoksa
dh vis{kk cgqr vf/d gksrk gSA ysfdu xSl ds izdj.k esa rkieku o`f¼ ls vk;ru ,oa
nkc ,d lkFk ifjo£rr gks ldrs gSA vr% rkieku o`f¼ ds lkFk gesa vk;ru esa o`f¼ fu;r
nkc vFkok nkc esa o`f¼ fu;r vk;ru ij fopkj djuh gksxhA vr% fu;r nkc ij vk;ru
izlkj xq.kkad fuEuor~ fn;k tk ldrk gSA

2 1

1 0
v

p

V V

V Δ =

⎛ ⎞−γ = ⎜ ⎟Δθ⎝ ⎠

blh izdkj
2 1

1 0
p

v

p p

p Δ =

⎛ ⎞−γ = ⎜ ⎟Δθ⎝ ⎠

10.2 xSlksa dk v.kqxfr fl¼kUr

vki tkurs gSa fd inkFkZ cgqr ls ijek.kqvksa vkSj v.kqvksa ls feydj cuk gksrk gSA bu v.kqvksa
esa ls izR;sd v.kq ml inkFkZ osQ xq.kèkeZ n'kkZrk gS ftldk og vax gSA
xSlksa dk v.kqxfr fl¼kUr vkn'kZ xSlksa osQ LFkwy xq.kèkeZ tSls fd mlosQ nkc]vk;ru vkSj
rki dk blosQ lw{e xq.kèkeks±] tSls v.kqvksa dh pky rFkk nzO;eku osQ chp lacaèk LFkkfir
djus dk iz;kl djrk gSA
v.kqxfr fl¼kUr oqQN voèkkj.kkvksa ij vkèkkfjr gSA ;g osQoy vkn'kZ xSlksa osQ fy;s mi;qDr
gSA (;fn fdlh xSl osQ v.kq fcUnq nzO;eku dh rjg O;ogkj djsa vkSj muosQ chp dksbZ
vUrj&vkf.od cy u yxrk gks rks bl xSl dks vkn'kZ xSl dgk tk ldrk gSA dejs osQ
rki ,oa ok;qe.Myh; nkc (de nkc) ij dksbZ xSl vkn'kZ xSl dh Hkkafr O;ogkj djrh gSA

10.2.1 xSl osQ v.kqxfr fl¼kUr dh vfHkèkkj.kk

DykdZ eSDloSy us 1860 eas izfrikfnr fd;k fd xSlksa osQ izsf{kr xq.kèkeks± dh O;k[;k xSlksa
osQ v.kqvksa dh izÑfr mudh xfr vkSj vU;ksU; fØ;kvksa osQ fo"k; esa dh xbZ oqQN vfHk/
kj.kkvksa osQ vkèkkj ij dh tk ldrh gSaaaA v.kqxfr fl¼kUr dh vfHkèkkj.kk;sa fuEufyf[kr gSaμ



 287HkkSfrdh

xSlksa dk v.kqxfrd fl¼kar ekWM~;wy  - 3
Å"eh; HkkSfrdh

fVIif.k;k¡

(i) xSl cgqr ls leku v.kqvksa ls feydj cuh gksrh gS] tks n`<+ gksrs gSa vkSj lHkh laHko
osxksa ls lHkh fn'kkvksa eas xfr djrs gSaA muosQ chp varjkf.od cy ux.; gksrk gSA

(ii) ;s v.kq vkil esa vkSj xSl&èkkjd dh nhokj ls la?kV~V djrs jgrs gSaA ;s la?kV~V iw.kZr% izR;kLFk
gksrs gSaA

(iii) v.kqvksa dk vkdkj muosQ vkil dh nwjh dh rqyuk eas ux.; gksrk gSA

(iv) la?kV~Vksa osQ chp v.kq ,d leku osx ls lhèh js[kk esa xfr djrs gSaA

(v) la?kV~V esa yxk le; nks Øe'k% la?kV~Vksa osQ chp osQ le; dh rqyuk eas ux.; gksrk
gSA

(vi) lEiw.kZ ik=k eas v.kqvksa dk forj.k ,d leku gksrk gSA

fdlh ik=k esa fo|eku xSl osQ dkj.k mRiUu nkc dk O;atd izkIr djus osQ fy;s ge osQoy
,d v.kq dh xfr osQ ckjs esa fopkj djrs gSaA D;ksafd lHkh v.kq leku gSa (voèkkj.kk (z)
bl xfr djus okys v.kq ds x, y, z fn'kkvksa esa osx ?kVd gksrs gSa] voèkkj.kk (vi) ds vuqlkj
dsoy ,d vk;ke tSls x- v{k vuqfn'k xfr ij fopkj djuk i;kZIr gksxkA (fp=k 10-3)
è;ku nhft;s fd ;fn xSl osQ N (6 × 1026) v.kq izfr ?kuehVj gksrs gSa rks 3N iFkksa ij fopkj
djuk gksrk gS fdUrq bl vfHkèkkj.kk ls vc leL;k osQoy ,d v.kq dh ,dk;keh xfr dh
jg xbZ gSA vkb;s i`"B LMNO ij C osx ls xfr djrs gq, fdlh d.k ij fopkj djsaA
blosQ x, y rFkk z ?kVd Øe'k% u, v rFkk w gSa] ;fn v.kq dk nzO;eku m gks vkSj ;g u pky
ls x fn'kk esa xfr dj jgk gks rks ox fn'kk osQ yEcor~ ry ij bldk laosx mu gksxk] nhokj
ls Vdjkdj ;g v.kq leku pky ls foijhr fn'kk esa ykSVsxk] nhokj ls la?kV~V osQ ckn v.kq
dk laosx = –mu

vr% v.kq osQ laosx eas ifjorZu = mu – (–mu) = 2mu

;fn v.kq ì"B ABCD ls ì"B LMNO dh vksj ls  u osx ls xfr djrk gS vkSj la?kV~V osQ

i'pkr fcuk fdlh v.kq ls Vdjk;s okil vkrk gS rks ;g 2l nwjh 
2l

u
 le; esa r; djrk gSA

vr% v.kqvksa osQ nhokj ls nks Øec¼ la?kV~Vksa osQ chp dk le; 
2l

u
 gSA

U;wVu osQ f}rh; xfr fu;e osQ vuqlkj
laosx ifjorZu dh nj yxk;s x;s cy osQ cjkcj gksrh
gSA vr%
ABCD ij laosx ifjorZu dh nj

= 
loa xs  ifjoruZ

le;

= 
2

2 /

mu

l u
 = 

2mu

l
;g ,d v.kq osQ laaosx ifjorZu dh nj gSA

fp=k 10-3 v.kq dh x- v{k osQ
vuqfn'k xfr
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pwafd xSl esa N v.kq gSa] ABCD ij x – v{k osQ vuqfn'k u
1
, u

2
, ....., u

N
 osx ls xfr djrs

gq, N v.kqvksa osQ dkj.k oqQy laosx ifjorZu dh nj ;k ABCD ij oqQy vkjksfir cy

= 
m

l
( )2 2 2 2

1 2 3 N...u u u u+ + + +

∴ ABCD nhokj ij yxk nkc (D;ksafd nkc ,dkad {ks=kiQy ij yxus okyk cy gS)

P = 
( )2 2 2

1 2 N

2

...
m

u u u
l

l

+ + +

= ( )2 2 2
1 2 N...

3

m
u u u

l
+ + + (10.1)

;fn 2–
u Ox fn'kk esa lHkh osxksa osQ ?kVdksa osQ oxZ dk ekè; gks rks

2–
u = 

2 2 2 2
1 2 3 N...u u u u

N

+ + + +

vFkok N 2–
u = 2 2 2 2

1 2 3 N...+ + + +u u u u

2 2 2
N1 2(u u ...... u )+ + + osQ eku dks leh- (10-1) esa j[kus ij

P =   
2

3

Nmu

l
(10.2)

T;kfefr }kjk ;g n'kkZ;k tk ldrk gS fd

c2 = u2 + v2 + w2

tgk¡ ij u, v vkSj w, c osQ rhu ,d nwljs ij yacor fn'kkvksa easa ?kVd gSa]

oxZ ekè; ekuksa osQ fy;s Hkh ;g lacaèk lR; gS vFkkZr~

2–c = 2–
u  + 2v  + 2–w

pwafd ?ku osQ fdlh ,d fdukjs osQ lekUrj xfr djus osQ fy;s v.kq dksbZ ojh;rk ugha fn[kykrs

gSa] blls ;g fu"d"kZ fudyrk gS fd 2 2 2u , ,wv  osQ ekè;eku cjkcj gSaA

vFkkZr~ 2–
u = 2v  = 2–w

;k 2–
u = 

2–

3
c

lehdj.k (10-2) esa bldk eku izfrLFkkfir djus ij
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P = 
1

3 3

Nm

l
2–c

pwafd 3l  xSl èkkjd dk vk;ru gS]

PV = 
1

3
Nm 2–c = 

1

3
M 2–c (10.3)

bl lacaèk dk egÙo ;g gS fd ;g LFkwy n'khZ; xq.kèkeks± vFkkZr~ nkc vkSj vk;ru dks lw{en'khZ
xq.kèkeks±] vFkkZr~ v.kqvksa osQ nzO;eku rFkk oxZekè; pky ls tksM+rk gSA

lehdj.k (10-3) dks bl izdkj Hkh fy[kk tk ldrk gSA

P = 
1

3 V

Nm
2–c

;fn ρ = 
V

mN
, xSl dk ?kuRo gks rks

P = 
1

3
ρ 2–c

;k 2–c = 
3P

ρ (10.4)

oSdfYid :i ls ;fn ge N/V vuqikr dks la[;k ?kuRo n ls n'kkZ;sa rks leh- (10-3) dks fy[k
ldrs gSa_

P = 21
3

m n c (10.3a)

mijksDr O;qRifÙk esa fuEukafdr fcanq è;ku nsus ;ksX; gSa%

(i) lehdj.k (10-4) ls ;g Li"V gS fd v.kqxfr fl¼kUr eaasa ik=k osQ vkdkj dh dksbZ
Hkwfedk ugha gSA osQoy vk;ru gh egRoiw.kZ gSA ge ?ku osQ vykok dksbZ vU; ik=k
Hkh ys ldrs gSaA ?ku osQoy gekjs ifjdyu dks ljy dj nsrk gSA

(ii) geus varjk&v.kqd la?kV~Vksa dh mis{kk dh gSA ysfdu ;s ifj.kke ij izHkko ugha Mkyrs
gSa D;ksafd  muosQ ,d nwljs ls Vdjkus ls ;k nhokjksa ls Vdjkus ij v.kqvksa dk vkSlr
laosx ugha cnyrk gSA

(iii) pky osQ oxZ dk ekè; vFkkZr~ , 2c  vkSj pky osQ ekè; dk oxZ 2( )c  leku ugha gSaA

;g fuEufyf[kr mnkgj.k ls Li"V gks tk;sxkA

eku yhft, gekjs ikl 5 v.kq gSa vkSj mudh pky Øe'k% 1] 2] 3] 4] 5 bdkbZ gS] rc
mudh ekè; pky
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1 2 3 4 5

5

+ + + +
= 3 ;wfuV

bldk oxZ 9 gS

nwljh vksj pky osQ oxks± dk ekè;

2 2 2 2 21 2 3 4 5

5

+ + + +
= 

55

5
 = 11

vr% ge ns[krs gSa fd pky osQ oxZ dk ekè; vkSj pky osQ ekè; dk oxZ leku ugha gSA

mnkgj.k 10-1% 10 cm Hkqtk osQ [kks[kys ?ku esa 1022 vkDlhtu v.kqvksa }kjk mRiUu
nkc dk ifjdyu dhft, tgka v.kqvksa dh vkSlr LFkkukUrjh; pky 500 m s–1 gS vkSj
izR;sd v.kq dk nzO;eku 5×10–2 6 kg, gSA

gy% laosx esa ifjorZu  2m u = 2 × (5 × 10–26  kg) × (500 m s –1)

 = 5 × 10–23 kg m s–1.

,d gh ik'oZ esa mÙkjksÙkj la?kV~V djus eas yxk le; ¾ 2 × 10 cm ;k 2 × 10–1 m. nwjh r;
djus esa yxk le;

t = 
–2

–1

2 10 m

500 m s

×
 = 4 × 10–4 s

∴ laosx ifjorZu dh nj = 
23 1

4

5 10 kg m s

4 10 s

− −

−

×
×  = 1.25 × 10–19 N

,d /kjd dh nhokj ij oqQy v.kqvksa dh ,d frgkbZ la[;k osQ dkj.k cy

f = 
1

3
 × 1.25 × 10–19 × 1022 = 416.7 N

vkSj nkc  = 
cy

{ks= kiQy  = –4 2

417 N

100 10 m´

= 4.2 × 10–4 N m–2

ikBxr iz'u 10.1

1. (i) ,d xSl fdlh Hkh ik=k dks iwjk Hkj nsrh gS ysfdu nzo ughaA D;ksa\

(ii) xSlksaa dh rqyuk esasa Bkslksa dh jpuk vfèkd Øec¼ gksrh gSA D;ksa\

2. vkn'kZ xSl ls D;k rkRi;Z gS\
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3. xSl dk nkc v.kqvksa osQ ?kuRo ls oSQls lacafèkr gS\

4. fdlh inkFkZ dh fof'k"V Å"ek ls vki D;k le>rs gSa\

5. vk;ru izlkj xq.kkad dh ifjHkk"kk dhft,A

6. 20°C ij fdlh LVhy ds rkj dh yEckbZ 2 m gSA 120°C rki ij bldh yEckbZ
2.01 m gks tkrh gSA rkj ds inkFkZ ds jSf[kd izlkj xq.kkad α dh x.kuk dhft,A

10-3 rki dh xfrd O;k[;k

lehdj.k (10-3) ls ge tkurs gSa fd

P V = 
1

3
m N 2–c

ge ;g Hkh tkurs gSa fd xSlksa osQ n eksyksa (moles) osQ fy, voLFkk&lehdj.k

PV = n RT, tgka ij R ,d fu;rkad gS ftldk eku 8.3 J mol–1  K–1 gSA vr% bl ifj.kke
dks nkc O;atd osQ lkFk la;ksftr djus ij

n R T = 
1

3
m N 2–c

nksuksa vksj 
3

2n ls xq.kk djus ij

3

2
R T = 

1

2

2Nmc

n
 = 

1

2
m N

A 
2–c

tgka ij 
N

n
 = N

A
 ,oksxsMªks la[;k

;g ,d eksy inkFkZ esa ijek.kqvksa ;k v.kqvksa dh la[;k n'kkZrk gSA bldk eku  6.023×1023

izfr xzke eksy gSA  N
A
, dk mi;ksx djus ij ge bls fuEu izdkj fy[k ldrs gSa%

3

2 A

R
T

N

  
  
  

= 
1

2
m 2–c

ysfdu 
1

2
m 2–c  ,d v.kq dh ekè; xfrt ÅtkZ gSA vr% ge fy[k ldrs gSaA

1

2
m 2–c = 

3

2
A

R

N

  
  
  

T  =  
3

2
 k T (10.5)

tgka ij k = 
A

R

N
 cksYV~teku fu;rkad (k) gS

vFkkZr~ k = 
A

R

N
(10.6)

k dk eku 1.38 × 10–23 J K–1 gSA



ekWM~;wy  - 3 xSlksa dk v.kqxfrd fl¼kar

Å"eh; HkkSfrdh

fVIif.k;k¡

HkkSfrdh 292

k osQ inksa esa] xSl osQ ,d v.kq dh ekè; xfrt ÅtkZ fuEu izdkj n'kkZ;h tkrh gS

ε  =
1

2
m 2–c = 

3

2
k T (10.7)

vr% xSl osQ 1 xzke eksy dh xfrt ÅtkZ ¾ 
3

2
R T

;g lacaèk gesa crykrk gS fd v.kq dh ekè; xfrt ÅtkZ xSl osQ fujis{k rki T ij fuHkZj
djrh gS vkSj vius nzO;eku ij fuHkZj ugha djrh gSA ;g rF; rki dh v.kqxfrd O;k[;k
osQ :i esa tkuk tkrk gSA

Li"Vr;k] T = 0, ij 1 v.kq dh xfrt ÅtkZ 'kwU; gks tkrh gS vFkok nwljs 'kCnksa esa bl rki
ij oqQy v.kqxfr lekIr gks tkrh gS vkSj v.kq ,sls O;ogkj djrs gSa tSls fd os te x;s
gksaA uohu ladYiukvksa osQ vkèkkj ij ije 'kwU; rkieku ij] fdlh Hkh fudk; dh ÅtkZ
iw.kZr;k 'kwU; ugha gksrh] ,d fudk; eas bl rkieku ij Hkh oqQN ÅtkZ ikbZ tkrh gS ftls
'kwU; fcanq ÅtkZ dgrs gSaA

lehdj.k (10-5) dh lgk;rk ls ge 2–c , oxZ ekè; ewy osx dk eku fy[k ldrs gSa

c
rms

 = 2c  = 
3kT

m
 = 

3RT

M
(10.8)

;g lacaèk n'kkZrk gS fd fdlh rki T ij c
rms

 vk.kfod nzO;eku M osQ oxZewy dk O;qRØekuqikrh
gksrk gSA vFkkZr~ gYosQ v.kqvksa dk vkSlr osx Hkkjh v.kqvksa osQ osx ls vfèkd gksrk gSA mnkgj.k
osQ fy, vkWDlhtu dk vk.kfod nzO;eku gkbMªkstu osQ vk.kfod nzO;eku dk 16 xquk gSA
gkbMªkstu osQ v.kq vkDlhtu osQ v.kqvksa dh vis{kk 4 xquk rst xfr djrs gSa] blhfy;s gYdh
xSlsa gekjs ok;qe.My osQ Åijh Hkkx esa ikbZ tkrh gSaA ;g izsf{kr rF; v.kqxfrd fl¼kUr
dh ekU;rk osQ fy, igys egÙoiw.kZ izek.kksa esa ls ,d FkkA

10.4 v.kqxfr fl¼kUr ls xSl osQ fu;eksa dk fuxeu

(i) ckW;y dk fu;e

ge tkurs gSa fd ,d xSl osQ fy;s lehdj.k (10-3) osQ vuqlkj

P V = 
1

3
M 2–c

tc fdlh xSl osQ fn;s x;s fdlh nzO;eku dk rki fu;r gksrk gS rks]

mldk oxZ ekè; ewy osx fu;r jgrk gSA

vr% leh- (10-6) esa M vkSj 2–c  nksuksa fLFkj gS

vr% ge fy[k ldrs gSa fd

P V = fLFkj (10.9)
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;g ckW;y dk fu;e gS tks crykrk gS fd fu;r rki ij fdlh xSl osQ fn;s x;s nzO;eku
dk nkc ml xSl osQ vk;ru dk O;qRØekuqikrh gksrk gSA

(ii)  pkYlZ dk fu;e

leh- (10-3) ls ge tkurs gSa fd

P V = 
1

3
M 2–c

vFkok V = 
1

3 P

M
2–c

;fn M ,oa P vifjofrZr jgsa vFkkZr~ vpj gksa rks

V ∝ 2–c  ysfdu 2–c  ∝ T (;g pkYlZ dk fu;e gSA)

∴ V ∝ T (10.10)

vr% pkYlZ osQ fu;e dk dFku ;g gS fd ,d fu;r nkc ij fdlh xSl osQ fuf'pr
nzO;eku dk vk;ru rki osQ lekuqikrh gksrk gSA

jkcVZ ckW;y
  (1627&1691)

fczfV'k iz;ksxdÙkkZ jkWcVZ ckW;y xSl osQ vk;ru o nkc osQ chp lacaèk
n'kkZus okys fu;e osQ fy;s izfl¼ gS (PV = fu;rkad)A jkcVZ gqqd
}kjk cuk;s x;s fuokZr iEi dk iz;ksx djosQ mUgksaus n'kkZ;k fd èofu
fuokZr eas ugha pyrhA mUgksaus fl¼ fd;k fd tyus osQ fy;s gok
dh vko';drk gksrh gS vkSj gok osQ izR;kLFk xq.kksa dk vè;;u fd;kA

os jkW;y lkslkbVh vkWiQ yUnu osQ laLFkkid lnL; Fks vkSj  viuh oSKkfud
dk;ks± esaa #fp osQ dkj.k vktUe vfookfgr jgsA pUnzek ij ØsVj ckW;y dk ukedj.k muosQ lEeku
esa fd;k x;k gSA

(iii) xs yqld dk fu;e
xSlksa osQ v.kqxfr fl¼kUr osQ vuqlkj ,d vkn'kZ xSl osQ fy;s

P = 
1

3
 

V

M
2–c

,d fuf'pr nzO;eku (M) vkSj fuf'pr vk;ru (V) osQ fy;s]
P ∝ 2–c

ysfdu 2–c  ∝ T

∴ P ∝ T (10:11)

;g xs yqld fu;e gS] tks bl izdkj gSA
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;fn fdlh xSl dk vk;ru fLFkj j[kk tk; rks mldk nkc ije rki dk vuqØekuqikrh
gksrk gSA

(iv) ,oksxsMªks fu;e

nks vyx&vyx xSlksa] xSl 1 rFkk 2 ij fopkj djsaA v.kqxfrdh osQ fl¼kUr osQ vuqlkj

P
1 
V

1
= 

1

3
m

1 
N

1 
2
1

–c

vkSj P
2 
V

2
= 

1

3
m

2 
N

2 
2
2

–c

;fn muosQ nkc rFkk vk;ru leku gksasa rksμ

P
1
V

2
 = P

2
V

2

∴
1

3
m

1 
N

1 
2
1

–c = 
1

3
m

2 
N

2 
2
2

–c

pwafd rki fu;r gS blfy;s mudh xfrt ÅtkZ;sa leku gksaxh

vFkkZr
1

2
m

1  
2
1

–c = 
1

2
m

2  
2
2

–c

bl ifj.kke dks iwoZorhZ lehdj.k esa iz;ksx djus ij  N
1
 = N

2
. (10.12)

vFkkZr~ rki vkSj nkc dh leku voLFkkvksa esaa vkn'kZ xSlksa osQ leku vk;ru esa v.kqvksa
dh la[;k Hkh leku gksrh gSA

(v) MkYVu osQ vkaf'kd nkc dk fu;e

eku yhft;s gekjs ikl vusd xSlsa ;k ok"i gSa tks ,d nwljs osQ lkFk jklk;fud izfrfØ;k

ugha djrh gSaA ekuk muosQ ?kuRo Øe'k%  ρ
1
, ρ

2
, ρ

3
 ... vkSj oxZ ekè; osx Øe'k% 2

1

–c , 2
2

–c ,

2
3

–c ... gSaA ;fn ge bu xSlksa osQ ,d leku vk;ru feyk nsrs gSa rks ifj.kkeh P Li"V :i

ls fuEu izdkj O;Dr gksxkA

P = 
1

3
ρ

1
2
1

–c  +  
1

3
ρ

2
2
2

–c  + 
1

3
ρ

3
2
3

–c  + ...

;gka ij 
1

3
ρ

1
2
1

–c , 
1

3
ρ

2
2
2

–c , 
1

3
ρ

3
2
3

–c  ... ;fn fHkUu&fHkUu xSlksa ;k ok"iksa osQ Øe'k% vius&vius

vkaf'kd nkc gSa] ;fn ge mUgsa  P
1
, P

2
, P

3
, ls O;Dr djsa rks gesaa izkIr gksrk gS

P = P
1
 + P

2
 + P

3
 +.... (10.13)

nwljs 'kCnksa esa xSlksa osQ ,d feJ.k dk oqQy nkc i`Fkd&i`Fkd xSlksa }kjk yxk;s x;s vkaf'kd
nkcksa osQ tksM+ osQ cjkcj gksrk gSA bl dFku esa O;fDrxr xSl }kjk yxk;k x;k og nkc
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mldk vkaf'kd nkc dgykrk gS tks og xSl feJ.k osQ vk;ru osQ cjkcj vk;ru izkIr djus
ij yxkrh gSA ;g MkYVu dk vkaf'kd nkc dk fu;e gSA

(vi) xzkge dk xSl folj.k fu;e

xzkge us ljaèkz inkFkks± esa ls xSlksa osQ folj.k dk vè;;u fd;kA fofHkUu xSlksa osQ folj.k
osxksa dh rqyuk djus ij xzkge us ik;k fdμrki vkSj nkc dh leku voLFkkvksa esa fdlh
xSl osQ folj.k dk osx mlosQ ?kuRo osQ oxZewy dk O;qRØekuqikrh gksrk gSA bls xzkge
dk xSl folj.k dk fu;e dgrs gSa\

xSlksa osQ v.kqxfr fl¼kUr osQ vuqlkj ,d jaèkz ls folj.k dh nj oxZ osx ekè; c
rms
 osQ

lekuqikrh gksxhA    lehdj.k (10-4) ls ge tkurs gSa fd

2–c = 
3P

r

;k —
2c  = c

rms
= 

3P

ρ

blfy;s nks xSlksa osQ fy;s ftuosQ ?kuRo Øe'k%  ρ
1
 vkSj ρ

2
 gSaA ,d fu;r nkc P ij budh

oxZekè; ewy pky Øe'k%

(c
rms

)
1

= 
3P

1
r and (c

rms
)

2
= 

2

3P

r

vr%
,d xlS  oQs  folj.k dh nj

nwlj s xSl oQs  folj.k dh nj = 
1

2

( )

( )
rms

rms

c

c  = 
2

1

ρ
ρ (10.14)

vr% xSlksa osQ folj.k dh nj muosQ ?kuRoksa osQ O;qRØekuqikrh gksrh gS tcfd nkc fLFkj gksA

mnkgj.k 10-2% 300 K ij gkbMªkstu v.kq dk oxZ ekè; osx dk oxZewy (Root mean square

speed) fdruk gksrk gS\

gkbMªkstu v.kq dk nzO;eku 3.347 × 10–27 kg vkSj k = 1.38 × 10–23 J mol–1  K–1

gy% ge tkurs gSa fd

c
rms

= 
3kT

m
 = 

–23 –1

–27

3 (1.38 10 J K ) (300 K)

3.347 10 kg

× × ×

×

= 1927 m s–1

mnkgj.k 10-3% fdl rki ij gkbMªkstu dk oxZ ekè; ewy osx ekud rki vkSj nkc (STP)

ij blosQ eku dk nqxquk gksxk tcfd nkc fu;r gSA

gy% ge tkurs gSa fd

c
rms

 α T
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;fn STP ij osx 0c gS

vkSj T visf{kr rki gS rFkk ml rki ij osx c  = 2 0c  gS tSlk fd iz'u esa fn;k x;k gSA

rc
0

c

c = 
0

0

2c

c  = 
0

T

T

nksuksa vksj oxZ djus ij

4 = 
0

T

T

;k T = 4T
0

pwafd T
0
 = 273K,

∴ T = 4×273 K = 1092 K = 819 0C

mnkgj.k 10-4% 300 K ij xSl dh vkSlr ÅtkZ Kkr dhft,] fn;k gS  k = 1.38 × 10–

23 JK–1.

gy% ge tkurs gSa fd

1

2
M 2–c = 

3

2
k T

D;ksafd k = 1.38 × 10–23 J K–1 vkSj T= 300 K

∴ E = 
3

2
 (1.38 × 10–23 J K–1) (300 K)

= 6.21 × 10–21  J

10-4-1 LokrU=k~; dksfVeku

fdlh fudk; dk LokrU=k~; dksfVeku ml fudk; ds d.kksa }kjk dh tk ldus okyh Lora=k
xfr;ksa dh la[;k gksrh gSA

eku yhft, vki ,d lM+d ij py jgs gS ftlesa ls ck;ha ,oa nkfguh vkSj dks dbZ vU;
lM+dsa fudyrh gSA vki lM+d ij pyus ,oa ckabZ vksj vFkok nkfguh vksj eqM+us ds fy,
LoraU=k gS vr% vkidk LokrU=k~; dksfVeku nks gqvkA ;fn lM+d ij dksbZ Åij&lsrq gS vkSj
vkidks mlh ekxZ ls tkuk gS vkidks ck;ha ,oa nk;ha vksj eqM+us dh LorU=krk ugha gS bldk
vFkZ gS fd vc vkidh LoraU=krk ckf/r gks xbZ vki dsoy Åij&lsrq ekxZ ls gh vk tk
ldrs gS vr% vkidk LokrU=k~; dksfVeku ,d gSA

fp=k 10-4 ds lUnHkZ esa ,d jLlh dejs dh nks foijhr nhokjksa ij fcUnq A ,oa B ds eè;
Vkaxh xbZ gSA blds mQij ,d phaVh pyrh gS rks mldk LokraU=k; dksfVeku ,d gSA
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fp=k 10.4

vc ;fn ;g dejs ds iQ'kZ ij fxj tkrh gS rks ;g x ,oa y fn'kk esa LoraU=k :i ls py
ldrh gS vr% bldk LokrU=k; dksfVeku nks gSA ;fn phVha ds ia[k gS ,oa og mM+ ldrh
gS rks og x, y ,oa z fn'kk esa pyus ds fy, LorU=k gS ,oa bldk LokrU=k~; dksfVeku rhu
gqvkA

,dijek.kqd v.kq mijksDr mnkgj.k dh mM+us okyh phVha dh rjg rhu LokraU=k; dksfVeku
okyk vdsyk fcUnq gSA ;g lHkh dksfVeku LFkkukUrjh; gSaA ,d f}&ijek.kqd v.kq nks ijek.kqvksa
dk cuk gksuk gS ;g LFkkukUrjh; xfr ds vfrfjDr nks ijLij yEcor~ v{kksa ds bnZ fxnZ ?kw.kZu
dj ldrk gSA vr% f}ijek.kqd v.kq dk LokarU=; dksfVeku (3 + 2 = 5) ikap gqvk] rhu
dksfVeku LFkkukUrj.k ds laxr ,oa nks ?kw.kZu ds laxrA

ikBxr iz'u 10-2

1. ;kǹfPNd :i ls pqus x;s ikap v.kqvksa dh pky 500]m s–1] 600]m s–1] 700 m s–1]
800 m s–1] vkSj 900 m s–1, ikbZ xbZA mudk oxZ ekè; ewy osx Kkr dhft,A

2. ;fn fcuk fdlh jklk;fud izfrfØ;k osQ nks xSlksa 1 vkSj 2 dk leku vk;ru feyk;k
tkrk gS rks feJ.k dk ifj.kkeh nkc D;k gksxk\

3. tc ge ,d xqCckjs esa gok Hkjrs gSa rks bldk vk;ru vkSj fcuk gok Hkjh fLFkfr dh
rqyuk esa nkc Hkh c<+rk gS] D;k ;g fLFkfr ckW;y osQ fu;e dk ikyu ugha djrh\

10-5 ÅtkZ lefoHkktu dk fu;e

ge tkurs gSa fd ,d xSl dh xfrt ÅtkZ ¾  
—

2
1 3

kT
2 2

=mc .

D;ksafd fdlh v.kq dh x, y rFkk z fn'kkvksa esa xfr leku :i ls laHkkO; gksrh gS vr% osx
c osQ ?kVdksa (vFkkZr~ u, v vkSj w ) osQ vkSlr eku rhuksa fn'kkvksa esaa leku gksus pkfg;s ;k
;g dgsa fd v.kq osQ fy;s rhuksa fn'kk;sa leku gksrh gSA

vFkkZr~ u = v  = w

vkSj 2–u = 2–v  = 2–
w  = 

1

3
2–c

pwafd c2 = u2 + v2 + w2
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∴ 2–c = 2–u  + 2–v  + 2–
w

1

2
m, }kjk xq.kk djus ij]

1

2
m 2–u = 

1

2
m 2–v  = 

1

2
m 2–

w

ysfdu 
1

2
m 2–u  = E = (x–v{k esa v.kq dh oqQy ekè; xfrt ÅtkZ gSA)

vr% E
x
 = E

y
 = E

z
. fdUrq] v.kq dh oqQy ekè; xfrt ÅtkZ gksrh gSμ  

3

2
k T. vr% gessa ,d

egRoiw.kZ ifj.kke izkIr gksrk gS

E
x
 = E

y
 = E

z
= 

1

2
k T

D;ksafd rhuksa osx ?kVd u, v vkSj w v.kq dh rhu Lokra=; dksfV;ksa osQ vuq:i gkssrs gSaA vr%
ge dg ldrs gSa_ ,d xfrdh; fudk; dh oqQy xfrt ÅtkZ mldh lHkh Lokra=; dksfV;ksa

esa leku :i ls foHkDr gksrh gS vkSj izfr Lokra=; dksfV ;g 
1

2
 k T osQ cjkcj gksrh

gSA

;g ÅtkZ lefoHkktu dk fu;e gS] vkSj bldk fuxeu yqMfox cksYV~leku us fd;k] vc
ge fofHkUu izdkj dh xSlksa ij bl fu;e dks yxkdj ns[krs gSaa

vc rd ge osQoy LFkkukUrjh; xfr ij gh fopkj djrs vk;s gSaA okLro esa ,dy ijek.kfod
v.kq osQ fy;s osQoy LFkkukUrjh; xfr gh gksrh gS D;ksafd os ?kw.kZu ugha dj ldrs gSa (;|fi
rhuksa ijLij yEcor~ v{kksa esa ls fdlh osQ Hkh pkjksa vksj pØ.k (Spin) dj ldrs gSa] ;fn ;s ifjfer
xksys dh rjg gksaA

vr% ,d ijek.koh; v.kq osQ fy;s oQqqy ÅtkZ

E = 
3

2
k T (10.15)

f}ijek.kqd v.kq osQ fy;s ge eku ldrs gSa fd ;g n`<+ naM }kjk tqM+s gq;s nks xksydksa dh
rjg gksrk gSA bl rjg dk v.kq rhuksa ikjLifjd yacor~ v{kksa esa ls fdlh osQ pkjksa vksj ?kw.kZu
dj ldrk gSA n`<+ n.M osQ lkFk v{k osQ pkjks vksj dk tM+Ro vk?kw.kZ dh rqyuk esa ux.;
gksrk gS] ftlls fd vk?kw.kZ ÅtkZ nks inksa dh cuh gksrh gS]

tSls  
1

2
I 2

yω  and 
1

2
I 2

zω .
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vc f}ijek.kqd v.kq xSl osQ nzO;eku (lagfr) osQUnz osQ fo'ks"k o.kZu osQ fy;s rhu funsZ'kkadksa
(dksfV;ksa) dh vko';drk gksxhA vr% f}ijek.kq osQ v.kq esa LFkkukarjh; ,oa ?kw.kZu nksuksa gh
xfr;ka gS_

E = 3 
1

kT
2

  
    

 + 2
1

kT
2

  
    

= 
5

2
k T (10.16)

Y;qMfox cksYV~leku
(1844&1906)

fo;uk (vkfLVª;k) esa tUesa vkSj ;qok gq,] cksYV~leku us tkslsiQ LVhiQu osQ fn'kkfunsZ'k
esa MkDVjsV iwjh dhA mUgksaus yqUlu fdj[kkiQ vkSj gsYeksYt osQ lkFk Hkh dke fd;kA
os dkiQh Hkkoqd O;fDr Fks mUgksaus nks ckj vkRegR;k dk iz;kl fd;k
vkSj nwljs iz;kl esa liQy gq;sA yksxksa osQ vuqlkj bu iz;klksa osQ ihNs
dkj.k eSd vkSj vksLVokYM ls erHksn FksA

og xSl osQ vk.kfod fl¼kUr] lkaf[;dh&;kaf=kdh vkSj Å"ekxfrdh esa
;ksxnku osQ fy;s izfl¼ gSaA pUnzek esa ØsVj cksYV~leku dk uke mudh Le`fr vkSj lEeku
esa j[kk x;k gSA

10-6 xSlksa dh Å"ek /kfjrk;sa

ge tkurs gSa fd fdlh xSl ds rki dks vk;ru o nkc dh fofHkUu voLFkkvksa ds vUrxZr
c<+k;k tk ldrk gS mnkgj.k osQ fy, vk;ru ;k nkc dks fu;r j[kk tk ldrk gSA ;k nksuksa
dks ;kn`fPNd rjhosQ ls cnyus fn;k tk ldrk gSA izR;sd ekeys esa ,dkad nzO;eku esa rki dh
,dkad òf¼ djus osQ fy;s okafNr Å"ek dh ek=kk ìFkd&ìFkd gksrh gSA vr% fdlh Hkh xSl dh
nks fHkUu&fHkUu Å"ek /kfjrk;sa gksrh gSaA

;fn fdlh xSl dk rki ΔT  c<+kus osQ fy;s ΔQ ifjek.k dh Å"ek dh vko';drk gks rks
Å"ek /kfjrk dks bl izdkj ifjHkkf"kr fd;k tk ldrk gSμ

Å"ek /kfjrk = 
Q

T

Δ
Δ

fdlh oLrq dh izfr bdkbZ lagfr dh Å"ek /kfjrk dks ml inkFkZ dh fof'k"V Å"ek dgrs
gSa vkSj lkekU;r% laosQr c  ls n'kkZrs gSa] bl izdkj
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fof'k"V Å"ek c = 
m

Å "e k / kfjr k
(10.17)

leh- (10-16) vkSj leh- (10-17) dks la;qDr djus ij

c = 
Q

Tm

Δ
Δ (10.18)

vr% fdlh inkFkZ dh fof'k"V Å"ek] Å"ek dk og ek=kk gksrh gS tks ml inkFkZ dh ,dkad
lagfr osQ rki esa ,dkad o`f¼ djus osQ fy;s vko';d gksrh gSA

fof'k"V Å"ek dk SI ek=kd twy izfr fdyksxzke izfr oSQfYou gSA mnkgj.k osQ rkSj ij ty
dh fof'k"V Å"ek gSA

4.2 × 103 J kg–1 K–1

fof'k"V Å"ek dh mijksDr ifjHkk"kk Bksl vkSj nzo osQ fy;s rks Bhd gS ij xSl osQ lacaèk
esa ugha D;ksafd ;g vk;ru ;k nkc osQ lkFk ifjofrZr gks ldrh gSA

fdlh xSl dh fof'k"V Å"ek dk vè;;u djus osQ fy;s xSl osQ nkc ;k vk;ru esa ls fdlh
,d dks fLFkj j[kuk iM+rk gSA ifj.kkeLo:i ge xSl dh nks fof'k"V Å"ek;sa ifjHkkf"kr djrs
gSaA

(i) fLFkj vk;ru ij fof'k"V Å"ek  (c
V
)

(ii) fLFkj nkc ij fof'k"V Å"ek (c
P
)

(a) fLFkj vk;ru ij fof'k"V Å"ek  (c
v
)

fLFkj vk;ru ij xSl dh fof'k"V Å"ek (c
v
) dks xSl dh ,adkad lagfr osQ rki esa

1 K o`f¼ djus osQ fy;s vko';d Å"ek osQ ifjek.k osQ :i esa ifjHkkf"kr fd;k tkrk
gS tcfd mldk vk;ru vifjofrZr jgsA

c
v

= 
V

Q

T

Δ  
  Δ  (10.19)

(b) fLFkj nkc ij fof'k"V Å"ek  (cP)

fLFkj nkc ij xSl dh fof'k"V Å"ek (c
P
) dk xSl dh ,dkad lagfr osQ rki esa 1 K

o`f¼ djus osQ fy;s vko';d Å"ek ifjek.k osQ :i eas ifjHkkf"kr fd;k tkrk gS tcfd
ml dk nkc vifjofrZr jgsA

vFkkZr~ c
p

= 
Q

T

Δ⎛ ⎞
⎜ ⎟Δ⎝ ⎠ P

(10.20)

tc xSl dk 1 eksy fy;k tkrk gS rks mlosQ rki esa 1 fMxzh dh o`f¼ osQ fy;s vko';d
Å"ek dks eksyj fof'k"V Å"ek ( molar specific heat) dgrs gSa]
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ge tkurs gSa fd tc nkc dks fLFkj j[kk tkrk gS rc xSl dk vk;ru c<+ tkrk gSA è;ku
nhft, fd bl izdkj dh fLFkfr esa fLFkj nkc ij ,dkad lagfr osQ rki dks 1 fMxzh rd
c<+kus osQ fy;s vko'd Å"ek nks Hkkxksa ls cuh gksrhgSA

(i) xSl osQ vk;ru esa ifjorZu gsrq cká dk;Z djus osQ fy;s okafNr Å"ek] rFkk

(ii) 1 fMxzh rd xSl osQ rki dks c<+kus osQ fy;s okafNr Å"ek  (c
v
).

bldk rkRi;Z ;g gS fd fLFkj nkc ij xSl dh fof'k"V Å"ek] fLFkj vk;ru ij fof'k"V
Å"ek dh rqyuk esa dgha vfèkd gksrh gSA vkSj ;g vkf/D; cká nkc osQ foijhr xSl dks
foLrkfjr djus eas fd;s x;s dk;Z osQ cjkcj gksrk gSA

c
p

= W + c
v

(10.21)

10.7 cp vkSj c
v 
osQ chp lacaèk

ge ,d ?k"kZ.k jfgr py fiLVu ;qDr flyS.Mj esa ifjc¼ vkn'kZ xSl osQ ,d eksy (Mole)

ij fopkj djrs gSa (fp=k 10-5)A xSl dks vkn'kZ ekuk x;k gS vr% blosQ v.kqvksa osQ chp
dksbZ vUrj&vk.kqd cy ugha gS vkSj tc bl rjg dh xSl foLrkfjr gksrh gS rc v.kqvksa
dks vyx&vyx djus esa vkarfjd nkc osQ foijhr dk;Z fd;k tkrk gSA

fp=k 10-5 ,d fLFkj rki ij xeZ xSl

eku yhft;s P cká nkc gS vkSj A fiLVu osQ vuqizLFk dkV dk {ks=kiQy gS] rc fiLVu ij
dk;Zjr cy = P × A

ekuk fd vc fLFkj nkc ij xSl dks 1 K xeZ fd;k tkrk gS] ftlosQ ifj.kkeLo:i fiLVu
ckgj dh vksj x nwjh rd pyk tkrk gS tSlk fp=k 10-5 esa n'kkZ;k x;k gSA ekuk] V

1
 xSl

dk izkjafHkd vk;ru gS vkSj V
2
 xje djus osQ ckn vk;ru gSA rc]

xSl }kjk cká nkc P osQ foijhr x nwjh rd fiLVu dks /osQyus esa fd;k x;k dk;Z

W = P × A × x

= P × (vk;ru esa o`f¼)

= P (V
2
 – V

1
)

lehdj.k 10-51 ls ge tkurs gSa fd c
p
 – c

v
 = W cká cyksa osQ fo#¼ 1 eksy xSl dk rki

1 K c<+kus esa fd;k x;k dk;Z
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vFkkZr~ c
p
 – c

v
= P (V

2
 – V

1
) (10.22)

vc bu nks fLFkfr;ksa (xSl dks xeZ djus ls iwoZ vkSj i'pkr~)μiw.kZ xSl (vkn'kZ xSl) lehdj.k
dk iz;ksx djus ij

PV
1

= RT (10.23)
PV

2
= R (T + 1) (10.24)

leh- (10-23) dks leh- (10-24) esa ls gVkus ij]
P (V

2
 – V

1
) = R (10.25)

∴ lehdj.k (10-19) rFkk lehdj.k (10-22) ls ge ikrs gSa]
c

p
 – c

v
= R (10.26)

tgka ij R dk eku J mol–1 K–1 esa gSA

twy dks oSQyksjh esa cnyus esa

c
p
 – c

v
= 

R

J
(10.27)

tgka J = 4.18 Å"ek dk ;kaf=kd rqY;kad gSA

mnkgj.k 10-5% ,d ijek.kqd f}ijek.kqd vkSj f=kijek.kqd xSl v.kqvksa osQ fy;s c
p
 vkSj

c
v
 osQ eku Kkr dhft;sA

gy% ge tkurs gSa fd xSl osQ 1 ekys osQ fy;s vkSlr xfrt ÅtkZ (KE)

E = 
3

2
R T

 c
v
 dks fLFkj vk;ru ij xSl osQ 1 eksy dk rki 1 fMxzh rd c<+kus osQ fy;s okafNr Å"ek

osQ :i esa ifjHkkf"kr fd;k tkrk gS] vFkkZr~ ;fn E
T
 = T K ij xSl dh oqqQy ÅtkZ

vkSj E
T + 1

 (T + 1dsfYou ij xSl dh oqQy ÅtkZ gks rks c
v
 = E

T+1
 – E

T
 .

(i)  ge tkurs gSa fd ,d ijek.kqd xSl osQ fy;s oqQy ÅtkZ  = 
3

2
 R T ,d ijek.kqd xSl

osQ fy;s

 c
V

= 
3

2
R (T + 1) – 

3

2
R T = 

3

2
R.

∴ c
p

= c
V
 + R = 

3

2
R + R = 

5

2
R.

(ii)  f}ijek.kqd xSl osQ fy;s oqQy ÅtkZ = 
5

2
R T

∴ c
V

= 
5

2
R (T + 1) – R 

5

2
R T = 

5
R

2

c
p

= cV + R =  
5

2
R + R = 

7

2
R.

(iii)  vc vki blh izdkj f=kijek.kqd xSl osQ fy;s c
V
 vkSj c

p
 dk eku izkIr dj ldrs gSaA
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ikBxr iz'u 10.3

1. ukbVªkstu v.kq dh oqqQy ÅtkZ fdruh gksrh gS\

2. ukbVªkstu osQ fy;s c
p
 vkSj c

v
 dh x.kuk dhft,A

3. xSl dh nks fof'k"V Å"ek;sa D;ksa gksrh gS\

czkmfu;u xfr vkSj ekè; eqDr iFk

LdkWVySaM osQ ouLifr'kkL=kh jkcVZ czkmu tc ikuh esa fuyfEcr ijkx d.kksa dks ns[k
jgs Fks rks mUgksaus ik;k fd ijkxd.k ;kn`fPnd :i ls xfr dj jgs gSa ijkxd.kksa dh
xfr dks izkjEHk esa thfor oLrq dh xfr le>k x;k ysfdu vHkzd] iRFkj ;k e`r o`{kksa
osQ ijkxd.kksa us Hkh ;gh O;ogkj fn[kk;kA bl xfr dks czkmfu;u xfr dgrs gSaA ;g
xfr ikuh osQ d.kksa osQ vk?kkr ls vlarqfyr cyksa osQ dkj.k FkhA czkmfu;u xfr inkFkZ
osQ v.kqxfrd fl¼kUr dk ,d lhèkk izek.k gSA czkmfu;u foLFkkiu fuEu ckrksa ij fuHkZj
djrk ik;k x;k
(i) fuyafcr d.kksa dk vkdkj NksVs d.kksa osQ fy;s vlarqfyr vk?kkrksa dh vfèkd

laHkkouk,sa gksrh gSa vkSj czkmfu;u xfr vfèkd lqLi"V gksrh gSaa

(ii) czkmfu;u xfr rki osQ lkFk c<+rh gS vkSj ekè;e dh ';kurk osQ lkFk ?kVrh
gSA

ikjLifjd la?kV~Vksa osQ iQyLo:i nzo osQ v.kq Hkh Vs<+h&es<+h js[kk esa xfr djrs gSaA v.kqvksa
osQ nks mÙkjksÙkj la?kV~Vksa osQ chp pyh x;h nwjh dks ekè;eqDr iFk (mean  free path)

dgrs gSaA bldk lw=k fuEuor~ gS

σ = 2

1

2 πn d

tgka ij n la[;k ?kuRo o d v.kqvksa dk O;kl gSA

vkius D;k lh[kk

fdlh inkFkZ dh fof'k"V Å"ek inkFkZ ds bdkbZ nzO;eku dk rkieku 1°C (vFkok
1 K) c<+kus gsrq vko';d Å"ek dh ek=kk gSA

dSyksjhfefr ds fl¼kUrkuqlkj % Å"ek gkfu = Å"ek o`f¼
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v.kq xfr fl¼kUr xSl osQ ijek.kqvksavkSj v.kqvksa osQ vfLrRo dks ekurk gS vkSj ;kaf=kdh
osQ fu;eksa vkSj ekè; ifjdyu fofèk }kjk bu fu;eksa dk fuxeu fd;k tkrk gSA

v.kqxfr fl¼kar xSl osQ LFkwy xq.kèkeks± dks muosQ lw{e xq.kèkeks± ls lac¼ djrk gSA

xSSl dk nkc] ik=k dh nhokjksa ij v.kqvksa }kjk izfr bdkbZ {ks=kiQy esa izfr lsd.M Mkyk
x;k vkSlr la?kV~V&izHkko gSA

rki osQ ije 'kwU; ij v.kq dh xfrt ÅtkZ 'kwU; gks tkrh gS vkSj vk.kfod xfr dk
vfLrRo ugha jgrkA

v.kqxfr fl¼kUr osQ vkèkkj ij xSl osQ fu;eksa dk fuxeu fd;k tk ldrk gSA

fdlh xSl dh ,dkad lagfr dk rki ,dkad fMxzh c<+kus osQ fy;s vko';d Å"ek dh
ek=kk fHkUu&fHkUu gksrh gS tks bl ckr ij fuHkZj djrh gS fd mls fLFkj nkc ij xeZ
fd;k tkrk gS ;k fLFkj vk;ru ijA vr% xSl dh nks fof'k"V Å"ek,a gksrh gSa]

      i) fLFkj vk;ru ij fof'k"V Å"ek (cV)

      ii) fLFkj nkc ij fof'k"V Å"ek (c
p
)

buesa ;g lacaèk gSμ c
p

= W + cV

c
p
 – c

V
= 

J

R

fdlh fudk; dk LokrU=k; dksfVeku ml fudk; ds d.kksa }kjk dh tk ldus okyh
Lora=k xfr;ksa dh la[;k gksrh gSA

ÅtkZ le foHkktu fu;e crkrk gS fd fdlh rki xfrdh; fudk; dh oqQy xfrt ÅtkZ
leku :i ls bldh Lokra=; dksfV;ksa eas caV tkrh gSA vkSj izfr Lora=k dksfV osQ fy,

bldk ifjek.k 
1

2
 k T gksrk gS]

(i) ,d ijek.kqd xSl osQ v.kq dh oqQy ÅtkZ 
3

2
 k T,

(ii) f}ijek.kqd xSl osQ v.kq dh oqQy ÅtkZ
5

2
 k T.

(iii) f=kijek.kqd xSl osQ v.kq dh ÅtkZ 3 k T.

ikBkUr iz'u

1. nks fHkUu&fHkUu vkn'kZ xSlksa dh rqyuk osQ fy;s D;k ge ckW;y osQ fu;e dk mi;ksx dj
ldrs gSa\
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2. ije 'kwU; rki ij fdlh inkFkZ osQ v.kqvksa dk osx vkSj xfrt ÅtkZ D;k gksxh\

3. ;fn fdlh xSl osQ fujis{k rki dks 4 xquk dj fn;k tk; rks bldh xfrt ÅtkZ] oxZ
ekè; ewy osx o nkc esa D;k varj vk;sxk\

4. gkbMªkstu (vk.kfod lagfr&2) v.kqvksa osQ osx vkSj vkDlhtu (vk.kfod lagfr&32)
osQ v.kqvksa osQ osx dk vuqikr Kkr dhft, tcfd ;s xSls feJ.k cukrh gS vkSj bu
nksuksa izdkj osQ v.kqvksa dh xfrt ÅtkZ leku jgrh gSA

5. ;fn rhu v.kqvksa dk osx 0-5] 1 vkSj 2 km s–1 gksa rks muosQ vkSlr osx vkSj ekè;
oxZ osx (root mean square speed) osQ vuqikr fyf[k;sA

6. xSl osQ v.kqvksa osQ oxZ ekè; ewy osx (root mean square velocity) dk D;k rkRi;Z
gS\ oxZ ekè; ewy osx osQ fy;s xSl osQ nkc vkSj ?kuRo dks lacafèkr djrs gq, rFkk
v.kqxfr fl¼kUr dh voèkkj.kkvksa dk mi;ksx djrs gq;s ,d O;atd Kkr dhft,A

7. i) fu;ksu ijek.kq dh 25 0C ij vkSlr LFkkukUrjh; xfrt ÅtkZ dk ifjdyu dhft,A

ii) fdl rki ij vkSlr ÅtkZ bl eku dh vkèkh gksrh gS\

8. 50 cm3 vk;ru osQ ik=k esa 1.0 P
a
 nkc vkSj 27º C ij gkbMªkstu Hkjh gbZ gSA x.kuk

dhft,

(a) ik=k eas xSl osQ v.kqvksa dh la[;k dhA

(b) mudh ekè; oxZ ewy pky (root mean square speed) dhA

(R = 8.3 J mol–1 K–1 , N = 6 × 1023 mol–1. gkbMªkstu v.kq osQ 1 eksy dk nzO;eku
= 20 × 10–3 kg mol–1).

9. ,d can ik=k eas gkbMªkstu Hkjh gS tks 50.0 K rki ij 20 mm Hg dh Å¡pkbZ osQ cjkcj
nkc Mkyrh gSA

a) og fdl rki ij 180 mm Hg nkc MkysxhA

b) ;fn gkbMªkstu v.kqvksa dk ekè; oxZ ewy osx 10.0 K ij 800 m s–1 gS rks bl u;s
rki ij mudk ekè; oxZ ewy osx D;k gksxkA

10. xSl osQ v.kqxfr fl¼kUr dh vo/kj.kkvksa dk o.kZu dhft;sA

11. xSl osQ nkc osQ fy;s O;atd izkIr dhft,A

12. xSl osQ v.kqxfr fl¼kar osQ vkèkkj ij ckW;y rFkk pkYlZ osQ fu;e dh O;qRifr dhft,A

13. xSl osQ v.kqxfr fl¼kUr osQ vkèkkj ij rki dh O;k[;k dhft,A

14. vkoksxknzks fu;e D;k gS\ xSl osQ v.kqxfr fl¼kUr ls bls oSQls O;qRiUu fd;k tk ldrk
gS\
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15. 0° C vkSj 100° C ij gkbMªkstu osQ v.kqvksa osQ ekè; oxZ ewy osx dh x.kuk dhft,A

(00C vkSj 760 mm Hg ij gkbMªkstu dk ?kuRo = 0.09 kg m–3) gSA

16. ;fn izfr ?kuehVj v.kqvksa dh la[;k 8.10×1024 vkSj v.kqvksa dh ekè; oxZ pky 1.90 ×10

m s–1 gS rks gkbMªkstu xSl }kjk mRiUu nkc dh (vkoksxknzks la[;k 6.02 × 1023 izfr xzke
eksy vkSj gkbMªksstu dk vk.kfod Hkkj 2-02 gS) x.kuk dhft,A

17. fu;e nkc ij xSl dh fof'k"V Å"ek dh ifjHkk"kk dhft, c
p
 vkSj  c

V 
;s lacaèk Hkh LFkkfir

dhft,A

18. fu;r vk;ru ij xSl dh fof'k"V Å"ek dh ifjHkk"kk dhft,A fl¼ dhft, fd
f=kijek.kqd xSl osQ fy;s c

V
 = 3R gksrk gSA

19. vkxZu osQ fy;s c
P
 vkSj c

V
 dh x.kuk dhft,  R = 8.3 J mol–1 K–1.

ikBxr iz'uksa osQ mÙkj

10-1

1. (i) D;ksafd xSl osQ v.kqvksa osQ chp llatu cy] nzo osQ v.kqvksa osQ chp osQ llatu
cy dh rqyuk esa cgqr de gksrk gSA

(ii) D;ksafd Bksl osQ v.kq vR;ar ikl&ikl gksrs gSa] v.kqvksa osQ chp esa vfèkd etcwr
caèk&Øec¼ jpuk iznku djrs gSaA

2. tks xSl v.kqxfr fl¼kUr dk vuqxeu djrh gS vkn'kZ xSl dgykrh gSA

3. P = 
1

3
ρ 2–c

4. fdlh inkFkZ dh fof'k"V Å"ek] ml inkFkZ ds bdkbZ nzO;eku dk rki 1°C (vFkok
1 K) c<+kus gsrq vko';d Å"ek dh ek=kk gSA

5. fdlh inkFkZ dk vk;ru izlkj xq.kkad] ml inkFkZ ds ,dkad vk;ru dk rkieku 1°C

(vFkok 1 K) c<+kus ij vk;ru esa o`f¼ gksrh gSA

6. 0.00005°C–1

10-2

1. vkSlr pky  –c

= 
500 600 700 800 900

5

+ + + +
 = 700 m s–1
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  2–c  dk vkSlr eku

=  
2 2 2 2 2500 600 700 800 900

5

+ + + +

= 510,000 m2  s–2

c
rms

 = 2c  = 510,000  = 714 m s–1

c
rms

 vkSj c  leku ugha gSA

2. feJ.k dk oqqQy nkc izFke o f}rh; xSl osQ vkaf'kd nkcksa osQ ;ksx osQ cjkcj gksrk
gSA vFkkZr~ P = P

1
 + P

2

3. ckW;y dk fu;e iz;ksx ugha fd;k tk ldrk gSA

10-3

1. izR;sd Lokra=; dksfV osQ fy;s ÅtkZ  = 
1

2
k T

∴ ukbVªkstu osQ v.kq dh 5 Lokra=; dksfV osQ fy;s oqQy ÅtkZ = 
5

2
k T.

2. c
V
 f}ijek.kqd v.kq osQ fy;s = 

5

2
 R

c
V
 = 

5

2
 × 8.3 J mol–1 K–1 = 20.75 J mol–1 K–1.

c
p
 = c

V
 + R = 29.05 J mol–1 C–1.

ikBkUr iz'uksa osQ mÙkj

2. 'kwU;

3. pkj xquk gks tkrk gs] nks xquk gks tkrk gS] pkj xquk gks tkrk gSA
4. 4 : 1

5. 2

7. 6.18 × 10–21 m s–1, – 124 ºC

8. 12 × 1020, 7.9 × 1011 m  s–1

9. 2634ºC, 2560 m s–1

15. 1800 m s–1, 2088 m s–1

16. 3.97 × 103 N m– 2

17. 12.45 J mol–1 K–1, 20.75 J mol–1 K–1.
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11

Å"ekxfrdh

vki vius nSfud thou esa xehZ o BaMd osQ laosnuksa ls ifjfpr gSaA tc vki vius gkFkksa
dks vkil esa jxM+rs gSa rks xjekgV vuqHko djrs gSaA vki bl ckr dks ekusaxs fd bl ?kVuk
esa xjekgV dk dkj.k ;kaf=kd dk;Z gSA ;g n'kkZrk gS fd ;kaf=kd dk;Z o rkih; izHkko esa
oqQN lacaèk gSA fofHkUu rkiekuksa ij oLrqvksa osQ chp Å"eh; (rkih;) ÅtkZ dk LFkkukUrj.k
Å"ekxfrdh dh fo"k; oLrq gS tks fd vuqHkoksa ij vkèkkfjr ?kVukvksa dk foKku gSA rkih;
?kVuk osQ ek=kkRed o.kZu osQ fy;s rki] Å"ek vkSj vkarfjd ÅtkZ dks ifjHkkf"kr djuk vko';d
gSA Å"ekxfrdh osQ fu;e fdlh fudk; esa Å"ek izokg] fd, x, dk;Z vkSj vkarfjd ÅtkZ
osQ chp lacaèk crkrs gSaA

bl ikB esa vki Å"ekxfrdh osQ rhu fu;eksa&'kwU; dksfV fu;e] Å"ekxfrdh osQ izFke o
f}rh; fu;eksa osQ ckjs esa Kku izkIr djsaxsA ;s fu;e vuqHko ij vkèkkfjr gSa vksj bUgsaa fdlh
izek.k dh vko';drk ugha gSA Å"ek xfrdh osQ 'kwU; dksfV fu;e] izFke ,oa f}rh; fu;e
Øe'k% rki] vkarfjd ÅtkZ o ,UVªkWih dh ladYiukvksa dks izLrqr djrs gSaA izFke fu;e oLrqr%
,d Å"ekxfrd fudk; osQ fy, ÅtkZ laj{k.k dk fl¼kUr gSA nwljk fu;e dk;Z o Å"ek
osQ ikjLifjd :ikUrj.k ls lacafèkr gSA vki ;g Hkh tkusaxs fd Å"ek ÅtkZ dks dk;Z esa ifjf.kr
djus esaa dkuksZ batu dh n{krk lokZfèkd gksrh gSA

mís';

bl ikB dk vè;;u djus osQ ckn vki

fofHkUu Å"ekxfrd izfØ;kvksa osQ fy;s lwpd vkjs[k [khap losaQxs vkSj ;g n'kkZ ik,axs
fd lwpd vkjs[k osQ vUrxZr {ks=kiQy dk;Z dks n'kkZrk gS_

Å"ekxfrd lkE; dh O;k[;k dj ik;saxs vkSj Å"ekxfrdh osQ 'kwU; dksfV osQ fu;e dk
dFku dj ik,axsa_

fdlh ra=k dh vkarfjd ÅtkZ dh O;k[;k dj ik,axs vkSj Å"ekxfrdh osQ izFke fu;e
dk dFku dj ik,axs_
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ljy fudk;ksa (ra=kksa) esa Å"ekxfrdh osQ izFke fu;e dk mi;ksx dj ik,¡xs vkSj blosQ
lhekcaèkuksa dk dFku dj ik,axs_

f=kd fcanq dks ifjHkkf"kr dj losaQxs_ rFkk

dkuksZ pØ dk o.kZu dj losaQxs rFkk bldh n{krk osQ fy;s O;atd izkIr dj ik,aaxsA

11.1  Å"ek rFkk rki dh ladYiuk

11.1.1  Å"ek

xqiQk ekuo osQ le; ls ysdj vkt rd lHkh ekuoh; xfrfofèk;ksa esa ÅtkZ O;kIr jgh gSA
ÅtkZ dk Å"ek osQ :i esa vkfoHkkZo gekjs vfLrRo osQ fy;s vfr vko';d gSA [kkus&idkus
esa iz;qDr ÅtkZ] ?kjksa dks jks'ku djus okyh izdk'k ÅtkZ] jsyxkfM+;ksa o ok;q;kuksa dks pykuh
okyh ÅtkZ dk mn~xe ydM+h] dks;yk] xSl ;k rsy tykus ij eqDr gqqbZ Å"ek ÅtkZ gSA vki
;g iwNsaxs fd Å"ek D;k gS\ bl iz'u dk mÙkj ikus osQ fy;s ge bl ckr ij fopkj djrs
gSa fd tc ge ,d lkbfdy osQ ifg;s esa gok Hkjrs gSa rks D;k gksrk gS\ ;fn vki uksty
dks Nqosa rks vki ik;saxs fd iEi xje gks x;k gS] blh izdkj tc vki gkFkksa dks vkil esa
jxM+rs gSa rks vkidks xjekgV eglwl gksrh gSA vki bl ckr ls lger gksaxs fd ;g xehZ
iEi ;k gkFk osQ uhps ykS ;k fdlh vkSj xje oLrq osQ j[kus ls ugha gq;h gSA ;g xehZ fd;s
x;s ;kaf=kd dk;Z ls mRiUu gqbZ gSA ,d iai esa xSl dks laihfMr djus osQ fy;s rFkk gkFk
dks ?k"kZ.k osQ fo#¼ xfr djus esa dk;Z djuk iM+rk gSA ;s mnkgj.k okLro esa] ;kaf=kd dk;Z
o rkih; izHkkoksa osQ chp ,d lacaèk dh vksj laosQr djrs gSA

vuqHko osQ vkèkkj ij ge tkurs gSa fd ciZQ osQ cjkcj BaMs ikuh dks xehZ esa [kqyk NksM+us
ij og vUrr% xje gks tkrk gS ysfdu xeZ dkWiQh dk I;kyk BaMk gks tkrk gSA bldk vk'k;
;g gS fd ikuh ;k dkWiQh o blosQ okrkoj.k osQ chp ÅtkZ dk vknku&iznku gqvk gSA ;g
ÅtkZ LFkkukUrj.k rc rd gksrk gS tc rd fd rkih; lkE; LFkkfir ugha gks tkrk vFkkZr~
fudk; o blosQ pkjksa vksj dk okrkoj.k leku rki ij ugha vk tkrsA ;g bl ckr dks Hkh
n'kkZrk gS fd ÅtkZ lnSo mPp rkieku dh oLrq ls fuEu rkieku dh oLrq dh vksj lapfjr
gksrh gSA vc vki iwN ldrs gSa fd ÅtkZ fdl :i esa LFkkukUrfjr gks jgh gSA Åij fn;s
x;s mnkgj.kksa eas ÅtkZ Å"ek osQ :i esa LFkkukUrfjr gks jgh gS] vr% ge ;g dg ldrs gSa
fdμÅ"ek og ÅtkZ gS tks nks ;k vfèkd fudk;ksa ;k ,d fudk; vkSj blosQ okrkoj.k osQ
chp rkikUrj osQ dkj.k LFkkukarfjr gksrh gSA

vc vki iwN ldrs gSa fd bl izdkj dh ÅtkZ dh izÑfr D;k gS\ bldk mÙkj twy us
;kaf=kd dk;Z vkSj Å"ek dh rqY;rk ij vius dk;Z }kjk fd;kA fdlh fudk; v.kqvksa dh
;kaf=kd ÅtkZ Å"ek ls lacafèkr gksrh gSA

Å"ek dk ek=kd oSQykWjh gSA ,d oSQykWjh dks bl izdkj ifjHkkf"kr fd;k tkrk gSA ,d xzke
ty dk rki  14.5oC ls 15.5oC rd c<+kus osQ fy;s vko';d Å"ek&ÅtkZ dh ek=kk dks
oSQyksjh dgrs gSaA
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fdyks oSQykWjh (k cal) Å"ek ÅtkZ dk vis{kkÑr cM+k ek=kd gSA

1 kcal = 103 cal.

vkSj 1 cal = 4.18 J

11.1.2 rki dh ladYiuk

Å"ek dh izÑfr dk vè;;u djus esa vkius lh[kk fd ,d BaMs ikuh osQ fxykl o blosQ
okrkoj.k osQ chp ÅtkZ dk vknku&iznku rc rd pyrk jgrk gS tc rd fd rkih; lkE;
LFkkfir ugha gks tkrk gSA ,d rkih; lkE; esa lHkh oLrqvksa dk ,d loZfu"B xq.k gksrk gS
ftls rki dgrs gSa] ftldk eku mu lHkh oLrqvksa osQ fy;s leku gksrk gSA vr% ge ;g
dg ldrs gSa fd rki fdlh oLrq dk og xq.k gS tks fd bl ckr dk fuèkkZj.k djrk gS
fd ;g nwljh oLrqvksaa osQ lkFk rkih; lkE; esa gS vFkok ughaA

11.1.3. Å"ekxfrd 'kCnkoyh

(i) Å"ekxfrdh fudk; % Å"ek xfrd fudk; dk rkRi;Z ,d fuf'pr ek=kk esaa nzO; ls
gS tks fd vf}rh; (unique) gS vkSj mu lHkh phtksa ls foyfxr gS tks fd bls izHkkfor
dj ldrs gSaA izR;sd fudk; ,d LoPNan i`"B ls ifjc¼ gS tks fd bldh ifjlhek
dgykrh gSA ;g ifjlhek fdlh Bksl] nzo ;k xSl dks ifjc¼ dj ldrh gSA ;g okLrfod
;k dkYifud gks ldrh gS] fojke ;k xfr dh voLFkk esa gks ldrh gS vkSj viuk
vkdkj o lkbt cny ldrh gSA fdlh fudk; dh ifjlhek ls ckgj dk {ks=k mlosQ
okrkoj.k dk fuekZ.k djrk gSA

(a) foo`Ùk fudk; (Open System) : ;g fudk; vius okrkoj.k osQ lkFk nzO;eku
,oa ÅtkZ dk vknku&iznku dj ldrk gSA ikuh xeZ djus dk ghVj ,d foo`Ùk
fudk; gSA

(b) lao`Ùk fudk; (Closed system) : ;g vius okrkoj.k osQ lkFk ÅtkZ dk fofue;
dj ldrk gS] ysfdu nzO;eku dk ughaA ,d fiLVu yxs flfy.Mj esasa ifjc¼
xSl ,d lao`Ùk fudk; gSA

(c) foyfxr fudk; (Isolated system) : ;g vius okrkoj.k ls ÅtkZ ;k nzO;eku dk
fdlh Hkh izdkj dk fofu;e ugha dj ldrk] ,d Hkjk gqvk FkeZl ÝykLd bldk ,d
vPNk mnkgj.k gSA

(ii) Å"ekxfrd&pj ;k funsZ'kkad : ekM~;wy 1 esa geus ,d oLrq ;k fudk; dh xfr dk
mlosQ nzO;eku] fLFkfr o osx osQ inksa esa vè;;u fd;kA Å"ekxfrd fudk; dk o.kZu
djus osQ fy;s ge blosQ HkkSfrd xq.kksa tSls rkieku (T), nkc (P) o vk;ru (V) dks
ysrs gSaA bUgsa Å"ekxfrd pj dgk tkrk gSA

(iii) lwpd vkjs[k % vki ikB&2 esa foLFkkiu&le; vkSj osx&le; xzkiQksa osQ ckjs esa i<+
pqosQ gSaA ,d Å"ekxfrd fudk; dk vè;;u djus osQ fy;s ge ,d nkc&vk;ru
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xzkiQ dk mi;ksx djrs gSaaA ;g xzkiQ ;g n'kkZrk gS fd Å"ekxfrd izØe osQ nkSjku fdlh
fudk; dk nkc (P) vius vk;ru (V) osQ lkFk fdl izdkj ifjofrZr gksrk gSA bls lwpd
vkjs[k dgrs gSaA

lwpd vkjs[k dk mi;ksx fd;s x;s dk;Z osQ fy;s ,d O;atd izkIr djus esa fd;k tk ldrk
gSA ;g PV xzkiQ (fp=k 11-1) osQ varxZr {ks=k osQ cjkcj gSA eku yhft;s fd ,d vR;ar
y?kq izlkj ΔV osQ fy;s nkc dk izkjafHkd eku P gSA vr% fudk; }kjk fd;k x;k dk;Z

ΔW = P ΔV (11.1)

= Nk;ke; iV~Vh dk {ks=kiQy ABCD

vc fudk; }kjk V
1
 ls V

2
 rd izlkj esa fd;k x;k dk;Z = P

1
P

2
V

2
V

1
P

1
 dk {ks=kiQyA è;ku

nhft, fd ;g {ks=kiQy lwpd vkjs[k dh vkÑfr ij fuHkZj djrk gSA

wlwpd vkjs[k dk izlkj ;k laihMu dh izfØ;kvksa
esa fd;s x;s dk;Z dh x.kuk djus osQ fy, O;kid
:i ls mi;ksx fd;k tkrk gSA ;g mu izfØ;kvksaa
easa vfèkd mi;ksxh ik;k tkrk gS tgka P o V

osQ chp lacaèk vKkr gSA fdlh fudk; ij fd;k
x;k dk;Z mldh ÅtkZ dks c<+krk gS vkSj fudk;
}kjk fd;k x;k dk;Z bldh ÅtkZ dks ?kVkrk gSA
bldk  dkj.k oLrq ij fd;k x;k dk;Z ½.kkRed
fy;k tkrk gSA vkidks ;g è;ku j[kuk pkfg;s
fd ,d lerki&oØ (leku rki ij P-V xzkiQ) osQ varxZr {ks=kiQy bldh vkÑfr ij fuHkZj
djrk gSA ge ;g fu"d"kZ fudky ldrs gSa fd ,d fudk; }kjk ;k ml ij fd;k x;k dk;Z mlosQ
iFk ij fuHkZj djrk gSA vFkkZr~ fd;k x;k dk;Z izkjafHkd o vafre voLFkk ij fuHkZj ugha djrk
gSA

11.2  Å"ekxfrd lkE;

dYiuk dhft, fd ,d ik=k esa 60º C ij ,d nzo (ikuh] pk;] nwèk] dkWiQh) Hkjk gSA bls [kqyk
NksM+ fn;k tkrk gSA ;g lkekU; vuqHko dh ckr gS fd oqQN le; i'pkr~ ik=k esa j[ks nzo dk
rki dejs osQ rki osQ cjkcj gks tkrk gSA ge dg ldrs gSa fd ikuh us vius okrkoj.k osQ lkFk
rkih; lkE; LFkkfir dj fy;k gSA

;fn fdlh fudk; osQ vUnj nkc ;k izR;kLFk izfrcy esa oqqQN ifjorZu mRiUu gksrs gSa rks
blls mlosQ  Hkkxksa esa oqQN cnyko gks ldrs gSa] rFkkfi ;s ifjorZu varrksxRok :d tkrs
gSa vkSj ra=k ij dksbZ vlarqfyr cy dk;Z ugha djrk gS] rc ge dgrs gSa fd ;g ;kaf=kd
lkE; dh fLFkfr esa gSA D;k vki tkurs gSa fd ,d fi?kyh voLFkk ls Bksl voLFkk esa vkus
dh izfØ;k eas ;kaf=kd larqyu izkIr djus osQ fy;s i`Foh Hkweè; js[kk osQ ikl mHkj xbZA

;fn fdlh fudk; osQ vo;o jklk;fud fØ;k djus okys gksa rks oqQN le; i'pkr~ lHkh

fp=k 11.1: lwpd vkjs[k
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jklk;fud izfrfØ;k;sa :d tk;saxhA rc ;g fudk; jklk;fud lkE;koLFkk esa dgyk;sxkA

,d fudk; tks rkih;] ;kaf=kd o jklk;fud lkE; dks n'kkZrk gS mls Å"ekxfrd lkE;koLFkk
esa dgk tkrk gSA bl voLFkk esa fudk; osQ LFkwy xq.k le; osQ lkFk ifjofrZr ugha gksrs gSaaaA

11.2.1 Å"ekxfrd izØe

,d lkE; voLFkk ls nwljh lkE;oLFkk eas tkus ij ;fn Å"ekxfrd fudk; dk dksbZ Hkh pj
cnyrk gS rks fudk; dks Å"ekxfrd izfØ;k esa dgk tkrk gSA mnkgj.k osQ fy;s fLFkj nkc
ij ,d flfy.Mj dh xSl dks xje fd;s tkus ij izlkj gksuk ,d Å"ekxfrd izØe gSA
fdlh Å"ekxfrd izØe dk xzkiQh; fu:i.k ,d iFk dgykrk gSaA

vc ge fofHkUu izdkj osQ Å"ekxfrd izØeksa osQ ckjs esa fopkj djsaxsA

(i) mRØe.kh; izØe % ;fn dksbZ izØe ,sls gS ftlesa izkjafHkd o vafre voLFkk osQ chp
dh lHkh voLFkk;sa lkE;koLFkk eas gkssa rFkk izØe dk foijhr fn'kk esa okil izkjafHkd
voLFkk eas tk ikuk laHko gks rks bls mRØe.kh; izØe dgrs gSaA ,d mRØe.kh; izØe
dh xfr cgqr èkheh o fu;af=kr gksrh gSA fuEufyf[kr mnkgj.k ns[ksaμ

• ,d chdj esa ,d ciZQ dk VqdM+k ysa vkSj bls xje djsaA vki ns[kssaxs fd ;g
ikuh esa ifjofrZr gks tkrk gSA ;fn vki bls jsÚhftjsVj easa j[kdj leku ek=kk
esasa Å"ek ckgj fudky ysa rks ;g ciZQ eas ifjofrZr gks tkrk gS vFkkZr~ izkjafHkd
voLFkk esa okil vk tkrk gS] vr% ;g ,d mRØe.kh; izØe gSA

• eku yks dksbZ fLiazx gS ftldk ,d fljk fLFkj fd;k x;k gSA blosQ eqDr fljs
ij ,d osQ ckn ,d nzO;eku yVdk;saA vki ikk;saxs fd fLizax dh yackbZ c<+ tkrh
gSA vc ,d&,d djosQ nzO;ekuksa dks gVkb;sA vki ns[ksaxs fd fLizax viuh iwokZoLFkk
esa vk tkrk gSA vr% ;g ,d mRØe.kh; izØe gSA mRØe.kh; izØe ,d vkn'kZ
fLFkfr gS tks dHkh Hkh okLrfodrk ugha cu ldrhA

(ii) vuqRØe.kh; izØe % og izØe tks viuh vafre voLFkk ls izkjafHkd voLFkk esa mlh
lkE; voLFkk osQ lkFk&lkFk okfil ugha ykSV ldrk vuqRØe.kh; izØe dgykrk gSA
lHkh izkÑfrd izØe vuqRØe.kh; gSA mnkgj.k osQ fy;s ?k"kZ.k esa mRiUu Å"ek] ikuh
esa ?kqyh phuh] gok ls yksgs eas tax yxukA vFkkZr~ vuqRØe.kh; izØe osQ fy;s] chp
dh fLFkfr;ka lkE; fLFkfr;ka ugha gSa] vr% bl izdkj osQ izØe dks ,d iFk }kjk fu:fir
ugha fd;k tk ldrk gSA D;k bldk ;g vFkZ gqvk fd ge ,d vuqRØe.kh; izØe
fo'ys"k.k ugha dj ldrs gSa\ ,slk djus osQ fy, ge fLFkj izk;% izØe (quasistatic

process) dk iz;ksx djrs gSa tks fd lkE;koLFkk osQ vR;ar lehi gSA

(iii) lerkih izØe % ,d Å"ekxfrd izØe tks ,d fu;r rki ij gksrk gS lerkih izØe
dgykrk gSA] ,d iw.kZ:i ls pkyd nhokjksa okys flfy.Mj eas vkn'kZ xSl dk izlkj
;k laihMu lerkih izØe izfØ;k;sa gSA nkc o vk;ru esa ifjorZu cgqr /hjs gksrk
gS rkfd dksbZ Hkh Å"ek mRiUu gksus ij okrkoj.k esa LFkkukUrfjr gks tkrh gS vkSj fudk;
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dk rki fu;r jgrk gSA rkih; lkE; ges'kk cuk jgrk gSA bl izØe esaa ΔQ, ΔU vkSj
ΔW fu;r jgrs gSaA

(iv) :¼ks"e izØe % ,d izØe ftlesa Å"eh; ÅtkZ dk dksbZ vknku&iznku ugha gksrk] :¼ks"e
izØe dgykrk gS] mnkgj.k osQ rkSj ij ,d iw.kZr% Å"ekjksèkh flfyUMj esa vkn'kZ xSl
dk izlkj ;k laihMuA ;g fudk; vius okrkoj.k ls i`FkDÑr gS vr% dksbZ Å"ek u
rks bleas izos'k djrh gS vkSj u gh blls ckgj tkrh gSA vr% bl izØe esasaa ΔQ = 0

vkSj ΔU = –ΔW.

fudk; dh vkarfjd ÅtkZ esa ifjorZu ml ij fd;s x;s dk;Z osQ cjkcj gksrh gSA vr%
tc xSl dks laihfMr fd;k tkrk gS rks fudk; ij dk;Z fd;k tkrk gS] vr% ΔU èkukRed
gks tkrk gS vkSj fudk; dh vkarfjd ÅtkZ c<+ tkrh gSA tc xSl dk izlkj gksrk gS rks fudk;
}kjk dk;Z fd;k tkrk gSA bls èkukRed fy;k tkrk gS vkSj ΔU ½.kkRed gksrk gSA vr% fudk;
dh vkarfjd ÅtkZ ?kVrh gSA

(v) lenkch izØe % fLFkj nkc ij gksus okyk Å"ekxfrd izØe lenkch izØe dgykrk
gSA ok;qe.Myh; nkc ij ikuh dk xje gksuk ,d lenkch izØe gSA

(vi) levk;ruh izØe % ,d Å"ekxfrd izØe ftlesassa fudk; dk vk;ru fLFkj j[kk tkrk
gS] levk;ruh izØe dgykrk gSA mnkgj.k osQ rkSj ij ,d fLFkj vk;ru osQ flfyUMj
osQ vUnj xSl dk xje fd;k tkuk ,d levk;ruh izØe gS] bl izØe esa xSl dk
vk;ru fLFkj j[kk tkrk gS vr% dksbZ dk;Z ugha fd;k tkrk gSA  vr%  ΔW = 0.  vkSj
ge ikrs gSsa ΔQ = ΔU.

,d pØh; izØe easa fudk; viuh izkjafHkd fLFkfr eas okil vkrk gSA vFkkZr~ vkarfjd ÅtkZ
eas dksbZ ifjorZu ugha gksrk  ΔU = 0.

vFkkZr~  ΔQ = ΔW.

11.2.2 Å"ekxfrdh dk 'kwU;dksfV dk fu;e

ekuk èkkrq osQ rhu xqVosQ A, B, C gSaaA xqVdk A xqVosQ B osQ lkFk rkih; lkE; esa gS vkSj xqVdk
A xqVosQ C osQ lkFk Hkh lkE; esa gSA bldk vk'k; ;g gS fd xqVosQ A dk rki xqVdksa B

,oa C osQ rki osQ leku gSA blls ;g fu"d"kZ fudyrk gS fd xqVdksa B ,oa C osQ rki leku
gSA ge bl ifjek.k dks 'kwU; dksfV osQ fu;e osQ :i esa la{ksi esa bl izdkj O;Dr djrs
gSaA

;fn nks fiaM ;k fudk; A ,oa B ,d rhljs fiaM ;k fudk; C osQ lkFk vyx&vyx rkih;
lkE;koLFkk eas gksa rks os ijLij Hkh rkih; lkE; voLFkk eas gksaxsA
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voLFkk ifjorZu ,oa izkoLFkk xzkiQ

vki i<+ pqqosQ gSsa fd ekuo rki o nkc ij fdlh oLrq dh rhu voLFkk;sa gksrh gSaa] Bksl]
nzo vkSj xSlA ,d nzO; dh fofHkUu voLFkk;sa mldh izkoLFkk dgykrh gSμmnkgj.k osQ
rkSj ij ciZQ (Bksl)] ikuh (nzo) o Hkki (xSl) ikuh dh rhu voLFkk;sa gSaaA ge bu rhu
voLFkkvksa dk nkc (P), rki (T) o vk;ru (V) n'kkZus okys xzkiQ dh lgk;rk ls foospu
dj ldrs gSaA f=kfoeh; xzkiQ [khapuk dfBu gSA vr% ge inkFkZ dh rhu voLFkkvksaa dk
,d nkc&rki xzkiQ [khapdj foospu dj ldrs gSaaA bl xzkiQ dks izkoLFkk xzkiQ dgrs gSaA

fp=k 11-2 dks nsf[k;s tks ikuh osQ izkoLFkk xzkiQ dks n'kkZrk gSA vki rhu oØkssaa CD, AB,

vkSj EF dks ns[k ldrs gSaA CD nkc osQ lkFk ciZQ osQ xyukad eas ifjorZu dks n'kkZrk gSA bls
laxyu oØ dgrs gSaA oØ AB ikuh osQ DoFkukad esa nkc osQ lkFk ifjorZu dks n'kkZrk gS
bls ok"iu oØ dgrs gSaA oØ EF ciZQ dk lhèks ok"i esaa ifjorZu n'kkZrk gSA bls ÅèokZikru
oØ dgrs gSaA ;g ok"i&fge oØ Hkh dgykrk gSA

fp=k 11.2: ty dk izkoLFkk vkjs[k

;fn vki AB, CD rFkk EF js[kkvksa dks c<+krs gSa tSlk fd fp=k esa fdUnqfdr js[kkvksa }kjk
n'kkZ;k x;k gS os ,d fcanq P ij feyrs gSaA bl fcanq dks f=kd fcanq (triple point) dgrs
gSaA bl fcanq ij rhuksaaa voLFkkvksa dk lg vfLrRo gksrk gSA

tc ge fdlh Bksl dks xje djrs gSa rks bldk rki c<+rk gS vkSj ,d fof'k"V rki ij
;g xyus yxrk gSA bl rki dks Bksl dk xyukad dgrs gSaaA voLFkk ifjorZu dh vofèk
esa ge yxkrkj Å"ek nssrs gSa ysfdu rki esa o`f¼ ugha gksrh gSA ,dkad nzO;eku osQ Bksl dks
iw.kZr;k bldh laxr nzo voLFkk esa ifjofrZr djus os fy;s vko';d Å"ek dks xyu dh
xqIr Å"ek dgrs gSaA

,d nzo dks xje djus ij blosQ DoFkukad rd rki c<+rk gSA DoFkukad ij nh x;h Å"ek
bls xSlh; voLFkk esa ifjorZu djus esa iz;qDr gksrh gSA fdlh nzo osQ ,dkad nzO;eku dks
,d fu;r rki ij xSlh; voLFkk esa ifjofrZr djus osQ fy, vko';d Å"ek ml nzo osQ ok"ihdj.k
dh xqIr Å"ek dgykrh gSA
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11.2.3 ikuh dk f=kd fcUnq

fdlh 'kq¼ inkFkZ dk f=kd fcUnq ,d cgqr LFkk;h voLFkk gksrh gS ftls lVhd :i ls fu;r
rki o nkc dh ek=kkvksa ls vfHkO;Dr fd;k tkrk gSA blh dkj.k oSQfYou osQ FkekZehVj osQ
iSekus eas ikuh dk f=kd fcUnq mPp fu;r fcanq osQ :i esa fy;k tkrk gSA

nkc c<+kus ij] Bksl dk xyukad de gksrk gS vkSj nzo dk DoFkukad c<+rk gSA vr% ;g
laHko gS fd rki o nkc dh ek=kkvksa dks lek;ksftr djosQ ge ,sls fcanq ij igqap ldrs
gSa tgka ij inkFkZ dh rhuksa voLFkkvksa dk lgvfLrRo gks] rki o nkc osQ ;s eku f=kd fcanq
dks n'kkZrs gSaA

ikBxr iz'u 11.1

1. fjDr LFkkuksa dh iwfrZ dhft;s&

(i) Å"ekxfrdh osQ 'kwU; dksfV fu;e ftl ewy ladYiuk dk vkèkkj gS og  gS-----

(ii) ;fn ,d fudk; A ,d fudk; B osQ lkFk rkih; lkE; esa gS ,oa fudk; B ,d
nwljs fudk; C osQ lkFk rkih; lkE; esa gS] rc fudk; A ......osQ lkFk Hkh rkih;
lkE; esa gksxkA

(iii) Å"ek dk lkekU; izpfyr ek=kd gS ......

2. fp=k 11-3 esa ,d Å"ekxfrd izØe dk lwpd
vkjs[k n'kkZ;k x;k gSA izØe esa ra=k }kjk fd;s
x;s dk;Z dh x.kuk dhft;sA

(a) A ls C rd ABC iFk }kjk

(b) ;fn C ls A rd mlh iFk ls okil vkrk
gS rks] mlosQ }kjk oqQy fdruk dk;Z fd;k
tkrk gS\

3. fjDr LFkkuksa dh iwfrZ dhft;sμ

(i) ,d mRØe.kh; fØ;k og gS ftlesa -------------------- vafre voLFkk ls izkjafHkd
voLFkk esa okil vk;k tk ldrk gSA

(ii) ,d ............................. izØe og gS ftlessa vafre fLFkfr ls izkjafHkd fLFkfr eas
mUghaaa lkE; voLFkkvksa ls okil ugha vk;k tk ldrk gSA

4. lerkih o :¼ks"e izØe esa ewyHkwr varj fyf[k;sA

5. f=kd fcanq dk vfHky{k.k fyf[k;sA

fp=k. 11.3

C
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11.3 fdlh fudk; dh vkarfjd ÅtkZ

D;k vkius dHkh ikuh osQ tedj ciZQ cuus dh izfØ;k eas ;qDr gqbZ ÅtkZ osQ ckjs esaa fopkj
fd;k gS\ D;k vki ,slk ugha lksprs fd ikuh esa Hkh fdlh izdkj dh ÅtkZ laxzfgr gSA ;g
Å"ek ikuh osQ ciZQ cuus esa eqDr gksrh gSA bl laxzghr ÅtkZ dks vkarfjd ÅtkZ dgrs gSaA
nzO; osQ v.kqxfr fl¼kUr osQ vkèkkj ij ge vkarfjd ÅtkZ dh ladYiuk dk foospu lHkh
,dy vo;oksa dh ÅtkZvksa osQ ;ksx osQ :i esa dj ldrs gSaA bleasa mudh ;kn`fPNd xfr
osQ dkj.k xfrt ÅtkZ o muosQ chp vU;ksU; fØ;kvkssa osQ iQyLo:i fLFkfrt ÅtkZ,a 'kkfey
gSaaA vc ge bldk foospu djrs gSaA

(a) vkarfjd xfrt ÅtkZ % tSlk fd vki tkurs gSa] v.kqxfr fl¼kUr osQ vuqlkj nzO;
vla[; v.kqvksa ls feydj curk gSA ;s v.kq fujUrj rhoz xfr eas gksrs gSaA ftlosQ iQyLo:i
buesa xfrt ÅtkZ gksrh gSA v.kqvksa dh oqQy xfrt ÅtkZ oLrq dh vkarfjd xfrt ÅtkZ
gksrh gSA

(b) vkarfjd fLFkfrt ÅtkZ % varjk&v.kqd cyksa osQ dkj.k mRiUu ÅtkZ dks vkarfjd fLFkfrt
ÅtkZ dgrs gSaA

fdlh /krq dh NM+ dh vkarfjd ÅtkZ pkyu bySDVªkWuksa dh xfrt ÅtkZvksa] ijek.kqvksa dh
fLFkfrt ÅtkZvksa vkSj viuh lkE; fLFkfr osQ bèkj&mèkj mudh oaQiu ÅtkZvkssa ls fufeZZr gksrh
gSA fdlh fudk; dh ÅtkZ v.kqvksa dh xfr eas o`f¼ dj (xfrt ÅtkZ esa rkih; ÅtkZ osQ
dkj.k o`f¼) c<+k;h tk ldrh gSA ;g varjk.kqd cyksa osQ fo#¼ v.kqvksa dks f[kldkdj
(;kfu bl ij dk;Z djosQ) Hkh c<+kbZ tk ldrh gSA vkarfjd ÅtkZ dks U ls n'kkZ;k tkrk
gSA

fdlh fudk; dh vkarfjd ÅtkZ ¾ v.kqvksa dh xfrt ÅtkZ $ v.kqvksa dh fLFkfrt ÅtkZ
ge ,d i`FkDÑr Å"ekxfrd fudk; osQ ckjs esa fopkj djrs gSa] ftl ij ,d cká cy
yxk gSA eku fy;k tk; fd izkjafHkd voLFkk i ls vafre voLFkk f  rd :¼ks"e izØe ls
tkus eas fd;k x;k dk;Z W gSA eku yhft, fd U

i
 vkSj U

f
 fudk; dh Øe'k% izkjafHkd o

vafre fLFkfr eas vkarfjd ÅtkZ;sa gSaA D;kssafd fudk; ij dk;Z fd;k tkrk gS vr% vafre voLFkk
dh vkarfjd ÅtkZ izkjafHkd voLFkk dh vkarfjd ÅtkZ ls vfèkd gksrh gSA

ÅtkZ laj{k.k osQ fl¼kUr osQ vuqlkj

U
i
 – U

f
= – W

½.kkRed fpÉ n'kkZrk gS fd fudk; ij dk;Z fd;k tkrk gSA

ge ;g bafxr djuk pkgrs gSa fd dk;Z osQ foijhr] vkarfjd ÅtkZ izkjafHkd o vafre voLFkkvksa
ij fuHkZj djrh gs] tks fd iFk ij fuHkZj ugha djrh gSA bls ge bl izdkj O;Dr djrs
gSa fd U fLFkfr dk iQyu gS vkSj voLFkk pjksa (state variables) P.V. T. ij fuHkZj djrk
gSA è;ku nhft, fd fudk; }kjk oqqQN dk;Z fd;k tkrk gS rks bldh vkarfjd ÅtkZ de
gksrh gSA
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11.4  Å"ekxfrdh dk izFke fu;e

vc vki tkurs gSa fd Å"ekxfrdh dk 'kwU; dksfV dk fu;e gesa fofHkUu fudk;ksa osQ chp
rkih; lkE; osQ ckjs esaa tkudkjh nsrk gS ftldk vfHky{k.k mudk rki leku gksuk gSA rFkkfi
;g fu;e vlkE; voLFkk osQ fo"k; esa dksbZ tkudkjh ugha nsrk gSA ge nks mnkgj.kksa osQ
ckjs esa fopkj djrs gSaa (i) nks fofHkUu rkiksa okys fudk; rkih; laidZ easa j[ks tkrs gSa vkSj
(ii) nks fudk;ksa osQ chp ;kaf=kd ?k"kZ.kA bu nksuksa fLFkfr;ksa easa muosQ rkiekuksa esa ifjorZu vkrk
gS ysfdu 'kwU;dksfV osQ fu;e }kjk bldh O;k[;k ugha dh tk ldrh] bu izØeksa dh O;k[;k
djus osQ fy;s Å"ekxfrdh osQ izFke fu;e dh iwoZèkkj.kk dh x;hA

Å"ekxfrdh dk izFke fu;e oLrqr% ,d Å"ekxfrd fudk; osQ fy;s ÅtkZ laj{k.k dk
fl¼kUr gSA blosQ vuqlkj fdlh Å"ekxfrd izØe eas vkarfjd ÅtkZ ifjorZu mldks nh
x;h Å"ek o bl ij fd;s x;s dk;Z osQ ;ksx osQ cjkcj gksrh gSA

eku yhft, fd fdlh fudk; dks  ΔQ ek=kk iznku dh tkrh gSA – ΔW oLrq ij fd;k x;k
dk;Z gS] rc Å"ekxfrdh osQ izFke fu;e osQ vuqlkj vkarfjd ÅtkZ esa o`f¼

ΔU = ΔQ – ΔW (11.3 a)

;g Å"ekxfrdh osQ izFke fu;e dk xf.krh; :i gSA ;gk¡ ΔQ, ΔU vkSj ΔW SI  ek=kdksa esa
gSaA Å"ekxfrdh osQ izFke fu;e dks fuEu izdkj Hkh fy[k ldrs gSaA

ΔQ = ΔU + ΔW (11.3 b)

ΔQ, ΔU vkSj ΔW osQ fpÉ fuEu ifjikVh osQ vuqlkj gSaμ

1. fdlh fudk; }kjk fd;k x;k dk;Z (ΔW) èkukRed vkSj fdlh fudk; ij fd;k x;k
dk;Z ½.kkRed fy;k tkrk gSA fudk; osQ izlkj esa dk;Z èkukRed o laihMu esa ½.kkRed
fy;k tkrk gSA fd;k x;k dk;Z izkjafHkd o vafre Å"ekxfrd voLFkkvksa ij fuHkZj ugha
djrk ;g ifjorZu osQ fy;s viuk;s x;s iFk ij fuHkZj djrk gSA

2. fudk; }kjk izkIr dh x;h Å"ek èkukRed rFkk mlosQ }kjk [kksbZ x;h Å"ek ½.kkRed yh tkrh
gSA

3. vkarfjd ÅtkZ esa o`f¼ èkukRed o ßkl ½.kkRed fy;k tkrk gSA

;fn ,d fudk; dks fLFkfr 1 ls fLFkfr 2 esasaa ys tk;k tkrk gS rks ;g ik;k tkrk gS fd
ΔQ vkSj ΔW voLFkk ifjorZu osQ iFk ij fuHkZj djrs gSaA rFkkfi (ΔQ – ΔW) dk eku lHkh
voLFkk ifjorZu osQ iFkksa osQ fy;s leku jgrk gSA vr% ge dg ldrs gSa fd vkarfjd ÅtkZ
ΔU fdlh fudk; osQ Å"ekxfrdh; ifjorZu osQ iFk ij fuHkZj ugha djrhA

11.4.1 Å"ekxfrdh osQ izFke fu;e dh lhek,a

Å"ekxfrdh dk izFke fu;e Å"ek ,oa vU; izdkj dh ÅtkZ dh rqY;rk ij tksj nsrk gSA
bl rqY;rk osQ vkèkkj ij gh gekjh vkidh xfrfofèk;ka laHko gSA fo|qr ÅtkZ ftlls gekjs
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?kjksa esa izdk'k gksrk gS] e'khusa dke djrh gSa] jsyxkfM+;ka pyrh gS ml Å"ek ls izkIr gksrh
gS tks fd tSok'e b±èku ;k ukfHkdh; b±èku dks tykus ls izkIr gksrh gSA ,d n`f"V ls ;g
fu;e lkoZHkkSfed gSA ;g ÅapkbZ c<+us osQ lkFk rkieku dh fxjkoV (:¼ks"e ßkl nj) dks
le>krk gSA izokg izØeksa vkSj jklk;fud fØ;kvksa esa Hkh buosQ vuqiz;ksx dkiQh euksjatd
gSA rFkkfi fuEu izØeksa ij fopkj djsaA

• vki tkurs gSa fd Å"ek lnSo xeZ inkFkZ ls BaMs inkFkZ dh vksj izokfgr gksrh gS ysfdu
Å"ekxfrdh dk izFke fu;e ;g Li"Vhdj.k nsus eas vleFkZ gS fd Å"ek vis{kkÑr
BaaMh oLrq ls xeZ oLrq dh vksj izokfgr D;ksa ugha gks ldrh gSA bldk vFkZ ;g gqvk
fd bl fu;e ls Å"ek izokg dh fn'kk osQ ckjs esa dksbZ laosQr ugha feyrk gSA

• vki tkurs gSa tc ,d xksyh y{; dks cs/rh gS rks xksyh dh xfrt ÅtkZ Å"ek eas
:ikUrfjr gks tkrh gSA bl fu;e ls bl ckr dk Li"Vhdj.k ugha gksrk fd fu'kkus
ij xksyh yxus ls mRiUu Å"ek xksyh dh xfrt ÅtkZ esa D;ksa :ikUrfjr ugha gks tkrh
gS rkfd xksyh mM+ dj nwj pyh tkrhA bldk vFkZ ;g gqvk fd ;g fu;e ml ifjfLFkfr
dk Kku nsusa esa vleFkZ gS ftlesaa Å"ek dk;Z esa :ikUrfjr gks ldrh gSA

blosQ vykok bldh ,d vkSj Li"V lhek ;g gS fd bl fu;e ls ;g Kku ugha gksrk fd
Å"ek fdl lhek rd dk;Z esa :ikUrfjr gks ldrh gS] lkFk gh bl fu;e ls ;g Hkh bafxr
ugha gksrk fd fdl lhek rd Å"ek dk;Z eas :ikUrfjr gks ldrh gSA

vc vki fojke ysa vkSj fuEu iz'uksa osQ mÙkj nsus dk iz;kl djsaA

ikBxr iz'u  11.2

1. fjDr LFkkuksa dh iwfrZ dhft,

(i) fdlh fudk; osQ d.kksa dh xfrt o fLFkfrt ÅtkZvksa dk ;ksx bldh -------------------
---------------------------------------------------------------gSA

(ii) fd;k x;k dk;Z = – W ;g n'kkZrk gS fudk;.......................... dk;Z fd;k tkrk gSA

2. Å"ekxfrdh osQ izFke fu;e dk dFku ;g gS fd

11.5 Å"ekxfrdh dk nwljk fu;e

vki tkurs gSa fd Å"ekxfrdh osQ izFke fu;e esa Å"ek izokg] o :ikUrj.k dh {kerk (vFkkZr~
Å"ek dks dk;Z esa ifjofrZr djus dh {kerk) osQ lanHkZ esa LokHkkfod lhek;sa gSaA bl izdkj
vkiosQ efLr"d esa ,d fopkj mB ldrk gS fd D;k Å"ek dks dk;Z esa cnyk tk ldrk
gSA :ikUrj.k dh D;k 'krs± gS\ bu lHkh iz'uksa osQ mÙkj Å"ekxfrdh osQ nwljs fu;e dh ladYiuk
esa 'kkfey gSA Å"ekxfrdh osQ f}rh; fu;e osQ vusd izDdFku (Statements) gSaA rFkkfi vki
Å"ekxfrdh osQ nwljs fu;e osQ osQfYou Iyk¡d (Kelvin Plank) rFkk dykWfl;l (Classius)

osQ izDdFku osQ ckjs esa vè;;u djsaxsA
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osQfYou&Iyk¡d izDdFku % ;g Å"ek batuksa dh {kerkvksa osQ ckjs esa vuqHko ij vkèkkfjr
gSA Å"ek batu osQ ckjs esa vxys ifjPNsn esa foospuk dh x;h gSA ,d Å"ek batu esa] dk;Zdkjh
inkFkZ Ïksr (xeZ inkFkZ) ls Å"ek ysrk gS vkSj blosQ oqQN va'k dks dk;Z esa :ikUrfjr djus
osQ i'pkr Å"ek osQ 'ks"k Hkkx dks flad (BaMh oLrq ;k okrkoj.k) dks ns nsrk gSA ,slk dksbZ
batu ugha gS tks lEiw.kZ Å"ek dks] fcuk flad dks oqQN Å"ek iznku fd;s] dk;Z esa cny
ldrk gSA bu izs{k.kksa osQ vkèkkj ij osQfYou o Iyk¡d us Å"ekxfrdh osQ nwljs fu;e osQ
ckjs esa ;g dFku fn;kA

fdlh fudk; osQ fy;s fu;r rki ij fdlh Ïksr ls Å"ek vo'kksf"kr djosQ mldh
laiw.kZ ek=kk dks dk;Z esaa :ikUrfjr djuk vlaHko gSA

DykWfl;l }kjk fn;k x;k Å"ekxfrdh dk nwljk fu;e% ;g jsÚhtjsVj osQ dk;Z ij
vkèkkfjr gSA jsÚhtjsVj foijhr fn'kk esa dk;Z djus okyk Å"ek batu gSA tc bl ij dk;Z
fd;k tkrk gS rks ;g vis{kkÑr BaMh oLrq ls vis{kkÑr xeZ oLrq dks Å"ek gLrkUrfjr dj
nsrk gSA ;gk¡ fudk; ij fd;s x;s cká dk;Z dh ladYiuk egRoiw.kZ gSA bl cká dk;Z dks
djus osQ fy;s fdlh cká Ïksr }kjk ÅtkZ vkiwfrZ vko';d gSa bu rF;ksa osQ vkèkkj ij Dykfl;l
us Å"ekxfrdh osQ nwljs fu;e osQ ckjs esa ;g izDdFku fn;kA

fdlh izØe esa cká dk;Z fd;s fcuk vis{kkÑr BaMh oLrq ls Å"ek xeZ oLrq eaasa :ikarfjr
djuk vlaHko gSA

vr% Å"ekxfrdh osQ nwljs fu;e dh Hkwfedk izk;ksfxd :i ls mi;ksxh tSls Å"ek batu vkSj
jsÚhtjsVj eas cstksM+ gSA

11.5.1 dkuksZ pØ

vkius ;g voyksdu fd;k gksxk fd tc ,d <Ddu okys crZu esa ikuh mckyk tkrk gS
rks vUnj iSnk gqbZ Hkki <Ddu dks mNky nsrh gSA blls ;g laosQr feyrk gS fd mPp nkc
dh Hkki ls mi;ksxh dk;Z fd;k tk ldrk gSA ,slh ;qfDr tks Å"ek dks vfojke :i
ls dk;Z eas :ikUrfjr djrh gS Å"ek batu dgykrh gSA nSfud thou esa dke vkus okys
vkèkqfud batu] Å"ek batu osQ fl¼kUr ij vkèkkfjr gSA budks rhu Jsf.k;ksa esa ckaVk tkrk
gSμHkki batu] varnZgu batu vkSj xSl Vjckbu batuA

dkuksZ pØesa dk;Zdkjh inkFkZ dks pkj izpkyuksa osQ pØ ls xqtkjk tkrk gSμ(a) lerkih izlkj
(b) :¼ks"e izlkj (c) lerkih laihMu o (d) :¼ks"e laihMuA

,slk pØ fp=k 11-4 eas P-V xzkiQ ls fu:ifr fd;k x;k gSA dkuksZ pØ osQ pkj izpkyuksa
dks le>kus osQ fy;s eku yhft;s fd dk;Zdkjh inkFkZ osQ ,d xzke eksy (1 g mol) dks flfyaMj
esa Hkjk x;k gSA fp=k 11-5 nsf[k;sA lwpd xzkiQ esa inkFkZ dh ewy voLFkkvksa dks fcUnq }kjk
n'kkZ;k x;k gSA fcUnq A ij inkFkZ dk rkieku T

1
, nkc P

1
 vkSj vk;ru V

1
 gSaA
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fp=k 11-4% dkuksZ pØ dk lwpd vkjs[k

fp=k 11-5% dk;Zdkjh inkFkZ osQ lkFk flfyUMj

(a) lerkih izlkj % flfy.Mj dks Ïksr osQ lkFk rkih; laioZQ esa j[k fn;k tkrk gS vkSj
dk;Zdkjh inkFkZ dk izlkj gksus fn;k tkrk gSA dk;Zdkjh inkFkZ dk vk;ru V

2
 gks tkrk

gSA bl izdkj dk;Zdkjh inkFkZ fiLVu dks mBkus esa dk;Z djrk gSA ftlls] dk;Zdkjh
inkFkZ dk rki fxjus  yxrk gS] ysfdu ;g Ïksr osQ lkFk Å"eh; laioZQ esa gS blfy;s
;g T

1
 rki ij Ïksr ls Å"ek dh H

1
 ek=kk vo'kksf"kr djsxkA bls fcanq B ls n'kkZ;k

x;k gSA fcanq B ij nkc o vk;ru osQ eku P
2
 vkSj V

2
 gSA lwpd vkjs[k (fp=k 11-

4) esa vki ns[krs gSa fd A ls B esa tkus ij ra=k dk rki leku jgrk gS vkSj dk;Zdkjh
inkFkZ dk izlkj gksrk gSA ge bls lerkih izlkj izØe dgrs gSa] H

1
 lerkih izlkj

esa vo'kksf"kr gqbZ Å"ek gSA rc Å"ekxfrdh osQ izFke fu;e osQ vuqlkj H
1
 rki T

ij A ls B rd lerkih izlkj esa xSl }kjk fd;s x;s dk;Z osQ cjkcj gSA ekuk W
1

lerkih izlkj AB esa xSl }kjk fd;k x;k cká dk;Z gSA rc ;g {ks=kiQy AB, EA

osQ cjkcj gksxk]

W
1

= {ks=kiQy ABGEA
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(b) :¼ks"e izlkj % fiQj flfyUMj dks Ïksr ls gVkdj ,d iw.kZ Å"ekjksèkh LVs.M ij
j[kk tkrk gSA fiLVu ij Hkkj dks P

3
 rd de fd;k tkrk gSA ;g izlkj iw.kZr;k :¼ks"e

gS D;ksafd dksbZ Å"ek u rks dk;Zdkjh inkFkZ rd igqap ldrh gS vkSj u gh blls vyx
gks ldrh gSA vr% fiLVu mBkus esa dk;Zdkjh inkFkZ viuh vkarfjd ÅtkZ [kpZ djosQ
cká dk;Z djrk gSA vr% bldk rki fxj tkrk gSA xSl dk rki T

2
 (flad dk rki)

rd fxjus rd :¼ks"e :i ls izlkj djus fn;k tkrk gS bls lwpd xzkiQ esa :¼ks"e
oØ BC ls n'kkZ;k x;k gSaA ge bls :¼ks"e izlkj dgrs gSaA C ij dk;Zdkjh inkFkZ
dk nkc o vk;ru Øe'k% P

3
 o V

3
 gSaA B ls C rd tkus eas dk;Zdkjh inkFkZ }kjk fd;k

x;k dk;Z

W
2

= BCHGB {ks=kiQy

(c) lerkih laihMu % flfyUMj dks Å"ekjksèkh LVS.M ls gVkdj bls T
2
 rki osQ flad

ij j[ksaA xSl dks èkhjs ls laihfMr djus osQ fy;s fiLVu osQ Åij Hkkj j[kdj (nkc
yxkdj) nkc o vk;ru osQ eku Øe'k% P

4
 o V

4
 gksus rd tkjh j[ksaA bls lwpd vkjs[k

esa D facanq ls fu:fir fd;k x;k gS (fp=k 11-4)A laihMu ls c<+h Å"ek H
2
 flad

dks ns nh tk;sxhA bl izdkj ra=k osQ rki esa dksbZ vUrj ugha vkrkA vr% bls lerkih
laihMu izØe dgrs gSaA bls (fp=k 11-4) esa CD oØ }kjk n'kkZ;k x;k gSA

W
3

=  CHFDC {ks=kiQy

(d) :¼ks"e laihMu % ,d ckj fiQj ls fudk; dks (flfyUMj dks) Å"ekjksèkh LVSaM ij
jf[k, vkSj fiLVu ij /hjs&/hjs Hkkj c<+kb,A inkFkZ dk :¼ks"e laihMu gksrk gSA ;g
laihMu rki T

1
 gksus rd c<+us fn;k tkrk gSa vkSj inkFkZ vius izkjafHkd nkc o vk;ru

osQ eku P
1
 o V

1
 izkIr dj ysrk gSA ;g ,d :¼ks"e laihMu izØe gSμ ftls oØ

DA }kjk lwpd xzkiQ (fp=k 11-4) esa n'kkZ;k x;k gSA ekuk D ls A rd :¼ks"e izØe
eas W

4
 dk;Z fd;k tkrk gSA rc

W
4

= Area DFEAD

izpkyu pØ osQ nkSjku dk;Zdkjh inkFkZ Ïksr ls H
1
 ek=kk eas Å"ek ysrk gSμvkSj flad dks

H
2
 ek=kk nsrk gSA vr% dk;Zdkjh inkFkZ }kjk vo'kksf"kr usV Å"ek dk eku

ΔH= H
1
 – H

2

vkSj batu }kjk ,d pØ esa fd;k x;k usV dk;Z (eku W) gSA

tgka W = {ks=k ABCHEA – {ks=k CHEADC

= {ks=k ABCD

;k ABCD dk {ks=kiQy

vr% ,d pØ esa fd;k x;k dk;Z P-v vkjs[k osQ {ks=kiQy osQ cjkcj gksrk gSA
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vki ;g i<+ pqosQ gSa fd pØh; izØe esa inkFkZ dh izkjafHkd o vafre fLFkfr;ka leku gSaA
vFkkZr~ bldh vkarfjd ÅtkZ vifjofrZr jgrh gSA vr% Å"ekxfrdh osQ izFke fu;e osQ vuqlkj

W = H
1
 – H

2

vr% Å"ek dk;Z esa ifjofrZr gks x;h gS vkSj pØ dh iqujko`fÙk djosQ fdruh gh ek=kk esa
dk;Z fd;k tk ldrk gSA

11.7.2 dkuksZZ batu dh n{krk

dkuksZ batu dh n{krk dh ifjHkk"kk] ̂ ^;g ,d pØ esa dk;Z esa :ikUrfjr Å"ek rFkk dk;Zdkjh
inkFkZ }kjk Ïksr ls yh x;h Å"ek dk vuqikr gS]

η = 
Å"ek dk dk; Z eas :ikUrj.k

Ïksr l s yh x;h Å"ek

vFkok η = 1 2 2

1 1

H - H H
=1-

H H

dkuksZ batu osQ fy, ;g fn[kk;k tk ldrk gS fd]

2 2

1 1

H T
H T

=

vr% η = 1 – 2

1

T
T

ysfdu H
2
 = 0 osQ fy;s T

2
 = 0 gksuk pkfg;sA bldk vk'k; ;g gqqvk fd η 100% rHkh gksxh

tc T
2
 = 0 gksxkA ,slh fLFkfr esa xeZ Ïksr ls yh x;h iwjh Å"ek dk;Z eas cny tkrh gSA

;g Å"ekxfrdh osQ nwljs fu;e dh vogsyuk gksxhA vr% ,d Hkki batu fuf'pr rki lhekvksa
osQ chp gh dk;Z dj ldrk gS vkSj bldh {kerk 1 ls de gksxhA

;g rdZ Hkh fn;k tk ldrk gS fd dkuksZ pØ D;ksafd ,d mRØe.kh; pØ gSA vr% dksbZ
Hkh batu leku rkikUrj osQ chp dk;Z djus okys dkuksZ batu ls vfèkd {kerk dk ugha gks
ldrk gSA

11.7.3 dkuksZ pØ dh lhek,a

vkius dkuksZpØ dk vè;;u lerkih o :¼ks"e izØeksa osQ lanHkZ esa fd;k gSA ;gka bl ckr
ij è;ku nsuk vko';d gS fd lerkih izØe osQoy rHkh gksrk gS tc fiLVu vR;fèkd
/hjs&/hjs pysA rkRi;Z ;g gS fd dk;Zdkjh inkFkZ ls Ïksr rd Å"ek osQ LFkkukUrj.k osQ fy,
i;kZIr le; gks rFkk nwljh vksj :¼ks"e izØe esa Å"ek LFkkukUrj.k ls cpus osQ fy, fiLVu
vR;fèkd rhoz xfr ls pyrk gSA O;ogkj esa bu nksuksa gh egRoiw.kZ 'krks± dks iwjk djuk vlaHko
gSA bUgha dkj.kksa ls lHkh O;kogkfjd batuksa dh n{krk dkuksZ batu ls de gksrh gSA
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ikBxr iz'u 11.3

1. fuEu dFku lR; gSa ;k vlR;

(i) ,d dkuksZ batu esa tc ,d vkn'kZ xSl }kjk xeZ Å"ek yh tkrh gS rc Ïksr dk
rki fxj tkrk gSA

(ii) dkuksZ batu esa ;fn flad dk rki de gks tkrk gS rks batu dh n{krk Hkh de
gks tkrh gSA

2. ,d dkuksZ batu dh 100 K vkSj 500 K osQ chp rFkk T vkSj 100 K osQ chp n{krk
leku gSA crykb;s T dk eku D;k gksxk\

3. dkuksZ batu osQ fy;s ,d izk:ih (typical) vkjs[k cukb;s vkSj bl vkjs[k esa og {ks=k
n'kkZb, tks

(i) Ïksr ls yh x;h Å"ek dks n'kkZrk gS (ii) flad dks nh xbZ Å"ek dks fn[kkrk gSA (iii)
dk;Z esa :ikUrfjr Å"ek dks n'kkZrk gSA

vkius D;k lh[kk

Å"ek ÅtkZ dk ,d :i gS tks gesa xehZ dh vuqHkwfr djkrk gSA

mPprj rki ij oLrq ls fuEurj rki ij oLrq osQ chp rkikUrj osQ dkj.k tks ÅtkZ izokfgr
gksrh gS mls Å"ek dgrs gSaA

Å"ek ÅtkZ dk lkekU; izpfyr ek=kd oSQykWjh gSA 1 cal = 4.18 J vkSj 1k cal = 103

cal

Å"ekxfrd izØe dk ,slk xzkiQ tks ;g n'kkZrk gS fd fdlh fudk; dk nkc vius vk;ru
osQ lkFk fdl izdkj ifjofrZr gksrk gS] lwpd xzkiQ dgykrk gSA

,d xSl osQ izlkj ;k laihMu esa fd;k x;k dk;Z  PΔV = P(V
f 
 – V

i
)A

Å"ekxfrdh osQ 'kwU; dksfV osQ fu;e osQ vuqlkj] ^^;fn nks fudk; fdlh rhljs fudk;
osQ lkFk vyx&vyx rkih; lkE; esa gksaa rks mu nksuksa fudk;ksa osQ chp Hkh rkih; lkE;
gksuk pkfg,A

fdlh oLrq osQ v.kqvksa dh xfrt ÅtkZ o fLFkfrt ÅtkZ dk ;ksx mldh vkarfjd ÅtkZ
crykrk gSA vkarfjd ÅtkZ o dk;Z esa  U

i
 – U

f 
= –W lacaèk gksrk gSA

Å"ekxfrdh osQ izFke fu;e osQ vuqlkj fdlh fudk; dks nh x;h Å"ek ÅtkZ dh ek=kk
fudk; dh vkarfjd ÅtkZ esa ifjorZu o fd;s x;s cká dk;Z osQ ;ksx osQ cjkcj gksrh
gSA
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Å"ekxfrdh dk izFke fu;e izØe dh fn'kk osQ ckjs esa dksbZ tkudkjh ugha nsrk gSA

og izØe tks vafre voLFkk esa igqapus ij foijhr fn'kk esa ykSV dj izkjafHkd voLFkk
esa igqap tkrk gS mRØe.kh; izØe dgykrk gSA

og izØe tks viuh vafre voLFkk esa ls izkjafHkd voLFkk eas mlh lkE; voLFkk osQ
lkFk&lkFk okfil ugha ykSV ldrk vuqRØe.kh; izØe dgykrk gSA fdUrq fLFkj rki ij
gksus okyk izØe lerkih izØe gksrk gSA

,d leku Å"ek ij gksus okyk dksbZ Hkh Å"ekxfrd izØe :¼ks"e izØe gksrk gSA

nzo dh rhu voLFkk,a bldh izkoLFkk;sa dgykrh gSaa rFkk nzo dh rhu izoLFkkvksa dks n'kkZus
okyk nkc&rki vkjs[k izkoLFkk vkjs[k dgykrk gSA

izkoLFkk vkjs[k esa f=kd fcaanq nzO; osQ fo'ks"k rki ,oa nkc dks n'kkZrk gSA bl fcanq ij
nzO; dh rhuksa voLFkk,aμBksl] nzo ,oa ok"i ,d lkFk ikbZ tk ldrh gSaA

Å"ekxfrdh osQ nwljs fu;e osQ ckjs esa osQfYou&Iykad izDdFku osQ vuqlkjμÅ"ek osQ
,d Ïksr ls vfojke dk;Z izkIr djrs jguk laHko gSA

Dykfl;l osQ nwljs fu;e osQ dFku osQ vuqlkjμdk;Zdkjh inkFkZ ij cká dk;Z fd;s
fcuk vis{kkÑr BaMh oLrq ls Å"ek vis{kkÑr xje oLrq esa LFkkukUrfjr ugha gks ldrh
gSA

fdlh Å"ek batu osQ rhu vfuok;Z vo;o gSa

(i) fladμftleas ls Å"ek yh tk ldrh gSA

(ii) fladμftleas Å"ek nh tk ldrh gSaA

(iii) dk;Zdkjh inkFkZμtks Å"ek izkIr djus ij ;kaf=kd dk;Z djrk gSA

dkuksZ batu ,d vkn'kZ batu gksrk gS ftleasa dk;Zdkjh inkFkZ dks pkj izpkyuksa osQ pØ
ls xqtkjk tkrk gS% (i) lerkih izlkj (ii) :¼ks"e izlkj (iii) lerkih laihMu (iv) :¼ks"e
laihMuA bl izdkj osQ pØ dks dkuksZ pØ dgrs gSaA

,d dkuksZ batu dh n{krk bl izdkj nh tkrh gSA

η = 1 –  2

1

H
H , H

1
 = vo'kksf"kr Å"ek H

2
 =  fujkÑr Å"ek

   = 1 – 2

1

T
T , T

1
 = Ïksr dk rki T

2
 = flad dk rki

n{krk inkFkZ dh izÑfr ij fuHkZj ugha djrh gSA
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ikBkar iz'u

1. vkarfjd ÅtkZ vkSj Å"ek ÅtkZ esa Hksn fyf[k,A

2. lwpd xzkiQ fdls dgrs gS\ vkn'kZ xSl izlkj osQ nkSjku fd, x, dk;Z osQ fy, O;atd
izkIr dhft,A

3. Å"ekxfrdh osQ 'kwU; dksfV fu;e dk mi;ksx djosQ rki dh ifjHkk"kk fyf[k,A

4. Å"ekxfrdh dk izFke fu;e vkSj mldh lhek;saa fyf[k,A

5. lerkih] :¼ks"e] lenkch rFkk levk;ruh izØeksa esa D;k vUrj gS\

6. Å"ekxfrdh dk nwljk fu;e fyf[k,A

7. mnkgj.kksa lfgr mRØe.kh; o vuqRØe.kh; izØeksa dh foospuk dhft,A

8. dkuksZ pØ dh O;k[;k dhft,A lwpd xzkiQ dh lgk;rk ls dkuksZ batu dh n{krk dh
x.kuk dhft,A

9. ml fudk; dh vkarfjd ÅtkZ esa gksus okys ifjorZu dk eku Kkr dhft, tks (a) 200

J Å"ek vo'kksf"kr djrk gS vkSj 500 J dk;Z djrk gS (b) 110 J Å"ek vo'kksf"kr djrk
gS rFkk bl ij 400 J dk dk;Z fd;k tkrk gSA

10. ,d dkuksZ batu ftlosQ Ïksr dk rki 400 K gS] bl rki ij Å"ek dh 200 oSQyksjh
ysrk gS vkSj flad dks Å"ek dh 150 oSQyksjh fujkÑr dj nsrk gSA (i) crykb, flad
dk rki D;k gS\ (ii) batu dh n{krk dk eku Kkr dhft,A

11. 250 K o 300 K osQ chp jsfÚtjsVj osQ lzksr :i esa dk;Z dj jgk gS dkuks± batu fuEu
rki ij flad ls 500 oSQyksjh xzg.k djrk gSA crkb, (i) mPp rki ij flad esa fujkÑr
Å"ek dh ek=kk D;k gksxh\ (ii) jsfÚtjsVj dks pykus osQ fy;s izfrpØ fd;s dk;Z dh
ek=kk crkb,A

12. ,d dkuksZ batu 400 K  ij fdlh Ïksr ls 200 oSQyksjh Å"ek ysrk gS vkSj 150 oSQyksjh
flad  dks fujkÑr djrk gS] rks (i) flad dk rki fdruk gSA (ii) batu dh n{krk Kkr
dhft,A

ikBkUr iz'uksa osQ mÙkj

11.1

1. (i) rki (ii) C (iii) twy ;k oSQyksjh

2. (a) P
2
 (V

2
 – V

1
) (b) –P

2
 (V

2
 – V

1
)
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3. (i)  mÙØe.kh; (ii) vuqRØe.kh;

4. lerkih izØe fLFkj rki ij gksrk gS tcfd :¼ks"e izØe fLFkj Å"ek ijA

5. f=kd fcaanq ij nzO; dh rhuksa voLFkkvksaμBksl] nzo o ok"i] dk lgvfLrRo gks ldrk
gSA

11.2

1. (i) vkarfjd ÅtkZ (ii) ij

2. ;g crykrk gS fd fdlh fudk; dks nh xbZ Å"ek mldh vkarfjd ÅtkZ eas ifjorZu
,oa cká dk;Z osQ ;ksx osQ cjkcj gksrh gSA

11.3

1. (i) xyr (ii) lgh

2. (i) 2000 K (ii) 8583.1K

ikBkUr iz'uksa osQ mÙkj

9. (a) 1500 J (b) 1500 J.

10. 300K, 25%

11. 577 oSQyksjh] 3225
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12

mQ"ek LFkkukUrj.k ,oa lkSj mQtkZ

fiNys vè;k; esa vkius Å"ekxfrdh osQ fu;eksa dk vè;;u fd;k tks ,d Å"ekxfrdh fudk;
esa Å"ek osQ izokg vkSj mldh fn'kk dks fu/kZfjr djrs gSaA bl ikB esa vki Å"ek LFkkukarj.k
dh izfØ;kvksa osQ ckjs esa vè;;u djsaxsA gekjs lqUnj xzg ij thou dk vfLrRo lw;Z ls
izkIr gksus okyh ÅtkZ osQ dkj.k gSA i`Foh ij igqapus ls iwoZ ;g i`Foh vkSj lw;Z osQ chp
varfj{k ls gksdj xqtjrh gSA D;k vki tkurs gSa fd ge lc yxHkx 70 okV dh nj ls
ÅtkZ mRlftZr djrs gSa\ ;gka ge fofdj.k osQ ckjs esa foLrkjiwoZd i<+saxsA ;g vè;;u gesa
cgqr nwj fLFkr rkjksa dk rki Kkr djus esa lgk;d gksxkA

Å"ek LFkkukarj.k dh ,d vU; fofèk pkyu gS ftlesaa ,d inkFkZ ekè;e dh vko';drk
gksrh gSA tc fdlh NM+ osQ ,d fljs dks xeZ fd;k tkrk gS rks oqQN le; ckn bldk nwljk
fljk Hkh xje gks tkrk gSA blh dkj.k ls fofHkUu lkfèk=kksa eas ydM+h vFkok Å"ek osQ fdlh
vU; oqQpkyd osQ nLrs yxk, tkrs gSaA gekjs ?kj dh nhokjksa ij iM+us okyh Å"eh; ÅtkZ
gekjs ?kj osQ vUnj pkyu fofèk ls igaqprh gSA ysfdu tc vki ,d crZu esa ikuh xje
djrs gaSa rks igys crZu osQ ry osQ v.kq Å"ek izkIr djrs gSaA os ry ls Åij dh vksj Å"eh;
ÅtkZ dks ysdj pyrs gSaA Å"ek LFkkukarj.k dh bl fofèk dks laogu dgrs gSaA ;s izØe vusd
izkÑfrd ifj?kVukvksa tSls ekulwu vkfn osQ fy,] tks i`Foh ij gekjs thou osQ vfLrRo
osQ fy, egRoiw.kZ gSa] mÙkjnk;h gSaA vki bl vè;k; esa Å"ek LFkkukUrj.k osQ vU; izØeksa
osQ fo"k; esa i<+saxsA

mís';

bl ikB osQ vè;;u osQ ckn vki%

pkyu] laogu vkSj fofdj.k esa Hksn dj losaQxs_

Å"ek pkydrk xq.kkad dks ifjHkkf"kr dj losaQxs_

fdlh fiaM dh mRltZu {kerk ,oa vo'kks"k.k {kerk dh ifjHkk"kk dj ldsaxs_

xzhu gkml izHkko vkSj blosQ i`Foh ij thou ij ifj.kkeksa dk o.kZu dj losaQxs_ vkSj

Ñf".kdk fofdj.k dks fuèkkZfjr djus okys fu;eksa dks ykxw dj ik,axsA
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12.1 Å"ek lapj.k dh izfØ;k,a

fiNys vè;k; esa vkius Å"ekxfrdh osQ fu;eksa dk vè;;u fd;kA blosQ nwljs fu;e osQ
vuqlkj Å"ek Lor% mPprj rki okyh oLrq ls fuEu rki okyh oLrq esa izokfgr gks ldrh
gSA Å"ek dk LFkkukUrj.k rc rd gksrk jgrk gS tc rd fd nksuksa dk rki leku ugha gks
tkrk gSA xSl osQ v.kqxfr fl¼kUr osQ vuqlkj xSl dk rki mldh vkSlr xfrt ÅtkZ ls
lacafèkr gSA bldk vFkZ ;g gqvk fd fofHkUu rkiksa ij xSl osQ v.kqvksa dh vkSlr xfrt
ÅtkZ,a fHkUu&fHkUu gksrh gSaA

Å"ek LFkkukarj.k rhu izØeksa }kjk gks ldrk gSA ;s gSaa_ pkyu] laogu vksj fofdj.kA pkyu
vkSj laogu esa Å"ek dk LFkkukarj.k v.kqvksa dh xfr }kjk gksrk gSA vc ge ;g le>us dk
iz;kl djrs gSa fd ;g oSQls gksrk gS]

pkyu }kjk Å"ek LFkkukarj.k lkekU;r;k Bksl inkFkks± esa
gksrk gSA blesa ijek.kq vkil esa dldj caèks gksrs gSaaaA
xeZ fd, tkus ij ;s viuh LFkku ugha NksM+ ldrsA os
viuh lkE; fLFkfr;ksa osQ bnZ&fxnZ gh dEiu dj ldrs
gSaA vkb, ge le>us dk iz;Ru djsa fd ;fn ,d /
krq dh NM+ dks ,d fljs ij xeZ fd;k tk, rks ijek.kqvksa
dh xfr fdl izdkj izHkkfor gksrh gS (fp=k 12-1)A

A fljs osQ ikl osQ ijek.kq xeZ gks tkrs gSa vkSj mudh xfrt ÅtkZ c<+ tkrh gSA os viuh
lkE; fLFkfr osQ bnZ&fxnZ c<+h gqbZ xfrt ÅtkZ ls oaQiu djus yxrs gSa vkSj vius lehiorhZ
v.kqvksa ls lEioZQ eas gksus ls viuh oqQN xfrt ÅtkZ mu rd igqapkrs gSa] vkSj ;s ijek.kq
fiQj vius iM+kslh ijek.kqvksa ls Vdjkrs gSa vkSj oqQN xfrt ÅtkZ mu rd Hkstrs gSaA ;g Øe
rc rd pyrk jgrk gS tc rd fd xfrt ÅtkZ NM+ osQ nwljs fljs B rd fLFkr ijek.kqqvksa
rd lapfjr ugha gks tkrha D;ksafd vkSlr xfrt ÅtkZ rki osQ lekuqikrh gSA vr% B fljk
xeZ gks tkrk gSA bl izdkj pkyu }kjk Å"ek ijek.kq ls ijek.kq esa gksdj lapfjr gksrh gSA

bl izfØ;k esa ijek.kqvksa dk LFkku ifjorZu ugha gksrkA ;s
osQoy viuh ekè; voLFkk osQ bnZ&fxnZ oaQiu djrs gSa rFkk
ÅtkZ dks ,d ls nwljs dh vksj LFkkukarfjr djrs gSaA

laogu esa rjy osQ v.kq Å"eh; ÅtkZ xzg.k djrs gSa rFkk
Åij dh vksj mBrs gSaaA bls ns[kus osQ fy,] ÝykLd esa oqQN
ty ysa vkSj bldh ryh ij iksVSf'k;e ijeSaxusV (KMnO

4
)

osQ oqQN d.k Mky dj ty dks xeZ djsaA tSls gh ryh
osQ ikl dk ty xeZ gksrk gS ;g iSQyrk gSA bldk ?kuRo
de gks tkrk gS] vkSj mRiykou cy osQ dkj.k ;g Åij
lrg dh vksj tkus yxrk gS (fp=k 12-2)A blosQ LFkku
ij BaMk vkSj vfèkd ?kuRo dk ty vk tkrk gSA bl izdkj

fp=k 12-1% /krq dh NM+ eas Å"ek
pkyu

fp=k 12-2% ty dks xeZ djus
ij mlesa laogu
èkkjk,a curh gSaA
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vfèkd xeZ rjy dh laogu /kjk Åij dh vksj tkrh gS vkSj BaMk rjy nzo uhps tkrk
gSA ty èkhjs&èkhjs xje gksus yxrk gSA ;s laogu /kjk,aa ns[kh tk ldrh gSa D;ksaafd (KMnO

4
)

osQ dkj.k ;s yky jax dh gks tkrh gSA

fofdj.k eas Å"eh; ÅtkZ rjaxksa osQ :i eas izokfgr gksrh gSA bu rjaxksa osQ vfHky{k.kksa osQ ckjs
esa vki ckn eas lh[ksaxsA ;s rjaxsa fuokZr (Vaccum) ls gksdj xqtj ldrh gSa vkSj buosQ lapj.k
osQ fy, fdlh nzO; ekè;e dh vko';drk ugha gksrh gSA lw;Z ls izkIr gksus okyh Å"ek
vfèkdak'kr% fofdj.k }kjk gh gesa izkIr gksrh gSA vc ge bu izØeksa dk foLr`r vè;;u
djsaxsA

12.1.1 pkyu

,d vk;rkdkj xqVdk ftlosQ vuqizLFk dkV dk {ks=kiQy
A vkSj eksVkbZ d gS] ij fopkj djsaA blosQ nks iQydksa ij
rki T

h 
vkSj T

c    
(< T

h 
) gSa] tSlk fd fp=k 12-3 esa n'kkZ;k

x;k gSA vc mu lHkh dkjdksa ij fopkj djrs gSa ftu
ij ,d iQyd ls nwljs iQyd ij LFkkukUrfjr Å"ek
dh ek=kk fuHkZj djrh gSA ge lgt:i ls vuqHko dj
ldrs gSa fd {ks=kiQy A ftruk cM+k fn;k gksxk mruh
gh vfèkd Å"ek dk LFkkukUrj.k gksxk (Q α A) vkSj eksVkbZ
d ftruh vfèkd gksxh mruh gh de Å"ek LFkukUrfjr gksxh (Q α l/d)A Å"ek LFkkukarj.k vfèkd
gksxk ;fn (T

h
 – T

c    
) iQydksa osQ eè; rkikUrj vfèkd gksxkA var esa Å"ek LFkkukUrfjr osQ

fy, le; t ftruk gh vfèkd gksxk mruk gh Q vfèkd gksxkA

bl izdkj           Q  α h c(T – T ) .A t

d

                        Q  = h c(T – T )KA t

d
         (12.1)

tgka ij K ,d fLFkjkad gS tks fd inkFkZ] ftlls xqVdk cuk gS] dh izÑfr ij fuHkZj djrk
gS ;g Å"ek pkydrk xq.kkad ;k lkekU;r% inkFkZ dh Å"ek pkydrk dgykrk gSA fdlh
inkFkZ dh Å"ek pkydrk 1 lsoaQM esa LFkkukarfjr gqbZ Å"ek dh ek=kk gS tcfd inkFkZ ossQ
vuqizLFk dkV dk {ks=kiQy 1 m2 gks vkSj eksVkbZ (yackbZ) 1 m gks vkSj blosQ nks iQydksa osQ
chp dk rkikUrj 1 K gksA Å"ek pkydrk dk SI ek=kd Wm–1 K–1 gSA oqQN inkFkks± osQ fy;s
K dk eku lkj.kh (12-1) esa fn;k x;k gSA

mnkgj.k 12-1 %  ciZQ ls Hkjk ,d ?kukÑfr FkeksZdksy ckWDl dk ik'oZ 30 cm vkSj eksVkbZ
5.0 cm gS] ;fn ckgjh rki 45º C gks rks 6 ?kaVs esa fi?kyus okyh ciZQ dh ek=kk Kkr dhft,A
(FkeksZdksy osQ fy, K =  0.01 J s–1 m–1 °C–1, ciZQ dh xyu dh xqqIr Å"ek 335 J g–1 gSA)

gy% lehdj.k 12-1 dh lgk;rk ls ckWDl esa LFkkukarfjr Å"ek] tks fd blosQ ,d iQyd
ls xqtjrh gS] Kkr dh tk ldrh gS]

fp=k 12-3 ,d d eksVkbZ vkSj A {ks=kiQy
okys iQyd osQ ,d [kaM esa Å"ek pkyu
tcfd nks fljksa dk rki  Th 

vkSj Tc gSA
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Q = h c(T – T )KA t

d
= (0.01 J s–1 m–1  ° C–1) × (900 × 10–4 m2) × (45 ºC)
   × (6 ×  60 × 60 s) / (5 × 10–2 m)

= 10496 J

ckWDl eas ls gksdj xqtjus okyh oqQy ÅtkZ

Q = 10496 × 6 J (D;ksafd ckWDl osQ 6 iQyd gksrs gSa)

fi?kyh gqbZ ciZQ dk nzO;eku m, Q dks L ls foHkkftr djosQ Kkr fd;k tk ldrk gSA:
m = Q/L

= –1

10496J
 6
335 Jg

×

= 313 × 6 g = 1878 g

ge lkj.kh 12-1 ls ns[k ldrs gSa fd /krq,a rk¡ck ,oa ,yqehfu;e dh Å"ek pkydrk vfèkd
gksrh gSA bldk vFkZ ;g gqvk fd Å"ek dk izokg rk¡cs eas vfèkd lqxerk ls gksrk gSA ;gh
dkj.k gS fd [kkuk cukus osQ crZu vkSj xeZ djus osQ fy, crZu rk¡cs osQ cuk, tkrs gSaA nwljh
vksj ok;q vkSj FkeksZdksy dh Å"ek pkydrk cgqr de gksrh gSA ftu inkFkks± dk K de gksrk
gS mUgs dHkh&dHkh Å"ekjksèkh Hkh dgk tkrk gSA 'khr ½rqq esa ge Åuh oL=k igurs gSa D;ksafd
Åu osQ rarqvksa esa iaQlh ok;q gekjs 'kjhj ls fudyus okyh Å"ek dh gkfu dks jksdrh gSA
:dh gqbZ Å"ek osQ dkj.k ge xekZgV eglwl djrs gSa ;fn lwrh diM+s ,d osQ Åij ,d
igus tk,a rks ijrksa osQ chp iaaQlh ok;q dh ijr gekjs 'kjhj dh xehZ dks cuk, j[krh gSaA
xehZ osQ fnuksa esa] ciZQ dh ,d f'kyk dks xyus ls cpkus osQ fy;s ge FkekssZdksy ls cus ckWDl
esa j[krs gSaA dHkh&dHkh ge ciZQ dh f'kyk dks twV (iVlu) dh FkSyh esa j[krs gSa ftldh
Å"ek pkydrk Hkh de gksrh gSA

lkj.kh 12-1% oqQN inkFkks± dh Å"ek pkydrk

inkFkZ Å"ek pkydrk
(Wm–1 K–1)

rkack 400

,yqehfu;e 240

oaQØhV 1.2

dk¡p 0.8

ikuh 0.60

ckWMh VsYd 0.20

ok;q 0.025

FkeksZdksy 0.01
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12.1.2 laogu

;g ,d lkèkkj.k vuqHko gS fd xfeZ;ksa esa fnu osQ le; esa >hy ;k leqnz osQ fdukjs ?kwers
gq, gesa 'khry gok dk vuqHko gksrk gSA D;k vki bldk dkj.k crk ldrs gSa\ vkb, blosQ
fo"k; eas Kkr djsa%

>hy ;k leqnz osQ ikuh dh lrg ls yxkrkj
ok"ihdj.k osQ dkj.k bldk (ty dk) rki
de gks tkrkgSA leqnz osQ fdukjs ls xeZ ok;q
Åij mBrh gSA (fp=k 12-4)A blls leqnz
rV ij fuEu nkc dk {ks=k cu tkrk gS] vkSj
ty lrg ls BaMh ok;q fdukjs dh vksj cgus
yxrh gSA bu laogu /kjkvksa dk oqQy izHkko
;g gS fd xeZ rV ls Å"ek dk LFkkukarj.k
BaMs ty dh vksj gks tkrk gSA Å"ek LFkkukarj.k
dh nj vusd dkjdksa ij fuHkZj djrh gSA
pkyu dh rjg laogu osQ fy;s dksbZ ljy
lehdj.k ugha gSA fiQj Hkh laogu }kjk Å"ek

osQ LFkkukUrj.k dh nj nksuksa i`"Bksa osQ chp rkiksa osQ varj vkSj bu i`"Bksa osQ {ks=kiQy ij Hkh
fuHkZj djrh gS

vkb, vc bl ckr dh tkap djsa fd Å"ek lapj.k dh fofèk;ksa osQ ckjs eas vkius fdruk
Kku izkIr fd;kA

12-1-3 fofdj.k

fdlh fiaM dh lrg ls ÅtkZ osQ lrr mRltZu dks fofdj.k dgk tkrk gSA bl ÅtkZ dks
fofdj.k ÅtkZ dgk tkrk gS vkSj ;g fo|qr pqEcdh; rjaxksa osQ :i esa gksrh gSA ;s rjaxs izdk'k
osx (3 × 108 m s–1) ls xeu djrh gS vkSj ;s fuokZr vkSj ok;q esa ls gksdj lapfjr gks ldrh
gSaA ikWfy'k dh xbZ lrgksa ls ;s vklkuh ls ijkofrZr gksrh gSa rFkk ysUl osQ iz;ksx ls laosQfUnzr
gksrh gSaA

lHkh fiaMksa ls mRlftZr gksus okys fofdj.k muosQ rki osQ vfHky{k.k gksrs gSaA lw;Z 6000

K ij eq[; :i ls n`'; LisDVªe eas ÅtkZ dk mRltZu djrk gSA i`Foh ls 295 K osQ vkn'kZ
fofdj.k rki ij ÅtkZ dk mRltZu gksrk gSA ;g eq[;r% fo|qr pqEcdh; LisDVªe osQ vojDr
(Infrared) (Å"eh;) {ks=k eas mRlftZr gksrh gSA ekuo 'kjhj ls Hkh vojDr {ks=k esa ÅtkZ dk
mRltZu gksrk gSA

vc ge ,d lkèkkj.k iz;ksx djrs gSaA ,d va/sjs dejs esa dkys jax dk IysfVue rkj ysaA
blls gksdj fo|qr/kjk izokfgr djsasA vki ik,aaxs fd rkj xje gks tkrk gSA èkhjs&èkhjs fo|qrèkkjk
dk ifjek.k c<+kb,A oqqQN le; ckn rkj ls fofdj.k dk mRltZu izkjEHk gks tkrk gSA blesa

fp=k 12-4 laogu /kjk;sa] leqnz rV ls xeZ gok BaMs
ty dh vksj izokfgr gksrh gSA leqnz ls rV dh vksj
izokfgr gksus okyh laogu /kjk;sa BaMh gok osQ :i esa
eglwl dh tkrh gSaA
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;fn vki FkksM+h vkSj vfèkd fo|qrèkkjk izokfgr djsa rks rkj iQhosQ yky jax ls nhIr (glow)

gks tkrk gSA ;g n'kkZrk gS fd rkj ls yky jax dk fofdj.k gks jgk gS ftldh rhozrk bruh
gS fd gekjs us=kksa ij bldk izHkko iM+rk gSA ;g yxHkx 525º C ij gksrk gSA rki dks vkSj
vfèkd c<+kus ij rkj dk jax iQhosQ yky ls cnydj psjh yky (yxHkx 900ºC) gks tkrk
gS vkSj yxHkx 1100º C ij ukjaxh] 1250º C osQ yxHkx ihyk vkSj 1600º C osQ yxHkx
lisQn gks tkrk gSA blls vki D;k fu"d"kZ fudkyrs gSaa\ ;g n'kkZrk gS fd fdlh nhIr fiaM
dk rki blosQ jax ls vkadk tk ldrk gSA vkSj rki c<+kus ls y?kqÙkj rjaxnSè;Z dh vfèkd
rjaxs] rIr fi.M ls i;kZIr ek=kk esa mRlftZr gksrh gSaA blosQ foijhr vki roZQ dj ldrs
gSa fd tc rkj dk rki 525ºC osQ uhps gksrk gS rks ;g yky dh vis{kk vfèkd yEch rjaxksa
dks mRlftZr djrk gS ysfdu bu rjaxksa dk rki lalwpu muosQ rkiu izHkko (heating effect)

ls gh fd;k tk ldrk gSA

ikBxr iz'u  12-1

1. pkyu vkSj laogu esa vUrj Li"V djsaA

2. tk¡p djsa fd K dk ek=kd Js –1 m–1 °C–1 gSA

3. euq"; lnhZ esa vius dks Åuh oL=k ls D;ksa <osQ jgrk gS\

4. ,d ?kukdkj VqdM+k ftldh lrg dk {ks=kiQy 1 m2 vkSj eksVkbZ 1 m gS] ,d ,sls inkFkZ
dk cuk gS ftldk Å"ek pkydrk xq.kkad K gSA bl VqdM+s osQ foijhr iQydksa osQ rki
esa 1º C dk varj j[kk x;k gSA ,d lsdUM esa lrg ls gksdj LFkkukarfjr ÅtkZ ifjdfyr
dhft, vkSj K dh vkafdd ifjHkk"kk nhft,A

5. xehZ dh ½rq esa fnu osQ le; Hkwfe dkiQh xeZ gks tkrh gS ysfdu leqnz osQ Åij dh
ok;q bruh xeZ ugha gksrhA bl dkj.k leqnz&lehj pyuk izkjEHk gks tkrh gSaA O;k[;k
djsaA

12.2 fofdj.k osQ fu;e

fdlh rki ij] fiaM }kjk mRlftZr ÅtkZ
fofHkUu rjaxnSè;Z dh rjaxksa dk feJ.k gksrh
gSA bu rjaxksa dh lcls rhoz ,d fof'k"V
rjaxnSè;Z (eku yhft, λ

m
) gksrh gSA 400

°C, ij rk¡cs osQ CykWd osQ fy;s λ
m
 yxHkx

5 ×10– 4 cm ;k 5 μm gksrk gS (1 μ =

10–6m)A bl eku ls vfèkd ;k de
rjaxnSè;Z ij rhozrk ?kV tkrh gS (fp=k
12-5)A

fp=k 12-5% fofHkUu rkiksa ij Ñf".kdk ls mRlftZr
fofdj.kksa dh rhozrk dk rjaxnSè;Z
osQ lkFk fopj.k
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Li"V :i ls izR;sd oØ vkSj {kSfrt v{k osQ chp osQ {ks=kiQy ls fdlh fu;r rki ij
oqQy fofdj.k nj dh tkudkjh feyrh gSA vki fp=k 12-5 esa n'kkZ, oØksa dks ns[k ldrs
gSa vkSj fuEu nks rF;ksa dh tkap dj ldrs gSa_

1) fdlh ,d fuf'pr rki (izR;sd oØ vkSj {kSfrt v{k osQ chp osQ {ks=kiQy }kjk n'kkZ,
x,) ij fofdj.k dh nj rki osQ lkFk rsth ls c<+rh gSA

2) izR;sd oØ osQ fy, ÅtkZ dh ,d vfèkdre lhek gS vkSj mlosQ vuq:i rjaxnSè;Z
λ

m
 (vFkkZr lcls rhoz rjax dk rjaxnSè;Z) gSA λ

m
 rki eas o`f¼ osQ lkFk NksVss rjaxnSè;Z

dh vksj foLFkkfir gksrh gSA

bl nwljs rF; dks ek=kkRed :i ls ohu osQ foLFkkiu dk fu;e dgrs gSaaA

bl fu;e dk dFku gS fd oLrq dk rki c<+us ls λλλλλm y?kqÙkj rjaxnSè;Z dh vksj foLFkkfir
gksrh gSA ;g fu;e lgh vFkZ esa osQoy vkn'kZ Ñf".kdkvksa osQ fy, ekU; gSA xf.krh; :i esa

λ
m
 T = fu;rkad (12.2)

lehdj.k 12-2 esa fu;rkad dk eku 2.884 ×10–3 mK ik;k x;k gSA bl fu;e ls gesa lHkh
fofdj.kdkjh fiaMks ([kxksyh; fiaMksa lfgr) osQ rki osQ fuèkkZj.k dh ljy fofèk dk irk
pyrk gSA λ

m 
= 14 micron (ekbØkWu) ij pUnzek osQ fofdj.k LisDVªe dk 'kh"kZ gSA lehdj.k (12-

2) iz;ksx djus ij

T =  
2884 K

14

ekbØkWu
ekbØkuW

 = 206 K

vFkkZr~ pUnz ry dk rki 206 K gSA

foYgsYe ohu
(1864 – 1928)

1911 esa ukscsy iqjLdkj ls vyao`Qr] foYgsYe ohu iwohZ izfl;k osQ
,d tehankj osQ iq=k FksA izfl;k esa LowQyh f'k{kk osQ ckn os dkWyst dh
i<+kbZ osQ fy;s teZuh x,A cfyZu fo'ofo|ky; esa mUgkssaus egku HkkSfrd
'kkL=kh gsYegksYt osQ ekxZn'kZu esa vè;;u fd;k vkSj izdk'k osQ /kRoh;
lrgksa ls foorZu osQ fy, mUgsaa 1886 esasa MkDVjsV dh mikfèk feyhA

mudh O;kolkf;d thouo`fÙk cM+h 'kkunkj FkhA 1896 esa os fiQfyi ysukMZ osQ ckn
,sdl&yk&psisy eas izksisQlj cusA 1899 esa os xhlsu (Giessen) fo'ofo|ky; esa HkkSfrd
'kkL=k osQ izksisQlj cusA 1900esa os oqtoxZ esa MCY;w- lh- :UVxsu (W.C. Roentgen)

osQ mÙkjkfèkdkjh cusA 1902 esa mUgsa yhiftx (Leipzig) fo'ofo|ky; easa Y;qMfox
cksYVteku vkSj 1906 esa cfyZu fo'ofo|ky; eas MªM (Drude) dk LFkku lkSaik x;k
ftUgsa bUgksaus vLohdkj dj fn;kA 1920 esa mUgsa equhp esa HkkSfrdh dk izksisQlj fu;qDr
fd;k x;k vkSj ;s vius thou osQ vafre le; rd ogha jgsaA
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12-2-1 fdj[kksiQ dk fu;e

tSlk fd igys crk;k tk pqdk gS fd tc fdlh nzO; ij fofdj.k iM+rk gS rks bldk oqQN
va'k ijkofrZr] oqQN va'k vo'kksf"kr vkSj oqQN va'k ikjxr gksrk gSA ;fn fdlh lrg ij
,d fo'ks"k rjaxnSè;Z osQ fy, eku ysa fd rλ , aλ vkSj  tλ  Øe'k% ijkofrZr ÅtkZ] vo'kksf"kr
ÅtkZ vkSj ikjxr va'k gksa rks

1 = rλ + aλ + tλ (12.3)

dksbZ fiaM vkn'kZ Ñf".kdk dgykrh gS ;fn rλ = tλ = 0 vkSj aλ = 1A vr% vkn'kZ Ñf".kdk
ij vkifrr fofdj.k iw.kZr;k vo'kksf"kr gks tkrs gSaA dkty dks fdlh gn rd vkn'kZ Ñf".kdk
ekuk tk ldrk gsA izÑfr esa vkn'kZ Ñf..kdk dk vfLrRo ugha gSA dkty nh?kZ rjaxnSè;Z
dk izdk'k ikjxr djrh gSA dkty n`'; izdk'k osQ 96» dks vkSj IySfVue CySd 98» dks
vo'kksf"kr djrk gSA

blosQ foijhr vkn'kZ 'osr fiaM dh ifjHkk"kk bl izdkj dh tkrh gS fd ;g og fiaM gS ftlosQ fy,
aλ= 0, tλ = 0 vkSj rλ = 1 gksrk gSA 'osr [kfM+;k osQ VqdM+s dks fdlh gn rd vkn'kZ 'osr fiaM dg ldrs
gSaA

bldk vk'k; ;g gqqvk fd vPNs mRltZd vPNs vo'kks"kd Hkh gksrs gSaA ysfdu D;ksafd dksbZ
Hkh oLrq vius ij vkifrr mRlftZr ÅtkZ dks ;k rks vo'kksf"kr djrh gS ;k ijkofrZr] ,d
vPNk vo'kks"kd ,d vYi ijkorZd (vFkok vPNk mRltZd) gksrk gSA

Ñf".kdk dh vfHkdYiuk (fMtkbfuax)

fdj[kksiQ osQ fu;e osQ iz;ksx ls ge ,d iw.kZ Ñf".kdk dk fuekZ.k izk;ksfxd iz;kstuksa
osQ fy, djus eas l{ke gksrs gSaA ge ,d fLFkj rki ij var% {ks=k yssrs gSa ftleas ,d
fLFkj rki esa  λ  ls λ  + dλ  osQ chp dh rjaxnSè;Z gSaA vc ge bl var% {ks=k (enclosure)

esa ,d Nsn djrs gS vkSj blls ckgj fudyus okys fofdj.k dh tkap djrs gSaA ;g
fofdj.k var%{ks=k dh nhokjksa ls vusdksa ckj ijkofrZr gksrk gSA vr% ;fn lrg dh
ijkorZd {kerk rλ vkSj mRltZd {kerk eλ gks rks] blesaa ls fudyus okyk oqqQy fofdj.k
fuEu Hkkafr n'kkZ;k tkrk gSA

Eλ = eλ + eλrλ + eλrλ
2 + eλrλ

3 +... = eλ (1 + rλ + rλ
2 + rλ

3 +...)

= 
1 –

e

r
λ

λ

(12.4)

ysfdu fdj[kksiQ osQ fu;e osQ vuqlkj 
e

a
λ

λ
 = Eλ

eλ =  Eλaλ (12.5)

tgka Eλ Ñf".kdk ls mRltZu gSA vc ;fn nhokjkssa dks vikjn'kZd (opaque) eku ysa
rks lehd.k (12-3) dks ge bl izdkj fy[k ldrs gSaA
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aλ = 1 –  rλ (12.6)

lehdj.k (12.5) esa eku j[kus ij] gesa izkIr gksrk gS

eλ =  Eλ (1 –  rλ)

;k Eλ = 
1–

e

r
λ

λ

(12.7)

lehdj.k (12-4) vkSj (12-7) dh rqyuk djus ij ge ikrs gSa fd fdlh fNnz ls
fudyus okyk fofdj.k iw.kZr;k Ñ".k mRltZd lrg osQ yxHkx le:i gksxkA fNnz
ftruk gh NksVk gksrk gS mruk gh fuxZr fofdj.k vkn'kZ Ñf".kdk osQ fofdj.k osQ fudV
gksrk gSA

vr% ge ikrs gSa fdμ,dleku :i ls xeZ var%{ks=k ftleaasa fd ,d NksVh lh xqgk
(Cavity) gks rks og mRltZu osQ fy;s ,d Ñf".kdk dh Hkkafr O;ogkj djrk gSA

,slk vr%{ks=k vkifrr fofdj.k osQ fy, Hkh ,d iw.kZ Ñf".kdk dh Hkkafr O;ogkj djrk
gSaA fNnz esa ls gksdj vUnj izos'k djus okyh fdj.k var% {ks=k osQ Hkhrj ijkofrZr gksrh
jgsxh rFkk ckgj ugha fudy ik,xhA bl var%{ks=k osQ ry dks dkyk djosQ vkSj lqèkkjk
tk ldrk gSA vr% ,d var%{ks=k ,d iw.kZ
vo'kks"kd gS vkSj ,d iw.kZ Ñf"kdk dh Hkkafr
O;ogkj djrk gSA fp=k 12-6 isQjh dh Ñf".kdk
dks n'kkZrk gSA blesa ,d [kks[kys xksys osQ :i eas
,d xqgk gS ftlosQ vUnj osQ Hkkx dks dkys inkFkZ
ls ysfir fd;k x;k gSA bleasa ,d NksVk 'kaDokdkj
}kj O gSA fNnz O osQ lkeus ,d 'kaoqQ iz{ksi P gSA ;g
fNnz osQ lkeus dh lrg ls fofdj.kksa dks okil vkus
ls jksdrk gS] vU;Fkk  ;g iw.kZ Ñf".kdk dh Hkkafr
O;ogkj ugha djsxhA

fØ;kdyki 12-1

vki i<+ pqosQ gSa fd dkyh lrg ,d pednkj lisQn lrg dh vis{kk 'kh?kzrkiwoZd Å"ek
fofdj.kksa dk vo'kks"k.k dj ysrh gSA bl izHkko dks ns[kus osQ fy, vki fuEufyf[kr iz;ksx
dj ldrs gSaA nks /kfRod IysVsa A vkSj B yhft,A A dh ,d lrg dks dkyk djsa vkSj B

dh ,d lrg dks pednkj cuk,aA ,d bySfDVªd ghVj (fo|qr Å"ed) ysaA bUgsa ,sls O;ofLFkr
djsa fd dkyh lrg vkSj pednkj lisQn lrg ghVj osQ lkeus gksa vkSj ghVj ls leku nwjh
ij gksaA ,d&,d dkWoZQ dks ekse osQ lgkjs ls fcuk ysi yxk, i`"B ij fpidk,aA

fp=k 12-6% isQjh dh Ñf".kdk
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fp=k 12-7 ,d dkyh o ,d pednkj lrg }kjk Å"ek vo'kks"k.k esa varj
fn[kkus osQ fy, iz;ksx

fo|qr ghVj dks vkWu dhft,A D;kasfd nksuksa IysVsa le:i vkSj leku nwjh ij j[kh gaS] vr%
os leku ek=kk esa ghVj ls fofdj.k izkIr djrh gSaA vki ik,axs fd dkyh iV~Vh ij yxh
dkoZQ igys fxjrh gSA ,slk blfy;s gksrk gS D;ksafd dkyh lrg lisQn lrg ls vfèkd Å"ek
vo'kksf"kr djrh gSA ;g fl¼  djrk gS fd dkyh lrg fofdj.k dh vPNh vo'kks"kd
gSaA

12-2-2 mRltZu ,oa vo'kks"k.k {kerk

leku rkieku ij fHkUu&fHkUu oLrq,a fHkUu&fHkUu ifjek.k esa rkih; mQtkZ dk mRltZu djrh
gSaA fdlh xeZ oLrq dh fodj.kksa dk mRltZu djus dh {kerk dks mldh mRltZu {kerk
dgrs gSaA fdlh fo'ks"k rkieku ij fodj.kksa dk mRltZu djus okyh oLrq }kjk bZdkbZ i`"B
{ks=kiQy ls ,d lsdUM esa mRl£tr dqy mQtkZ mldh dqy mRltZu&{kerk dgykrh gSA
;g bl ckr ij Hkh fuHkZj djrh gS fd fiaM dk rkieku vkl ikl ds rkieku dh vis{kk
fdruk vf/d gSA bldk ek=kd gS Jm–2s–1A leku rkieku ij Ñf".kdk dh dqy
mRltZu&{kerk dk eku vf/dre (E

b
) gksrk gSA leku rki ij fdlh okLrfod oLrq dh

mRltZu&{kerk (E) ,oa Ñf".kdk dh mRltZu&{kerk dk vuqikr mRltZdrk (ε) dgykrh
gSA vr% mRltZdrk]

ε =
b

E

E

vFkok = ε bE E
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E ,oa E
b
 ds eku rkieku ij fuHkZj djrs gSaA fdlh fiaM dh mRltZdrk fu;r ugha gksrh]

rkieku ds lkFk blesa vYi ifjorZu gksrk gSA

tc fdlh oLrq ij fodfjr mQtkZ iM+rh gS rks bldk dqN Hkkx vo'kksf"kr gks tkrk gSA fodfjr
mQtkZ dks vo'kksf"kr djus dh oLrq dh {kerk dks vo'kks"k.k {kerk dgrs gSaA dqy vo'kks"k.k
{kerk vo'kksf"kr ,oa vkifrr mQtkZ dk vuqikr gksrh gSA vo'kks"k.k {kerk (a) vkifrr mQtkZ
dk vo'kksf"kr fHkUukRed va'k gSA Ñf".kdk ds fy, a = 1.

dHkh&dHkh ,d fn, x, rjaxnSè;Z dh mQtkZ ds vo'kks"k.k ds ckjs esa tkuuk cM+k jkspd gksrk
gSA ,slh fLFkfr esa LisDVªeh vo'kks"k.k {kerk aλ dk mi;ksx fd;k tkrk gSA vr% Ñf".kdk
ds fy, LisDVªeh vo'kks"k.k {kerk abλ =1

izk;ksfxd rkSj ij ;g Kkr gS fd mQ"eh; fodj.kksa dk vPNk mRltZd vPNk vo'kks"kd Hkh
gksrk gSA bldk vFkZ gS fd mRltZu&{kerk ,oa vo'kks"k.k&{kerk esa ,d fudV laca/ gSA

12-2-3 LVhiQu cksYV~leku fu;e

izk;ksfxd ekiuksa osQ vkèkkj ij LVhiQu vkSj cksYV~leku us ;g fu"d"kZ fudkyk fd fdlh
lrg ls izfr lsoQ.M fofdfjr ÅtkZ rki dh prqFkZ /krq osQ lekuqikrh gksrh gSA

E =Ae σ  T4 (12.8)

tgk¡ ij σ  LVhiQu cksYV~leku fu;rkad gS vkSj bldk eku 5.672 × 10-8J m–2 s–1 K–4 gSA
T osQfYou esa  O;Dr rki]  e = mRltZdrk ;k vkisf{kd mRltZdrk dgykrh gS vkSj i`"B
dh izÑfr vkSj rki ij fuHkZj djrh gSA e dk eku 0  vkSj 1 osQ eè; gS_ ikWfy'k dh gqbZ
lrg osQ fy, vYi vkSj vkn'kZ Ñ".k inkFkks± osQ fy;s bldk eku 1 gSA

lehdj.k (12-8) ls vki ;g lksp ldrs gSa fd ;fn lHkh fiaMksa dh lrgsa yxkrkj fofdj.k
ÅtkZ mRltZu djrh gksa rks varrksxRok lHkh fiaMa viuh lEiw.kZ vkUrfjd ÅtkZ dks fodfjr
djosQ ije 'kwU; rki rd BaMh D;ksa ugha gks tkrhA ;fn fdlh vksj fofèk ls ÅtkZ dh vkiwfrZ
u gks rks fiaM ije 'kwU; rki rd BaMh gks tk,axhA okLro esa lHkh fiaM fofdj.k ÅtkZ dk
fofdj.k vkSj vo'kks"k.k nksuksa fØ;k,a ,d gh le; djrs gSaA ;fn fdlh fiaM dk rki vius
vkl ikl osQ rki osQ cjkcj gksrk gS rks mRltZu nj ,oa vo'kks"k.k nj leku gksrh gSaA bl
izdkj ÅtkZ dk oqQy eku vifjofrZr jgrk gS vkSj rki esa ifjorZu ugha gksrk gSA vxj fiaM
dk rki vius vkl&ikl osQ okrkoj.k osQ rki ls de gks rks vo'kks"k.k dh nj mRltZu
dh nj dh vis{kk vfèkd gksxhA fiaM osQ rki esa rc rd o`f¼ gksrh jgsxh tc rd fd
fiaM dk rki d{k osQ rki osQ rqY; gSA ;fn fiaM dk rki vfèkd gS rks mRltZu nj vo'kks"k.k
nj ls vfèkd gksxhA ,d usV ÅtkZ dh gkfu gksrh gSA vr% ;fn fiaM dk rki T

1
 vkSj okrkoj.k

dk rki T
2
 gks rks izfr lsosQaM usV ÅtkZ gkfu

E
net

= Ae σ  (T
1

4 – T
2
4),   tgk¡ T

1
 > T

2
(12.5)
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mnkgj.k 12-2 : 3000 K rki ij 100W osQ rkinhIr ySai (incandescent lamp) ossQ
rarq dk i`"Bh; {ks=kiQy Kkr dhft, (σ = 5.7 × 10-8 W m–2 K–4 rFkk rarq dh mRltZdrk
e = 0.3)

gy% LVhiQu cksYV~leku fu;e osQ vuqlkj

E = eA σ  T4

tgka E mRlftZr ÅtkZ nj ¾ 100W, A, i`"Bh; {ks=kiQy rFkk T, i`"B dk rki = 3000 K

vr% A = 4T

E

eσ

A = –8 2 4 4

100 W

0.3 5.7 10 Wm K (3000K)− −× × ×

= 7.25 × 10 –5 m2

vc vkiosQ }kjk vftZr Kku dh tkap dk le; gSA

ikBxr iz'u 12.2

1. 300K rki ij xqfgdk fofdjd (Cavity radiator) fdl rjaxnSè;Z osQ fy;s vfèkdre
fofdj.k mRlftZr djrk gS\

2. xzh"e ½rq esa gYosQ jax osQ diM+s D;ksa igurs gSa\

3. Ñf".kdk fofdj.k osQ LisDVªe osQ izk;ksfxd vè;;u ls dkSu ls egRoiw.kZ rF; izkIr
gksrs gSa\

4. fdlh O;fDr dh Ropk dk rki 28 ºC gS vkSj og 22 ºC rki okys dejs esa fo|eku
gSA eku yhft, bl O;fDr dh Ropk dh mRltZdrk ,d gks vkSj 'kjhj dk i`"Bh;
{ks=kiQy 1.9 m2 gks rks O;fDr dh fofdj.k {kerk Kkr dhft,A

5. fdlh fiaM dh mRltZu {kerk ,oa vo'kks"k.k {kerk dh ifjHkk"kk dhft,A vkn'kZ  Ñf".kdk
D;k gksrh gS\

12.3 lkSj ÅtkZ

vkius viuh iwoZorhZ d{kkvksa esa lh[kk fd lw;Z i`Foh dks miyCèk gksus okyh leLr ÅtkZ
dk ije Ïksr gSA lw;Z cgqr vfèkd ek=kk eas izdk'k ,oa Å"ek ÅtkZ osQ :i esa ÅtkZ dk mRltZu
dj jgk gS vkSj i`Foh }kjk izkIr fd;k vYika'k fofdj.k Hkh i`Foh dh lrg ij ik, tkus
okys lHkh izkf.k;ksa dh vko';drk iwfrZ osQ fy;s i;kZIr gSAvr% lkSj ÅtkZ dk izHkko'kkyh
mi;ksx] fdlh fnu gekjs ÅtkZ ladV dk gy iznku djsxkA
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lkSj fofdj.k ls tqM+s oqQN fo"k;ksa ij uhps foospu fd;k tk jgk gSA

1- lkSj fu;rkad

i`Foh ij igqapus okyh oqQy lkSj ÅtkZ dh x.kuk osQ fy, ge loZizFke bdkbZ {ks=kiQy esa
izfr lsdUM izkIr dh xbZ ÅtkZ dk fuèkkZj.k djrs gSaA bl ÅtkZ dks lkSj fu;rkad dgrs gSaA
i`Foh osQ fy, lkSj fu;rkad dk eku 1.36 × 103 W m–2 gSA

lkSj fu;rkad dks i`Foh osQ i`"B {ks=k ls xq.kk djus ij gesa i`Foh }kjk izfr lsdUM izkIr dh
xbZ ÅtkZ dh ek=kk izkIr gks tk,xhA xf.krh; :i ls

Q = 2π R
e

2C

tgk¡ ij  R
e
 i`Foh dh f=kT;k vkSj C lkSj fu;rkad gS]

;gk¡ è;ku nsa fd i`Foh dh lrg dk vkèkk Hkkx gh fy;k x;k gS D;kasfd ,d le; esa osQoy
bruk gh Hkkx izdkf'kr gksrk gSA

Q = 2 × 3.14 × (6.4 × 106 m)2 × (1.36 × 103 W m–2)

~ 3.5 × 1017 W

~ 3.5 × 1011 MW

lkSj ifjokj osQ vU; xzgksa osQ fy, lkSj fu;rkad dk eku Kkr djus osQ fy, ge LVhiQu
cksYV~leku fu;e dk iz;ksx dj ldrs gSa tks fd lw;Z }kjk 1 lsdUM easa mRlftZr oqQy ÅtkZ
dk eku nsrk gSA

∈ = (4π r2) σ T4

tgka ij r lw;Z dh f=kT;k vkSj T bldk rki gSA

;fn R xzg osQ d{k dh f=kT;k gks rks

E = 
2

4
2

T
4

r

RR

∈ ⎛ ⎞= σ⎜ ⎟
⎝ ⎠π

(12.6)

vkSj lw;Z ls R′ nwjh ij ifjØek djrs gq, fdlh vU; xzg dk lkSj fu;rkad

E′ = 
2

4T
r

R
⎛ ⎞ σ⎜ ⎟′⎝ ⎠

(12.7)

vr%
E

E

′
= 

2R

R
⎛ ⎞
⎜ ⎟′⎝ ⎠

(12.8)

eaxy xzg dh lw;Z ls nwjh i`Foh ls lw;Z dh nwjh dh 1-52 xquk gSA blfy;s eaxy osQ fy,
lkSj fu;rkad
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E′ = E × 
21

1.52
  
    

= 6 × 102 W m–2

2- xzhu gkml izHkko

i`Foh ij thou dks iQyus&iwQyus osQ fy;s mfpr ek=kk esa lkSj fofdj.k miyCèk gksuk vko';d
gSA i`Foh dk ok;qe.My izkf.k;ksa dks ,d vkjkensg rkieku iznku djus esa ,d egRoiw.kZ
Hkwfedk fuHkkrk gSA buesa ls ,d izfØ;k ftlosQ dkj.k ;g gksrk gS xzhu gkml izHkko dgykrh
gSA

,d xzhu gkml esa ikSèks] iwQy] ?kkl vkfn dkap osQ cus gq, ,d <kaps esa ifjc¼ fd, tkrs
gSaA dkap essa ls gksdj y?kq rjaxnSè;Z fofdj.k vUnj tk ldrs gSA ;g fofdj.k ikSèkksa }kjk
vo'kksf"kr dj fy;s tkrs gSaA rRi'pkr~ ;g fofdj.k vis{kkÑr nh?kZ rjanSè;Z fofdj.k xzhu
gkml osQ dk¡p lss ckgj ugha tk ldrs gSaA nh?kZ rjaxnSè;Z fofdj.k xzhu gkml osQ dkap ls
ckgj ugha tk ldrs D;kssafd dkap Å"ek osQ fy, izHkkoh :i ls vikjn'khZ (opaque) gSA ;s
Å"ek fofdj.k bl izdkj xzhu gkml esa oSQn gks tkrs gSa vkSj mls dks".k (Warm) cuk, j[krs
gSaaA

blh izdkj dk ,d izHkko gekjs ok;qe.My esaa gksrk gSA
ok;qe.My esa FkkssM+s ls va'k esa dkcZu MkbZ vkWDlkbM gksrh
gS tks fd n`'; izdk'k osQ fy;s ikjn'khZ gksrh gSA lw;Z dk izdk'k
ok;qe.My ls xqtjrk gqvk i`Foh dh lrg ij igqaprk gSA
i`Foh bl izdk'k dk vo'kks"k.k djrh gS vkSj rRi'pkr~ bls
vojDr fofdj.k osQ :i esa mRlftZr djrh gSA ysfdu ok;q
esa fo|eku dkcZu MkbZvkWDlkbM vojDr fofdj.k osQ fy,
vikjn'khZ gksrh gSA CO

2
 bu fofdj.kksa dks ok;qe.My osQ ckgj

ugha fudyus nsrh oju mUgsaa ok;qe.My esa gh okil ijkofrZr
dj nssrh gSA ftlosQ iQyLo:i i`Foh osQ rki esa o`f¼ gks tkrh gSA bl izHkko dks xzzhugkml
(gfjr d{k) izHkko dgrs gSaA

fodflr ,oa fodkl'khy ns'kksa }kjk ok;qe.My esa cgqr vfèkdek=kk eas dkcZu MkbZvkWDlkbM
dk mRltZu fd, tkus ls xzhu gkml izHkko osQ dkj.k Hkwe.Myh; rki c<+rk tk jgk gS rFkk
ekuo vfLrRo osQ fy, xEHkhj leL;k mifLFkr gks x;h gSA gky gh esaa la;qDr jk"Vª la?k
dh ,d fjiksVZ esa lHkh jk"Vªksa ls vius dkcZu MkbZvkWDlkbM mRltZu dks de djus dh ekax
dh gS D;ksafd Xysf'k;lZ (fgeun) rsth ls floqQM+us yxs gSaA fudV Hkfo"; eas buosQ dkj.k
dYiuk ls ijs fouk'k gks ldrk gS tSls eq[; ufn;ksaa easa ck<+ dk vk tkuk] leqnz ry dk
Åapk mB tkukA fgeunksa osQ fi?ky tkus ls ikuh dk vHkko vkSj Hkwfe dk {kj.k c<+ tk,xk
ftlosQ dkj.k vUu ladV Hkh mRiUu gks tk,xkA blosQ vfrfjDr ekSle dk cnyrk izfr:i

fp=k. 12.8 :x z hu g kml
izHkko
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(iSVuZ) oqQN {ks=kksa esa vdky rFkk lw[kk rFkk oqQN {ks=kksa esa ck<+ dh fLFkfr mRiUu dj ldrk
gSA

Hkkjrh; lanHkZ esa ;g vuqeku yxk;k x;k gS fd bl fn'kk esa leqfpr dne u mBk, tkus
ls lu~ 2030 rd xaxk osQ eSnkuh Hkkx esa xEHkhj leL;k,a mRiUu gks tk,axh vkSj leqnzh rV
osQ lehiorhZ Hkkx tyeXu gks tk,axsA vki bl laHkkO; ?kVuk dks jksdus osQ fy, D;k ;ksxnku
ns ldrs gSa\

12-4 U;wVu dk 'khryu fu;e

U;wVu osQ 'khryu osQ fu;e osQ vuqlkj ^^fdlh xje oLrq dh 'khryu dh nj okrkoj.k
dh vis{kk mlosQ rki dh vfèkdrk osQ vuqØekuqikrh gksrh gS c'krs± fd ;g rkikUrj cgqr
de gksA bl fu;e  dk fu;eu LVhiQu cksYV~leku fu;e osQ vuqlkj fd;k tk ldrk gSA

ekuk ,d fudk; T rki ij gS vkSj blosQ vklikl dk rki T
0
 gS] fdlh xeZ oLrq }kjk izfr

bdkbZ  {ks=kiQy izfr lsdUM ÅtkZ ßkl

E = eσ (T4 – 4
0T )A (12.9)

T4 – 4
0T  = 2 2 2 2 2 2

0 0 0 0 0( ) ( ) ( ) (T ) ( )T T T T T T T T T− + = − − + .  (12.10)

vr% E = eσ (T – T
0
) (T3 + T2 T

0
 + T 2

0T  + 3
0T )A

;fn (T–T
0
) vR;Yi gS rks T3, T2T

0
 , T 2

0T  vkSj 3
0T  dks 3

0T  ekuk tk ldrk gS]

vr% E = eσ (T – T
0
) 4 3

0T A

= k (T – T
0
)

tgka ij  k = 4eσ 3
0T A gS] vr%

Eα (T – T
0
) (12.11)

;g U;wVu dk 'khryu dk fu;e gSA

ikBxr iz'u 12.3

1. i`Foh osQ 40 ehVj pkSM+s vkSj 50 ehVj yacs {ks=k }kjk lw;Z ls izkIr dh tkus okyh 'kfDr
dk ifjdyu dhft,A

2. ekuo }kjk thok'e b±/uksa dh rst [kir ls i`Foh ij thou dks D;k [krjs iSnk gks x;s
gS\

3. ,d nzo osQ 'khryu oØ dk D;k vkdkj gksxk\



ekWM~;wy  - 3 mQ"ek LFkkukUrj.k ,oa lkSj mQtkZ

Å"eh; HkkSfrdh

fVIif.k;k¡

HkkSfrdh 342

vkius D;k lh[kk gS

Å"ek mPp rki okyh oLrq ls fuEu rki okyh oLrq dh vksj izokfgr gksrh gSA Å"ek
dk LFkkukUrj.k rhu izØeksa }kjk gksrk gS pkyu] laogu vkSj fofdj.kA

pkyu esa ,d ijek.kq@v.kq ls nwljs ijek.kq@v.kq esa Å"ek dk LFkkukarj.k gksrk gS vkSj
;s ijek.kq@v.kq viuh fu;r fLFkfr;ksa esa oaQiu djrs jgrs gSaA

laogu eas Å"ek dk LFkkukarj.k v.kqvksa osQ Lo;a osQ LFkkukarj.k ls gksrk gSA fofdj.k esa
Å"ek fo|qr pqEcdh; rjaxksa }kjk lapfjr gksrh gSA

pkyu esa LFkkukarfjr gqbZ Å"ek dh jkf'k dk eku fuEu gksrk gS%

Q = h c(T – T )K At

d

ohu dk fu;e % rki T (K) ij fdlh oLrq dh fofdj.k ÅtkZ osQ LisDVªe dk mfPp"B
(maxima) rjaxnSè;Z λ

m
 bl izdkj gksrk gS fd λ

m
T = fu;rkad ( = 2880 μK)

LVhiQu oksYV~leku fu;e % T (K) ij fofdj.k dh nj fuEu lehdj.k }kjk nh tkrh
gSA

 E = eσAT4

vo'kks"kd 'kfDr fuEu izdkj ls ifjHkkf"kr dh tkrh gS

λ λ +
=

λ λ +

λ 
λ 

a
d

d

rjaxnSè; Z  vkSj osQ chp oQq y vo'kksf"kr ÅtkZ

rjxa nèS ;Z  vkSj oQs  chp oqQy vkifrr ÅtkZ

fdlh i`"B dh mRltZd {kerk eλ fdlh fof'k"V rki ij izfr ,dkad rjaxnSè;Z ijkl
izfr lsdUM izfr oxZehVj {ks=kiQy ls mRlftZr gksus okyh oqQy ÅtkZ osQ cjkcj gksrh
gSA

i`Foh osQ fy, lkSj fu;rkad dk eku 1.36 × 103   Jm-2  s–1 gksrk gSA

U;wVu dk 'khryu fu;e % fdlh oLrq osQ 'khryu dh nj oLrq osQ vkSj blosQ okrkoj.k
osQ rkiekuksa osQ varj osQ lekuqikrh gksrh gS vFkkZr~ E α (T-T

0
)

ikBkUr iz'u

1. fdlh FkeZl ÝykLd esa (fp=k 12-9) dkap dh nksgjh nhokj okyh cksry dks ,d èkkrq
osQ èkkjd esa can fd;k tkrk gSA cksry esa nzo j[kk tkrk gS ftls ge ,d fuf'pr rki
ij cuk, j[kuk pkgrs gSaA fp=k dks è;kuiwoZd ns[kdj crk,a fd fdl izdkj FkeZl ÝykLd
dh lajpuk pkyu] laogu vkSj fofdj.k }kjk Å"ek dh gkfu dks jksdrh gSA
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2. rkjs ls vfèkdre ÅtkZ mRltZu dks iznf'kZr djus okyh rjaxnSè;Z 4000 Aº gS] rkjs osQ
rki dk ifjdyu dhft, (1Aº = 10–8 cm).

3. 2 cm f=kT;k osQ dkys jax fd, x, Bksl rkacs osQ xksys dks fuokZfrr var%{ks=k (enclosure)

esaa j[kk x;k gS ftldh nhokjksa dk rki 1000 ºC ij j[kk tkrk gS xksys dks 127 ºC

rki ij cuk, j[kus osQ fy, bls fdl nj ls ÅtkZ iznku dh tkuh pkfg,\

4. ^^,d vPNk vo'kks"kd ,d vPNk mRltZd Hkh gksrk gS]** fVIi.kh djsaA

5- 50 cm O;kl vkSj 0.5 cm eksVkbZ dh ryh dk ,d rkacs dk crZu ,d cuZj osQ Åij
j[kk gS tks crZu dh ryh osQ i`"B dks 110 °C ij cuk, j[krk gSA ryh }kjk crZu osQ
Hkhrj Å"ek dk fu;fer izokg gksrk gS tgk¡ ikuh ok;qe.Myh; nkc (Atmosphere

pressure) ij mcyus yxrk gSA crZu dh ryh osQ vanj osQ i`"B dk rki 105º C jgrk
gSaA crkb, ,d ?kaVs esa fdrus fdyksxzke ikuh mcysxk\

6. ^Å"ek pkydrk xq.kkad* dh ifjHkk"kk crkb,A ;g xq.kkad dkSu&dkSu ls ?kVdksa ij fuHkZj
djrk gS\

7. pkyu vkSj laogu }kjk Å"ek LFkkukarj.k esa D;k vUrj gS\

8. ,d leku vuqizLFk ifjPNsn {ks=kiQy okyh nks ;k vfèkd NM+ksa dks ;fn Js.khc¼ tksM+
fn;k tk; rks fl¼ dhft, dh budk rqY; rkih; izfrjksèk izR;sd NM+ osQ rkih; izfrjksèk
osQ ;ksx osQ cjkcj gksrk gSA (fVIi.khμrkih; izfrjksèk] Å"ek pkydrk dk O;qRØe gksrk
gS)

9. fofHkUu inkFkks± dh Å"ek pkydrk xq.kkad dk vuqikr 4 % 3 gSA ,d leku eksVkbZ dh
bu inkFkks± dh nks NM+ksa dk ,d leku rkih; izfrjksèk j[kus osQ fy, bu NM+ksa dh yackb;ksa
dk vuqikr D;k gksxk\

10. lfnZ;ksa eas LoPN vkdk'k dh vis{kk cknyksa ls vkPNkfnr vkdk'k okyh jkf=k esa ge
D;ksa vis{kkÑr xje vuqHko djrs gSa\

Fig. 12.9: FkeZl ÝykLd
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11. ;fn rk¡cs ;k yksgs osQ vkSj ydM+h osQ VqdM+s ,d gh rki ij gksa rks /krq dk VqdM+k
Nwus ij vis{kkÑr xje D;ksa yxrk gS\

12. phuh feV~Vh osQ I;kys dh vis{kk èkkrq osQ cus I;kys ls xeZ pk; dh pqLdh ysuk D;ksa
vfèkd dfBu gS\

13. lwrh diM+ksa dh vis{kk Åuh diM+s vis{kkÑr D;ksa vfèkd xeZ gksrs gSa\

14.  ,d leku eksVkbZ okys diM+s dh nks ijr okyk diM+k bu ijrksa dh nks xquk eksVkbZ
okys diM+s dh vis{kk vfèkd xehZ D;ksa nsrk gS\

15. D;k Hkw&mixzg osQ vanj ikuh laogu fofèk ls mckyk tk ldrk gS\

16. 500 W osQ tyrs fo|qr cYc ls ge viuk ,d gkFk 5 cm Åij j[krs gSaa vkSj nwljk
gkFk cYc ls 5 cm uhps j[krs gSa] Åij okys gkFk esa gessa vis{kkÑr vfèkd xehZ D;ksa
eglwl gksrh gS\

17. ,d leku foekvksa vkSj lkbt osQ nks crZu fofHkUu inkFkks± osQ cus gSaaA 0ºC rki dh leku
ek=kk dh ciZQ buesaa Hkj nh tkrh gSA ;fn ciZQ ,d crZu esa 25 feuV esa vkSj nwljs
crZu eas 20 feuV esa iwjh rjg fi?ky tkrh gS rks nksuksa crZuksa dh /krqvksa dh Å"ek pkydrkvksa
dh rqyuk dhft,A

18. 4.0 cm O;kl vkSj 20.0 cm yach NM+ dh Å"eh; izfrjksèkdrk Kkr dhft,A rk¡cs dh
Å"ek pkydrk = 4.2 × 102 Wm–1 K–1 gS; ;fn NM+ osQ fljksa dk rkikUrj = 50 ºC gks
rks Å"ek izokg dh nj Kkr dhft,A

ikBxr iz'uksa osQ mÙkj

12-1

1. Bksl inkFkks± eas pkyu Å"ek dk izeq[k izdkj gSA ftlesa Bksl osQ d.k vius lehi osQ
v.kqvksa dks ÅtkZ LFkkukarfjr djrs gSa_

laogu eas rjy osQ d.k Lo;a mPp rki ls fuEu rki dh vksj pyrs gSaA

2. K = 
2 1( – )

Qd

t A Q Q

= 2

J m

s m ºC

= J s–1 m–1 ºC–1

3. Åu osQ js'kksa eas iaQlh ok;q 'kjhj dh xehZ dks ckgj fudyus ls jksdrh gS vkSj bl izdkj
iguus okys dks xeZ j[krh gSA
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4. Å"ek pkydrk xq.kkad vkafadd :i ls izfr lsdUM ,d ?ku osQ iQyd osQ i`"Bh; {ks=kiQy
1 m2 vkSj eksVkbZ 1m ls LFkkukarfjr gksus okyh Å"eh; ÅtkZ gS tcfd mu nks iQydksa
osQ chp 1ºC dk rkikUrj gSA

5. fnu osQ le; esa tehu ty dh vis{kk vfèkd xeZ gks tkrh gSA vkSj leqqnz osQ Åij
dh gok rV osQ Åij dh gok ls vfèkd BaMh gksrh gSA tehu ls xeZ gok Åij dh
vksj mBrh gS vkSj ,d fuEu  nkc dk {ks=k fodflr gks tkrk gSA blosQ dkj.k leqnzh
ue gok tehu dh vksj pyus yxrh gSA D;ksafd ty dh fof'k"V Å"ek èkkfjrk jsr dh
fof'k"V Å"ek èkkfjrk ls vfèkd gSA blfy;s jsr jkf=k esa tYnh BaMh gks tkrh gS vkSj
tehu ls leqnz dh vksj gok pyus yxrh gSA

12-2

1.   mλ = ohu fu;rkda
rkieku

 = 
2880 K

300

μ
Κ

= 9.6μ

2. laosQr D;ksaafd gYosQ jax Å"ek dk vo'kks"k.k de djrs gSaA

3. laosQr  (a) λ
m
T = S (b) t = σ T4

4. 66.4 W.

12-3

1. lkSj fu;rkad x {ks=kiQy

= 2.7 × 105 W

2. gok easa yxkrkj dkcZu MkbZvkWDlkbM dh ek=kk c<+us ls xzhu gkml izHkko c<+sxk ftlosQ
dkj.k Hkwe.Myh; Å"e.k (global warming) vkSj ifj.kke Lo:i fgeunksa osQ fi?kyus
dh laHkkouk gS] ftlls fd Hkw[k.M eas ck<+ vk tk,xhA

3- pj?kkrkadh {k;

ikBkUr iz'uksa osQ mÙkj

2. 7210 K

3. 71.6 × 10–11 W

5. 4.7 × 105 kg

9. 3 : 4

17. 4 : 5

18. 2.4×10–3 mKW–1; 2.64 W



mPprj ekè;fed ikB~;Øe
HkkSfrdh

fOk|kFkhZ ewY;kdau i=k & 3
vf/dre vad % 50 le; % 

1
1

2
 ?kaVk

funsZ'k

lHkh iz'uksa osQ mÙkj dkxt dh i`Fkd 'khV ij nhft,A
viuh mÙkj iqfLrdk ij fuEufyf[kr lwpuk,a nhft,

uke
iath;u la[;k
fo"k;
ewY;kadu i=k la[;k
irk

vius ewY;kadu i=k dk ewY;kadu vius vè;;u osQUnz osQ fo"k;kè;kid ls djk;sa rkfd vkidks muls vius dk;Z
osQ lacaèk esa /ukRed izfrfØ;k izkIr gks losQA

viuk ewY;kadu i=k NIOS dks u Hkstsa

1. fdl rki ij v.kqvksa dh xfr jQd tkrh gS\ (1)

2. fdlh vkn'kZ xSl dh vkarfjd mQtkZ fdl izdkj (xfrt vFkok fLFkfrt) dh gksrh gS\ (1)

3. oSQykWjh dh ifjHkk"kk esa rki ifjorZu 14.5° C ls 15.5° C D;ksa fufnZ"V fd;k tkrk gS\ (1)

4. fdl rkikad osQ fy, lsfYl;l ,oa iQgjsugkbZV iSekus leku eku n'kkZ,axs\ (1)

5. ^vkarfjd mQtkZ /ukRed gS* bl dFku ls D;k lalwfpr gksrk gS\ (1)

6. ,sls nks dkj.k crkbZ tks lHkh O;ogkfjd batuksa dh n{krk dkuksZa batu ls de dj nsrs gSaA (1)

7. ml vkjs[k dk uke crkbZ, tks mQ"ek batuksa dk fl¼kar le>kus esa egRoiw.kZ Hkwfedk vnk djrk gSA (1)

8. mQ"ek pkydrk xq.kkad dk foeh; lw=k fyf[k,A (1)

9. dkuksZa batu dh nks ifjlhek,a crkbZ,A (2)

10. izR;sd xSl dh nks fof'k"V mQ"ek,a gksrh gS tcfd izR;sd nzo ,oa Bksl dh fof'k"V mQ"ek dk osQoy ,d gh
fof'k"V eku gksrk gSA le>kb, fd ,slk D;ksa gSA (2)

11. ,d fo|qr jsfizQtjsVj fuEu rki dh 'khryd oqaQMfy;ksa ls xeZ i;kZoj.k dks mQ"ek dk gLrkarj.k djrk gSA D;k ;g
rki xfrdh osQ f}rh; fu;e osQ foijhr gS\ vius mRrj osQ leFkZu esa rdZ nhft,A (2)



12. nks NM+sa X ,oa Y leku yEckbZ dh gSaA izR;sd NM+ osQ fljksa dk rki Øe'k% T
1
 vkSj T

2 
 (T

1
 > T

2
) gSA NM+ksa X ,oa

Y esa leku mQ"ek izokg dh nj lqfuf'pr djus okyh 'krsZa D;k gSa\ (2)

1 2 1 1 2 2 1 2

2 1

:
dQ dQ K A T K A T A K

dt dt x x A K

⎡ ⎤Δ Δ= ⇒ = ⇒ =⎢ ⎥Δ Δ⎣ ⎦
laosQr (2)

13. mQ"ek xfrdh dk izFke fu;e fyf[k,A fp=k esa fdlh xSl dks voLFkk&1 ls
voLFkk&2 rd ys tkus okys rhu iFk n'kkZ, x, gSaA bu rhuksa iFkksa ls xqtjus
esa xSl }kjk fd, x, dk;Z dh x.kuk dhft,A

[laosQr : iFk1 → 3 ⇒ w
13

 + w
32

 = 0 + pΔv = 0.6 J

iFk1 → 2 ⇒ −= − × × × =3 6
12

1
(30 10) 10 10 10 0.1 J

2
w

iFk 1→  4 ⇒ w
14

 + w
42

 = pΔv + 0 = 0.2 J

14. fdlh izØe (dkuksZ pØ) dk P - V vkjs[k fp=k esa n'kkZ;k x;k gSA bldks T-V ,oa T-S vkjs[kksa esa n'kkbZ,A (4)

(a)
laosQr :

15. lerkih] :¼ks"eh] lenkch] levk;rfud izØeksa esa foHksn dhft,A (4)

16. mQ"ek xfrdh osQ izFke dksfV fu;e dk dFku dhft,A mQ"ek xfr osQ izFke fu;e dh lhekvksa dh foospuk
dhft,A (4)

17. mQ"ek xfrdh osQ f}rh; fu;e dk dFku dhft, vkSj mldks le>kb,A (4)



18. fuEufyf[kr inksa ls vki D;k le>rs gSa\

(i) fdlh Bksl dh mQ"ek pkydrk (ii) fdlh /kfRod NM+ dh rki ifjorZu voLFkk (iii) fdlh /kfRod NM dh
LFkk;h rki voLFkk (iv) mQ"ek pkydrk xq.kkad (4)

19. dkuksZ pØ dk la{ksi esa o.kZu dhft,A bl pØ dh n{krk osQ fy, O;atd O;qRiUu dhft,A (5)

20. mQ"ek batu D;k gksrk gSA bldh n{krk osQ fy, O;atd O;qRiUu dhft,A jsfizQtsjsVj dk dk;Z fl¼kar le>kb,A blosQ
fu"iknu xq.kkad osQ fy, O;atd fyf[k,A fdlh jsfizQtsjsVj osQ fu"iknu xq.kkad ,oa mQ"ek batu dh n{krk esa laca/
Kkr dhft,A 2 + 2 + 1 = (5)
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13

ljy vkorZ xfr

vki ljy js[kh;] iz{ksI; o o`Ùkh; xfr;ksa osQ ckjs esa i<+ pqosQ gSaA ;s xfr;k¡ xfr'khy oLrq
dh xfr esa viuk, x, iFk ls ifjHkkf"kr gksrh gSaA ysfdu oqQN oLrq,a bl rjg dh xfr
djrh gSa ftudh fo'ks"k le; varjky esa iqujko`fÙk gksrh gSA mnkgj.k osQ fy,] ân; dh èkM+du]
?kM+h dh lqb;ksa dh xfr] ,d >wys vkSj ,d yksyd dh xfr] fno~Qdky esa fLFkr ,oa vkorhZ
io`Qfr dh gSaA bl izdkj dh xfr vkorhZ xfr dgykrh gSA ;g ,d lkoZHkkSfed ifj?kVuk
gSA

bl ikB esa vki vkorhZ xfr;ksa vkSj fo'ks"kr% nksyu xfr;ksa osQ ckjs esa vè;;u djsaxs ftudk
gesa nSfud thou esa lkeuk djuk iM+rk gSA vki ljy vkorZ xfr vkSj rRlacaèkh ladYiukvksa
osQ fo"k; esa vè;;u djsaxsA vxys vè;k; esa ge rjax ifj?kVuk&rjaxksa osQ izdkj vkSj mudh
fo'ks"krkvksa dk vè;;u djsaxsA

mís';

bl ikB dks i<+us osQ ckn vki%

;g n'kkZ ik,axs fd ,d nksyuh xfr vko';d :i ls vkorhZ gksrh gS fdUrq vkorhZ xfr
fuf'pr :i ls nksyuh ugha gksrh gS_

ljy vkorZ xfr dks ifjHkkf"kr dj ik,axs vkSj fn[kk losaQxs fd ljy vkorZ xfr ,d
leku o`Ùkkdkj xfr osQ o`Ùk osQ fdlh O;kl ij iz{ksi ls iznf'kZr dh tk ldrh gS_

vkorZ nksfy=kksa osQ fy;s vkorZdkyksa osQ O;atdksa dk fuxeu dj losQxs_

,d ljy vkoÙkZ nksfy=k dh fLFkfrt ÅtkZ vkSj xfrt ÅtkZ osQ fy;s O;atdksa dk fuxeu
dj losaQxs_

eqDr] voeafnr vkSj iz.kksfnr nksyuksa esa Hksn dj losaQxsA
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13.1 vkorhZ xfr

vkius ,d nksyd ?kM+h dks ns[kk gksxk vkSj ;g è;ku fn;k gksxk fd bldh lsdUM vkSj
feuV okyh lqbZ;ksa dh ukasaosaQ ,d o`Ùk esa fu;r xfr ls pyrh gSaA lsdUM okyh lqbZ ?kM+h
osQ Mk;y ij ,d feuV esa viuh ;k=kk iwjh djrh gS] tcfd feuV okyh lqbZ iwjs Hkze.k
esa ,d ?kaVk ysrh gSA rFkkfi] ,d isUMqye viuh ekè; fLFkfr osQ bèkj&mèkj ?kwerk gS vkSj
,d fuf'pr le; esa viuh izkjafHkd voLFkk eas vk tkrk gSA ,slh xfr tks ,d fuf'pr
varjky osQ ckn vius dks nksgjkrh gS vkorhZ xfr dgykrh gSA vkorZ xfr;k¡ nks izdkj dh
gksrh gSaaμ(1) vnksyuh vkSj (2) nksyuhA ?kM+h dh lwb;ksa dh xfr vnksyuh vkSj ,d yksyd
dh xfr nksyuh gksrh gSA vr% ;s nksuksa xfr;ka vkorhZ gSaA ;gk¡ ij è;ku nsuk vko';d gS
fd ,d nksyuh xfr fuf'pr :i ls vkorhZ gksrh gS ysfdu ,d vkorhZ xfr vfuok;Z :i
ls nksyuh ugha gksrhA ;kn j[ksa fd xfr tks leku le; varjkyksa eas vius dks nksgjkrh gS
og vkorhZ  gksrh gS vkSj ;fn fdlh ekè; fLFkfr osQ bnZ&fxnZ gksrh gS rks ;g nksyuh gksrh
gSA

ge tkurs gSa fd i`Foh vius v{k ij yxHkx 24 ?kaVs eas viuk ?kw.kZu iwjk djrh gSA blh
ls fnu jkr gksrs gSaA i`Foh lw;Z dh ifjØek Hkh djrh gS rFkk 365 fnu esa viuh ifjØek
iwjh djrh gSA bl xfr osQ dkj.k ekSleksa dk vuqØe gksrk gSA mlh izdkj lHkh xzg lw;Z osQ ifjr%
nh?kZò+Ùkkdkj d{kkvksa esa ?kwers gSa vkSj izR;sd ,d fu;r dkykUrj esa viuk pDdj iwjk djrk gSa
;s vnksyuh vkorhZ xfr osQ mnkgj.k gSA

thu csifVLV tkslsiQ iQksfj;j
(1768 – 1830)

Úk¡lhlh xf.krK] ,d tfVy nksyu osQ fo'ys"k.k dks T;k vkSj dksT;k
iQyuksa dh Js.kh osQ :i esa vfHkO;fDr osQ fy;s nh xbZ iQksfj;j Js.kh
osQ fy, fo[;kr gSaA

iQksfj;j us Å"ek pkyu dh xf.krh; fofèk dk vè;;u fd;kA mUgksaus
Å"ek folj.k  osQ vkaf'kd vody lehdj.k dks LFkkfir fd;k vkSj

f=kdks.kfeÙkh; iQyuksa dh vuar Js.kh dk iz;ksx djrs gq, bUgsa gy fd;kA

iQksfj;j osQ firk is'ks ls ,d nthZ FksA ;s mudh nwljh iRuh dh uaoh larku FksA ;s 10
o"kZ dh vk;q esa gh vukFk gks x, FksA ,d iknjh osQ :i esa] fiQj vè;kid] ,d Økafrdkjh]
,d xf.krK vkSj usiksfy;u cksukikVZ osQ lykgdkj osQ :i esa iQksfj;j dk thou cgqvk;keh
(cgqjaxh) FkkA

os ykIykl] ysxjsUt] ck;ks] ikW;lu] ekyql] Mh ysEcj] vjsxks vkSj dksjuksV osQ ledkyhu
FksA pUnzek esa iQksfj;j ØsVj vkSj bfiQy Vkoj esa mudk uke muosQ ;ksxnkuksa osQ fy,
J¼katfy gSA
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13-1-1 foLFkkiu] le; ds iQyu ds :i esa

vkorhZ xfr

tc dksbZ oLrq viuh xfr dks fdlh fuf'pr le; ds i'pkr~ nksgjkrh gS rks mldh xfr
dks vkorZ xfr dgk tkrk gSA

eku yhft;s fd fdlh fuf'pr le; vUrjky T ds
i'pkr~ fdlh oLrq dh fLFkfr esa O ls B, B ls O]
fiQj O ls A vkSj vUrr% A ls O rd ifjorZu gksrk
gSA

rc] oLrq dh fLFkfr esa ifjorZu vFkok oLrq ds
foLFkkiu dks le; ds iQyu ds :i esa O;Dr fd;k
tk ldrk gS%

      x = af(t + T)

tgk¡] a ,d fu;rkad gS rFkk T og le; gS ftlds
i'pkr~ x dk eku mlds iwoZ eku ds cjkcj gks tkrk gSA

izR;sd le; vUrjky T ds fy;s%

x = af(T) = 0, t = 0 ds fy;s

x = af(T + T/4) = a, t = T/4 gksus ij

x = 0,
2 2
T T

af T t⎛ ⎞+ = =⎜ ⎟
⎝ ⎠

 gksus ij

x =
3 3

,
4 4
T T

af T a t⎛ ⎞+ = − =⎜ ⎟
⎝ ⎠

 gksus ij

x = af(T + T) = 0, t = T gksus ij
......................................
......................................

bl izdkj x, t dk iQyu gS vkSj bldh xfr] le; vUrjky T ds i'pkr~ nksgjkbZ tkrh gSA
vr% ;g xfr] vkorZ xfr gSA

fØ;kdyki 13-1

eku yhft, fd ,d ljy vkorZxfr djrs gq, ,d d.k dh ekè; fLFkfr ls foLFkkiu y

dks fuEu lehdj.k }kjk fu:fir dj ldrs gSa

y = a sin θ (13.1)

;k y = a cos θ (13.2)

fp=k 13.1
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viuh xf.kr dh iqLrd ls sin θ vkSj cos θ osQ eku θ = 0, 300, 600, 900, 1200, 1500, 1800,

2400, 3000, 3300  rFkk  3600 osQ fy;s Kkr dhft;s] a = 2.5 cm ysdj vkSj lacaèk y =

a sin θ  dk mi;ksx djosQ izR;sd dks.k osQ fy;s y dk eku fudkfy;sA mi;qDr iSekuk pqudj
y vkSj θ  esa vkjs[k [khafp,A blh izdkj lacaèk y = a cos θ dk mi;ksx djosQ y vkSj θ esa
nwljk vkjs[k [khafp,A vki ;g ik,axs fd izR;sd vkjs[k +a vkSj –a osQ chp nksyu fu:fir
djrk gSA ;g n'kkZrk gS fd ,d fuf'pr izdkj dh nksyu xfr fdlh dks.k osQ T;k vFkok
dksT;k ;qDr O;atd ;k ,sls O;atdksa osQ la;ksx }kjk fu:fir dh tk ldrh gSA

vc vki fuEu iz'uksa dk mÙkj nsrs gq, viuh izxfr dk vkdyu djsaA

ikBxr iz'u 13.1

1. ,d vkorhZ xfr vkSj nksyuh xfr esa D;k varj gS\

2. fuEu esa ls dkSu&lk mnkgj.k vkorhZ xfr dks n'kkZrk gS\

(i) cUnwd ls nkxh xbZ xksyh] (ii) ijek.kq esa ukfHkd osQ pkjksa vksj bysDVªkWu dk ?kw.kZu]
(iii) lM+d ij ,dleku osx ls xfreku okgu] (iv) lw;Z osQ ifjr% ?kwerk /weosQrq] (v)

U uyh esa nksyu djrs ikjs osQ LraHk dh xfrA

3. (i) ,d nksyuh vkorhZ xfr vkSj (ii) ,d vnksyuh vkorhZ xfr osQ mnkgj.k nsaA

13.2 ljy vkorZ xfr% lanHkZ&o`Ùk

,d vkorhZ nksfy=k osQ nksyuksa dks fdlh dks.k dh T;kvksa vkSj dksT;kvksa ls ;qDr inkssa }kjk
fu:fir fd;k tk ldrk gSA ;fn ,d nksyu djrs gq, d.k dk viuh ekè; fLFkfr ls foLFkkiu
lehdj.k y = A sin θ ;k y = B cos θ ;k y = A sin θ + B cos θ }kjk fu:fir fd;k tk ldrk
gS] tgk¡ ij A vkSj B fu;rkad gS] rks d.k dh xfr ljy vkorhZ gksrh gSA ljy vkorhZ xfr
dks bl izdkj ifjHkkf"kr fd;k tkrk gS%

;fn dksbZ d.k fdlh ,sls cy osQ izHkko esa fdlh fu;r fcUnq  osQ nksuksa vksj xfr djrk
gS] tks fu;r fcUnq ls d.k osQ foLFkkiu x dk vuqØekuqikrh gksrk gS vkSj cy dh fn'kk
foLFkkiu dh fn'kk osQ foijhr gksrh gS ml d.k dh xfr ljy vkorZ xfr gksrh gSA ge
viuh ppkZ js[kh; nksyuksa rd gh lhfer j[ksaxsa xf.krh; :i esa bls ge bl izdkj O;Dr
djrs gSa%

F = – kx

tgk¡ k vkuqikfrdrk xq.kkad gSA
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,d ljy vkorZxfr dk lehdj.k fudkyus osQ fy,] ge ,d fcanq M dks ,d a f=kT;k
osQ o`Ùk dh ifjfèk esa vpj pky v ls pyrk gqvk ysrs gSaaa (fp=k 13-1)A o`Ùk dk osQUnz O

gSA eku yhft, fd t = 0 ij d.k fcanq X ij gS vkSj t = t ij M ij gS fLFkfr lfn'k OM

ftls dykn'kZd dgrs gSa ,d fu;r dks.kh; osx ω = 
v

a
  ls ?kw.kZu djrk gSA (;g fu:i.k

izR;korhZ /kjkvksa osQ ifjiFkksa osQ fo'ys"k.k eas Hkh mi;ksx fd;k tkrk gS) fcanq M ij Roj.k

ω2 2/a = av  fcanq O dh vksj gksrk gSA le; t ij bl Roj.k dk OY fn'kk esa ?kVd =

ω ω2a sin t  gSA ge YOY′ osQ yacor~ js[kk MP [khaprs gSaa_ rc P  dks ,d m nzO;eku o

ω ω2a sin t   Roj.k osQ d.k osQ rqY; fy;k tk ldrk gSA d.k P ij O dh fn'kk eas yxus
okyk cy

F = maω2 sin ωt
ysfdu sin ωt = y/a

blfy, F = mω2y (13.3)

foLFkkiu O ls P dh vksj rFkk cy P ls O dh vksj ukik tkrk gSA

vr% F = – mω2y

(½.kkRed fpÉ ij è;ku nsa)

pwafd ;g cy O dh vksj funsZf'kr gS vkSj P osQ O ls foLFkkiu 'y' osQ vuqØekuqikrh gSA
vr% d.k ljy vkorZxfr djrk gSA

ekuk mω2 = k, ,d fu;rkad gSA vr% lehdj.k (13-3) ls

F = – k y (13.4)

tgk¡ ij k ,d fu;rkad gS] tks fd izfr bdkbZ foLFkkiu osQ fy, cy gS] bls cy fu;rkad
dgrs gSaA

ω2 = k / m (13.5)

fp=k 13-2% P dh YOY′′′′′ osQ vuqfn'k vkorZ xfr
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,d iwjs pDdj esa OM, 2π dk dks.k T le; esa cukrk gS vr%

ω = 2π/T (13.6)

leh-(13-5) vkSj leh- (13-6) dks la;ksftr djus ij geas vkorZdky osQ fy;s fuEu lehdj.k
izkIr gksrk gSA

T = 2π /k m (13.7)

;g fcUnq P dks O ls Y fiQj O ls gksrs gq, Y′  vkSj okil O esa vkus esa yxk le; gSA
bl le; eas ;g d.k o`Ùk dk ,d iwjk pDdj yxk ysrk gS vksj fcanq (d.k) dh fLFkfr
ls yEc dk ikn O osQ bèkj&mèkj ,d nksyu iwjk dj ysrk gS tSlk fd fp=k (13-1) esa
n'kkZ;k x;k gSA

13.2.1 ljy vkorZ xfr lacaèkh ewy inkoyh

foLFkkiu % vkorZ nksfy=k dh og nwjh gksrh gS] tks fn, x, {k.k ij mldh ekè; (lkE;koLFkk)
ls gksrh gSA

vkorZdky % ,d nksyu dks iwjk djus eas fy;k x;k le; nksfy=k dk vkorZdky dgykrk
gSA bls T ls n'kkZ;k tkrk gSA

vk;ke% fdlh nksfy=k dk viuh ekè; fLFkfr osQ fdlh vksj vfèkdre foLFkkiu vk;ke
dgykrk gSA

vko`fÙk % ;g ,d lsdUM eassa nksfy=k }kjk iw.kZ fd, x;s oaQiuksa dh la[;k gS] bls v }kjk
n'kkZ;k tkrk gSA vko`fÙk dk SI ek=kd gV~tZ gS ftldk laosQr Hz gSA pwafd ;g ,d lsdUM
esa iwjs fd, x, oaQiu gSa] vr% ,d oaQiu eas fy;k x;k le; 1/v

blfy, T = 1/v ;k v = 
11

T
⎛ ⎞
⎜ ⎟
⎝ ⎠

–s

pwaafd vkorhZ nksyu sin θ ;k cos θ ;qDr O;tdksa }kjk n'kkZ, tk ldrs gSa] gesa nks vkSj egRoiw.kZ
ladYiukvksa dh vko';drk gksrh gSA ;s gSa%

dykdks.k  φφφφφ% ;g ,d dks.k gS ftldh fdlh {k.k ij T;k ;k dksT;k nksfy=k dh fLFkfr
rFkk xfr dh fn'kk crykrk gSA bls jsfM;u esa O;Dr djrs gSaA

dks.kh; vko`fÙk ωωωωω% ;g dyk dks.k  (phase) ifjorZu dh nj gSA bls jsfM;u@lsdUM eas
vfHkO;Dr fd;k tkrk gSA pwafd dykdks.k ,d iwjh ifjØek esa 0 ls 2π jsfM;u rd cnyrk
gSA vr% dykdks.k ifjorZu dh nj ω = 2π/T = 2π v

mnkgj.k 13-1 % 9 fdyksxzke nzO;eku dh ,d Vªs k cy fu;rkad dh ,d fLizax ij voyfEcr
gS] tSlk fd fp=k 13-3 eas fn[kk;k x;k gSA Vsª dks /hjs ls uhps dh vksj nckdj NksM+ fn;k
tkrk gS rks ;g ljy vkorZxfr djus yxrh gS] ftldk vkorZdky 1-0 lsdUM gksrk gSA
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tc Vªs ij M nzO;eku dk ,d fi.M j[k fn;k tkrk gS] rks bldk vkorZdky 2-0 lsdUM
rd c<+ tkrk gSA fi.M dk nzO;eku Kkr dhft,A

gy % fudk; dh dks.kh; vko`fÙk ω = /k m , tgk¡  m nksfy=k dk nzO;eku gS]

4π2/T2 = 
k

m

;k m = 
2

24

kT

π
tc Vªs [kkyh gS rks]  m = 9 kg vkSj T = 1 lsdUM

blfy, 9 = 
2

2

(1)

4

k

π

Vªs ij M nzO;eku dk fi.M j[kus ij m = 9 + M vkSj T = 2 lsdUM] blfy,  9 + M =
k × (2)2/4π2

bu nks lehdj.kksa ls

(9 )

9

M+
 = 4

vr%  M = 27 kg.

mnkg.k 13-2% 1600 U;wVu@ehVj cy fu;rkad okyh
fLizaax dks {kSfrt est ij vk:<+ dj fn;k tkrk gS tSlk
fd fp=k 13-4 esa n'kkZ;k x;k gS] ,d nzO;eku
m = 4 kg dks fLizax osQ eqDr fljs ls ckaèkdj {kSfrt :i easa nka;h vksj 4-0 cm nwjh rd
[khapk vkSj fiQj NksM+ fn;k tkrk gSA x.kuk dhft, (i) vko`fÙk (ii) vfèkdre Roj.k vkSj (iii)
nzO;eku dh vfèkdre pkyA

gy : ω = /k m  = 1600 / 4

  = 20jsfM;u@lsdUM

vr% v = 20/2π = 3.18 Hz. vfèkdre Roj.k = a ω2 = 0.04 × 400 = 16 m s–2, vfèkdre
pky v

max
 = a ω = 0.04 × 20 = 0.8 m s–1

13.3 ljy vkorZxfr osQ mnkgj.k

ljy vkorZxfr dh voèkkj.kk osQ Li"Vhdj.k gsrq cgqr lkekU; mnkgj.k uhps fn, x, gSaA

Fig. 13.3

Fig. 13.4
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13.3.1 fLizax&nzO;eku fudk; osQ {kSfrt nksyu

eku yhft, ,d {kSfrt izR;kLFk fLiazx ftldk cy fu;rkad k gS rFkk ftlosQ ,d fljs esa
m nzO;eku dk NksVk lk fi.M tqM+k gSA fLizax dk nwljk fljk n`<+rkiwoZd nhokj ls tqM+k gS
(fp=k 13-5)A fiaM osQ nzO;eku dh rqyuk esa fLizax dk nzO;eku ux.; eku fy;k x;k gSA

fp=k 13-5 ,d fLizax ls tqM+s gq, nzO;eku osQ nksyu

ge eku ysrs gSa fd ok;q izfrjksèk ,oa ?k"kZ.k ls ÅtkZ {k; ugha gksrhA ge {kSfrt :i ls +x

fn'kk ysrs gSa] izkjaHk eas vFkkZr~ t = 0 ij xqVdk fLFkj gS] vkSj fLizax foJksr (relaxed) voLFkk
eas gSa fp=k 13-5 (i)A rc bls {kSfrt :i ls ,d NksVh nwjh
rd [khapk tkrk gSA ;g xqVosQ ij k x  cy vkjksfir djrk
gS] cy foLFkkiu dh foijhr fn'kk esa dk;Z djrk gS vkSj
xqVosQ dks mldh lkE;  fLFkfr dh vksj ykuk pkgrk gSA fp=k
13-5 (ii) tc ;g xqVdk viuh izkjafHkd fLFkfr esa okil
vkrk gS rks fp=k 13-5 (iii) ;g v osx izkIr dj ysrk gSA vr%
bldh xfrt ÅtkZ K = (1/2)mv2 gks tkrh gSA xfr osQ tM+Ro
osQ dkj.k xqVdk cka;ha vksj viuh xfr cuk, j[krk gSa tc
rd fd ;g fp=k 13-5 (iv) dh fLFkfr eas ugha igqap tkrk
gSA bl fLFkfr esa xqVdk iqu% kx cy dk vuqHko djrk gS]
ftlosQ dkj.k og izkjafHkd fLFkfr esasa vk tkrk gS [fp=k 13-
5 (v)] vkSj rnqijkar xqVdk b/j&mèkj nksyu djrk jgrk gSA

nksyu dk vkorZdky 2π /m k gS tgk¡ k  fLiazx dh izfr bdkbZ yackbZ ifjorZu osQ fy;s

cy dk eku gSA

13.3.2 fLizax&nzO;eku fudk; osQ ÅèokZèkj nksyu

ge k cy fu;rkad okys ,d fLizax dks ,d n`<+ vkèkkj ls yVdkrs gSaa (fp=k 13-6 a)A vc
ge blesa ,d m nzO;eku dk xqVdk tksM+rs gSa ftlosQ dkj.k fLizax esa l yEckbZ o`f¼ gksrh
gS (fp=k 13-6 b)A  Li"V gS fd  fLizaax dk cy fu;rkad k = mg/l gSA vc ge xqqVosQ dks

fp=k 13-6% fLizax osQ eqDr
fljs ls yVosQ nzO;eku (xqVosQ)
osQ ÅèokZèkj nksyu
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,d NksVh nwjh y osQ cjkcj [khaprs gSa (fp=k 13-6c )A cy ky ÅèokZèkj Åij dh vksj dk;Z
djrk gSA vr% xqVosQ dks NksM+us ij cy ky bls Åij [khaprk gSA tc xqVdk viuh vkjafHkd
fLFkfr esa ykSVrk gS] rks ;g izkIr fd, x, osx osQ dkj.k Åij pyrk jgrk gS vkSj ;g lkE;
fLFkfr ls y nwjh Åij pyk tkrk gSA bu ÅèokZèkj nksyuksa dh dks.kh; vko`fÙk

ω  = 
2 k

T m

π =

vr% T = 2π 
m

k
(13.8)

laihfMr fLizax vc xqVosQ ij izR;ku;u cy uhps dh vksj yxkrk gSA xqVdk uhps dh vksj
xfr djrk gS vkSj iqu% blh Hkkafr ÅèokZèkj nksyu djrk jgrk gSA

xSyhfy;ks xSyhyh
(1564-1642)

xSyhfy;ks osQ firk foalsuftvksa xSyhyh ihlk (bVyh) esa ,d Åu osQ
O;kikjh FksA xSyhfy;ks mu yksxks esa ls Fks ftUgkaus vkèkqfud foKku esa
rdZ vkSj iz;ksxksa dk lekos'k fd;kA cpiu esa mUgsa laxhr] dyk vkSj
f[kykSus cukus esa :fp FkhA fd'kksj xSyhfy;ks ,d MksWDVj cuuk pkgrs
FksA nokvksa osQ ckjs esa vè;;u osQ fy, mUgksaus ihlk osQ fo'ofo|ky;
esa izos'k fy;kA ;gk¡ ij mUgksaus viuh izFke [kkst yksyd dh ledkfydrk
(isochronicity) dhA ftlosQ vkèkkj ij fØf'p;u gkbxsu us igyh isUMqye ?kM+h cukbZA

èku osQ vHkko eas xSyhfy;ks viuh i<+kbZ iwjh ugha dj ik,A ysfdu vius Lo;a osQ
iz;klksa ls mUgksaus ;kaf=kdh fo"k; ls bruk lh[kk vkSj fodflr fd;k fd xzsaM M~;wd
vkWiQ VLduh us mUgsaa ihlk fo'ofo|ky; esa xf.kr dk izksisQlj fu;qDr dj fn;kA

xSyhfy;ks us vkdk'kh; fiaMksa osQ vè;;u osQ fy;s nwjn'khZ ;a=k dk fuekZ.k vkSj mi;ksx
fd;kA vius izs{k.kksa osQ vkèkkj ij os larq"V gks x;s fd dksijfudl dk lw;ZdsUnzh;
czãk.M dk fl¼kUr Bhd FkkA mUgksaaus vius rdks± dks ,d iqLrd ^, Mk;ykWx vkWu
fn Vw fizafliy , flLVe vkiQ fn oYMZ* osQ :i esa 1632 esa izdkf'kr fd;kA ;g
roZQ okD; ekU;rk izkIr vjLrw dh HkwosQUnzh; czãk.M dh voèkkj.kk osQ foijhr FkkA
ftlosQ fy, xSyhfy;ks dks nafMr fd;k x;k vkSj mUgsa blosQ fy;s {kek ekaxuh iM+hA
ysfdu 1636 esas mUgksasaus u;h iqLrd ̂ ^Mk;ykWx vkWu n U;w lkbalst** izdkf'kr dh ftlesa
mUgksaus iqu% vjLrw osQ xfr osQ fu;eksa dh Hkzkedrk n'kkZbZA

pwafd xSyhfy;ks osQ le; eas ifj"Ñr ekiu ;a=k miyCèk ugha Fks] blfy, mUgsa a viuh
dYiuk'kfDr (dkS'ky) dk iz;ksx djuk iM+kA mUgksaus fopkj iz;ksxksa (thought

experiments)  dh Hkkouk dks c<+kok fn;k] ftls fd orZeku esa leLr ifj"Ñr
;qfDr;ksa osQ ckotwn Hkh oSKkfud iz;ksx djrs gSaA
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13.3.3 ljy yksyd

,d ljy yksyd nks dkoZQ osQ VqdM+ksa osQ
chp ls xqtjrs gq, dls x, lwrh /kxs ls
yVdk;k x;k ,d xksyd gS (fp=k 13-
7)A xksyd dks fcanq nzO;eku ekuk x;k gS
,oa èkkxk vforkU; gSA yksyd fuyacu
fcUnq osQ ifjr% eqDr nksyu djrk gSA

tc xksyd dks bldh lkE; fLFkfr ls FkksM+k
lk foLFkkfir djosQ NksM+ fn;k tkrk gS]
rks yksyd  ÅèokèkZj ry esa viuh lkE;
fLFkfr osQ bèkj&mèkj dks.kh; nksyu djus
yxrk gSA fuyacu fcanq vkSj xksyd osQ
xq:Ro osQUnz osQ chp dh nwjh dks yksyd
dh yackbZ (l) dgrs gSaA yksyd osQ xksyd
dh lkE; voLFkk ls foLFkkfir  voLFkk
esa xksyd ij yxus okys cy fp=k 13-7
esa n'kkZ, x, gSaA

(i) xksyd dk Hkkj mg ÅèokZèkjr% uhps dh vksj dk;Z djrk gSA

(ii) Mksjh dk ruko T Mksjh osQ vuqfn'k Åij dh vksj yxrk gSA

Hkkj mg dks ?kVdksa esa fo;ksftr djrs gSa% (a)  mg cosθ Mksjh osQ vuqfn'k ijUrq T dh
fn'kk osQ foijhr rFkk (b) mg sinθ Mksjh osQ yEcor~  mg cosθ ?kVd ruko T dks larqfyr
djrk gS vkSj ?kVd mg sinθ xksyd eas ekè; fLFkfr dh vksj Roj.k mRiUu djrk gSA

vr% izR;ku;u cy mg sin θ gSA x osQ NksVs foLFkkiuksa osQ fy;s] izR;ku;u cy F = mgθ

= 
′mg x

l
 bdkbZ foLFkkiu osQ fy, cy k = mg/l

vr% ω = 
k

m
 = 

/mg l

m
 = 

g

l

vFkok
2

T

π
= 

g

l

vr% T = 2π 
l

g
(13.9)

fp=k 13-7% ljy yksyd
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dekuh (fLizaax) dh lgk;rk ls Hkkj ekiuk

ge fdlh fudk; dk Hkkj ekius osQ fy;s ,d fLiaazax
rqyk dk iz;ksx djrs gSaA bldk dk;Zdkjh fl¼kUr ;g
gS fd Hkkj dh ,d fuf'pr lhek osQ vUrxZr fLizax
dh yackbZ esa cjkcj Hkkj osQ fy, cjkcj f[kapko
(ruu) gksrk gS vFkkZr~ Hkkj@ruu ¾ fu;r (cy
fu;rkad)

vr% fLiazx dh yackbZ Hkkj osQ lkFk jSf[kd :i ls c<+rh
gSA vr% vki fLizaax osQ lkFk&lkFk ,d js[kh; iSekuk yxkdj bls Kkr Hkkjksa osQ fy,
v'kkafdr dj ldrs gSaaA bl izdkj cuh rqyk vKkr Hkkjksa osQ ekiu eas iz;qDr gksrh gSA

D;k ,slh rqyk xq#Ro eqDr varfj{k esa dk;Z djsxh tSls fd varfj{k jkWosQV ;k mixzg
easa\ Li"Vr;k ugha  'kwU; xq#Ro foghu fLFkfr esa fLiaazx esa dksbZ ruko mRiUu ugha gksxk]
rc fu;fer LokLF; tkap osQ fy, varfj{k ;kf=k;ksa dk Hkkj ekiu oSQls fd;k tkrk
gS\ ;g ,d dekuhnkj rqyk osQ }kjk fd;k tkrk gS tks fd ,d fHkUu fl¼kUr ij vkèkkfjr
gSA varfj{k ;k=kh ,d fo'ks"k oqqQlhZ ij cSBrk gS ftlosQ nksuksa vksj fLizax tqM+s gksrs gSa
(fp=k 13-8)A oqQlhZ osQ nksyuksa dk vkorZdky varfj{k ;k=kh osQ fcuk vkSj varfj{k
;k=kh lfgr Kkr fd;k tkrk gSA (le; ekiu osQ fy, bySDVªWkfud ?kM+h dk iz;ksx fd;k
tkrk gS)

2
1T = 

24 m

k

π

tgk¡ m
 
 oqQlhZ lfgr vUrfj{k ;k=kh dk nzO;eku gSA

;fn m
0
 oqQlhZ dk nzO;eku gS bls ge bl rjg Hkh fy[k ldrs gSaμ

2
0T = 

2
04 m

k

π

T
1
 varfj{k ;k=kh lfgr oqQlhZ dk nksyu dky o T

0
 varfj{k ;k=kh osQ fcuk nksyuksa dk vkorZdky

gSA

,d dks nwljs ls ?kVkus ij] ge ikrs gSa fdμ

2
1T  – 2

0T =  
24

k

π
(m – m

o
)

vr% varfj{k ;k=kh dk nzO;eku

(m–m
0
) = 24

k

π  ( 2
1T  – 2

0T )

pawfd T
0
 vkSj k fu;r gSa vkSj Kkr gSa] vr% T

1
 dh eki nzO;eku eas ifjorZu dks n'kkZrh

gSA

fp=k 13-8 ,d varfj{k ;k=kh dk
nzO;eku ekius osQ fy, dekuhnkj
rqyk
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mnkgj.k 13-3% fp=k 13-9 esa ,d nksyu ra=k n'kkZ;k x;k gS ftlesa m
1
 rFkk m

2
 nzO;eku

osQ nks fi.M k cy fu;rkad osQ nzO;ekughu fLizax ls tqM+s gSaaaA izR;sd fi.M ij cy F yxkdj
fi.Mksa dks ,d nwljs ls nwj dh vksj [khapdj NksM+ fn;k tkrk gSA izR;sd nzO;eku dh dks.kh;
vko`fÙk D;k gksxh\ fi.M ,d {kSfrt ?k"kZ.kjfgr ry ij gSA

gy% eku yhft, nwj dh vksj [khapus ij
fi.Mksa osQ foLFkkiu  x

1
 o+ x

2
 gSA fLiazx esa

mRiUu ruu  (x
1
 + x

2
) gksxkA bl izdkj  m

1

nzO;eku esa Roj.k   k (x
1
 + x

2
)/m

1
 o m

2
 esa

Roj.k k(x
1
 + x

2
)/m

2
  gSA pwafd ,d gh fLizax

izR;sd nzO;eku dks izR;ku;u cy iznku dj
jgh gSA vr% fudk; ftlesa nksuksa nzO;eku vkSj fLizax gSa] dk usV Roj.k nksuksa nzO;ekuksa osQ
Roj.kksa osQ ;ksx osQ cjkcj gksxkA vr% fudk; dk Roj.k gS

1 2

1 2

( )

1 1

k x x
a

m m

+=
⎛ ⎞

+⎜ ⎟
⎝ ⎠

 = 
k x

μ

tgk¡ x = x
1
 + x

2
  dekuh dh yEckbZ esa o`f¼ gS vkSj μ  fudk; dk lekuhr nzO;eku (reduced

mass) gS]

ω = /k μ (13.10)

blh rjg H
2
, Cl

2
, HCl, vkfn f}ijek.kqd v.kqvksa osQ oaQiuksa dk Hkh fo'ys"k.k djosQ le>k

tk ldrk gSA

ikBxr iz'u 13.2

1. fdlh r f=kT;k osQ NksVs xksykdkj fpdus dVksjs esa mldh ryh ls oqQN gVdj m nzO;eku
dh ,d NksVh xksykdkj xsan j[kh tkrh gSA xsan osQ nksyuksa dk vkorZdky Kkr dhft,
(fp=k 13-10)A

fp=k 13.10 fp=k 13.11 fp=k 13.12

fp=k 13-9% fLizax ls lacafèkr nzO;ekuksa dk nksyuh
fudk;
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2. m nzO;eku dk ,d csyu ρ  ?kuRo osQ nzo esa ÅèokZèkj rSj jgk gSA nzo osQ vUnj csyu
dh yackbZ l gSA blosQ nksyuksa dk vkorZdky Kkr dhft, (fp=k 13-11)A

3. ,d nzO;eku m tks nks jcj dh ifV~V;ksa ls caèkk gS (fp=k 31-12) dh vko`fÙk Kkr
djsaA izR;sd jcj dh iV~Vh dk cy fu;rkad k gSA

13.4 ljy vkorZ nksfy=k dh ÅtkZ

tSlk fd vki tkurs gSa fd ljy vkorZ xfr dk ,d :i fuEu gSA

y = a sin ωt (13.11)

tc t  cnydj t + Δ t,  gks tkrk gS rks y cnydj y + Δy gks tkrk gSA vr% ge fy[k ldrs
gSa%

y + Δ y = a sinω (t + Δt) = a sin (ωt + ωΔt)

= a [sinωt cos ωΔt + cosωt sin ωΔt]

tc Δt → 0, cos ωΔt → 1 and sin ω Δt → ω Δt. Then

y + Δy = a sin ωt + a ωΔt cos ωt. (13.12)

(lehdj.k 13.11) dks lehdj.k (13.12) ls ?kVkus ij ge ikrs gSa fd

Δy = Δt ωa cos ωt

tksM+us ij Δy/Δt = ωa cos ωt

;k v = ωa cost ωt (13.13)

tgk¡ ij v = Δy/Δt, ;gk¡ t le; ij nksyd dk osx gSA

vr% nksyd dh t le; ij xfrt ÅtkZ  K = (1/2) mv2 = (1/2) ω2a2 cos2 ωt              (13.14)

vc ge le; t ij nksyu dh fLFkfrt ÅtkZ dh x.kuk djrs gSaA tc foLFkkiu y gS] rks izR;ku;u
cy ky gS] tgk¡ k  cy fu;rkad gSa bl mís'; osQ
fy, ge izR;ku;u cy vkSj foLFkkiu osQ chp ,d
vkjs[k [khaprs gSaA ge fp=k (13-13) dh Hkkafr ,d
lhèkh js[kk ikrs gSaA ljy js[kk vkjs[k ij ge nks fcanqvksa
P vkSj Q dk p;u djrs gSa vkSj OY ij PM vkSj
QN yac Mkyrs gSaA pwafd P vkSj Q fcanq lfUudV
gSa] vr% leyEc prqHkqZt PQNM  dks ,d vk;r
ekuk tk ldrk gSA vk;rkdkj iV~Vh dk {ks=kiQy (ky

Δy)gSA ;g {ks=kiQy izR;ku;u cy ky osQ fo#¼ fd,
x, dk;Z osQ rqY; gS] tc foLFkkiu ,d NksVh ek=kk

fp=k 13-13% foLFkkiu y vkSj
izR;ku;u cy osQ chp vkjs[k
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Δy ls cnyrk gSA ΔOBC dk {ks=kiQy foLFkkiu ifjorZu OB (= y) osQ rqY; fd;k x;k dk;Z

21
W = ky

2
 gSA ;g nksyu dh fLFkfrt ÅtkZ gSA vr% foLFkkiu y osQ laxr nksyu dh fLFkfrt

ÅtkZ

U = 
1

2
ky2

ysfdu ω2 = k/m. vr% k = mω2 dk eku mijksDr O;atd esa izfrLFkkfir djus ij

U = 
1

2
mω2y2

iqu% y = a sin ωt, dks bl rjg fy[k ldrs gSa%

U = 
1

2
mω2a2sin2ωt (13.15)

vr% bls lehdj.k (13-14) osQ lkFk tksM+us ij

E = U + K

= 
1

2
mω2a2  (sin2ωt + cos2ωt)

 = 
1

2
ma2ω2 (13.16)

xfrt ÅtkZ K, fLFkfrt ÅtkZ U o oqQy ÅtkZ
E dk foLFkkiu osQ lkFk vkys[k fp=k 13.14

esa n'kkZ;k x;k gSA xzkiQ ls ;g Li"V gS fd
y = 0 osQ fy;s K = E vkSj U = 0 lkE;
fLFkfr ls foLFkkiu dh fLFkfr esa tc y dh
nwjh c<+rh gS rks xfrt ÅtkZ de gksrh gS
vkSj ekè; fLFkfr esa fLFkfrt ÅtkZ c<+rh
gSA ekè; fLFkfr esa fLFkfrt ÅtkZ 'kwU; vkSj
xfrt ÅtkZ vf/dre gksrh gSA pje
fcUnqvksa ij oqQY ÅtkZ fLFkfrt ÅtkZ gksrh
gSA ysfdu K + U = E dk eku fLFkj gSA

ikBxr iz'u 13.3

1. vkorhZ nksfy=k dh xfrt ÅtkZ dc vfèkdre gksxh mldh lkE; fLFkfr esa ;k vfèkdre
foLFkkiu dh fLFkfr esaa\ Roj.k dc vfèkdre gksrk gS\

fp=k 13.14 :fLFkfrt ÅtkZ  U vkSj xfrt ÅtkZ  E rFkk
oqQy ÅtkZ o lkE; fLFkfr ls foLFkkiu
dk xzkiQA
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2. ljy yksyd dk vk;ke le; osQ lkFk D;ksa ?kVrk tkrk gS\ tc mldk vk;ke ?kVrk
gS rks yksyd dh ÅtkZ dk D;k gksrk gS\

13.5 voeafnr vkorZ nksyu

izR;sd nksyk;eku fudk; osQ pkjksa vksj dk ekè;e lkekU;r;k ';ku gksrk gSA ftlosQ iQyLo:i
izR;sd nksyu eas bldh oqQN ÅtkZ Å"ek osQ :i esa {k; gksrh gSA tSls&tSls nksyu dh ÅtkZ
dk ßkl gksrk gS] oSls gh nksyuksa osQ vk;ke Hkh de gksrs gSaA yksyd osQ nksyuksa dk gok
esa vk;ke Øe'k% de gksrk pyk tkrk gSA ,sls nksyuksa dks voeafnr vkorZ nksyu dgrs gSaA
voeafnr nksyuksa dks le>us osQ fy;s ge fØ;kdyki (13-2) djrs gSaA

fp=k 13-15% (a) voeafnr nksyu (izk;ksfxd foU;kl) (b) xzkiQh; izLrqfr

fØ;kdyki 13.2

fdlh ljy vkorhZ nksfy=k esa ,d fLizax C }kjk /krq dk xqVdk (B) ,d n`<+ vkèkkj (S)

ls yVdk gS (fp=k 13-15)A fi.M osQ uhps ,d yEck dk¡p dk csyu j[ksa vkSj mls nks&frgkbZ
ikuh ls Hkjsa] rkfd xqVdk ikuh dh lrg ls yxHkx 6 cm uhps jgs] vksj yxHkx mruk gh
csyu osQ ry ls Hkh Åij jgsA csyu osQ fdukjs ij ÅèokZèkj ,d feyhehVj iSekuk fpidk,a
(xqVosQ esa yxs laosQrd osQ Bhd lkeus)A xqVosQ dks oqQN lsUVhehVj uhps [khapdj NksM+ nsaaA
izR;sd nksyu osQ ckn feyhehVj LosQy ij laosQrd dh mPpre fLFkfr rFkk le; uksV dj
ysaA rc le; vkSj nksyu osQ vk;ke osQ chp xzkiQ [khapsaA fp=k 13-15 (b) iznf'kZr djrk
gS fd vk;ke le; osQ lkFk de gksrk tkrk gSA ,sls nksyu voeafnr nksyu dgykrs gSaA

13.6 eqDr vkSj iz.kksfnr nksyu% vuqukn

bu ifj?kVukvksa osQ chp varj le>us osQ fy, ge fuEu fØ;kdyki djrs gSa]
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fØ;kdyki 13.3

nksuksaa vksj ls tqM+h gqbZ ,d n`<+ {kSfrt NM+ ysaaA
blosQ fljksa dks tksM+rs gq, ,d <hyk fdUrq etcwr
èkkxk ckaèkas vkSj blls pkj yksyd A, B, C, D

yVdk,a tSlk fd fp=k (13-16) esa n'kkZ;k x;k
gSA yksyd A vkSj B dh yackb;k¡ cjkcj gSaA C

dh yackbZ de vkSj D dh yackbZ A o Bls vfèkd
gSA yksyd B dk xksyd Hkkjh gSA yksyd B dks nksyu djk,sa vki ;g ik,axs fd oqQN le;
osQ i'pkr 'ks"k rhuksa yksyd Hkh nksyu djus yx tkrs gSaA bldk vFkZ ;g gqvk fd ;fn
dbZ yksyd ;qfXer gkssaa rks os viuh ÅtkZ vkxs vkSj ihNs gLrkukarfjr djrs jgrs gSaA bldk
rjax lapj.k osQ fy;s cgqr egRoiw.kZ mi;ksx gSA vki ns[krs gSa fd A  dk vk;ke lokZfèkd
gksrk gSA D;ksa\   izR;sd yksyd ,d nksfy=k gS ftldh viuh ,d LokHkkfod vko`fÙk gksrh
gSA yksyd B ftldk nzO;eku lokZfèkd gS] lHkh yksydksa A, C, D dks vius nksyu lapfjr
dj nsrk gSA ftlosQ ifj.kkeLo:i yksyd  C vkSj D viuh LokHkkfod vko`fÙk esa nksyu
u djosQ B dh vko`fÙk ls nksyu djus dks ckè; gks tkrs gSa] bl ?kVuk dks iz.kksfnr nksyu
dgrs gSaA bu yksydksa esa ls fdlh Hkh xksyd dks jksddj viuh bPNkuqlkj vko`fÙk ls nksyu
djus osQ fy, ckè; fd;k tk ldrk gSA nksuksa C rFkk D dks B dh vko`fÙk ls nksyu djus
osQ fy, ckè; fd;k x;k gSA ysdu isUMqye A ftl ij B osQ nksyu vkjksfir gSa vis{kkÑr
vfèkd vk;ke osQ nksyu viuh LokHkkfod vko`fÙk esa djrk gSA bl ?kVuk dks vuqukn
dgrs gSaA

tc fdlh nksyd dks mldh lkE; fLFkfr ls foLFkkfir djosQ NksM+ fn;k tkrk gS] rks ;g
viuh lkE; fLFkfr osQ bèkj&mèkj nksyu djus yx tkrk gS ftldh vko`fÙk oqQN izkpyksa ij
fuHkZj djrh gSA vko`fÙk ftlls ,d nksfy=k nksyu djrk gS mldh LokHkkfod vko`fÙk dgykrh
gSA tc oLrq cká vkorhZ xfr osQ izHkko esa nksyu djrk gS rks blosQ nksyu iz.kksfnr nksyu
dgykrs gSaaA iz.kksfnr nksyu esa fudk; varrksxRok cká cy dh vko`fÙk ls nksyu djus
yx tkrk gSA nksyudkjh fudk; ftl ij nksyu vkjksfir fd, tkrs gSa] pkfyr ;k iz.kksfnr
vkSj tks nksyudÙkkZ cy yxkrk gS] og pkyd ;k iz.kksnd dgykrk gSA iz.kksfnr nksyuksa
dk ,d fo'ks"k mnkgj.k ;g gS tcfd pkfyr vkSj pkyd nksuksa dh LokHkkfod vko`fÙk;k¡
leku gksaA bls vuqukn dgrs gSaA vuqukfnr nksyuksa esa pkyd o pkfyr ,d nwljs osQ vk;keksa
dks izcy djrs gSa vkSj blfy, muosQ vk;ke vfèkdre gksrs gSaA

ikBxr iz'u 13.4

1. tc dEiu (nksyu) djrs gq, Lofj=k dh Hkqtk dks est ij nck;k tkrkgS rks rst èofu
lquh tkrh gS] D;k ;g ?kVuk vuqukn iznf'kZr djrh gS ;k iz.kksfnr nksyu\ viuk mÙkj
dkj.k lfgr nhft,A rst èofu mRiUu gksus osQ D;k dkj.k gS\

fp=k 13-16% nksyu vkSj vuqukn
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2. fof'k"V laxhr midj.kksa osQ lkFk èofu ckDl D;ksa yxs jgrs gSaa\

jgL;e; ?kVuk,¡ vkSj vuqukn

1940esa okaf'kxVu] (vesfjdk) Vssdksek uSjkst lLisU'ku fczt mn~?kkVu osQ ckn ,d vkaèkh
osQ nkSjku  Ng eghuksa esa gh èoLr gks x;kA >ksaosQ esa cgus okyh gok dh vko`fÙk iqy
dh LokHkkfod vko`fÙk osQ cjkcj FkhA ftlosQ dkj.k bl iqy dk vk;ke c<+rk pyk
x;kA vk;ke c<+rs&c<+rs iqy osQ <kaps ij bldh lg~;rk&lhek ls vfèkd vk?kkr igqapus
osQ dkj.k iqy èoLr gks x;kA

>wyus okys iwy (suspension bridge) osQ èoLr gksus dh ?kVuk,a lSfudksa osQ dne ls
dne feykdj iqy  dks ikj djus (ijsM djus) ij Hkh gSaA blfy, lSfudksa dks iqy
ij ijsM djrs gq, pyusdk vkns'k ugha fn;k tkrk gSA

dkj[kkuksa dh fpefu;k¡ vkSj iz'khrd ehukjsa (cooling towers) Hkh dHkh&dHkh gok osQ
dkj.k nksyu djrh gqbZ èoLr gks tkrh gSaA

2.vkius oqQN xk;dksa dh jgL;e;h 'kfDr;ksa osQ ckjs esa lquk gksxkA tc os xkrs gSa rks
lHkkx`g dh f[kM+fd;ksaa osQ 'kh'ks VwV tkrs gSaA ;s Bhd laxrh osQ ml Loj eas xkrs gSa
ftldh vko`fÙk f[kM+dh osQ 'kh'kksa dh LokHkkfod vko`fÙk ls feyrh gSA

3.vkidks ftKklk gksxh fd jsfM;ks ;k Vsyhfotu esa ,d V~;wuj dh lgk;rk ls vki
,d fo'ks"k LVs'ku oSQls idM+ ysrs gSa\ V~;wuj okLro esa ,d bySDVªkWfud nksfy=k
gS ftlesa vko`fÙk ifjorZu dh O;oLFkk gksrh gSA tc V~;wuj dh vko`fÙk ,d fo'ks"k
LVs'ku }kjk mRlftZr vko`fÙk ls esy [kkrh gS] rks vuqukn gksrk gS vkSj ,.Vhuk ml
LVs'ku }kjk izlkfjr gksus okyk dk;ZØe idM+ ysrk gSA

vkius D;k lh[kk

vkorZ xfr ,slh xfr gS] ftldh oqQN fuf'pr le; varjkyksa osQ i'pkr iqujko`fÙk gksrh
gSA

nksyuh xfr ,d ekè; fLFkfr osQ bnZ&fxnZ gksus okyh xfr gSA lHkh nksyuh xfr;k¡ vkorhZ
gksrh gSaA ysfdu lHkh vkorhZ xfr;k¡ vko';d :i ls nksyuh ugha gksrh gSaA

ljy vkorhZ xfr ,d lkE; fLFkfr osQ bnZ&fxnZ gksus okyh xfr gS tks ,d izR;ku;u
cy osQ izHkko osQ vUrxZr gksrh gS ,oa ftldk eku lkE; fLFkfr osQ d.k osQ foLFkkiu
osQ vuqØekuqikrh gksrk gSA bldh fn'kk lnSo ekè;fLFkfr dh vksj gksrh gSA

fdlh d.k dks ,d nksyu iwjk djus esa yxs le; dks mldk vkorZdky dgrs gSaA

vko`fÙk fdlh nksyd }kjk ,d lsdUM esa iwjs fd, x;s nksyuksa dh la[;k gksrh gSA
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dykdks.k og dks.k gksrk gS ftldh T;k vkSj dksT;k fdlh {k.k ij d.k dh fLFkfr o
xfr dh fn'kk iznf'kZr djrh gSA

dks.kh; vko`fÙk dykdks.k osQ ifjorZu dh nj gksrh gSA ;kn j[ksa ω = 2π/T = 2πv tgk¡
ω jsfM;u izfr lsdaM esa dks.kh; vko`fÙk] v gV~tZ (Hz ) eas vko`fÙk vkSj T lsdUM eas
vkorZdky gSA

ljy vkorZ xfr dk lehdj.k gS%
y = a sin (ωt + φ

0
)

vFkok y = a cos (ωt + φ
0
)

tgk¡ ij y fdlh le; t esa ekè; fLFkfr ls foLFkkiu gS] φ
0
 ( t = 0) ij izkjafHkd dyk

dks.kA

tc ,d nksyu djus okyk fi.M fcuk fdlh cká nksyuh fi.M osQ izHkko osQ Lo;a
osQ nksyu djrk gS rks mlosQ nksyu eqDr nksyu dgykrs gSaA ;fn dksbZ nksyuh fi.M
A ,d cká fi.M B ftls pkyd dgrs gSa] osQ }kjk pkfyr gS vkSj A dks ;fn B dh
vko`fÙk ls nksyu djus dks ckè; fd;k tkrk gS] rc A osQ nksyuksa dks iz.kksfnr nksyu
dgk tkrk gSA ;fn pkyd dh vko`fÙk pkfyr dh LokHkkfod vko`fÙk osQ cjkcj gks] rks
bl ?kVuk dks vuqukn dgrs gSaA

ikBkar iz'u

1. vkorhZ vkSj nksyuh xfr esa Hksn dhft,A

2. ljy vkorZ xfr D;k gS\

3. fuEu esa ls dkSu&lk iQyu iznf'kZr djrk gS% (i) ,d ljy vkorZ xfr (ii) vkorhZ fdUrq
ljy vkorhZ ugha (iii) vukorhZ xfrA izR;sd vkorhZ xfr dk vkorZdky crkb,A

(1) sin ωt + cos ωt (2) 1 + ω2 + ωt

(3) 3 cos (ωt – 
4

π
)

4. gqd osQ fu;e dk ikyu djus okys ,d fLizax ls yVosQ 0-1 kg nzO;eku osQ nksyuksa
dk vkorZdky 1 lsdUM gS rks ml fLiazx ls yVosQ 0-9 kg nzO;eku osQ nksyuksa dk
vkorZdky D;k gksxk\

5. dykdks.k D;k gS\ bldk dks.kh; vko`fÙk ls D;k lacaèk gS\

6. tc ,d ljy vkorhZ nksfy=k dk vkorZdky T = 2π /m k  gS rks ljy yksyd dk

vkorZdky xksyd osQ nzO;eku ij fuHkZj D;ksa ugha djrk gS\
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7. ljy vkorZ xfr djrs d.k osQ Roj.k dk eku dc vfèkdre gksrk gS\ dc izR;ku;u
cy vfèkdre gksrk gS\

8. fn[kkb, fd ljy vkorZ xfr ,dleku o`Ùkkdkj xfr osQ o`Ùk osQ fdlh O;kl ij iz{ksi
gksrh gSA ljy vkorZ xfr djus okys nksfy=k osQ vkorZdky osQ fy, O;atd dks mlosQ
nzO;eku rFkk cy fu;rkad osQ inksa esa Kkr dhft,A

9. ,d ljy vkorZ nksfy=k dh rkRdkfyd xfrt ÅtkZ] fLFkfrt ÅtkZ rFkk lEiw.kZ ÅtkZ
osQ fy, O;atd izkIr dhft,A

10. vkys[k }kjk n'kkZb, fd fdlh ljy vkorZ nksfy=k dh fLFkfrt ÅtkZ U, xfrt ÅtkZ
K o lEiw.kZ ÅtkZ E mldh ekè; fLFkfr ls foLFkkiu osQ lkFk fdl izdkj cnyrh gS\

11. fdlh d.k osQ fy, fdlh {k.k fdlh fLFkj fcUnq ls foLFkkiu lehdj.k x = a cos ωt

+ b sin ωt ls fn;k tkrk gSA D;k d.k dh xfr ljy vkorZ xfr gS\ ;fn mÙkj ugha
esa gSsaa] rks le>kb, fd ,slk D;ksa gS\ ;fn mÙkj gk¡ esa gS rks nksyu osQ vk;ke vkSj dykdks.k
dh x.kuk dhft,A

12. ,d ljy yksyd osQ nksyuksa dk vk;ke 0-04 ehVj rFkk vkorZdky 10 lsdUM gSA
blosQ vfèkdre osx dh x.kuk dhft,A

13. dYiuk dhft, fd ,d xsan dks i`Foh osQ osQUnz ls mlosQ vkj&ikj cuk, x, ?k"kZ.k
jfgr lqjax esa Mky fn;k tkrk gSA i`Foh dh f=kT;k vkSj xq#Rotfur Roj.k osQ inkssa esa
xssaan osQ nksyuksa osQ vkorZdky dh x.kuk dhft,A

14. fp=k 13-17 esa ,d m = 2 kg nzO;eku dk fi.M
nks dekfu;ksa ls tqM+k gqvk fn[kk;k x;k gS ftuesa
ls izR;sd fLizax dk cy fu;rkad k = 400

U;wVu@ehVj gSA fi.M dks lkE; fLFkfr ls 0-05 ehVj
foLFkkfir djosQ NksM+ fn;k tkrk gSA x.kuk dhft,
(a) fi.M dh dks.kh; vko`fÙk (b) bldh vfèkdre pky] (c) bldk vfèkdre Roj.k
vkSj fojkekoLFkk esasa blosQ fo:¼ {k; gqbZ oqQy ÅtkZ fdruh gksxh\

ikBxr iz'uksa osQ mÙkj

13.1

1. ,d xfr tks ,d fuf'pr le; osQ vUrjky osQ ckn nksgjkbZ tkrh gS] ,d vkorhZ xfr
dgykrh gSA blh izdkj dh xfr ;fn fdlh fuf'pr fcaanq osQ bnZ&fxnZ gksrh gS rks og
nksyuh xfr dgykrh gSA ,d vkorZxfr nksyuh xfr gks Hkh ldrh gS vkSj ugha Hkh gks
ldrh gS] ysfdu nksyuh xfr vkorhZ gksrh gSA

fp=k13-17
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2. (ii), (iv), (v); 

3. (i) fdlh yksyd dk fdlh lkE; fcanq osQ bnZ&fxnZ dh xfrA

(ii) vius d{k esa fdlh xzg dh xfrA

13.2

1. tc xsn dks lkE; fLFkfr ls x foLFkkfir fd;k tkrk gS] rks ml ij izR;ku;u cy =

mg sin θ = mg θ = mg x/r.   ∴ ω = /g r .

2. y nwjh uhps nckus ij csyu ij Åij dh vksj mRIykod cy yασg yxrk gSA vr%

2 ασω = g

m
 α csyu dh vuqizLFk dkV dk {ks=kiQy vkSj  m = αLρA mRiykou osQ fu;e

osQ vuqlkj αhρg =  αlrg

⇒ hρ = σ l

m xqVosQ dk nzO;eku vr% ω2 = g/l or T = 2π /l g .

3. ω2 = k/m vr% v = 1/2π /k m  Lej.k jgs fd tc nzO;eku foLFkkfir gksrk gS] rks osQoy

,d gh fcanq ij izR;ku;u cy yxrk gSA

13.3

1. xfrt ÅtkZ ekè; fLFkfr ;k lkE; fLFkfr eas vfèkdre gksrh gSA Roj.k vfèkdre gksrkgS]
tc foLFkkiu vfèkdre gksrk gSA

2. tc yksyd nksyu djrk gS rks ;g ok;q osQ ';ku izfrjksèk ,oa voyacu osQ ?k"kZ.k dh]
ftl ij ;g yVdk;k tkrk gS] osQ fo#¼ dk;Z djrk gSA ;g dk;Z Å"ek osQ :i eas
{k; gksrk gS blosQ ifj.kkeLo:i yksyd dk vk;ke ?kVrk gSA

13.4

1. tc ,d nksfy=k ftldks pkyd dgrs gSa] vius nksyu dk cy nwljs nksyuh fudk; ij
yxkrk gS]rks f}rh; fudk; izFke fudk; dh vko`fÙk ls nksyu djus osQ fy;s ckè; gksrk
gS] bl ifj?kVuk dks iz.kksfnr nksyu dgrs gSaA iz.kksfnr nksyuksa dh fof'k"V n'kk esa ftlesa
pkyd dh vko`fÙk pkfyr fudk; dh vko`fÙk osQ cjkcj gks] ml ifj?kVuk dks vuqukn
dgrs gSaA

2. est dh Åijh lrg viuh LokHkkfod vko`fÙk dh vis{kk Lofj=k dh vko`fÙk ls nksyu
djus dks ckè; gksrh gSA blfy;s ;g izs{k.k iz.kksfnr nksyu n'kkZrk gSA pwafd ,d cM+k
ry nksyu djrk gS]vr% èofu dh rhozrk c<+ tkrh gSA

3. èofu cksMZ ;k ckWDl fdlh ;a=k }kjk mRiUu Loj dh vko`fÙk ls nksyu djus osQ fy,
ckè; gksrk gS] pwafd ,d cM+k {ks=k nksyu djrk gS] blfy, mRiUu Loj dh rhozrk c<+
tkrh gSA vkSj bldh vofèk ?kV tkrh gSA
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ikBkUr iz'uksa osQ mÙkj

4. 3 s

11. A = 
2 2 –1, tan

a
a b

b
  + θ =     

12. –3 –12
10 ms×

π

14. (a) 14.14 s– 1 (b) 0.6 m s–1 (c) 0.3 m s– 2 (d) 0.5 J
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14

rjax ifj?kVuk,a

vkius è;ku fn;k gksxk fd tc fdlh rkykc osQ 'kkUr ikuh esa ,d iRFkj fxjk;k tkrk gS
rks mlosQ ikuh ij Vdjkus osQ LFkku ls laosQUnzh; oy; izdV gksus yxrs gSa vkSj ikuh dh
lrg ij iSQy tkrs gSaA bu oy;ksa esa ikuh ,dkUrj #i ls Å¡pk o uhpk gksrk jgrk gSA ;fn
ikuh dh lrg ij ,d LVªkW dk VqdM+k Mky nsa rks vki ns[ksaxs fd og vius LFkku ij gh
Åij uhps gksrk jgrk gSA ;gk¡ ikuh osQ d.k vius&vius LFkku ij Åij&uhps xfr dj jgs
gSa] fiQj Hkh ^oqQN* gS tks vkxs c<+rk tkrk gSA bl dks ge rjax dgrs gSaA rjaxsa dbZ izdkj
dh gksrh gSa izxkeh vkSj vizxkeh_ ;kaf=kd rFkk fo|qr^pqEcdh;A rjaxksa dk oxhZdj.k vuqnZè;Z
rFkk vuqizLFk rjaxks osQ #i esa Hkh fd;k tk ldrk gS] tks bl ij fuHkZj djrk gS fd rjax
osQ xeu dh fn'kk rFkk ekè;e osQ d.kksa dh xfr dh fn'kk (;kaf=kd rjaxksa) ;k fo|qr o
pqEcdh; lfn'kksa dh xfr dh fn'kk (fo|qr&pqEcdh; rjaxsa esa) esa ijLij D;k lacaèk gSA rjaxs
gekjs vfLrRo ls ?kfu"V :i ls tqM+h gSaA

ok;q esa èofu&rjaxksa osQ xeu osQ dkj.k gekjs fy;s lquuk lEHko gksrk gSA izdk'k dh rjaxksa
osQ dkj.k (tks fuokZr ls Hkh xeu dj ldrh gSa) ge oLrqvksa dks ns[k ikrs gsa vkSj izdk'k
dh pky ls fofHkUu flXuyksa dks ys tkus okyh jsfM;ks rjaxs fofHkUu izdkj osQ laizs"k.kksa }kjk
gesa gekjs fiz; tuksa ls tksM+rh gSaA okLro esa rjax ifj?kVuk loZiz;kstu gSA

ok|;U=kksa] jsfM;ks] Vh-oh- dh dk;Ziz.kkyh dks le>us osQ fy, ;g vko';d gS fd ge rjax
ifj?kVukvksa dks le>saA D;k vki rjaxksa osQ fcuk thou osQ Lo#i dh dYiuk dj ldrs
gSa\ bl ikB esa vki rjaxksa osQ ewy xq.k rFkk rjax ifj?kVukvksa dk vè;;u djsaxsA

mís';

bl ikB osQ vè;;u osQ i'pkr~ vki%

vuqnS?;Z o vuqizLFk rjaxksa osQ lapj.k dh O;k[;k dj losaQxs vkSj v = vλ  lacaèk dks
LFkkfir dj losaQxs_
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fdlh xSl esa vuqnS?;Z rjaxksa osQ osx osQ fy;s U;wVu dk lw=k fy[k losaQxs vkSj blesa
ykIykl osQ la'kksèku dh O;k[;k dj losaQxs_

vuqnS?;Z rjaxksa dk osx fdu dkjdksa ij fuHkZj djrk gS] bldh foospuk dj losaQxss_

rfur Mksfj;ksa esa vuqizLFk rjaxksa osQ cuus dh O;k[;k dj losaQxs_

fdlh ljy vkorZ rjax osQ fy;s lehdj.k LFkkfir dj losaQxs_

vè;kjksi.k osQ fl¼kar osQ vkèkkj ij] foLiUnksa] O;frdj.k rFkk rjaxksa osQ dyk ifjorZu]
dh O;k[;k dj losaQxs_

vkxZu ikbi o rfur Mksfj;ksa esa vizxkeh rjaxksa osQ cuus dh O;k[;k dj losaQxs rFkk
buosQ vfèkLojksa dh foospuk dj losaQxs_

MkIyj izHkko dh foospuk dj losaQxs rFkk bl dk mi;ksx ;kaf=kd o izdk'kh; fudk;ksa
osQ fy;s dj losaQxs_

fo|qr pqEcdh; rjaxksa osQ xq.kksa dks le>k losaQxs_ rFkk

fo|qr&pqEcdh; LiSDVªe osQ fofHkUu Hkkxksa osQ rjax nS?;ksZa osQ ijkl vkSj muosQ mi;ksx
crk losaQxsA

14.1 rjax&lapj.k

LVªkW osQ VqdM+s dh xfr ls vki ;g le> ldrs gSa
fd rjaxsa ÅtkZ dh okgd gSa_ ;s nzO; dk ogu ugha
djrhaA bl dk ,d lqLi"V izn'kZu Tokj&HkkVs dh rjax
esa ns[kk tkrk gSA D;k vki dks xgjs lkxj osQ Hkhrj
Hkwdai ls mRiUu lqukeh rjaxksa osQ dkj.k gq, fouk'k
dh ;kn gS\ bu rjaxksa us bUMksusf'k;k] FkkbySaM] Jhyadk
o Hkkjr ij izgkj fd;k FkkA blesa 20 m Å¡ph rjaxsa
mRuUu gqbZ Fkha vkSj cgqr lh tkus xbZa FkhaA

fdlh ekè;e esa rjaxs fdl izdkj xfr djrh gSa] bls
le>us osQ fy;s vkb, ,d fØ;k dyki djsaA

fØ;kdyki 14.1

,d fLyadh (yEch fLizax dh oqaQMyh) yhft, vkSj bls fdlh fpdus est ;k iQ'kZ ij jf[k,A
fLyadh osQ ,d fljs dks n`<+rk ls tM+ nhft, vkSj nwljs fljs dks [kqyk (eqDr) NksM+ nhft,
rkfd bl fljs dks fgyk;k tk losQA bl [kqys (;k eqDr) fljs dks vius gkFk esa idM+ dj

fp=k. 14.1 : fLyadh esa rjax xfr
(a) fLyadh esa Lian
(b) vuqizLFk rjax
(c) vuqnSè;Z rjax
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nkbZa vksj dks >Vdk nhft, [fp=k 14.1(a)]A vki ns[ksaxs fd fLyadh esa ,d LiUn cu tkrk
gS tks fLFkj fljs dh vksj fdlh fuf'pr pky ls xfr djrk gSA ;g Lian ,d vYidkfyd
rjax gSA fLyadh osQ eqDr fljs dks nk;sa&ck;s fgykrs jfg,A vki Lianksa dks yxkrkj fLFkj fljs
dh vksj pyrs gq, ns[ksaxsA ;g fLiazx ls gksdj pyrh gqbZ vuqizLFk rjax gSA [fp=k. 14.1 (b)]A

,d vU; izdkj dh rjax Hkh vki fdlh fLyadh esa mRiUu dj ldrs gSaA blosQ fy;s fLyadh
osQ fLizax dks [khapdj iQ'kZ ;k est ij lhèkk jf[k, vkSj blosQ [kqys fljs dks gkFk ls fLizax
dh yEckbZ osQ vuqfn'k fLFkj fljs dh vksj 'kh?kzrk ls èkDdk nhft,A lEihMu dk ,d Lian
fLizax ls gksdj tkrk gSA vius gkFk ls fLizax osQ eqDr fljs dks ,d leku xfr ls vkxs&ihNs
pykrs jgus ij vki lEihMuksa vkSj fojyuksa dks ,dkUrj #i ls fLizax osQ vuqfn'k tkrs gq,
ns[k ldrs gSaA bUgsa vuqnS?;Z rjax dgrs gSa [fp=k 4-1(C)]A

14.1.1 vuqizLFk rjaxksa dk lapj.k

fp=k 14.2 dks nsf[k,A ;g rjax&lapj.k osQ fy, ,d ;kaf=kd ekWMy gSA blesa leku nwfj;ksa
ij fLFkr leku nzO;eku dh xksydkj xksfy;ksa dh ,d drkj gS tks ijLij ,d leku fLizaxksa
}kjk tqM+h gqbZ gSaA eku yhft, fdlh izdkj ckbZa vksj ls uEcj&1 xksyh] T vkorZdky ls]
xksfy;ksa dh drkj osQ yEcor~ ljy vkorZ xfr djrh gSA fojke osQ tM+Ro osQ dkj.k lHkh xksfy;k¡
,d lkFk nksyu ugha djsaxhA ,d xksyh osQ ckn nwljh xksyh fiQj mlls vxyh ,d&,d dj xfreku
gksrh gSaA eku yhft, ,d xksyh ls nwljh
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fp=k. 14.2 :  tc fdlh Mksjh esa vuqizLFk rjax mRiUu gksrh gS rks T/8 varjky ij blosQ d.kksa dk rkRdkfyd
izksiQkby Åij n'kkZ, vuqlkj gksrk gSA

vxyh xksyh rd fo{kksHk osQ igq¡pus esa T/8 s le; yxrk gSA vFkkZr~ T/8 s osQ vUrjky esa
fo{kksHk d.k la[;k 1 ls d.k la[;k 2 rd igq¡p tkrk gSA blh izdkj vxys T/8 s vUrjky
esa fo{kksHk d.k la[;k 2 ls d.k la[;k 3 rd igq¡p tkrk gS vkSj ;g blh izdkj vkxs pyrk
jgrk gSA fp=k 14-2 osQ Hkkx (a) ls (i) T/8 s osQ le; vUrjky ij d.kksa dh rkRdkfyd
fLFkfr fn[kkbZ xbZ gSA (fp=kksa esa rhj osQ fu'kku ;g izdV djrs gSa fd fofHkUu d.k ml le;
fdl fn'kk esa xfr djus okys gSaA) vki ik,aaxs fd

(i) t = 0 le; ij] lHkh d.k viuh&viuh ewy fLFkfr esa gSaA

(ii) t = T le; ij igyk] ik¡poka rFkk ukSoka d.k viuh&viuh ewy fLFkfr esa gSaA igyk rFkk
ukSoka d.k Åij dh vksj xfr djus dks gSa rFkk ik¡poka d.k uhps dh vksj xfr djus dks
gSA rhljk o lkroka d.k vfèkdre foLFkkiu dh fLFkfr ij gS fdUrq os {kSfrt v{k dh
foijhr fn'kk esa gSaA fp=k 14.1 (a) esa  vafdr d.kksa dh rkRdkfyd fLFkfr;ksa dks tksM+us okyk
vkoj.k fp=k 14-2 (i) osQ leku gksxk vkSj ;g ,d vuqizLFk rjax dks fu#fir djrk gSA
rhljs o lkrosa d.kksa dh fLFkfr;k¡ Øe'k% xrZ rFkk Jàx dks  fu:fir djrh gSaA

;gk¡ ;g è;ku nsus ;ksX; gS fd ;|fi Mksjh esa rjax rks bldh yEckbZ osQ vuqfn'k xfr djrh
gS ij mlosQ lHkh d.k viuh&viuh lkE;&fLFkfr ij] leku vkorZdky (T) rFkk vk;ke
(A) ls] Åij&uhps nksyu djrs jgrs gSaA Mksjh osQ fLFkj fljs ij igq¡pus rd rjax izxkeh jgrh
gSA

fdlh rjax xfr esa leku dyk esa dEiu djus okys nks fudVre d.kksa osQ chp dh
nwjh dks rjaxnSè;Z dgk tkrk gSA bls xzhd v{kj λ (ySEcMk) ls fu#fir djrs gSaA

Li"V gS fd fdlh rjax }kjk λ nwjh r; djus esa T le; yxrk gS (nsf[k;s fp=k 14-2)A vr%
rjax dk osx]

v = 
njw h

le;
  =   

T

λ
(14.1)
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fdUrq, 1/T= v (U;w)] rjax dh vko`fÙkA vr%

v = vλ (14.2)

;fn nks ,sls Øekxr d.k tks xfr dh leku fLFkfr esa gSa] ,d nwljs ls λ nwjh ij gksa rks muosQ
chp dykUrj 2π gksrk gSA vr% ,dkad nwjh ij dyk ifjorZu]

k = 
2π
λ (14.3)

ge k dks lapj.k fu;rkad dgrs gSaA ;kn dhft, fd ω (vksesxk) izfr ,dkad le; esa dyk
ifjorZu dks fufnZ"V djrk gS] fdUrq T le; esa dyk ifjorZu 2π gksrk gSA vr%

ω = Τ
2π

 = 2πv (14.4)

lehdj.k (14.3) dks lehdj.k (14.4) ls Hkkx djus ij] gesa rjax osx osQ fy, O;atd izkIr
gks tkrk gS%

v = 
k

ω
 = 

2

2

vπ
π/λ

vFkok] v = vλ (14.5)

vkb, vc ge Li"V djsa fd vuqnSè;Z rjaxksa dk lapj.k fdl izdkj gksrk gSA

14-1-2 vuqnS?;Z rjax dk lapj.k

fdlh vuqnS?;Z rjax esa ekè;e osQ d.kksa dk foLFkkiu rjax&lapj.k dh fn'kk osQ vuqfn'k
gksrk gSA fp=k 14-3 esa [kks[kys xksys fdlh ekè;e osQ vkil esa leku nwfj;ksa ij fLFkr d.kksa
dh ewy fLFkfr;ksa dks

fu#fir djrs gSaA fp=k esa fdlh fuf'pr le; ij vuosQ vuqnS?;Z foLFkkiu dks (vis{kkÑr
vkofèkZr dj) rhjksa ls fn[kk;k x;k gSA vki ns[ksaxs fd u rks bu rhjksa dh yEckbZ leku
gS vkSj u os leku fn'kk esa gSaA ;g Bksl xksyksa dh fLFkfr ls Li"V gS tks rhjksa osQ uksdksa osQ
vuq#i d.kksa dh rkRdkfyd fLFkfr fn[kkrs gSaA nkbZa vksj osQ foLFkkiuksa dks xzkiQ esa èkukRed
y-v{k ij rFkk ckbZa vksj osQ foLFkkiuksa dks xzkiQ esa èkukRed y-v{k ij fn[kk;k x;k gSA

fp=k. 14.3 : vuqnS?;Z rjax dk xzkiQh; fu#i.k
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nkbZa vksj osQ izR;sd rhj osQ fy;s ge ,d js[kk vuqikrkuqlkj Åij dh vksj [khaprs gSaA blh
izdkj ckbZa vksj osQ izR;sd rhj osQ fy;s vuqikrkuqlkj ,d js[kk uhps dks [khaprs gSaA bu js[kkvksa
osQ fljksa dks feykrs gq, fu"dks.k oØ [khapus ij gesa tks xzkiQ izkIr gksrk gS og vuqizLFk
rjax osQ foLFkkiu&le; oØ osQ leku gh gksrk gSA

14-1-3 ljy vkorZ rjax dk ,dfoeh; lehdj.k

fp=k. 14.5 : x-fn'kk esa xeu djrh ,d ljy vkorZ rjax

,d ljy vkorZ rjax ij fopkj djsa tks OX osQ vuqfn'k xeu dj jgh gS (fp=k. 14.5)A
eku yhft, fd ;g rjax vuqizLFk gS vkSj ekè;e osQ d.kksa osQ dEiu YOY′ osQ vuqfn'k
gSaA t = 0 le; ij foLFkkiu dks ge fuEufyf[kr lehdj.k ls izdV djrs gSa&

y = a sin ωt (14.6)

rc ml le; P fcUnq ij dEiuksa dh dyk y ls φ dks.k ihNs gSA rc

y = a sin (ωt – φ) (14.7)

ekuk OP = xA D;ksafd izfr ,dkad nwjh dyk ifjorZu k gS] ge fy[k ldrs gSa] φ = kxA vr%
lehdj.k (14.7) dks bl izdkj fy[kk tk ldrk gS&

y(x, t) = a sin (ωt – kx) (14.8)

D;ksafd ω = 2π/t vkSj k = 2π/λ, lehdj.k (14.8) dks bl izdkj Hkh fy[k ldrs gaS

y (x, t) = a sin 2π –
T

t x⎛ ⎞
⎜ ⎟λ⎝ ⎠

(14.9)

fp=k. 14.4 : fdlh fLizax esa vuqnS?;Z rjax èofu rjaxksa osQ le#i gksrh gSaA

(b)

(c)
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rjax osx (v = λ/T) osQ lanHkZ esa] bl lehdj.k dks fuEu izdkj Hkh O;Dr fd;k tk ldrk
gS

y = a sin 
2π
λ  (v t – x) (14.10)

lehdj.k (14.8) dks O;qRiUu djrs gq, geus O fcUnq ij rjax dh izkjafHkd dyk dks 0 ('kwU;)
fy;k FkkA ;fn O ij izkjafHkd dyk dks.k φ

0  
gks rks] rjax dk lehdj.k gksxkA

y (x,t) = a sin [(ωt – kx) + φ
0
] (14.11)

fdlh rjax osQ nks fcUnqvksa osQ chp dykUrj

vkb, nks ljy vkoÙkhZ rjaxksa ij fopkj djsa tks OX v{k osQ vuqfn'k xeu dj jgh gSa vkSj
fuEufyf[kr lehdj.kksa }kjk fu:fir gSa

y = a sin (ωt – kx) (14.8)

,oa y = a sin [ωt – k (x + Δx)] (14.12)

buosQ chp dykUrj gS

Δφ = kΔx = 
2π
λ .Δx  = – 

2π
λ  (x

2 
– x

1
)     (14.13)

tgk¡ Δx rjax ij fLFkr bu nks fcUnqvksa osQ chp iFkkUrj gSA ;gk¡ ½.kkRed fpg~u ;g lalwfpr
djrk gS fd tks d.k vf/d nwjh ij gS og leku dyk dks ckn esa izkIr djsxkA

,d gh fLFkfr ij le; vUrjky Δt esa dykUrj

ge ,d gh fLFkfr esa fdlh rjax dh dyk ij Δt le; osQ vUrjky ij fopkj djrs gSa]
fdlh {k.k t

1
 ij dyk

φ
1
 dk eku gksxk

φ 1 = 
2π
T

t
1 
– 

2π
λ

x

vkSj {k.k t
2
 ij] dyk

φ
2

= 2

2 2
–

π π
π

t x
T

.

rc le; vUrjky (t
2
–t

1
) ij dykUrj]

2 1–Δφ = φ φ = 
2π
T

 (t
2
 – t

1
)

= 2πv (t
2
 – t

1
) [14.13(a)]

= 2π v ( t)Δ [14.13(b)]

mnkgj.k 14.1 : ,d izxkeh vkorZ rjax dk lehdj.k y = 10–4 sin (100πt – 0.1πx) gS] rks
x.kuk dhft,] bldh (i) vko`fÙk, (ii) rjaxnS?;Z rFkk (iii) pky] ;fn x vkSj y ehVj esa gSaA
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gy: fdlh izxkeh rjax osQ rjax osQ lehdj.k

y = A sin 
2 2

T

π π  −  λ  
t x

ls rqyuk djus ij gesa izkIr gksrk gS] (i) 2πv = 100 π  ⇒  v = 50 Hz

(ii) 
2π
λ

 = 0.1 π  ⇒  λ = 20 m

(iii) v = vλ = 1000 ms–1

14-1-4 vuqizLFk vkSj vuqnS?;Z rjaxsa

vc ge vuqizLFk vkSj vuqnSè;Z rjaxksa ij fopkj djrs gSa vkSj muosQ chp vUrjksa dk la{ksi esa o.kZu
djrs gSaA

vuqizLFk rjaxsa vuqnS?;Z rjaxsa

(i) ekè;e osQ d.kksa dk foLFkkiu (i) d.kksa dk foLFkkiu rjax osQ lapj.k dh
rjax osQ lapj.k dh fn'kk osQ fn'kk esa gh gksrk gSA
yEcor~ gksrk gSA

(ii) ;g Jax o xrZ osQ :i esa ekè;e esa (ii) blesa laihMu o fojyu ,dkUrj
lapfjr gksrs gq, fn[kkbZ iM+rh gSA #i ls vkxs xfr djrs gq, n`f"Vxr gksrs

gSaA
(iii) ;s osQoy Bkslksa esa ;k nzoksa dh lrgksa (iii) ;s Bksl] nzo rFkk xSl] lHkh ls

osQ Åij gh izokfgr gks ldrh gSA izokfgr gks ldrh gSA
(iv) vuqizLFk rjaxksa esa foLFkkiu le; (iv) vuqnSè;Z rjaxksa esa foLFkkiu&le; oØ]

oØ rjax dk okLrfod fp=k izLrqr osQoy fdlh fuf'pr le; esa]
djrk gSA fofHkUu fcanqvksa ij ekè;e osQ d.kksa

dh fLFkfr dks  fu#fir djrk gSA

vuqnS?;Z o vuqizLFk rjaxksa osQ lapj.k osQ fy;s fdlh ekè;e osQ vko';d xq.kèkeZ
(i) ekè;e osQ d.kksa dk oqQN nzO;eku vo'; gksuk pkfg,] (ii) ekè;e esa izR;kLFkrk vo';
gksuh pkfg,] vuqnSè;Z rjaxksa osQ lapj.k osQ fy, ekè;e esa vk;ru izR;kLFkrk vko';d gS]
fdUrq] vuqizLFk rjaxksa osQ fy;s n`<+rk (;k vi#i.k) xq.kkad dh vko';drk gksrh gSA tcfd
izdk'k rjaxksa ;k vU; fo|qr&pqEcdh; rjaxksa dks tks vuqizLFk gksrh gSa] lapj.k osQ fy, fdlh
nzO;kRed ekè;e dh vko';drk ugha gksrhA

ikBxr iz'u 14.1

1. vuqnS?;Z o vuqizLFk rjaxksa esa D;k&D;k vUrj gSa?

2. dykUrj rFkk iFkkUrj esa lEcaèk fyf[k,A
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3. nks ljy vkorZ rjaxksa dks fuEu fyf[kr nks lehdj.kksa ls fu#fir fd;k tkrk gS_

 y
1
 = a sin (ωt – kx) vkSj  y

2
 = a sin [(ωt – kx) + φ] bu nks rjaxksa osQ chp dykUrj

D;k gS\

14.2 fdlh izR;kLFk ekè;e esa vuqnS?;Z rFkk vuqizLFk rjaxksa dk osx

fdlh xSl esa èofu osQ osx osQ fy, lw=k izkIr djrs le;] U;wVu us ;g eku fy;k Fkk fd
fdlh xSl ls gksdj èofu osQ lapj.k esa] laihMu vkSj fojyu] lerkih fLFkfr;ksa esa curs
gSaA vFkkZr~ vk;ru rFkk nkc esa ifjorZu fLFkj rki ij gksrs gSaA bu ifjfLFkfr;ksa esa] U;wVu
osQ vuqlkj] fdlh xSl esa èofu dk osx]

v = 
P

ρ  gksrk gSA (14.15)

ok;q osQ ekud rki o nkc ij] P = 1.01 × 105 Nm–2 rFkk (ok;q dk ?kuRo) ρ = 1.29 kg m–

3 gksrk gSA

ρ o P osQ bu ekuksa dks lehdj.k (14.15) esa j[kus ij gesa v dk eku izkIr gksrk gS&

v = 51.01 10 /1.29×  = 280 m s–1

tc cknyksa osQ la?kV~V (Vdjkus) ls rfM+r o xtZu mRiUu gksrs gSa rks gesa xtZu dh èofu
rfM+r ns[kus osQ ckn esa lqukbZ nsrh gSA bl dk dkj.k ;g gS fd izdk'k dk osx ok;q esa èofu
osQ osx ls cgqr vfèkd gksrk gSA rfM+r osQ fn[kkbZ nsus rFkk xtZu dh èofu lqukbZ nsus osQ
chp osQ le; vUrjky dks uki dj ok;q esa èofu dk osx Kkr fd;k tk ldrk gSaA vfèkd
mUur rduhd osQ mi;ksx ls 0°C ij ok;q esa èofu dk osx 333 ms–1 ik;k x;k gSA bl
izdkj U;wVu }kjk izLrkfor lw=k ls izkIr èofu osQ osx es a i zfr'kr

=kqfV = 
333 – 280

333
 × 100% = 16% gSA ;g =kqfV bruh vfèkd gS fd ;g izk;ksfxd =kqfV

ugha gks ldrhA Li"V gS fd U;wVu dh bl èkkj.kk esa fd ok;q ls gksdj èofu osQ lapj.k
esa laihMu rFkk fojyu lerkih; gksrs gSa] oqQN xyrh gSA

14-2-1 ykIykl dk la'kksèku

ykIykl us lq>k;k fd ok;q esa èofu osQ lapj.k dh vofèk esa ok;q dh ijrksa esa gksus okys
nkc osQ ifjorZu #¼ks"e gksrs gSaA blosQ fuEufyf[kr dkj.k gSa]

(i) ok;q Å"ek&oqQpkyd gSA vkSj

(ii) ;s laihMu rFkk fojyu bruh tYnh&tYnh gksrs gSa fd u rks laihMu ls mRiUu Å"ek
ckgj tk ldrh gS vkSj u gh fojyu esa vUnj vk ldrh gSA

#¼ks"e ifjLFkfr;ksa esa&
E = γP,
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tgk¡ γ = 
C

C
p

v

vr% v = 
Pγ
ρ (14.16)

ok;q osQ fy,] γ = 1.4. vr% ekud nkc o rki (STP) ij ok;q esa èofu dh pky

v = 51.4 1.01 10 /1.29× ×

= 333 m s–1

;g eku iz;ksxksa }kjk izkIr eku osQ cgqr fudV gSA

14-2-2 fdlh xSl esa èofu osQ osx dks izHkkfor djus okys dkjd

(i) rki dk izHkko

ykIykl osQ lw=k ls

v = 
Pγ
ρ

D;ksafd ?kuRo ρ = ,dkad vk;ru dk nzO;eku = 
M

V

v = 
PV

M

γ

lehdj.k PV = nRT dk mi;ksx djus ij] tgk¡ n xSl osQ m nzO;eku esa xksyksa dh la[;k gS]

v = 

RT
M

n

γ

= 
RT

m

γ
(14.17 a)

tgk¡ m xSl dk xzke v.kqd nzO;eku gSA ;g ifj.kke iznf'kZr djrk gS fd
v α T

⇒ v = vo 1
2 273

t⎛ ⎞+⎜ ⎟×⎝ ⎠
 +................

~ 333 + 
333

546
t

~ 333 + 0.61t (14.17b)

è;ku nhft, fd vYirki&ifjorZuksa osQ fy,] èofu dk osx izfr 1°0 rki òf¼ ij 0.61 ms–1

c<+ tkrk gSA
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(ii) nkc dk izHkko

;fn ge fdlh xSl ij nkc P c<+k nsa rks og laihfMr gks tkrh gS] fdUrq mldk ?kuRo ρ
Hkh nkc P osQ vuqikr esa c<+ tkrk gS vFkkZr~ P/ρ dk eku fLFkj jgrk gSA bldk rkRi;Z ;g
gS fd fdlh xSl esas èofu osQ osx ij nkc dk izHkko ugha gksrkA

(iii) ?kuRo dk izHkko&

;fn ge leku nkc o rki dh ifjfLFkfr;ksa esa nks fHkUu&fHkUu xSlksa ij fopkj djsa rks]

v α 
1

ρ

 ;fn ge vkWDlhtu rFkk gkbMªkstu esa èofu osQ osxksa dh rqyuk djsa rks] gesa izkIr gksrk gS]

v
v
vkDW lhtu

gkbMkª ts u
= 

ρ
ρ
gkbMª kts u

vkDW lhtu
= 

M

M
gkbMª kts u

vkDW lhtu
 = 

2

32
 = 

1

4

;g iznf'kZr djrk gS fd rki rFkk nkc dh leku voLFkkvksa esa gkbMªkstu esa èofu dk osx
vkDlhtu esa èofu osQ osx dk pkj xquk gksrk gSA D;k ;g ifj.kke nzoksa vkSj Bkslksa osQ fy,
Hkh rdZlEer gS\ bl iz'u osQ mRrj dk vki vxys mi&vuqPNsn esa irk yxk,aaxsA

(iv) ok;q esa èofu osQ osx ij vknzZrk dk izHkko

tc ok;q esa vknzZrk c<+rh gS (rki o nkc dh fLFkfr;ksa dks fu;r j[krs gq,) rks mldk ?kuRo
(ρ) de gks tkrk gS vr% ok;q esa èofu dk osx c<+ tkrk gSA

mnkgj.k 14.2 :  fdl rki ij ok;q esa èofu dk osx S.T.P. ij mlosQ eku dk nks xquk
gks tk;sxk\

gy : ge tkurs gSa fd] 
0

T T
2

T 273
= ⇒ =

0

v

v

nksuksa vksj dh jkf'k;ksa dk oxZ djus ij

∴
T

4
273

=            ⇒ T = 273 × 4 = 1092K

14-2-3 rkfur Mksfj;ksa esa rjaxksa dk osx

fdlh rkfur Mksjh esa vuqizLFk rjax dk osx

                     v = 
F

m
(14.18 a)

tgk¡ F Mksjh esa ruko rFkk  m rkj dh ,dkad yEckbZ dk nzO;eku gSA fdlh izR;kLFk ekè;e
esa vuqnSè;Z rjaxksa dk osx

                    v = E/ρ (14.18b)
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tgk¡ E izR;kLFkrk gSA ;gk¡ ;g bafxr fd;k tk ldrk gS fd Bkslksa esa izR;kLFkrk (E) dk eku
xSlksa rFkk nzoksa ls vf/d gksus osQ dkj.k Bkslksa esa vuqnSè;Z rjaxksa dk osx nzoksa rFkk xSlksa esa
osx dh rqyuk esa vfèkd gksrk gSA ;FkkFkZ v

g
 < v

l
 < v

s
.

ikBxr iz'u 14.2

1.  èofu osQ osx osQ fy, lw=k izkIr (O;qRiUu) djus osQ fy, U;wVu us D;k dYiuk dh
Fkh\

2.  U;wVu osQ lw=k esa D;k xyrh Fkh\

3. ;g n'kkZb, fd izfr 10C rki c<+us ij ok;q esa èofu dk osx 0-61 m s–1 c<+ tkrk
gSA

4.  ml rki dh x.kuk dhft, ftl ij èofu dk  ok;q esa osx 70C ij èofu osQ osx
dk (3/2) xquk gks tkrk gSA

5. fdlh rkfur Mksjh esa rjax osx osQ fy, lw=k fyf[k,A

6. ;fn m izfr ,dkad yEckbZ nzO;eku dh rkfur Mksjh esa mRiUu rjax dh rjax nSè;Z λ
gks vkSj mldh vko`fRr n gks rks] n, λ, F o m laca/ esa fyf[k,] ;fn λ = 2l, gks rks
n, l, F o m esa D;k laca/ gksxk\

14.3 rjaxks dk vè;kjks.k

eku yhft, fdlh fLyadh esa nks rjax Lian foijhr fn'kkvksa esa xeu dj jgs gSaA D;k gksxk
tc ;s nksuksa Lian feyrs gSa\ D;k ;s nksuksa ,d nwljs dk izHkko lekIr dj nsaxs\ bu iz'uksa
dk mRrj ikus osQ fy, vkb, ge ,d fØ;k dyki djsaaA

fØ;kdyki 14.2

fdlh rkfur fLyadh esa fHkUu&fHkUu vk;ke osQ nks rjax
Ükàx mRiUu dhft, tSlk fd fp=k 14-6 esa fn[kk;k x;k
gSA ;s  Ükàx ,d nwljs dh foijhr fn'kk esa xfr dj jgs
gSaA ;s nksuksa fLyadh osQ chp esa dgha ij feyrs gSa vkSj
,d nwljs ij vfrO;kIr gks tkrs gSa [fp=k. 14.6(b)] fiQj
vyx&vyx gks tkrs gSaA blosQ i'pkr os fiQj mlh fn'kk
esa pyus yxrs gSa ftuesa os feyus ls igys py jgs Fks
vkSj mudk vkdkj Hkh ugha cnyrk  [fp=k. 14.6(c)].

vc tSlk fp=k [14-6(d)] esa fn[kk;k x;k gS fLyadh esa ,d
Ükàx o ,d xrZ mRiUu dhft,A ;s feyrs gSa ,d nwljs ij
vfrO;kIr gksrs gSa vkSj vyx gksdj iwoZor~ ;s nksuksa foijhr

fp=k. 14.6 :rjaxksa osQ vè;kjks..k osQ
fl¼kar dk fun'kZu
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fn'kkvksa esa pyrs gSa vkSj nksuksa dk vkdkj Hkh ogh jgrk gS tks igys FkkA bl iz;ksx dks fiQj
ls nksgjkb, vkSj è;ku ls nsf[k, fd nks Lianks osQ vfrO;kiu (;k feyus) osQ le; D;k
gksrk gS] fp=k 14.6(d) rFkk  [fp=k. 14.6(e)]A vki ns[ksaxs fd tc nks  Ükàaxksa dk vfrO;kiu gksrk
gS rks ifj.kkeh  Ükàx dk vk;ke c<+ tkrk gS] vkSj tc  Ükàx o xrZ dk vfrO;kiu gksrk gS
rks ifj.kke esa ,d  Ükàx curk gS] (D;ksafd izkjaHk esa  Ükàx dk vk;ke xrZ ls vf/d Fkk) fdarq
mldk vk;ke igys  Ükàx osQ vk;ke ls de gksrk gSA bl ifj.kke dks ge la{ksi esa bl izdkj
fy[k ldrs gSa& nks Lianksa osQ vfrO;kiu fcanq ij ifj.kkeh foLFkkiu muosQ vius vius foLFkkiuksa
osQ lfn'k ;ksx osQ cjkcj gksrk gSA bls vè;kjksi.k dk fl¼kar dgrs gSaA

bl fØ;kdyki ls u osQoy vè;kjksi.k osQ fl¼kar dk izn'kZu gksrk gS oju~ ;g Hkh Li"V
gksrk gS fd nks ;k vfèkd rjaxs fdlh LFkku ls gksdj ,d nwljs ls Lora=k :i ls lapfjr
gks ldrh gSaA izR;sd rjax bl izdkj xfr djrh gS tSls fd vU; rjaxsa gSa gh ughaA rjaxksa
osQ bl egRoiw.kZ xq.k osQ dkj.k gh ge viuh :fp osQ vuqlkj fdlh jsfM;ks LVs'ku dks
lqu ldrs gSa ;|fi mlh le; vkdk'k esa dbZ jsfM;ks LVs'kuksa ls izlkfjr rjaxs fo|eku gksrh
gSaA bl fl¼kar dk mi;ksx ge rjaxksa osQ O;frdj.k] vkSj foLianksa rFkk vizxzkeh rjaxksa osQ cuus
dh O;k[;k osQ fy, djrs gSaA

14-3-1 rjaxksa dk ijkorZu vkSj lapj.k

ge ;gk¡ osQoy Mksfj;ksa vkSj dekfu;ksa esa mRiUu gksus okyh ;kaf=kd rjaxksa ij gh fopkj djsaxsA
tc fdlh vuqizLFk rjax dk  Ükàx fdlh Mksjh osQ fLFkj fljs dh vksj lapj.k djrk gS rks
D;k gksrk gS vkSj ,slk D;ksa gksrk gS] bldks le>us osQ fy, ge ,d fØ;kdyki djrs gSa\

fØ;kdyki 14.3

fdlh fLyadh osQ ,d fljs dks fLFkj dj nhft, tSlk fd
fp=k 14-7 esa fn[kk;k x;k gSA fLyadh dks {kSfrt j[krs gq,
mlosQ eqDr fljs dks >Vdk nsdj mlesa ,d vuqizLFk Lian
mRiUu dhft, [fp=k 14-7 (a)]A ;g Lian a Mksjh osQ fLFkj
fljs dh vksj xfr djrk gSA vki ns[ksaxs fd ;g Lian fLFkj
fljs ls Vdjk dj xrZ osQ :i esa foijhr fn'kk esa xfr djus
yxrk gSA D;k vki bldk dkj.k tkurs gSa\ tc Lian fLFkj
fljs ls Vdjkrk gS rks ;g ml vk/kj ij ftlls fLyadh dk
fljk ca/k gS] ,d cy yxkrk gS] ml cy dh leku rFkk foijhr izfrfØ;k osQ dkj.k u
osQoy rjax Lian dh xfr dh fn'kk oju~ mlosQ foLFkkiu dh fn'kk Hkh mYVh (;k foijhr)
gks tkrh gS (fp=k 14-7 b)A vk/kj dks fLyadh ls vfèkd Hkkjh gksus osQ dkj.k l?ku ekè;e
ekuk tk ldrk gSA vr% ge dg ldrs gSa fd tc rjax ijkorZu fdlh l?ku ekè;e ls
gksrk gS rks] rjax esa π, dykUrj gks tkrk gS vFkkZr bldh dyk foijhr (;k mYVh) gks tkrh
gSA

fp=k. 14.7 : l?ku ekè;e ls
ijkorZu (dyk
mRØe.k)
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foLFkkiu dh fn'kk vifjofrZr jgrh gSA

vkb, vc ge ns[ksa fd fdlh fojy ekè;e ls ijkorZu ij D;k gksrk gSA blosQ fy, ge
,d nwljk fØ;kdyki djrs gSA

fØ;kdyki 14.4

,d jcj dh ufydk dks fdlh n`<+ vk/kj ls yVdk nhft,A blesa ,d rjax Lian mRiUu
dhft, tks ufydk esa uhps dh vksj xfr djsA [kqys (;k eqDr) fljs ls ijkorZu osQ i'pkr~]
rjax Lian mQij dh vksj xfr djrk gS fdUrq blosQ foLFkkiu dh fn'kk esa dksbZ ifjorZu
ugha gksrk vFkkZr  Ükàx]  Ükàx osQ :i esa gh okil ykSVrk gS] D;ksa\ rjax Lian ufydk osQ [kqys
fljs ij igq¡prk gS rks og fojy ekè;e ls ifjofrZr gksrk gSA (;kn jf[k;s fd ok;q jcj
ls fojy gS)A vr% rjax Lian osQ foLFkkiu esa dksbZ ifjorZu ugha gksrkA bl izdkj fojy
ekè;e ls ijkorZu gksus ij] dyk esa ifjorZu ugha gksrkA

vki vc iz'u dj ldrs gSa fd D;k vuqnS?;Z rjaxksa
dk O;ogkj Hkh ,slk gh gksrk gS\ fp=k 14-9 nsf[k,
ftlesa cksfx;ksa dh ,d drkj fn[kkbZ xbZ gSA vc
eku fyf[k, batu E oqQN nkbZa vksj xfr djrk gSA
batu igyh cksxh  B

1
 dks nkfguh vksj èkosQyrk gSA

;g fLizax fiQj viuh izkjafHkd fLFkfr esas tkus dk
iz;Ru djrk gSA tc ;g nck gqvk fLizax iSQyrk gS] rks igyh o nwljh cksxh osQ chp dk
fLizax nc tkrk gSA vc nwljk nck gqvk fLizax iSQyrk gS] og FkksM+k lk rhljh cksxh dh vksj
xfr djrk gSA blh izdkj laihMu vafre fLiazx rd] tks fLFkj LVSaM D osQ laidZ esa gS] igq¡prk
gSA tc fLFkj LVSaM D rFkk vafre cksxh osQ chp dk fLizax iSQYkrk gS] osQoy vafre cksxh
gh ckbZa vksj dks xfr djrh gSA ;g izØe laihMu osQ batu rFkk igyh cksxh osQ chp igq¡pus
rd pyrk jgrk gSA bl izdkj laihMu mlh :i esa vFkkZr~ LkEihMu osQ :i esa gh okil
vk tkrk gSA fdUrq vc lHkh cksfx;k¡ ckbZa vksj xfr djrh gSaA bl ;kaf=kd ekWMy esa fLiazx
vkSj cksfx;k¡ ,d ekè;e dk dke djrh gSaA cksfx;k¡ ekè;e osQ d.kksa osQ ln`'; gSa vkSj muosQ
chp osQ fLizax izR;kLFkrk cy dks iznf'kZr djrs gSaA

bl izdkj l?ku ekè;e ls ijkorZu esa] vuqnSè;Z rjaxksa dk Lo:i rks ogh jgrk gS fdarq fpg~u
(fn'kk) esa ifjorZu gks tkrk gSA tcfd fojy ekè;e ls ijkorZu esa] vuqnSè;Z rjaxksa osQ fpg~u
(fn'kk) esa dksbZ ifjorZu ugha gksrk] fdarq muosQ Lo:i esa ifjorZu gks tkrk gSA Lo:i ifjorZu

fp=k. 14.9 : fdlh l?ku ekè;e ls vuqnS?;Z
rjaxsa cxSj Lo#i ifjorZu fdUrq
fpg~u esa ifjorZu osQ lkFk
ijkofrZr gksrh gSaA
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ls ;g rkRi;Z gS fd ijkorZu osQ i'pkr laihMu] fojyu osQ :i esa vkSj fojyu laihMu
osQ :i esa gh okil ykSVrs gSaA

ikBkxr iz'u 14.3

1. tc foijhr fn'kkvksa esa pyrh gqbZ nks rjaxsa vkil esa feyrh gSa rks D;k ifj.kke gksrk
gS\

2. leku nzO;eku dh o leku osx ls ,d gh ljy js[kk osQ vuqfn'k pyrh gqbZ nks xksfy;k¡
vkil esa Vdjkrh gSa rks D;k gksrk gS\

3. ,d Mksjh esa ,d ls rjax Lian foijhr fn'kk esa xeu dj jgs gSaA D;k gksrk gS tc
(i) rjaxs ,d gh dyk esa gSa? (ii) rjaxs foijhr dyk esa gSa\

4. tc fdlh vuqizLFk rjax dk Lian fdlh Mksjh esa pyrs gq, mlosQ fLFkj fljs ij igqaprk
gS rks D;k gksrk gS\

5. fdlh Mksjh esa pyrs gq, dksbZ rjax Lian tc Mksjh ls eqDr fljs ij igq¡prk gS rks D;k
gksrk gS\

6. D;k gksrk tc laihMu dh ,d rjax (i) fojy ekè;e ls ijkofrZr gksrh gS\ rFkk (ii)
l?ku ekè;e ls ijkofrZr gksrh gS\

14.4 ,d gh fn'kk esa pyrh gqbZ rjaxksa dk vè;kjksi.k

,d gh fn'kk esa xeu djrh gqbZ nks rjaxks dk vè;kjksi.k rjaxksa dh dyk rFkk vko`fÙk osQ
vuqlkj nks i`Fkd&i`Fkd ifj?kVukvksa dks tUe nsrk gS% ;s gSa (i) O;frdj.k ,oa (ii) foLianA
vkb,] vc ge bu ifj?kVukvksa ij fopkj djsaA

14-4-1 rjaxks dk O;frdj.k

vkb,] vc ge rjaxksa osQ vè;kjksi.k ls izkIr O;frdj.k iSVuZ esa vf/dre o U;wure rhozrkvksa
osQ vuqikr dk ifjdyu djrs gSaA x- v{k osQ vuqfn'k leku osx v = ω/k osx ls xeu djrh
gqbZ nks ljy vkorZ rjaxksa ij fopkj dhft,] ftuosQ vk;ke Øe'k% a

1
 vkSj a

2
 gSa vkSj ftudh

dks.kh; vko`fÙk ω gSA fdarq nksuksa rjaxksa esa ,d fLFkj dykUrj φ. gSA bu rjaxksa osQ lehdj.k
gSa]

y
1

= a
1
 sin (ωt – kx)

vkSj y
2

= a
2
 sin [(ωt – kx) + φ]

tgk¡ ω= 2π/T dks.kh; vko`fRr rFkk k = 
2π
λ   rjax la[;k gSA

D;ksafd nksuksa rjaxsa ,d gh osx] ,d gh fn'kk esa ,d gh js[kk osQ vuqfn'k xeu dj
jgh gSa] buesa vfrO;kiu (overlapping) gksrk gSA vè;kjksi.k osQ fl¼kar ls] fdlh fcUnq
ij bu nksuksa rjaxksa osQ dkj.k ifj.kkeh foLFkkiu y gksxk

y = y
1
 + y

2
 = a

1
 sin (ωt – kx) + a

2
 sin [(ωt – kx) + φ]
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;fn (ωt – kx) = θ, rks
y = a

1
 sinθ + a

2
 sin (θ + φ)

= a
1
 sinθ + a

2
 sinθ cosφ + a

2 
sinφ cosθ

;fn a
2
 sinφ = A sinα

vkSj a
1
 + a

2
 cosφ = A cos α

rc
y = A cosα sinθ + A sin αcosθ

= A sin (θ + α)

 θ dk eku j[kus ij
y = A sin [(ωt – kx) + α]

bl izdkj ifj.kkeh rjax dh dks.kh; vko`fRr ω rFkk vk;ke A gS] tgk¡
A2 = (a

1
 + a

2
 cosφ)2 + (a

2
 sinφ)2

= 2
1a  + 2

2a  cos2φ + 2a
1
a

2
  cosφ + 2

2a  sin2φ

A2 = 2
1a  + 2

2a  + 2 a
1
a

2
cosφ (14.18)

lehdj.k (14.18), esa φ nks vè;kjksfir rjaxksa osQ chp dykUrj gSA ;fn nks rjax osQ chp
iFkkUrj p, φ ,  osQ laxr dykUrj gks rc]

φ = 
2 pπ
λ , tgk¡ 

2π
λ  izfr ,dkad nwjh dyk ifjorZu gSA

tc iFkkUrj 
2

λ
 dk le xq.kkad gks] i.e., p = 2m

2

λ
, dykUrj φ = (2π/λ) × (2m λ/2) = 2mπ.

pwafd cos2π = +1, vr% lehdj.k (14.18) ls gesa izkIr gksrk gS]

A2 =  2
1a  + 2

2a  + 2a
1
a

2
 = ( a

1
 + a

2
)2

vFkkZr~] ;fn ,d gh fn'kk esa xeu djrh nks lajs[kh rjaxs ,d gh dyk esa gksa rks muosQ vè;kjksi.k
ls izkIr ifj.kkeh rjax dk vk;ke muosQ i`Fkd&i`Fkd vk;keksa osQ ;ksx osQ cjkcj gksrk gSA
D;ksafd fdlh fLFkfr fo'ks"k ij] rjax dh rhozrk] mlosQ vk;ke osQ oxZ osQ lekuqikrh gksrh
gS] vr%

I
max

α ( a
1
 + a

2
)2

tc  p = (2m + 1) λ/2, then φ = (2m + 1) π rFkk cosφ = –1. rc lehdj.k (14.18)

ls gesa izkIr gksrk gSa]

A2 = 2
1a  + 2

2a  – 2a
1
a

2
 = ( a

1
 – a

2
)2

tks ;g iznf'kZr djrk gS fd ;fn ,d gh fn'kk esa xeu djrh nks lajs[kh rjaxksa osQ chp iFkkUrj
π dk fo"ke xq.kkad gks rks] muosQ vè;kjksi.k ls mRiUu ifj.kkeh rjax dk vk;ke muosQ
i`Fkd&i`Fkd vk;keksa osQ varj osQ cjkcj gksrk gS]
rc I

min
 α ( a

1
 – a

2
)2

fp=k. 14.10 :ifj.kkeh vk;ke
dh x.kuk djuk
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bl izdkj
Imax
Imim

= 
2

1 2
2

1 2

( )

( )

+
−

a a

a a
(14.19)

;fn a
1
 = a

2
, rks ifj.kkeh rjax dh U;wure rhozrk 'kwU; gksrh gSA ;s ifj.kke iznf'kZr djrs

gSa fd O;frdj.k rRor% rjaxksa osQ vè;kjksi.k osQ dkj.k fnd~LFkku esa mQtkZ dk iqu% forj.k
gSA

14-4-2 foLian

geus ns[kk gS fd ,d gh vko`fRr dh o ,d gh fn'kk esa xeu djus okyh rjaxksa osQ vè;kjksi.k
ls O;frdj.k gksrk gSA vc ge vuqla/ku djsa fd nks yxHkx leku vko`fRr;ksa dh rjaxksa
osQ vè;kjksi.k dk ifj.kke D;k gksxkA igys ge ,d fØ;k dyki djsaA

fØ;kdyki 14.5

nks Lofj=k f}Hkqt (V~;wfuax iQkWdZ) A vkSj B yhft, ftuesa nksuksa dh vko`fRr 512 Hz. gSA B
dh ,d Hkqtk ij FkksMk lk ekse yxkdj mls FkksM+k Hkkjh cuk yhft,A vc ,d jcj iSM
ij Vdjkdj nksuksa dks ,d lkFk dfEir djkb,A nksuksa osQ gSfUMyksa dks ,d est dh lrg
ij nck dj jf[k;s vkSj mRiUu èofu dks è;ku ls lqfu,A vki ik,axs fd èofu dh rhozrk
,dkUrj :i ls egRre rFkk U;wure gksrh jgrh gSA èofu dh rhozrk osQ bl ,dkUrj mrkj
p<+ko dks foLian dgrs gSaA èofu dh rhozrk osQ ,d mPpre o ,d U;wure ,dkUrj.k
dks ,d foLian dgrs gSaA B Lofj=k f}Hkqt dh mlh Hkqtk ij FkksM+k lk ekse vkSj yxkus ij
vki ik;asxs fd foLianksa dh la[;k c<+ tkrh gSA B dh Hkqtk ij vkSj vfèkd ekse yxkus ij
gks ldrk gS fd foLian u lqukbZ nsaA dkj.k ;g gS fd ;fn nks fHkUu&fHkUu èofu;ka gekjs
dku ij 1/10 lsdaM ls de varjky ij iM+sa rks og muosQ chp varj ugha dj ikrk vFkkZr
mu nks èofu;ksa dks i`Fkd :i ls ugha lqu ikrk gSA vc ge foLianksa osQ mRiUu gksus dh
O;k[;k djsaxsA

(a) foLinksa dk mRiknu : dYiuk dhft, fd vki osQ ikl nks Lofj=k f}Hkqt A vkSj B

gSa ftudh vko`fRr;ka Øe'k% N vkSj N + n gSa vkSj n dk eku 10 ls de gSA ,d lsoaQM
esa A, N dEiu djrk gS] fdUrq B ,d lsadM esa A ls  n dEiu vf/d dj ysrk gS] vr%

f}Hkqt B f}Hkqt A dh rqyuk esa (1/n) lsdaM esa ,d dEiu rFkk 
1

2n
⎛ ⎞
⎜ ⎟
⎝ ⎠

lsoaQM esa vk/k dEiu

vf/d dj ysrk gSA eku yhft, t = o, vFkkZr izkjEHk esa] nksuksa Lofj=k f}Hkqt ,d gh dyk
esa dEiu dj jgs FksA rc (1/2n) lsoaQM osQ i'pkr  B , A  dh rqyuk esa (vk/k) dEiu vf/

d dj ysxk] vr%  
1

2
s

n
osQ ckn og (B) foijhr dyk esa dEiu djsxkA ;fn A laihMu

dh rjax izsf"kr djrk gS rks B fojyu dh rjax izs{kd dks izsf"kr djsxk vkSj izs{kd dks mlosQ
dku }kjk izkIr èofu dh rhozrk 'kwU; gksxhA (1/n)s, osQ ckn B, A ls ,d dEiu vf/d dj
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ysxkA vr% vc ;fn A laihMu dh rjax izsf"kr djrk gS rks B Hkh laihMu dh rjax ekè;e
(ok;q) esa izs{kd dks izsf"kr djsxk] vkSj izs{kd }kjk izkIr èofu dh rhozrk vf/dre gksxhA
blh izdkj (3/2n)lsadM osQ ckn nksuksa Lofj=k f}Hkqt fiQj ls foijhr dyk esa dEiu djsaxsA
vr% èofu dh rhozrk fiQj ls U;wure gks tk,xhA ;g izØe blh izdkj pyrk jgsxkA izs{kd(1/

n)lsadM esa ,d foLian lqusxk] vFkkZr n foLian ,d lsadM esa lqusxkA bl izdkj ,d lsadM
esa lqus x, foLianksa dh la[;k nks Lofj=k f}Hkqtksa dh vko`fRr esa varj osQ cjkcj gksrh gSA
;fn ,d lsadM esa 10 ls vf/d foLian mRiUu gksa rks ;s i`Fkd&i`Fkd ugha lqukbZ nsrsA foLian
vko`fRr n rFkk foLian dky 1/n gksrk gSA

fp=k.14.11 : (a)12 Hz vko`fRr dk foLFkkiu&le; xzkiQ  (b)  10 Hz vko`fRr dk foLFkkiu le; xzkiQ
bu nks rjaxksa osQ vè;kjksi.k ls nks foLian izfr lsdaM mRiUu gksrs gSaA

(b) xzkiQ fofèk : ,d 12 cm yEch ljy js[kk [khapdj bldks 1 cm yEcs 12 cjkcj Hkkxksa
esa foHkkftr dhft,A bl ljy js[kk ij 1 cm yEch rFkk 1-5 cm mQaph 12 rjaxs cukb;sA
;g 12 Hz.vko`fRr dh ,d rjax dks fu:fir djrh gSA nwljh ljy js[kk (b) ij 1-2 cm

yEch rFkk 1-5 cm m¡Qph 10 rjaxsa cukb;sA ;g 10Hz. vko`fRr dh rjax dks fu:fir djrh
gSA fp=k 14-11(c) ifj.kkeh rjax dks fu:fir djrk gSA fp=k 14-11 esa okLrfod rjaxksa dks
ugha oju~ foLFkkiu le; xzkiQ fn[kk;k x;k gSA bl izdkj ifj.kkeh rhozrk ,dkUrj :i ls
mPpre o fuEure gksrh jgrh gSA ,d lsadM esa mRiUu foLianksa dh la[;k Δv. gSA vr%
foLian vko`fRr nks vè;kjksfir rjaxksa dh vko`fRr osQ varj osQ cjkcj gSA

mnkgj.k 14.3 : ,d vKkr vko`fRr dk Lofj=k f}Hkqt 500 Hz vko`fRr osQ nwljs Lofj=k f}Hkqt
osQ lkFk izfr lsadM 5 foLian mRiUu djrk gSA Lofj=k f}Hkqt dh vKkr vko`fRr Kkr dhft,A

gYk : v′ = v ± n = 500 ±  5

⇒ vKkr vko`fRr 495 Hz or 505 Hz gksxhA

mnkgj.k 14.4 : fdlh O;frdj.k iSVuZ esa vf/dre o U;wure rhozrkvksa dk vuqikr 9
gSA vè;kjksi.k djrh rjaxksa dk vk;ke vuqikr D;k gS\

gYk : 
2 2

max 1 2

min 1 2

I 1
9

I 1 –

+ +    =        −     

a a r

a a r  , tgk¡ r = 
2

1

a

a .
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vr%

1

1

+
−

r

r
 = 3

bl lehdj.k dks ljyrkiwoZd gy fd;k tk ldrk gS rc r = 
1

2
,  vFkkZr~ ,d rjax dk

vk;ke nwljs ls nks xquk gSA

ikBkxr iz'u 14.4

1. ;fn O;frdj.k mRiUu djrh nks rjaxksa dk rhozrk vuqikr 1%16 gS rks  I
max

/I
min

 dk vuqikr
Kkr dhft,\

2. nks èofu&lzksrksa ls fudyrh gqbZ Øe'k% v rFkk v + 4 vko`fRr dh rjaxsa vè;kjksfir gksrh
gSa\ vki D;k voyksdu djsaxs\

3. vko`fRr v rFkk v + Δv dh nks rjaxksa osQ vè;kjksi.k ls mRiUu foLianksa dh vko`fRr D;k
gksxh\

4. nks Lofj=k f}Hkqt A vkSj B izfr lsadM 5 foLian mRiUu djrs gSa] A dh ,d Hkqtk ij
FkksM+k lk ekse yxkus ij Hkh buls izfr lsadM 5 foLian mRiUu gksrs gSaA ;fn B dh
vko`fÙk 512 Hz gks rks A dh vko`fRr ml ij ekse yxkus ls igys fdruh Fkh\ vius
mRrj osQ fy, dkj.k fyf[k,A

14.5 foijhr fn'kkvksa esa xeu djrh leku vko`fRr dh rjaxksa dk
vè;kjksi.k

vHkh rd geus ,d gh fn'kk esa xeu djrh gqbZ lajs[kh rjaxksa osQ vè;kjksi.k ij fopkj fd;k
gSA bl izdkj dh rjaxksa esa  Ükàx vkSj xrZ vFkok laihMu vkSj fojyu fdlh ekè;e esa vkxs
xeu djrs jgrs gSA budk osx ekè;e osQ xq.kksa ij fuHkZj djrk gSA fdlh ekè;e esa ,d
gh rjax nSè;Z rFkk vko`fRr dh ,d gh ljy js[kk osQ vuqfn'k ,d gh pky ls foijhr fn'kkvksa
esa xeu djrh gqbZ nks rjaxksa osQ vè;kjksi.k ls vizxkeh rjaxs mRiUu gksrh gSaA bu rjaxksa esa
Ükàx rFkk xrZ vFkok laihMu ,oa fojyu fdlh izs{kd osQ lkis{k vpy jgrs gSaA

14-5-1 vizxkeh vpj rjaxksa dk cuuk

vizxkeh rjaxs fdl izdkj curh gS] ;g le>us osQ fy, fp=k 14-12 dks nsf[k;s] ftlesa
geus izR;sd  T/4 lsdaM vFkkZr dEiuksa osQ vkorZdky osQ 1@4 Hkkx osQ i'pkr vkifrr]
ijkofrZr rFkk ifj.kkeh rjaxksa dh fLFkfr;ksa dks fn[kk;k gSA

(i) izkjaHk esa t = 0, le; ij [fp=k. 14.12(i)], fcUnqvksa }kjk fn[kk;h xbZ vkifrr rjax vkSj
MS'kksa }kjk fn[kkbZ xbZ ijkofrZr rjax foijhr dyk esa gSa] vr% lHkh fcUnqvksa ij fOkLFkkiu
'kwU; gSA ekè;e osQ lHkh d.k viuh&viuh ewy voLFkkvksa esa gSaA
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(ii)  t = T/4 le; ij  [fp=k. 14.12(ii)], vkifrr rjax nkbZa vksj dks λ/4, vkxs c<+ xbZ gS]
tSlk fd fcUnq P osQ foLFkkiu ls fn[kk;k x;k gSA ijkofrZr rjax ckbZa vksj λ/4 vkxs
c<+ xbZ gSA ifj.kkeh rjax osQ :i dks eksVs Lkrr~ oØ ls fn[kk;k x;k gSA ;g ns[kk
tk ldrk gS fd izR;sd fcUnq ij ifj.kkeh foLFkkiu vf/dre gSA ;gk¡ izR;sd fcUnq
ij d.k&osx 'kwU; gS vkSj foo`Qfr vf/dre gSA

(iii) t = T/2 le; ij [fp=k. 14.12

(iii)],vkifrr rjax nkbZa vksj λ/

2 vkxs c<+ xbZ gS] tSlk fcUnq P
osQ foLFkkiu ls fn[kk;k x;k gSA
ijkofrZr rjax ckbZa vksj dks λ/

2 vkxs c<+ xbZ gS] ftls fcUnq  P′.
dks foLFkkiu ls fn[kk;k x;k gSA
izR;sd fcUnq ij bu foLFkkiuksa osQ
foijhr fn'kk esa gksus ls ifj.kkeh
foLFkkiu 'kwU; gS ftls ,d eksVh
ykbu ls fn[kk;k x;k gSA

(iv) t = 3T/4s ij [fp=k. 14.12(iv)],

nksuksa rjaxs fiQj ls ,d gh dyk
esa gSaA ifj.kkeh foLFkkiu vfèkdre
gSA d.k&osx 'kwU; gS fdUrq
foo`Qfr dk eku vf/dre
laEHkkO; eku osQ cjkcj gSA

(v) t = 4T/4s ij [fp=k. 14.12(v)],

vkifrr o ijkofrZr rjaxs izR;sd
fcUnq ij foijhr  dyk esa gSA
bu rjaxksa dk ifj.kkeh ,d ljy
js[kk gS (ftls eksVh lrr ykbu ls fn[kk;k x;k gS)A foo`Qfr Δy/Δx izR;sd fcUnq ij
'kwU; gSA

è;ku nhft;s fd

fcUnqvksa N
1
, N

2
, N

3
 vkSj N

4
, ij vk;ke 'kwU; gS fdUrq foo`Qfr vf/dre gSA ,sls fcUnqvksa

dks fuLian dgrs gSaA

fcUnqvksa  A
1
, A

2
 vkSj A

3
, ij vk;ke gS vfèkdre gS fdUrq foo`Qfr U;wure gSA ,sls

fcUnqvksa dks izLian dgrs gSaA

nks Øekxr fuLianksa rFkk izLianksa osQ chp dh nwjh  λ/2 gSA

fdlh fuLian o mlls vxys izLian osQ chp dh nwjh λ/4 gSA

fp=k. 14.12: ,d gh rjax nSè;Z] vk;ke vko`fRr
dh ,d gh ljy js[kk osQ vuqfn'k
foijhr fn'kkvksa esa xeu djrh nks
rjaxksa osQ vè;kjksi.k ls vizxkeh
rjaxksa dk cuukA
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vizxkeh rjaxksa dk nksyu dky mu nksuksa rjaxksa osQ vkorZdky osQ cjkcj gS ftuosQ
vè;kjksi.k ls ;g vizxkeh rjax cuh gSA

mQtkZ@,dkUrj :i ls fdlh fcUnq osQ ifjr% vkxs ihNs rjaxkf;r gksrh jgrh gSA fdUrq
fdlh fcUnq ls gksdj vkSlr mQtkZ izokg 'kwU; gksrk gSA

nks loZle] lajs[kh vkSj leku pky ls foijhr fn'kkvksa esa xeu djrh gqbZ rjaxksa osQ
vè;kjksi.k ls vizxkeh rjaxksa cu tkrh gSA budksa vizxkeh rjaxsa blfy, dgk tkrk
gS] D;ksafd buesa rjax Lo:i vkxs xfr ugha djrk fdUrq ,dkUrj jQi ls ladqfpr
o foLr`r gksrk jgrk gSA mQtkZ osQoy vkxs&ihNs rjaxf;r gksrh jgrh gS vkSj vkSlr
:i ls fdlh fcUnq ls gksdj usV mQtkZ izokg ugha gksrkA

14-5-2 vizxkeh rjax dk lehdj.k

fdlh ekè;e esa v = ω/k osx ls xeu djrh gqbZ ,d ljy vkorZ rjax dk lehdj.k gS]

y
1

= – a sin (ωt – kx)

fdlh l?ku ekè;e ls ijkorZu osQ i'pkr ;fn ;g rjax mlh ljy js[kk esa X–va{k osQ
vuqfn'k] mYVh fn'kk esa π dykUrj ls xeu djs rks mldk lehdj.k gksxk]

y
2

= a sin (ωt – kx)

bu nksuksa osQ vè;kjksi.k ls fdlh le; fdlh fcUnq dk foLFkkiu gksxk

y = y
1
 + y

2

= a sin (ωt – kx) – a sin (ωt – kx)

f=kdks.kksfefr osQ lEca/ sin A – sin B = 2 Sin (A – B)/2, cos (A + B)/2, dk mi;ksx djus
ij] mijksDr O;atd dks ljy djus ij gesa izkIr gksrk gS]

y = –2a sin kx cos ωt (14.20)

;fn  –2a sin kx = A. eku ysa rks]

y = A cos ωt

lehdj.k (14.20)  dks.kh; vko`fRr ω vkSj vk;ke 2a sin kx dh ,d ifj.kkeh rjax dks fu:fir
djrk gSA bl ifj.kkeh rjax dk vk;ke fnd~LFkku esa  ω dks.kh; vko`fRr ls nksyu djrk gS]
tks izfrehVj iFkkUrj ij dyk esa gksus okyk ifjorZu gSA mu fcUnqvksa ij tgk¡  kx = m π
= mλ/2, sin kx = sinmπ = 0. vr% A = 0,

;s fcUnq tgka vk;ke 'kwU; gS] fuLian dgykrs gSaA bu fcUnqvksa ij foo`Qfr  Δy/Δx dk eku
vf/dre gksrk gSA Li"Vr% ,sls nks fudVre fcUnqvksa osQ chp dh nwjh  λ/2 gSA

mu fcUnqvksa ij tgka = (2m + 1) π/2 or x = (2m + 1) λ/2 × λ/2π = (2m + 1) λ/4

Sin kx = sin (2m + 1) π/2 = ±1.
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;gka A dk eku vf/dre gksrk gSA bu fcUnqvksa ij foo`Qfr Δy/Δx 'kwU; gSA ;s fcUnq tgka
ij A (vk;ke) vf/dre fdUrq foo`Qfr 'kwU; gksrh gSA izLian dgykrs gSaA

;gk¡ ;g fopkj.kh; gS fd fuLianksa ij] d.kksa dk osx 'kwU; gksrk gS tcfd izLinksa ij d.kksa
d k o s x
Δy/Δt vf/dre gksrk gSA vr% blls ;g ifj.kke fudyrk gS fd fdlh fcUnq ls gksdj
vkSlr mQtkZ izokg 'kwU; gksrk gSA mQtkZ osQoy b/j&m/j rjaxkf;r gksrh jgrh gSA blh dkj.k
bu rjaxksa dks vizxkeh ;k vpj rjaxsa dgrs gSaA

14-5-3 izxkeh vkSj vizxkeh rjaxksa esa varj

vkb;s vc ge izxkeh rFkk vizxkeh rjaxksa esa varjksa dk la{ksi esa o.kZu djsaA

izxkeh rjaxsa vizxkeh rjaxsa

1. ekè;e dh oqQN voLFkk,a tSls  Ük`ax vkSj ekè;e osQ nks fuf'pr fcUnqvksa] ftu dks fUkLian
xrZ ;k laihMu rFkk fojyu] fdlh fuf'pr dgrs gSa] osQ chp osQ [k.M laoqQfpr o foLr`r
pky ls xeu djrh gqbZ fn[kkbZ iM+rh gSaA gksrs gq, fn[kkbZ iM+rs gSaA ekè;e dk izR;sd d.k
;g pky ekè;e osQ ?kuRo vkSj izR;kLFkkrk ekè; fLFkfr osQ nksuksa vksj yksyd dh rjg dEiu
(;k ruko) ij fuHkZj djrh gSaA djrk gSA

2. lHkh d.kksa osQ dEiu dk vk;ke leku gksrk fuLianksa ij vk;ke 'kwU; rFkk izLianksa ij vf/dre
gSA gksrk gSA

3. ,d osQ ckn ,d] lHkh d.k viuh ewy fLFkfr fuLianksa ij d.k&osx 'kwU; rFkk izzLinksa ij
ls vfèkdre osx ls xqtjrs gSaA vfèkdre gksrk gSA

4. ,d d.k ls nwljs dks fuf'pr osx ls mQtkZ fdlh [k.M esa mQtkZ dk ladqpu o foLrkju gksrk
dk LFkkukUrj.k gksrk jgrk gSA jgrk gSA fdUrq fdlh fcUnq ls gksdj mQtkZ dk izokg

ugha gksrk

5. izxkeh rjaxksa esas ,d osQ ckn ,d] lHkh d.k vizxkeh rjaxksa esa fHkUu&fHkUu fcUnqvksa ij
viuh vf/dre pky izkIr djrs gSaA vfèkdre osx Hkh fHkUu gksrk gSA ;g fuLianksa ij

'kwU;] fdUrq izLianksa ij vf/dre gksrk gSA lHkh
d.k viuk&viuk vf/dre osx ,d lkFk izkIr
djrs gSaA

6. izxkeh rjaxksa esa ekè;e osQ lHkh {ks=kksa ij ,d vizxkeh rjaxksa esa foo`Qfr fuLianksa ij vfèkdre
leku foo`Qfr gksrh gSA rFkk izLianksa ij 'kwU; gksrh gSA

7. ekè;e esa ,slk dksbZ Hkh fcUnq ugha gksrk tgk¡ izLianksa ij ?kuRo esas ifjorZu ugha gksrk]
ij ?kuRo esa ifjorZu ugha gksrkA fdUrq] fuLianksa ij vf/dre ?kuRo ifjorZu gksrk

gSA

ikBxr iz'u 14.5

1. D;k vizxkeh rjaxksa esa fdlh fcUnq ls gksdj mQtkZ izokg gksrk gS\ vius mRrj osQ fy, dkj.k
fyf[k,A
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2. nks yxkrkj fuLianksa osQ rFkk ,d fuLian o fudVLFk izLian osQ chp dh nwjh fdruh
gksrh gSA

3. Li"V dhft,& nkc fuLian] foLFkkiu Lian gS vkSj nkc izLian] foLFkkiu fuLian gSA

4. ok;q esa 170 Hz vko`fRr dh vizxkeh rjaxsa cuh gSaA ;fn ok;q esa rjax osx
340 ms–1, gks rks (i) nks fudVLFk fuLianksa (ii) nks fudVLFk iazLianksa rFkk (iii) fudVLFk fuLian
o izLian] osQ chp dh U;wure nwjh D;k gksxh\

14.6 lqLoj èofu osQ vfHky{k.k
lqLoj èofu osQ vfHky{k.k gesa nks lqLoj èofu;ksa osQ chp Hksn djus eas lgk;rk djrs gSaA
;s vfHky{k.k gSaμ rkjRo] izcyrk vkSj xq.krk (;k Lo:i)A vc ge budk la{ksi esa o.kZu
djsaxsA

14-6-1 rkjRo (Pitch)

rkjRo laxhfrd Lojksa dk og vfHky{k.k gS ftlesa ge Lojksa dk ^mPp Loj* ;k ^fuEu Loj*
esa oxhZdj.k dj ldrs gSaA ;g ,d O;fDrijd (subjective) jkf'k gS tks fdlh ;a=kls ugha
ukih tk ldrh gSA ;g Loj dh vko`fÙk ij fuHkZj djrk gS] d.kZ&Hksnh] rh{.k ;k rhoz èofu
dks mPp rkjRo dh èofu dgk tkrk gSA fdUrq ean] Hkkjh ;k likV Loj dks fuEu rkjRo
dh èofu dgrs gSaA 'ksj dh ngkM+ mPp izcyrk dh fdUrq fuEu rkjRo dh èofu gSA nwljh
vksj ePNjksa dh fHkufHkukgV dh èofu ;|fi de rhozrk dh gS] fdUrq mldk mPp rkjRo
gSA

14-6-2 izcyrk

èofu dh izcyrk fdlh Jksrk osQ dku }kjk izkIr èofu dh rhozrk dk O;fDrijd (subjective)

izHkko gS] rjaxksa dh rhozrk dks rjax }kjk ,dkad {ks=k osQ fdlh i`"B osQ ikj ,oa ml osQ
yEcor~] ,dkad le; esa okfgr vkSlr ÅtkZ ls ekik tkrk gSA gekjs dku èofu osQ cgqr
cM+s ijkl osQ fy, lqxzkgh gSaA vr% èofu izcyrk osQ fy;s vadh; LosQy dh vis{kk y?kqx.kdh;
ekiØe (LosQy) vfèkd lqfoèkktud gSA

Jo.k dh nsgyh vkSj èofu dh rhozrk

fdlh rjax osQ rhozrk Lrj β dks fuEu lehdj.k ls ifjHkkf"kr fd;k tkrk gS]

β = 10 log I/I
0

(14.21)

tgk¡ I
0
 LosfPNd :i ls pquh xbZ ,d lanHkZ rhozrk gS] I

0
 dk eku  10–12 Wm–2 fy;k

x;k gSA rhozrk dk ;g eku ml lcls ean èofu osQ vuq:i gS ftls ge lqu ldrs
gSaaA rhozrk Lrj dks Mslhcsy (db) ls ekik tkrk gSA;fn fdlh rjax dh rhozrk I

0
 ;k

10–12  Wm–2 gks rks bldk rhozrk Lrj I
0
 = 0 db gksrk gSA Jo.k dh lhek osQ Hkhrj

ekuo osQ dku dh lqxzgrk èofu dh vko`fÙk ij fuHkZj djrh gSA fdlh vko`fÙk ij
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^Jo.k dh nsgyh* ml vko`fÙk ij èofu dh og
fuEure rhozrk gS ftldk lalwpu fd;k tk ldrk
gS vFkkZr~ ftls lquk tk ldrk gSA

vuqHko dh xbZ izcyrk dk ekinaM lksu (sone)

gSA ,d lksu og izcyrk gS tks 1kHz vko`fÙk
,oa 40db rhozrk dh èofu ,d lkekU; Jo.k
'kfDr osQ O;fDr osQ nksuksa dkuksa ij iM+us ij og
vuqHko djrk gSA

fp=k 14-13 esa mu vko`fÙk;ksa ,oa rhozrkvksa dks
fu:fir fd;k x;k gS ftuosQ fy, dku lqxzkgh
gksrk gSA ;g fp=k okLro esa vko`fÙk (gVZ~t esa)
,oa rhozrk (Mslhcsy esa) osQ chp xzkiQ gSA ;g mÙke Jo.k osQ fy, Jo.k {ks=k dk
xzkiQ gSA bl oØ osQ lacaèk esa fuEufyf[kr rF;ksa ij è;ku nhft,A

• oØ dk fupyk Hkkx iznf'kZr djrk gS fd dku 2000Hz ls 3000Hz dh vko`fÙk;ksa
osQ fy;s lokZfèkd lqxzkgh gksrs gSa] tgk¡ ̂ Jo.k dh nsgyh* yxHkx 5db gSA lkekU;r%
Jo.k dh nsgyh 'kwU; db gksrh gSA

• oØ osQ Åijh Hkkx osQ laxr rhozrkvksa ls Åij dh rhozrkvksa ij laonsu Jo.k
ls vlqfoèkk vkSj ihM+k rd esa cny tkrk gSA oØ dk ;g Hkkx laosnu dh nsgyh
gSA

• izcyrk] rhozrk osQ lkFk c<+rh gS] fdUrq nksuksa osQ chp dksbZ Li"V lacaèk ugha gSA

• ;g vko';d ugha gS fd ,d gh rhozrk fdUrq i`Fkd vko`fÙk osQ nks 'kq¼ Loj
leku izcyrk mRiUu djsaA

• lHkh vko`fÙk;ksa osQ fy, Åijh oØ dh ÅapkbZ 120 db ij fu;r gSA

èofu rjaxksa dh rhozrk fuEufyf[kr dkjdksa ij fuHkZj djrh gSa%

• dEiu dk vk;ke% I α a2, tgk¡ a rjax dk vk;ke gSA

• Jkssrk ,oa Ïksr osQ chp dh nwjh% 2

1
αI

r
] tgk¡ r nksuksa osQ chp dh nwjh gS (Ïksr

fcUnq :i gks rks)

• rhozrk vko`fÙk osQ oxZ osQ lekuqikrh gksrh gS (I α v2)

• rhozrk ekè;e osQ ?kuRo osQ lekuqikrh gksrh gS (I α ρ)

14-6-3 xq.krk

;g èofu rjaxksa dk og vfHky{k.k gS] ftlosQ dkj.k ge i`Fkd&i`Fkd ok| ;a=kksa osQ Lojksa
dks igpku ldrs gSa Hkys gh og leku rkjRo o izcyrk osQ D;ksa u gksaA Lofj=k f}Hkqt osQ

fp=k 14-13 Jo.k dh nsgyh vkSj vuqHko
dh nsgyh osQ chp dk
Jo.k {ks=k



ekWM~;wy  - 4 rjax ifj?kVuk,aZ

nksyu ,oa rjaxs

fVIif.k;k¡

HkkSfrdh 396

vfrfjDr vU; dksbZ Hkh ;a=k] 'kq¼ Loj (vFkkZr~ ,d gh fo'ks"k vko`fÙk dk Loj) mRiUu
ugha djrkA tc dksbZ ;a=k n vko`fÙk dk Loj mRiUu djrk gS rks] bl Loj osQ lkFk&lkFk
vU; mPp vko`fÙk;ksa 2n, 3n 4n .... osQ Loj Hkh ml ;a=k ls mRiUu gks ldrs gSaaA bu Lojksa
osQ i`Fkd&i`Fkd~ vk;ke vkSj dyk lacaèk gksrs gSaA bu mRiUu rjaxksa dk ifj.kkeh rjax Lo:i
mRlftZr Loj dh xq.krk dks fu/kZfjr djrk gSA izcyrk vkSj rkjRo osQ leku xq.krk Hkh ,d
O;fDrijd jkf'k gS] ;g ifj.kkeh rjax&Lo:i ij fuHkZj djrh gSA

14-6-4 vkWxZu ikbi

;g ljyre :i dk ok;q ;a=k gSA ydM+h vFkok /krq dk ikbi tks lqLoj èofu mRiUu
djrk gS] vkWxZu ikbi dgykrk gSA ckalqjh] vkWxZu ikbi dk ,d mnkgj.k gSA ;fn blosQ
nksuksa fljs [kqys gksa rks bls [kqyk ikbi dgrs gSaA ;fn bldk ,d fljk cUn gks rks bls
cUn ikbi dgrs gSaA ;fn ge fdlh vkWxZu ikbi dks èkhjs ls iwaQdrs gSa] rks blls yxHkx
'kq¼ Loj fudyrk gSA bl 'kq¼ LOj dks ewy Lojd dgrs gSA fdUrq ;fn ge vkWxZu
ikbi dks tksj ls iwaQosaQ] rks gesa dbZ vU; Loj Hkh lqukbZ nas axs ftudh vko`fÙk;k¡ ewy
Loj dh vko`fÙk dh iw.kk±dh xq.kd gksrh gSaA vki fdlh uy ls ckYVh esa fxjrs gq, ikuh
}kjk mRiUu fofHkUu èofu;ksa dks igpku ldrs gSaA ewy Lojd dh bu iw.kk±dh xq.kd
vko`fÙk;ksa dks vfèkLojd (overtone) dgrs gSaA

è;ku esa jf[k;s fd

• fdlh vkWxZu ikbi osQ cUn fljs ij ok;q osQ d.kksa dk foLFkkiu ugha gks ldrk gS]
vr% cUn fljs ij fuLian gh cuuk fuf'pr gSA

• vkWxZu ikbi dk [kqyk fljk ckgjh ok;qeaMy osQ lEioZQ esa gS vr% ogk¡ ?kuRo dk ifjorZu
vo'; gh 'kwU; gksxkA vr% [kqys fljs ij vo'; gh izLian cusxkA

(a) [kqyk vkWxZu ikbi % ok;q LraHk osQ dEiuksa dh ljyre fo/k (mode) dks fp=k 14-
14 (a) eas fn[kk;k x;k gSA bls ewy Lojd dgrs gSaA blesa nksuksa fljksa ij izLian gS vkSj
muosQ chp eas ,d fuLian gSaA D;ksafd ,d izLian
ls mlosQ fudVre fuLian osQ chp dh nwjh λ/4 gksrh
gS vr% ;fn ikbi dh yEckbZ l gks rks

 l = ( λ/4) + (λ/4) = λ/2 or λ = 2l.

vr% mRiUu Loj dh vko`fÙk

n
1
 = v /λ = v /2l

ok;qLrEHk osQ dEiuksa dh vxyh fo/k dks
fp=k 14-14 (b)  eas  fn[kk;k x;k gSA bl fo/k eas
,d izLian rFkk ,d fuLian vkSj mRiUu gks x, gSaA
bl n'kk eas

λ = (λ/4) + (λ/4) + (λ/4) + (λ/4) = l

fp=k 14-14% [kqys vkWxZu ikbi osQ
lUuknhA oØ vuqnSè;Z
vizxkeh rjaxksa dks izdV
djrs gSaA
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blesa mRiUu Loj dh vko`fÙk

n
2
 = v /λ = v /l = 2v /2l

n
2
 = 2v /2l

vFkkZr~ n
2
 = 2n

1

bl izdkj mRiUu Loj dks f}rh; lauknh  ;k izFke vfèkLojd dgrs gSaA f}rh; vfèkLojd
izkIr djus osQ fy, vkidks ikbi dks vkSj tksj ls iawQduk gksxk vc blesa ,d vkSj fuLian
rFkk ,d vkSj izLian mRiUu gksaxsa [(fp=k 14-14 (c)]A vr% bl fLFkfr esa]

l = 
2

λ
 + 

4

λ
 + 

2

λ
 + 

4

λ

 λ = 
2

3

l

fp=k 14-15%cUn vkWxZu ikbi osQ lauknhA fp=k eas oØ vuqnSè;Z vizxkeh rjaxksa osQ rjax
:i dks fu:fir djrs gSaA

vr% mRiUu Loj dh vko`fÙk

n
3

= λ
v

 = 
3

2l

v
 = 3n

1

bl izdkj mRiUu Loj dks r`rh; lauknh ;k f}rh; vfèkLojd dgrs gSaA

(b) cUn vkWxZu ikbi % fdlh cUn vkWxZu ikbi eas ok;q LraHk osQ dEiu dh ljyre
fofèk fp=k 14-5 (a) esa fn[kkbZ xbZ gS] blesa ikbi osQ [kqys fljs ij ,d izLian vkSj
cUn fljs ij ,d fuLian gSA mRiUu rjax dh rjaxnSè;Z osQ fy;s ;g lacaèk gSA

l = λ/4 or λ = 4l

vr% mRlftZr Loj dh vko`fÙk]

n
1

= v /λ = v /41
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bl izdkj mRiUu Loj dks ewy Lojd dgrs gSaA ikbi dks vksj tksj ls iwaQdus ls ,d vkSj
fuLian o ,d vkSj izLian cu tk;saxs [fp=k 14-5(b)]A mRiUu Loj dh rjaxnSè;Z osQ fy,]

l = 
2

λ
 + 

4

λ
 = 

4

3λ
  or λ = 

4

3

l

bl Loj dh vko`fÙk]

n
3

= λ
v

 = 
3

4l

v
 = 3n

1

bl Loj dks ewy Lojd dk izFke vfèkLojd ;k r`rh; lauknh dgrs gSaA

l = 
2

λ
 + 

2

λ
 + 

4

λ
 + 

4

5λ
  or λ = 

4

5

l

ikbi dks vkSj vfèkd tksj ls iwaQdus ij ,d vkSj izLian rFkk vkSj fuLian cu tk;sxk [fp=k
14-5 (c)] mRiUu Loj dh rjaxnSè;Z osQ fy;s

n
3

= λ
v

 = 
5

4l

v
 = 5n

1

bl izdkj mRiUu Loj dks f}rh; vfèkLojd ;k ik¡poka lauknh dgrs gSaA

[kqys o cUn ikbiksa }kjk mRlftZr Lojksa dh rqyuk ls vki ik,axs fd [kqys ikbi eas dgha
vfèkd vfèkLojd gksrs gSaA cUn ikbiksa esa le la[;d (even numbered) lauknh ugha gksrsA

mnkgj.k 14-1 cjkcj yackbZ osQ nks ikbi] ,d cUn o nwljk [kqyk] fn, x, gSa] muosQ ewy
Lojdksa dh vko`fÙk;ksa dk vuqikr D;k gksxk\

gy : 
/ 2

2
/4

= =l
l

v

v 

[kqy s ikbi dh vkòfÙk
cUn ikbi dh vkof̀Ùk

vr%] [kqys ikbi }kjk mRiUu ewy Lojd dh vko`fÙk = 2× cUn ikbi }kjk mRiUu ewy Lojd
dh vko`fÙk

ikBkxr iz'u 14.6

1. rkjRo o vko`fÙk eas D;k lacaèk gS\

2. lqLoj èofu dk og dkSu lk vfHky{k.k gS ftlls ge nks fHkUu&fHkUu ok| ;a=kksa }kjk
mRiUu nks Lojksa dks igpku ysrs gSa Hkys gh mudh vko`fÙk o rhozrk cjkcj D;ksa u
gksa\

3. èofu osQ ml vfHky{k.k dk uke fyf[k, tks vkidks vius fe=k dh vkokt] igpkuus
eas lgk;rk djrk gSA
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4. [kqys rFkk cUn vkWxZu ikbi eas fdlesa vfèkd vfèkLojd gksrs gSa\

5. leku yEckbZ osQ (i) [kqys ikbi (ii) cUn ikbi] }kjk mRiUu Lojksa dh vko`fÙk;ksa eas D;k
vuqikr gksrk gS\

6. [kqys ikbi osQ ewy Lojd dh vko`fÙk ij rki dk D;k izzHkko gksxk\

èofu iznw"k.k

tc èofu dh vuqHkwfr Jo.k ls vlqfoèkk rd igqap tkrh gS (vFkkZr~ tc fdlh èofu
dks lquus ls geas vlqfoèkk gksus yxs) rks og èofu iznw"k.k dgykrk gS] vkSj ;fn ;g
,d yEcs le; rd pyrk jgss rks mlls oqQN fo'ks"k ekuo vaxksa ij gkfudkjd izHkko
iM+rk gSA 'kksj (;k jo) vkS|ksxhdj.k dk ,d miksRikn vkSj foKku }kjk euq"; dks
iznÙk vkèkqfud lq[k&lqfoèkkvksa dk nq#i;ksx gSA ;gk¡ ge 'kksj (jo) osQ fofHkUu Ïksrksa
vkSj euq"; }kjk vuqHko fd;s x;s muosQ izHkkoksa dk lkj izLrqr dj jgs gSaA

lkfj.kh 14-1% jo ('kksj) osQ Ïksr vkSj muosQ izHkko

Ïksr rhozrk Lrj db eas euq"; }kjk vuqHko
fd;s x, izHkko

Jo.k dh nsgyh 0 (=10–12 Wm–2) cl lquus yk;d

ifÙk;ksa dh ljljkgV 10 uhjo

vkSlr iqQliqQlkgV 20 uhjo ('kkUr)

jsfM;ks (gYdk pykus ij) 40 uhjo ('kkUr)

'kkUr eksVj okgu 50 eUn dksgykgyiw.kZ

lkekU; ckrphr 65 eUn dksykgyiw.kZ

O;Lr lM+d ij ;krk;kr 70 to 80 dksykgyiw.kZ

eksVj ckbd vkSj Hkkjh okgu 90 cgqr dksykgyiw.kZ

tsaV batu yxHkx 35m nwj 105 vlqfoèkktud

rfM+r  120 (=1 Wm–2) vlqfoèkktud

mM+rs le; tsV ok;q;ku 150 d"Vdj èofu

(a) èofu iznw"k.k osQ izHkko

1. blls Jo.k'kfDr dks {kfr igqaprh gSA 86db ;k vfèkd rhozrk dh èofu osQ yEcs
le; rd dku easa iM+us ls dku osQ Hkhrjh Hkkx dks cgqr {kfr gks ldrh gSA

2. blls ân; dh /M+du c<+ tkrh gS vkSj vk¡[kksa dh iqryh iSQy tkrh gSA

3. blls HkkokRed va'kkafr] fpUrk o ?kcjkgV mRiUu gksrh gSA
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4. blls rhoz fljnnZ gks tkrk gS ftlls mfYV;k¡ gks ldrh gSA

(b) èofu iznw"k.k de djus dh fofèk;k¡

1. iqjkus m|ksxksaa dks gVkdj] u;s m|ksxksa dks euq";ksa osQ fuokl LFkkuksa ls nwj yxkukA

2. e'khuksa dh vfèkd vPNh ns[kHkky djuk rFkk muosQ xfr'khy Hkkxksa dks fu;fer :i
ls Lusgd (lubrication) o rsy nsukA

3. batu rFkk e'khuksa osQ vfèkd vPNs fMtkbuA

4. ykmMLihdkjksa rFkk ,EyhiQk;jksa ij jksdA

5. /kfeZd] jktuhfrd vkSj oSokfgd tywlksa easa iVk[ks] cSaM rFkk ykmMLihdjksa osQ mi;ksx
dks fu;af=kr djukA

6. èofu osQ ekxZ jksdus osQ fy;s isM+ yxkukA

7. èofu osQ ekxZ dks jksdus osQ fy;s èofu vo'kks"kd inkFkks± dk mi;ksxA

8. nLrkuksa o :bZ osQ Iyxksa dk mi;ksxA

iz?kkrh rjaxs

;fn dksbZ èofu rjax Ïksr èofu rjaxksa osQ osx ls vfèkd osx ls xfr dj jgk rks iz?kkrh
rjaxs mRiUu gksrh gSaA bldk ,d lqfofnr mnkgj.k gS tc fdlh Jksrk osQ Bhd Åij
dksbZ èofu dh pky ls rst pyus okyk ok;q;ku xq”kjrk gS rks mls foLiQksVd èofu
lqukbZ nsrh gSA ;g lqfofnr gS fd èofu ls vfèkd rhoz xfr ls pyus okyk fiaM Loa;
èofu Ïksr gksrk gSA

14.7 fo|qr pqEcdh; rjaxsa

vki tkurs gSa fd izdk'k ,d fo|qr pqEcdh; rjax gSA bldh rjaxnSè;Z 4000 Aº ls 7500Aº

rd gksrh gSA fo|qr pqEcdh; rjaxksa dk ,d laf{kIr fooj.k uhps fn;k x;k gSA

14-7-1 fo|qr pqEcdh; rjaxksa osQ xq.k

fo|qr pqEcdh; rjaxksa osQ fuEufyf[kr xq.kksa dks lkoèkkuh iwoZd uksV dhft,

(i) ;s rjaxs vuqizLFk gksrh gSa]

(ii) buesa fo|qr {ks=k (E) vkSj pqEcdh; {ks=k (B), ,d nwljs osQ rFkk rjaxksa osQ izlkj.k dh
fn'kk (k) osQ yEcor~ nksyu djrs gSaA lkFk gh E = cB. [nsf[k;s fp=k 14.16]A
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fp=k 14-16 % fo|qr pqEcdh; rajxksa esa fo|qr o pqEcdh; {ks=k

(iii) ;s rjaxsa fuokZr ls gksdj xeu dj ldrh gSa tgk¡ budk osx  = 
0 0

1

μ ε  = 3 × 108

ms–1 = c (izdk'k dk osx) gksrk gSA ;fn fdlh ekè;e dh pqEcd'khyrk  μ (= μ
0
.μ

r
)

vkSj fo|qr'khyrk  ε (= ε
0
 . ε

r
) gks rks osx gks tk;sxkμ

v = 
1

με  = 
1

r r0 0μ ε μ ε  = 
r r

c

μ ε  < c

(iv) bu rjaxksa dk O;ogkj o izÑfr mudh vko`fÙk (;k rjaxnSè;Z) ij fuHkZj djrh gSA eSDlosy
osQ fl¼kUr osQ vuqlkj fo|qr pqEcdh; rjaxksa dh laHkkfor rjaxnSè;Z ij dksbZ izfrcaèk
ugha gSA vr% 6 ×10–13 m rjaxnSè;Z ls ysdj vkSj vfèkd rjaxnS?;Z dh rjaxs liQyrkiwoZd
mRiUu dh xbZ gSaaA cgqr vfèkd rjaxnS?;Z dh fo|qr pqEcdh; rjaxksa dh] tks jsfM;ks
rjaxksa osQ laxr gSa] dksbZ lhek ugha gSA nh?kZ ls ysdj y?kq rjaxnS?;Z rd dh fo|qr pqEcdh;
rjaxksa osQ iwjs ifjlj ls fo|qr pqEcdh; LiSDVªe curk gSA

tsEl DykoZQ eSDlosy
(1831 – 1879)

LdkVySsaM fuoklh xf.krK vkSj HkkSfrd foKkuh eSDlosy fo|qr
pqEcdh; {ks=k laca/h vius fl¼kUrksa osQ fy;s izfl¼ gSaAfo|qr
pqEcdh; fl¼kUrksa osQ vius lehdj.kksa }kjk mUgksaus n'kkZ;k fd ;s
fufoZokn :i ls fo|qr pqEcdh; rjaxksa osQ vfLrRo dk laosQr nsrs gSa] tks izdk'k osQ
osx ls pyrh gSa_ vkSj bl izdkj izdk'k o fo|qr pqEcdRo esa ijLij lacaèk gSA

Dykfl;l osQ lkFk mUgksaus xSlksa osQ xR;kRed fl¼kUr dks fodflr fd;kA mUgksaausa Å"ek
osQ lkaf[dh; fl¼kar dks fodflr fd;kA os vusd fo"k;ksa esa :fp j[kus okys O;fDr
Fksa mUgksaus mQtkZ ds le foHkktu izes; dks O;qRiUu fd;kA ;g iznf'kZr fd;k fd ';kurk
rki ds lekuqikrh gksrh gSA mUgksaus 'kfu xzg ds oy;ksa dh O;k[;k djus dk iz;Ru fd;kA
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14-7-2 fo|qr pqEcdh; LisDVªe

eSDlosy us fo|qr pqEcdh; rjaxks ds vfLrRo dk fopkj fn;k tcfd gV~tZ] txnh'k pUnz cksl]
ekdksZuh o vU; oSKkfudksa us iz;ksxkRed :i ls] fHkUu&fHkUu rjax nSè;Z dh ,slh rjaxksa dks liQyrkiwoZd
mRiUu fd;kA rFkkfi lHkh fof/;ksa esa fo|qr pqEcdh; rjaxksa dk lzksr Rofjr vkos'k gSA bu rjaxksa
dk oxhZdj.k muosQ mRiUu djus dh fof/;ksa ds vuqlkj fd;k tkrk gS vkSj rnuqlkj mudk uke
j[kk tkrk gSA fofHkUu oxZ dh bu rjaxksa }kjk LizSDVªe ds oqQN Hkkxksa dk vfrO;kiu (Overlapping)

Hkh ns[kk tkrk gSA ;g izdV djrk gS fd vfrO;kfir {ks=k esa fo|qr pqEcdh; rjaxs fHkUu&fHkUUk
fof/;ksa ls mRiUu dh tk ldrh gSaA ;g ;kn j[kuk egRoiw.kZ gS fd fo|qr pqEcdh; rjaxksa ds
xq.k mudh vkòfRr;ksa ;k rjaxnSè;ks± ij fuHkZj djrs gSa u fd muosQ mRiknu dh fof/;ksa ijA fo|qr
pqEcdh; rjaxksa dk ,d mi;qDr oxhZdj.k fo|qr pqEcdh; LizsDVªe dgykrk gSA

fo|qr pqEcdh; rjaxksa ds fdlh oxZ vkSj mlosQ vxys oxZ ds chp dksbZ Li"V foHkktd fcUnq
ugha gSA blosQ fofHkUu oxZ fuEufyf[kr gS%

(i) fuEu vko`fRr fofdj.k  6 6

60Hz to 50Hz

= 5 10 6 10

v

m to m

=⎧ ⎫
⎨ ⎬

λ × ×⎩ ⎭
 : izR;korhZ /kjk (a.c.) ifjiFkksa

ls mRikfnr bu fofdj.kksa dk oxhZdj.k] 'kfDr vko`fRr;ksa ;k 'kfDr rjaxksa ;k fo|qr
'kfDr mi;ksfxrk ;qDr fo|qr pqEcdh; rjaxksa ds :i esa fd;k tkrk gSA bu rjaxksa dh
vko`fRr fuEure gksrh gSA

(ii) jsfM;ks rjaxs& 
6

9

0.3m to10 m

= 10 Hz 300Hzv to

⎧ ⎫λ =⎪ ⎪
⎨ ⎬
⎪ ⎪⎩ ⎭

 : jsfM;ksa rjaxsa rc mRiUu gksrha gSa tc vkos'kksa dks

pkyd rkjksa ls gksdj Rofjr fd;k tkrk gSA ;s L.C. nksfy=kksa tSlh bySDVªkWfud ;qfDr;ksa
esa mRiUu gksrh gSaA budk jsfM;ks o Vsyhfotu izlkj.k esa cgqr mi;ksx gksrk gSA

(iii) lw{e rjaxs 
–3

11 9

10 m to 0.3m

= 10 Hz 10 Hzv to

⎧ ⎫λ =⎪ ⎪
⎨ ⎬
⎪ ⎪⎩ ⎭

 : budk mRiknu fo'ks"k fuokZr~ ufydkvksa esa

nksyk;eku /kjkvksa }kjk gksrk gSA viuh lw{; rjax nSè;Z ds dkj.k ;s ok;q;kuksa osQ lapkyu
esa iz;qDr jMkjksa] Vhoh izlkj.k vkSj inkFkZ ds vkf.od rFkk ijek.kqoh; xq.kksa dk vè;;u
djus osQ fy, cgqr mi;qDr gSaA lw{e rjax pwYgksa esa bu rjaxksa dk mi;ksx m"ek rjaxksa
ds :i esa fd;k tkrk gSA ;g lq>ko fn;k x;k gS fd lkSj (mQtkZ) laxzkgdksa }kjk varjf{k
ls i`Foh dks lw{e rjaxs fodh.kZ dj lkSj mQtkZ dk nksgu fd;k tk ldrk gSA

(iv) vojDr fdj.ksa 
–7 –3

14 11

7 10 m to10 m

= 4.3 10 Hz to 3 10 Hzv

⎧ ⎫λ = ×⎪ ⎪
⎨ ⎬

× ×⎪ ⎪⎩ ⎭
 : vojDr fdj.kksa dk m"erk ygjsa

Hkh dgk tkrk gSA ;s vf/dka'k inkFkksZa }kjk rqjar vo'kksf"kr gks tkrh gSaA tks oLrq bu
rjaxksa dk vo'kks"k.k djrh gSa] mudk rki c<+ tkrk gSA vojDr fofdj.kksa ds dbZ
O;ogkfjd vkSj oSKkfud mi;ksx gSa] tSls 'kkjhfjd fpfdRlk] vojDr iQksVksxzkiQh bR;kfnA
bu rjaxksa dks rki oS|qr iqat (FkeksZikby) ls lalwfpr fd;k tk ldrk gSA
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(v) n`'; izdk'k
–7 –7

14 14

4 10 m to 7 10 m

= 7.5 10 Hz to 4.3 10 Hzv

⎧ ⎫λ = × ×⎪ ⎪
⎨ ⎬

× ×⎪ ⎪⎩ ⎭
 : ;g og fo|qr pqEcdh; (e.m.) rjaxsa

gSa ftUgsa gekjh vk¡[k lalwfpr dj ldrh gS ;k ftuosQ fy, ekuo dh vk¡[k dk jsVhuk
(n`f"ViVy) laosnu'khy gSA ;g LkEiw.kZ fo|qr pqEcdh; LisDVªe dk ,d NksVk lk Hkkx
gSA ;s ijek.kqvksa vkSj v.kqvksa esa bysDVªkWuksa ds iqufoZU;kl ls mRiUu gksrh gSa] tc dksbZ
bysDVªkWu fdlh ijek.kq ds ckgjh d{k ls de mQtkZ ds Hkhrjh d{k esa fxjrk gS rks
vfrfjDr mQtkZ n`'; fofdj.kksa ds :i esa fofdfjr gks tkrh gSA n`'; izdk'k dh fofHkUu
rjax nSè;ksZa dk jaxksa esa oxhZdj.k fd;k x;k gSA ;g jax cSxuh  (λ = 4 × 10–7m) ls yky
(λ = 7 × 10–7). rd gSaA ekuo us=k ihys jax osQ  izdk'k  (λ = 5 × 10–7m).fy, lokZf/
d lqxzkgh gSA izdk'k gekjs pkjksa vksj ds fo'o ls lEidZ osQ fy, ewyk/kj gSA

(vi) ijkcSaXkuh 
–9 –7

–17 14

3 10 m to 4 10 m

= 10 Hz to 7.5 10 Hzv

⎧ ⎫λ = × ×⎪ ⎪
⎨ ⎬

×⎪ ⎪⎩ ⎭
 : lw;Z ijkcSaxuh fofdj.kksa dk egRoiw.kZ lzksr

gS] tks /wi&rkezrk dk eq[; dkj.k gSA lw;Z ls vkus okys ijkcSaxuh izdk'k dk vf/
dka'k Hkkx mQijh ok;qeaMy vFkkZr lerkieaMy }kjk tgka vkstksu xSl gksrh gS] vo'kksf"kr
dj fy;k tkrk gSA ;g vkstksu ijr rc vo'kksf"kr mQtkZ dks mQ"ek&fofdj.kksa ds :i
esa mRlftZr djrh gS] bl izdkj vkstksu }kjk izk.k ?kkrd (izkf.k;ksa osQ fy, gkfudkj)
fofdj.k] ykHknk;d mQ"ek fofdj.kksa esa ifjofrZr dj fn, tkrs gSa ftlls ok;qe.My
xeZ jgrk gSA bu ijk cSaxuh fdj.kksa dk mi;ksx ihus osQ ikuh esa dhVk.kq dks u"V djus]
vkijs'ku d{kksa dks jksxk.kqjfgr djus vkSj nLrkostksa dh tkylkth dh tkap djus osQ
fy, fd;k tkrk gSA

(vii) ,Dl&fdj.ksa 
–13 –8

20 15

4 10 m to 4 10 m

= 7.5 10 Hz to 7.5 10 Hzv

⎧ ⎫λ = × ×⎪ ⎪
⎨ ⎬

× ×⎪ ⎪⎩ ⎭
 : ,Dl&fdj.ksa rc mRiUu gksrh gSa tc

VaxLVu tSlh fdlh mPpxyukad dh /krq ds y{; ij mPp mQtkZ ds bysDVªkuksa dh
ckSNkj dh tkrh gSA ,Dl fdj.kkas dk egRoiw.kZ mi;ksx fpfdRlh; funku vkSj oqQN
izdkj osQ oSQaljksa osQ bykt esa fd;k tkrk gSA D;ksafd ,Dl&fdj.ksa thfor mQrdksa dks
u"V djrh gSa vr% lko/kuh j[kuh pkfg, fd vf/d le; rd ,Dl fdj.ksa lEidZ
esa u vk,aA ,Dl fdj.kksa dk mi;ksx fØLVªyksa dh lajpuk osQ vè;;u esa Hkh gksrk gSA
,Dl&fdj.kksa dk lalwpu (igpku) iQksVksxzkfiQd IysVksa ls gksrk gSA

(viii) xkek fdj.ksa 
–17 –10

24 18

6 10 m to 10 m

= 5 10 Hz to 3 10 Hzv

⎧ ⎫λ = ×⎪ ⎪
⎨ ⎬

× ×⎪ ⎪⎩ ⎭
 : ;s fdj.ksa dkscYV (60) vkSj lhft;e

(137) tSls jsfM;ks ,sfDVo (fo?kVukfed) ukfHkdksa ls mRlftZr gksrh gSaA ;s ukfHkdh;
fj,sDVjksa esa oqQN ukfHkdh; vfHkfØ;ksa osQ nkSjku Hkh fudyrh gSaA xkek fdj.kksa dh Hksnu
{kerk cgqr vf/d gksrh gSaA thfor mQrdksa }kjk vo'kksf"kr gksus ij ;s mUgsa xaHkhj {kfr
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igq¡pkrh gSaA xkek fdj.kksa ds ?kkrd izHkko ls cpus osQ fy, ysM /krq dh eksVh pknjksa
dk mi;ksx fd;k tkrk gSA fo|qr pqEcdh; rjaxksa dh mQtkZ  (E) mudh vko`fRr  osQ

lekuqikrh ( E = hv ) rFkk rjax nSè;Z dh O;qRØekuqikrh E
hc

hv
λ

⎛ ⎞= =⎜ ⎟
⎝ ⎠

 gksrh gSA vr%

xkek fdj.kksa esa lokZf/d mQtkZ vkSj Hksnu {kerk gksrh gSa tcfd 'kfDr vko`fRr;ksa vkSj
,-,e (vk;ke ekWMqfyr) jsfM;ks rjaxlcls nqcZy fofdj.k gSaA xkek fdj.kksa dk mi;ksx
/krq dh <yh gqbZ oLrqvksa esa =kqfV;ksa tkuus osQ fy, fd;k tkrk gSA xkek fdj.kksa dk
lalwpu xkbxj uyh ;k izLiqQj.k xf.k=k osQ }kjk fd;k tkrk gSA

LiSDVªe esa fHkUu&fHkUu izdkj osQ fofdj.kksa dk yk{kf.kd O;ogkj] ekè;e osQ vuqlkj]
fHkUu&fHkUu gksrk gS] mnkgj.k osQ fy, gekjk lEiw.kZ 'kjhj n`"; fofdj.kksa osQ fy,
vikjn'khZ gS] gekjs mQrd ,Dl fdj.kksa osQ fy, ikjn'khZ gSaA blh izdkj i`Foh osQ
ok;qe.My dk O;ogkj Hkh fHkUu&fHkUu izdkj osQ fofoQj.kksa osQ fy, fHkUu gksrk gSA

fp=k. 14.17 : fo|qr pqEcdh; LizsDVªe

ikBxr iz'u 14.7

1. fjDr LFkkuksa dh iwfrZ dhft,%

(i) --------------------- fo'ks"k fuokZr ufydkvksa esa nksfyr /kjkvksa ls mRiUu gksrh gSaA.

(ii) ekuo us=k ------------------------ jax osQ fy, lokZf/d laosnu'khy gSA

(iii) --------------------- ijkcSxuh fofdj.kksa dk egRoiw.kZ lzksr gSA

(iv) --------------------- dk mi;ksx fpfdRlk esa funku osQ fy, ,d lk/u osQ :i esa gksrk
gSA

(v) vojDr fofdj.kksa dk lalwpu ------------------------- ls gksrk gSA

2. fdu fofdj.kks esa vf/d mQtkZ gksrh gS\

(i) ijkcSxuh ;k vojDr -------------------------------------

(ii) ,Dl&fdj.ksa ;k xkek fdj.ksa -----------------------------------

3. ok;q;kuksa osQ lapkyu&jMkj esa fdu rjaxksa dk mi;ksx gksrk gS\
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4. dkSu lh xSl lw;Z ls vkus okys ijk cSxuh fofdj.kksa dks i`Foh dh lrg rd igq¡pus
ls jksdrh gS\

5. fdlh fo|qr pqEcdh; (e.m.) {ks=k esa fo|qr rFkk pqEcdh; {ks=k vkil esa fdl izdkj
vfHkfoU;Lr gksrs gSa\

14.8 MkWIyj izHkko

jsyos IysViQkWeZ ij fdlh vkus okyh Vªsu (jsyxkM+h) dh izrh{kk djrs gq, vkius voyksdu
fd;k gksxk fd gekjh vksj vkrs gq, batu dh lhVh ds rkjRo] vkSj gels nwj tkrs gq, batu
dh lhVh osQ rkjRo] esa vUrj gksrk gSA vki uksV djsaxs fd tc batu gekjh vksj vkrk gS
rks rkjRo vf/d gksrk gS vkSj tc og gels nwj tkrk gS rks rkjRo de gksrk gSA blh izdkj
igkM+ks esa p<+kbZ ij p<+rh cl osQ gkuZ dk rkjRo Hkh yxkrkj cnyrk jgrk gSA èofu osQ
lzksr rFkk Jksrk dh lkis{k xfr osQ dkj.k vko`fRr esa vkHkklh ifjorZu MkWIyj izHkko dgykrk
gSA

fØfLp;u MkWIyj

(1803 – 1853)

vkfLVª;k fuoklh HkkSfrd foKkuh vkSj xf.krK lh-ts- MkWIyj dk
tUe uoEcj 29]1803 esas ,d jkt osQ ?kj esa gqvk FkkA nqcys
irys MkWIyj dks vius ikfjokfjd O;kolk; osQ fy, vf/d ;ksX;
ugha ekuk tkrk FkkA vr% lkYtcxZ ykbdksflu esa xf.kr osQ izksisQlj
dh fliQkfj'k ij mUgsa fo;suk ikWfyVSfDud Hkst fn;k x;k tgka
ls mUgksaus 1825 bZ- esa Lukrd ijh{kk ikl dhA MkWIyj dks thou
i;Zar la?k"kZ djuk iM+kA mUgksaus 18 eghus ,d jQbZ dkrus dh iSQDVªh
esa equhe (;k ys[kkdkj) dk dke djuk iM+kA  1836 eas tc mUgsa ,d VsfDudy ekè;fed
fo|ky; esa LFkk;h fu;qfDr feyh rc gh os vius fookg osQ ckjs esa lksp ik,A  ,d
ckj fo|kfFkZ;ksa osQ fy, xf.kr dk dfBu iz'u i=k cukus osQ fy, mUgsa Mk¡V Hkh iM+h
FkhA fdUrq vusd ck/kvksa dks gVkrs gq, os var esa fo;suk fo'ofo|ky; osQ u;s HkkSfrdh
laLFkku dk funs'kd cuus esa liQy gq,A

MkWIyj izHkko dh [kkst us mUgsa jkrksa jkr izfl¼ cuk fn;k] D;ksafd blosQ èofu foKku
vkSj izdk'k foKku ij nwjxkeh izHkko gq,A foKku o izkS|ksfxdh esa] jMkj] lksukj] izlkjh
fo'o dh /kj.kk vkfn ,sls dbZ fodklksa osQ fy, ge MkWIyj izHkko osQ vkHkkjh gSaA
ekpZ 17] 1853 esa bVyh osQ uxj osful esa mudh e`R;q gks xbZA

dYiuk dhft, fd ekè;e (ok;q) ds lkis{k èofu dk osx v èofu lzksr dk osx v
s
  vkSj

Jksrk dk osx v
o
 gSA ;gk¡ ;g uksV djuk egRoiw.kZ gS fd xfr'khy lzksr ls mRiUu rjaxs èofu

dh pky ij dksbZ izHkko ugha MkyrhaA pky v ekè;e dk xq.k gSA lzksr ls fudyus osQ i'pkr
rjaxsa ml lzksr dks Hkwy tkrh gSaA eku yhft, fd èofu dk lzksr] Jksrk vkSj èofu dh rjaxs
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ckbZa ls nkbZa vksj dks xeu djrh gSaA igys ge lzksr dh xfr osQ izHkko ij fopkj djsa dskbZ
Loj tks fdlh le; èofu osQ lzksr dks NksM+rk gS] ,d lsadM osQ ckn A ij ig¡qprk gS] bl
izdkj SA = v. brus le; esa lzksr v

s
. nwjh r; dj ysrk gSA vr% lzksr ls ,d lsadM esa

fudyh oqQy  n rjaxsa  x LFkku = v – v
s
. esa lek tkrh gSaA bl izdkj rjax dh rjax nSè;Z de

gksdj λ gks tkrh gSA

λ′ = 
– s

n

v v
...(14.22)

fp=k. 14.18 :lzksr osQ xfr djus ij rjaxksa dk laoqQyu

vc ge Jksrk dh xfr osQ izHkko ij fopkj djrs gSaA ,d fo'ks"k rjax tks fdlh fo'ks"k le;
ij Jksrk (O) ij igq¡rh gS] ,d lsdaM osQ ckn B ij igq¡p tk;sxhA bl izdkj  OB = v.

fdarq] bl chp Jksrk O ls O′  rd igq¡p x;k gSA vr% ,d lsdaM esa Jksrk ls gksdj osQoy
mruh gh rjaxs tkrh gSa tks LFkku  O′B esa vofLFkr gSaA vr% Jksrk ls gksdj ,d lsdaM esa
tkus okyh rjaxksa dh la[;k

n′= (v – v
0
)/λ′

fp=k. 14.19 : xfreku Jksrk }kjk izkIr rjaxsa

lehdj.k (14-22) ls λ′ dk eku j[kus ij

n′ = 0–

– s

v v
v v

n (14.24)
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tgk¡  n′ iszf{kr vko`fRr gS tc lzksr o Jksrk nksuksa xfr esa gSa vkSj lzksr] Jksrk dh vksj xeu
dj jgk gSA

lehdj.k 14-24 dk mi;ksx djrs le;] èofu dk osx lzksr ls Jksrk dh fn'kk esa /ukRed
fy;k tkrk gSA blh izdkj , v

0
 vkSj v

s
 dks /ukRed fy;k tkrk gS ;fn os v dh fn'kk esa gksa

vkSj ½.kkRed fy;k tkrk gSA ;fn os blosQ foijhr fn'kk esa gksaA

MkWIyj izHkko dh mi;ksfxrk bl rF; ls gS fd ;g izdk'k o èofu] nksuksa rjaxksa osQ fy,
ykxw gksrk gSA fo'ks"kr% blls izlkjh fo'o dh /kj.kk dks cy feyk gSA fuEufyf[kr mnkgj.k
ls vkidks MkWIyj izHkko osQ bl vuqiz;ksx dks le>us esa lgk;rk feysxhA

mnkgj.k 14.6 : fdlh rkjs ls fudyus okys izdk'k dk fo'ys"k.k djus ij fdlh LisDVªeh
js[kk esa LisDVªe osQ yky fljs dh vksj foLFkkiu ik;k tkrk gSA ;fn ;g foLFkkiu ftls jsM
f'kÝV dgrs gSa 0-032 izfr'kr gks rks rkjs osQ ihNs gVus oQ osx dh x.kuk dhft,A

gy : blesa rjaxksa dk lzksr rkjk gSA izs{kd i`Foh ij fojke voLFkk esa gSA ge ns[k pqosQ gSa
fd

λ′ = 
– s

n

v v

fdUrq n = v /λ vr%, λ′ = 
–

/
s

λ
v v
v

= λ 
( – )sv v

v

= λ 1–
  
    

sv
v

;k

–′λ λ
λ = – sv

v

;k
Δλ
λ = sv

v

fn;k gS vr% gesa fn;k x;k gS%  
Δλ
λ  = 0.032/100. vkSj v = c = 3 × 108 m s–1, we get

v
s
 = v

Δλ
λ  = – (3 × 108 m s–1 × 0.032/100) = – 9.6 × 104 m s–1.

½.kkRed fpUg izdV djrk gS fd rkjk gels nwj tk jgk gSA blls [kxksy HkkSfrdh
foKkfu;ksa us ;g ifj.kke fudkyk gS fd fo'o dk izlkj gks jgk gSA

ikBxr iz'u 14.8

1. fdlh iuMqCch esa yxk lksukj 40 kHz vko`fRr ij dke djrk gSA 'k=kq ns'k dh ,d
iuMqCch bldh vksj 100 ms–1. dh pky ls vk jgh gSA lksukj }kjk ijkofrZr èofu
dh vko`fRr Kkr dhft,A ikuh esa èofu dk osx 1450 m s–1.yhft,A
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2. 200 Hz vko`fRr dh lhVh cktkrk gqvk ,d batu 16 ms–1 osQ osx ls ,d igkM+h
dh vksj xfr dj jgk gS] ftlls ,d lqLi"V izfrèofu lqukbZ nsrh gSA batu osQ Mªkboj
(pkyd) }kjk lquh xbZ izfrèofu dh vko`fRr dh x.kuk dhft,A ok;q esa èofu dk
osx 340 m s–1 gSA

izdk'k dh pky&fLFkjrk

vjLrq dk fo'okl Fkk fd izdk'k vuar osx ls xeu djrk gSA flrEcj 1876 esa gkySaM
osQ ,d [kxksyK jksej us iSfjl foKku vdkneh dh ,d lHkk esa lwfpr fd;k fd
c`gLifr osQ Hkhrjh mixzg bvks osQ xzg.k dkyksa esa folaxfr izdk'k osQ ifjfer osx osQ
dkj.k gks ldrh gSA fiQtw] iQksdks] ekbdYlu vkfn oSKkfudksa us ok;q esa izdk'k dk
osx vkSj vf/d ifj'kqn~rk ls Kkr djus osQ fy, iz;ksx fd,A

vycVZ vkbULVkbu us 1905 esa lkis{krk oQ fo'ks"k fl¼kar ij tks ys[k fy[ks muosQ
rdZ nks vfHkxzghrksa ij vk/kfjr FksA muesa ls ,d ;g Fkk fd fuokZr esaa izdk'k dh
pky fu;r gS vkSj bl ij izdk'k dh rjax nS?;Z] lzksr vFkok izs{kd osQ osx dk dskbZ
izHkko ugha gksrkA 1983 esa izdk'k osQ osx dks ,d lkoZf=kd fu;arkd ?kksf"kr fd;k x;k
vkSj bldk eku 299792458 m s–1.ekuk x;kA

rFkkfi vkLVªsfy;k osQ oSKkfud cSjh LkVjiQhYM vkSj fVªou uksjokg us fiNys 300 o"kkZa
esa izdk'k osQ fuokZr esa osx ij fd, x, 16 iz;ksxksa osQ vkadM+ksa dk vè;;u fd;kA
muosQ vuqlkj izdk'k dh fuokZr esa pky le; osQ lkFk ?kVrh tk jgh gSA ;fn mudh
ifjdYiuk dh iz;ksxksa }kjk iqf"V gks tkrh gS vkSj ;g yEcs le; rd cuh jgrh gS]
rks blls lalkj osQ ckjs esa gekjs fopkjksa esa iw.kZ ifjorZu gks tk,xkA ftu eq[; {ks=kksa
esa o`gr~ ifjorZu gksaxs og gSa& eSDlosy osQ fu;e ] ijek.kq dh lajpuk] jsfM;ks ,fDVo
{k;] xqjQRo] fnd~dky le; vkSj nzO;eku dh /kj.kk,a vkfnA

vkius D;k lh[kk

rjax xfr esa ,sls nks fudVre fcUnqvksa osQ chp dh nwjh dks rjax nSè;Z dgrs gSa tks ,d gh
dyk esa gksaA

ml ljy vkorZ rjax dk lehdj.k tks èkukRed x–v{k osQ vuqfn'k xeu djrh gS]
y = a sin (vt – kx) gSA

izfr ,dkad {ks=kiQy osQ yEcor~ ,d lsdaM esa mRlftZr mQtkZ dks rhozrk dgrs gSaA

;fn ekè;e ds d.kksa ds dEiu rjax osQ lapj.k dh fn'kk osQ yEcor~ gksa rks rjax dks
vuqizLFk rjax dgrs gSa] fdarq ;fn ;s dEiu lapj.k dh fn'kk osQ vuqfn'k gh gksa] rks
rjax dks vuqnS?;Z dgrs gSaA vuqizLFk o vuqnS?;Z rjaxks dk osx Øe'k% lehdj.kksa v =

/T m  vkSj v = E / ρ  }kjk O;Dr gksrk gSA
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l?ku ekè;e ls ijkorZu osQ dkj.k dyk esa  π. ifjorZu gks tkrk gSA fdarq fojy ekè;e
ls ifjorZu osQ dkj.k dyk esa ifjorZu ugha gksrkA

nks rjaxksa osQ vè;kjksi.k ls fdlh fcUnq ij ifj.kkeh foLFkkiu ml fcUnq ij i`Fkd&i`Fkd
foLFkkiuksa dk lfn'k ;ksx gksrk gSA

,d gh ljy js[kk osQ vuqfn'k ,d gh fn'kk esa xfreku] leku vko`fRr;ksa fdUrq i`Fkd
dyk dh nks rjaxksa osQ vè;kjksi.k ls mQtkZ dk iqu% forj.k gks tkrk gS ftlls O;frdj.k
iSVuZ curs gSaA

,d gh ljy js[kk osQ vuqfn'k leku vko`fr vk;ke rFkk pky dh nks foijhr fn'kkvksa
esa pyrh rjaxksa osQ vè;kjksi.k ls vizxkeh rjaxsa curh gSaA bl izdkj dh rjaxksa esa rjax
dk :i xfr ugha djrkA

izxkeh rjax esa nks Øekxr fu"ianksa ;k izLianksa osQ chp dh nwjh λ/2 gksrh gSA vr% ;g
Li"V gS fd nks fu"ianksa osQ chp esa ,d izLian rFkk nks izLinksa osQ chp esa ,d fuLian
gksrk gSA

rhozrk Lrj lehdj.k β = 10log (I/I
0
), tgk¡ I

0
 dks 10–12 W m–2 eku fy;k x;k gSA rhozrk

Lrj dks Mslhcsy esa ukirs gSaA

xq.krk fdlh Lrj dk og vfHky{k.k gS ftlosQ dkj.k ge nks i`Fkd ok| ;a=kksa dh èofu;ksa
dks igpku ldrs gSA Hkys gh mudh rhozrk o vko`fRr;k¡ leku gksaA

fo|qr pqEcdh; rjaxas dh izo`Qfr vuqizLFk gS vkSj mUgsa lapj.k osQ fy, fdlh ekè;e
dh vko';drk ugha gksrhA

izdk'k dh rjaxs fo|qr pqEcdh; rjaxs gSa ftudk ifjlj  4000 Å – 7500 Å.gksrk gSA

fo|qr pqEcdh; rjaxksa dh vko`fRr ekè;e eas ifjorZu ls ifjofrZr ugha gksrhA

fo|qr pqEcdh; rjaxksa dk mi;ksx csrkj jsfM;ks] lapkj] Vh-oh- izlkj.k] mixzg lapkj vkfn
esa gksrk gSA

ikBkar vH;kl

1. vki rjax dh ifjHkk"kk lcls lkekU; :i esa oSQls djsaxs\

2. ,d mi;qDr ;kaf=kd ekWMy dh lgk;rk ls  (i) vuqizLFk rjaxksa (ii) vuqnSè;Z rjaxksa osQ
lapj.k dh O;k[;k dhft,A vko`fRr rFkk rjax nS?;Z dh ifjHkk"kk fyf[k,A

3. dks.kh; vko`fRr ω vkSj lapj.k fu;arkd dh ifjHkk"kk fyf[k, vkSj blls iznf'kZr dhft,
fd rjax lapj.k dk osx] v = ω/k = nλ gksrk gSA

4. fdlh ljy vkorZ rjax osQ fy, ,d lehdj.k izkIr dhft,A

5. (i) vuqizLFk (ii) vuqnS?;Z] rjaxksa osQ lapj.k osQ fy, ekè;e eas D;k vko';d xq.k gksus
pkfg,A
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6. fdlh rjax dh rhozrk osQ fy,] mlosQ osx] vk;ke vkSj vko`fÙk rFkk ekè;e osQ ?kuRo
osQ lanHkZ eas ,d O;atd izkIr dhft,A

7. fdlh xSl esas èofu osQ osx osQ fy, U;wVu dk lw=k fyf[k, vkSj ykIykl osQ la'kks/
u dh O;k[;k dhft,A

8. rjaxksa eas dc gksrk gS (i) jpukRed O;frdj.k  (ii) fOk?kVukRed O;frdj.k\

9. f=kdks.kksfefr dk mi;ksx djrs gq, iznf'kZr dhft, dh leku dks.kh; osx  ω leku rjax
nSè;Z λ foaQrq i`Fkd vk;ke a

1
 vkSj a

2
 dh nks ljy vkorZ rjaxksa ds vè;kjksi.k ls izkIr

ifj.kkeh rjax dk vk;ke  A = cos θ2 2
2 2 1 2 a +a + 2a a    , tgk¡ θ bu rjaxksa osQ chp dykUrj

gSA A, dk eku D;k gksxk] θ = 0, (ii) θ = 2π, vkSj (iii) θ = (2m + 1)π?

10. foLian D;k gSa\ ;s oSQls curs gSa\ xzkiQh; fof/ ls O;k[;k dhft,A

11. xzkiQh; fof/ ls vizxkeh rjaxksa osQ cuus dh O;k[;k dhft,A bu rjaxksa dks vizxkeh
D;ksa dgrs gSa\ fu"ian o izLian dh ifjHkk"kk fyf[k,A

12. izxkeh rFkk vizxkeh rjaxksa osQ rhu varj fyf[k,A

13. fdlh vizxkeh rjax osQ fy, lehdj.k izkIr dhft,] vkSj iznf'kZr dhft, dh foLFkkiu
fuLian] nkc izLian rFkk foLFkkiu izLian nkc fuLian gksrs gSaA

14. lqLoj èofu;ksa osQ vfHky{k.k D;k gSa\ O;k[;k dhft,A

15. Mslhcsy (db) D;k gS\ Jo.k dh nsgyh rFkk laosnu dh nsgyh ls D;k rkRi;Z gS\

16. èofu dh xq.krk ls D;k le>rs gSa\ mnkgj.k lfgr O;k[;k dhft;sA

17. fdlh vkWxZu ikbi osQ lauknh Lojksa dh O;k[;k dhft,A iznf'kZr dhft;s fd [kqys ikbi
eas vfèkd lauknh Loj gkssrs gSaA

18. iznf'kZr dhft, fd (i) [kqys ikbi osQ ewyLojd dh vko`fÙk] cUn ikbi osQ ewyLojd
dh vko`fÙk dks nqxquh gksrh gSA (ii) leku vko`fÙk osQ ewyLojd osQ fy;s [kqy ikbi
dh yEckbZ] cUn ikbi ls nksxquh gksuh pkfg,A

19. fdlh vkWxZu ikbi esa fu"ianksa o izLianksa dh mifLFkfr fn[kkus osQ fy;s ,d iz;ksx dk
o.kZu dhft,A

20. èofu iznw"k.k osQ dkj.k] mlosQ gkfudkjd izzHkkoksa dh mifLFkfr fn[kkus osQ fy;s ,d
iz;ksx dk o.kZu dhft,A

21. MkWIyj izHkko dh O;k[;k dhft, vkSj vkHkklh vko`fÙk osQ fy;s ,d O;atd O;qRiUu
dhft,A ;fn èofu lapj.k dk ekè;e Hkh xfr esa gks rks ;g O;atd fdl izdkj :ikaafjr
gks tk,xkA

22. (i) rkjksa osQ i'plj.k (recession) osx osQ ekiu (ii) jMkj }kjk 'k=kq osQ foekuksa osQ osx osQ ekiu]
vkSj (iii) lksukj }kjk 'k=kq dh ukoksa osQ osx osQ ekiu] esa MkWIyj izHkko osQ mi;ksx dh foospu
dhft,A
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23. (23) ml xSl esa èofu osQ osx dh x.kuk dhft, ftlesa 1.00 m  vkSj 1.01 m rjaxnS?;Z
dh rjaxs 3 lsoaQM eas 10 foLian mRiUu djrh gSaA

24. ml cUn ikbi dh yEckbZ fdruh gksxh ftlosQ fuEure Loj dh vko`fÙk 20º C ij
256 Hz gS\ ok;q esa èofu dk osx 0ºC ij 332 m s–1 gSA

25. fdlh èofu Ïksr }kjk mRlftZr èofu dh vko`fÙk 1Hz gSA fdlh Jksrk }kjk lquh xbZ
èofu dh vko`fÙk dh x.kuk dhft;s tc (a) Ïksr o Jkssrk nksuksa fojke voLFkk esa gSa
(b) Ïksr] 50 m s–1 osQ osx ls Jksrk dh vksj xfr dj jgk gSA (c) Ïksr 50 m s–1 osQ
osx ls Jksrk ls nwj xfr dj jgk gSA ok;q esa èofu dk osx 350 m s–1 gSA

26. fo|qr pqEcdh; rjaxksa osQ mu y{k.kksa dks fyf[k, tks mUgsa èofu rjaxksa ls vlǹ'; (fHkUu)
cukrs gSaA

27. fo|qr pqEcdh; rjaxksa dk osx muosQ lapj.k osQ ekè;e dh pqEcdh'khyrk (μ) rFkk
fo|qr'khyrk (ε) ij fdl izdkj fuHkZj djrh gS\

28. fuEufyf[kr fo|qr pqEcdh; rjaxksa dh rjaxnS?;Z ifjlj dgk¡ ls dgk¡ rd gksrk gS\

(i) jsfM;ks rjaxsa (ii) lw{erjaxsa (iii) ijkcSxuh rjaxsa (iv) ,Dl&fdj.ksaA

29. ,Dl&fdj.ksa fdl izdkj mRiUu gksrh gSa\

30. D;k lHkh vko`fÙk;ksa dh fo|qr pqEcdh; rjaxs fuokZr~ ls gksdj tk ldrh gSa\

31. fjDr LFkku Hkfj;s%

(i) ifjorhZ fo|qr {ks=k vius vklikl osQ {ks=k esa ______________ mRiUu djrk
gSA

(ii) ___________ gekjh vk¡[kksa osQ fy;s ,Dl&fdj.kksa ls vfèkd gkfudkjd gksrh
gSaA

(iii) __________ dkscYV osQ jsfM;ks ,fDVo ukfHkdksa ls mRlftZr gksrh gSaA

(iv) vojDr fdj.ksa esa _______________ ls de ÅtkZ gksrh gSA

(v) Z- fn'kk esa lapfjr fo|qr pqEcdh; rjax esa ;fn E {ks=k X-Z ry eassa nksyu djsa
rks B-{ks=k _______________ ry esasa nksyu djsxkA

(vi) eqDr fnd~LFkku eas fo|qr pqEcdh; rjaxksa osQ fy;s vuqikr  
E
H

 oQks

______________ dgrs gSaA

(vii) F-M cSaM dk ifjlj  ________________ gSA

(viii) T.V. (Vh-oh-) izlkj.k es a___________ flXuy dk vkofÙk ekMqyu gksrk gSA
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ikBxr iz'uksa osQ mÙkj

14.1

1. 14.1.4. [kaM dks nsf[k,

2. ;fn iFkkUrj p gks rks dykUrj  θ = 
2π
λ p.

3. φ

14.2

1. U;wVu us ekuk Fkk fd èofu rjaxksa }kjk mRiUu laihMu o fojyu] lerkih; voLFkk
eas gksrs gSaA

3.  U;wVu us èofu lapj.k esasa :}ks"e voLFkkvksa osQ LFkku ij lerkih; voLFkk dh dYiuk
dh FkhA

4. 3570C.

5. v = 
T

m

6. vr% n = 
1

λ  
T

m

lokZfèkd ljy dEiu dh n'kk esa Mksjh osQ nksuksa fljksa ij fuLian rFkk chp eas izLian dgrs

curs gSa] vr% l = l/2 ;k λ = 2l, vr% n = λ/2l 
T

m
. ;fn Mksjh p Hkkxksa esa dEiu djs rks λ

= p l/2 or λ = 2l/p. rc n = (p/2l) 
T

m
.

14.3

lHkh iz'uksaa osQ mÙkjksa osQ fy;s iqLrd nsf[k,

14.4
1. 25/9.

2. 4 foLian izfr lsoaQM mRiUu gksaxsA

3. foLianksa dh vko`fÙk Δv gSA

4. 517] ekse yxkus ij A dh vko`fÙk 517 ls 507Hz gks tkrh gSA
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14.5

1. ughaA fdlh [kaM esa ÅtkZ vkxs&ihNs nksyu djrh gSA

2. nks yxkrkj fuLianksa osQ chp dh nwjh λ/2, vkSj ,d fuLian o izLian osQ chp dh nwjh
λ/4 gSA

4. (i) 1m,    (ii) 1m,     (iii) 1/4m.

14.6

1. vko`fÙk c<+us ls rkjRo Hkh c<+rk gSA

2. xq.krk

3. xq.krk

4. [kqyk ikbi

5. (i) cUn ikbi osQ ewy Lojd osQ fy;s l = λ/4 or λ = 4l, vr% n = v/λ = v/4l.

(ii) [kqys ikbi osQ fy;s l  = λ/2. vr% n′ = v /2l.

(i) vkSj (ii) nksuksa dh rqyuk djus ij n′ = 2n

6. n = 
2l

v
 D;ksafd rki c<+us ij v c<+rk gS n Hkh c<+rk gSA

14.7

(i) ekbØks rjaxs (lw{e rjaxs)

(ii) ihyk&gjk (λ = 5 × 10–7 m)

(iii) lw;Z

(iv) ,Dl&fdj.kksa

(v) FkeksZikby (rki oS|qr iqat)

2. (i) ijkcSxuh

(ii) xkek&fdj.ksa

3. lw{e rjaxsa

4. vkstksu

5. ,d nwljs osQ yEcor~

14.8

1. n′ = n 0–c

c

v
 = 40 × 103 × 

1450 – 100

1450

                    = 40 × 
135

145
× 10 = 37.2 kHz.



ekWM~;wy  - 4 rjax ifj?kVuk,aZ

nksyu ,oa rjaxs

fVIif.k;k¡

HkkSfrdh 414

2. n′ = 200 × 
340 + 16

340 – 16

= 200 × 
356

224
 = 220 Hz.

ikB~xr iz'uksa osQ mÙkj

23. 337 m s–1

24.  30 cm.

25. (a) 1 kHz

(b) 857 Hz

(c) 1143 Hz.



mPprj ekè;fed ikB~;Øe
HkkSfrdh

fo|kFkhZ ewY;kadu i=k&4

vf/dre vad % 50 le; % 
1

1
2

 ?kaVk

funsZ'k
lHkh iz'uksa osQ mÙkj dkxt dh i`Fkd 'khV ij nhft,A
viuh mÙkj iqfLrdk ij fuEufyf[kr lwpuk,a nhft,

uke
iath;u la[;k
fo"k;
ewY;kadu i=k la[;k
irk

vius ewY;kadu i=k dk ewY;kadu vius vè;;u osQUnz osQ fo"k;kè;kid ls djk;sa rkfd vkidks muls vius dk;Z
osQ lacaèk esa /ukRed izfrfØ;k izkIr gks losQA

viuk ewY;kadu i=k NIOS dks u Hkstsa

1. fuEufyf[kr esa dkSu lk lehdj.k ljy vkorhZ xfr fufnZ"V djrk gS% (1)

(a) y = 1 + ωt.

(b) y = sin.ωt + cos.ωt.

(c) y = sin.ωt + cos ωt.

2. pkj ljy yksyd A, B, C ,oa D ,d gh vk/kj ls yVdk, x, gSaA ;fn buesa ls
fdlh ,d dks nksyu djk;k tk,a rks lHkh pkj yksyd nksyu djus yxrs gSaA buesa ls dkSu ls nks yksyd ,d gh
vko`fRr ls nksyu djsaxs vkSj D;ksa\

3. dksbZ nzO;eku m tc k cy fu;rkad osQ fLizax ij nksyu djrk gS rks bldh vko`fRr v gksrh gSA bl fLizax dks nks
loZle Hkkxksa esa dkVk x;k vkSj ogha nzO;eku vk/s fLiazx ij yVdk dj fiQj nksyu djk;k x;kA vc bldh ubZ
vko`fRr D;k gksxh\ (1)

4. ,d ,slh xfr dk mnkgj.k nsa tks vkorhZ rks gksa ij nksyuh u gks\ (1)

5. nkc ifjorZu osQ lkFk ok;q esa èofu osQ osx esa gksus okys ifjorZu dk xzkiQ cukbZ,A (1)



6. tc èofu ok;q ls ty esa izos'k djrh gS rks D;k mlosQ xeu&iFk esa dksbZ fopyu vkrk gSA le>kbZ,A (1)

7. tc fdlh Mksjh ij pyrk gqvk dksbZ vuqizLFk rjax Lian Mksjh osQ fLFkj fljs ij igq¡prk gS rks D;k gksrk gS\ (1)

8. tc dksbZ fo|qr pqEcdh; rjax fuokZr ls fdlh nzO;kRed ekè;e esa izos'k djrh gS rks bldh pky ij D;k izHkko
iM+rk gS\ (1)

9. lehdj.k x = 3 sin 2
4

r
π  π +     }kjk fufnZ"V funsZV'k o`Rr cukb,A bl ij d.k dh izkjafHkd fLFkfr] o`Rr dh f=kT;k

,oa ifjØe.k djrs d.k dh dks.kh; pky lalwfpr dhft,A lqfo/k osQ fy, ifjØe.k dh fn'kk vki nf{k.kkorZ ys
ldrs gSaA fn, x, O;atd esa x dk eku cm esa ,oa t lsoaQM esa gSA (2)

10. nks rjaxsa ftudh rhozrk,a 1 : 9, osQ vuqikr esa gS vè;kjksi.k dj insZ ij O;frdj.k iSVuZ cukrh gSaA bl O;frdj.k
iSVuZ esa vf/dre ,oa U;wure rhozrkvksa dk vuqikr Kkr dhft,A (2)

11. nks Lof=k f}Hkqtksa A ,oa B esa izR;sd ij 480 hz vafdr gSA tc mudks ,d lkFk èofur djk;k tkrk gS rks izfr lsoaQM
5 foLian mRiUu gksrs gSaA Lofj=k f}Hkqtksa ij vafdr vko`fRr;ksa osQ fo"k; esa vki D;k dg ldrs gSaA vuqikr
v

A / v
B 
vki oSQls Kkr djsaxs? (2)

12. (a) ok;qeku pkyu esa iz;qdr jkMkjksa esa iz;ksx dh tkus okyh fo|qr pqacdh; rjaxksa dk uke fyf[k,A

(b) ok;qe.My esa dkSu lh xSl ijkcSaxuh (u-v)  rjaxksa dks vo'kksf"kr djrh gSA (2)

13. ok;q esa èofu osQ osx dk ykIykl&lw=k fyf[k,A bl lw=k dk mi;ksx djosQ le>kb, fd ok;q esa èofu dk osx  (a)

rkio`f¼ ls (b) vknzZrk o`f¼ ls D;ksa c<+ tkrk gSA (4)

14. fdlh Mksjh esa vuqizLFk vkorhZ rjax dks ge fuEufyf[kr lehdj.k }kjk O;Dr dj ldrs gSa&

y(x
1
t) = 3.0 sin(36t + 0.018x)

 (i) bl rjax osQ fy, d.kksa osQ osx dk vk;ke (ii) rjax&osx Kkr dhft,A (4)

15. ,d pexknM+ ok;q esa 103 KHz vko`fRr dh ijk èofu rjaxs mRiUu viofrZr djrk gSA ;fn ;s rjaxs ty dh lrg
ls Vdjk;s rks èofu ,oa ijkofrZr èofu dh rjax nSè;ksZa dk varj Kkr dhft,A (èofu dk osx ok;q esa 350 ms-1

,oa ty esa 1500 ms-1gSA) (4)

16. nks n`<+ vk/kjksa osQ chp dlk gqvk ,d rkj 50 Hz. osQ ewyLoj osQ dEiu djrk gSA rkj dk nzO;eku 3.5 ×

10-2 kg ,oa bldk jSf[kd ?kuRo  4.0 × 10-2 kg m-1 gSA (a) bl rkj ij xeu djus okyh vuqizLFk rjax dk osx (b)

rkj esa ruko fdruk gS\

17. 20 cm yEckbZ dk ,d ikbi ,d fljs ij can gSA 430 Hz osQ lzksr ls bl ikbi esa dkSu lk lauknh Loj vuqukfnr
gksxk\ D;k ;g lzksr nksuksa fljksa ij [kqys ikbi osQ lkFk Hkh vuqukfnr gksxk\

18. le>kbZ, fd D;ksa

(i) Bksl vuqizLFk ,oa vuqnSè;Z nksuksa izdkj dh rjaxksa dks xeu djus nsrs gS tcfd xSlksa esa osQoy vuqnSè;Z rjaxs gh
xeu dj ikrh gSa\

(ii) fdlh fo{ksid ekè;e esa xeu djrs le; ,d Lian dk :i foo`Qr gks tkrk gSA



(iii) ,d vizxkeh èofu rjax esa foLFkkiu&fuLian nkc&izLian gksrk gS ,oa nkc fuLian foLFkkiu izLianA

(iv) ok;fyu ,oa flrkj ij ,d gh Loj mRiUu fd;k tk, rks bldh vko`fRr leku gksrh gS fiQj Hkh ge bUgsa vyx&vyx
igpku ldrs gSaA

19. (i) rkjksa dk vixeu osx (ii) lksukj (SONAR.) }kjk 'k=kq&ukSdk dk vkxeu osx ekius osQ fy, MkWIyj izHkko osQ
vuqiz;ksx dh foospuk dhft,A (5)

20. 1-5 ehVj yEckbZ ,oa 0-03 fd-xzk- nzO;eku dh nksuksa fljksa ij dlh gqbZ ,d Mksjh osQ vuqizLFk nksyuksa dk foLFkkiu
O;Drdjus osQ fy, lehdj.k gSa (5)

( )2
0.068 cos 120

3
x

y m t
π  = π    

tgka x ,oa y m esa ,oa t lsoaQM esa gS

(i) ;g izxkeh rjax dks fufnZ"V djrh gS ;k vizxkeh rjax dks

(ii) bl rjax dh O;k[;k nks rjaxksa osQ vè;kjksi.k osQ :i esa dhft,A

(iii) izR;sd vè;kjksid rjax dh vko`fRr] rjax nSè;Z ,oa pky Kkr dhft,A





ikBksa ds fo"k; esa izfriqf"V (Feed back on Lessons)

ikB ikB dk uke fo"k; oLrq Hkk"kk mnkgj.k vkius D;k lh[kk

la[;k dfBu jkspd Hkzked ljy tfVy mi;ksxh mi;ksxh ugha vR;ar lgk;d lgk;d ugha
1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

13.

14.

.

fiz; f'k{kkfFkZ;ks

viuh ikB~; iqLrdksa dks i<+dj vkidks vPNk yxk gksxkA ikB~; lkexzh
dks izklafxd rFkk :fpdj cukus ds fy;s geus Hkjld iz;kl fd;k gSA
fo"k; lkexzh dks cukuk ,d nks rjQk izfØ;k gSA vkidh izfriqf"V fo"k;
lkexzh dks lq/kkjus esa gekjh lgk;rk djsxhA vius le; esa ls dqN feuV
vo'; fudkys rFkk izfriqf"V izi=k dks Hkjs rkfd ,d :fpdj rFkk
mi;ksxh fo"k; lkexzh dk fuekZ.k fd;k tk ldsA

/U;okn

leUo;drkZ

(HkkSfrdh)

iz'uksa ds fo"k; esa izfriqf"V (Feed back on Questions)

ikB la[;k ikB dk uke ikBxr iz'u ikBkUr iz'u
mi;ksxh mi;ksxh ugha ljy dfBu vR;ar dfBu

1.
2.
3.
4.
5.
6.
7.
8.
9.

10.
11.
12.
13.
14.
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 i<+h gS\          gk¡@ugha

;fn gk¡ rks mls i<+us d
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____________________________________________________________________
____________________________________________________________________

uke : ____________________
ukekad

u 
la[;k :  _____________

irk : ____________________
       ____________________

fo"k; : _________________
iqLrd

 
l
a[;k : _____________
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