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11

xq#Rokd"kZ.k

fiNys ikB esa vkius lh[kk fd fdlh fiaM dh fojkekoLFkk vFkok ,dleku xfr dh voLFkk
esa ifjorZu ds fy, cy dh vko';drk gksrh gSA vki blls Hkh ifjfpr gSa fd tc fiaMksa
dks Å¡pkbZ ls fxjkrs gSa] rks os ìFoh dh vksj fxjrs gSaA fiaM ìFoh dh vksj gh D;ksa fxjrs gSa\
lEHkor% vki lkspsa fd ;g fdlh cy ds dkj.k gks ldrk gSA bls xq#Ro ;k xq#Rokd"kZ.k
cy ds uke ls tkuk tkrk gSA bl v/;k; esa ge xq#Rokd"kZ.k] xq#Ro cy ,oa xq#Ro ds izHkko
esa fiaMksa dh xfr ds ckjs esa lh[ksaxsA

ge ^mRIykodrk* ,oa ^vkfdZfeMht ds fl)kUr* ds ckjs esa Hkh ppkZ djsaxsA

mís';

bl ikB dks i<+us ds i'pkr~ vki –

� xq#Rokd"kZ.k cy ds vfLrRo dks Li"V dj ik,¡xs(

� U;wVu ds xq#Rokd"kZ.k ds fu;eksa dks crk ik,¡xs(

� xq#Roh; Roj.k dks le>k ik,¡xs(

� xq#Ro ds izHkko esa fxjusokys fiaMksa ds fy, xfr ds lehdj.k fy[k ik,¡xs(

� xq#Ro ds izHkko esa ,dfoeh; xfr ls lacaf/kr leL;kvksa dks gy dj ik,¡xs(

� nzO;eku ,oa Hkkj esa foHksn rFkk muds chp laca/k dks LFkkfir dj ik,¡xs(

� Lora=krkiwoZd fxjrs gq, fiaMksaa dh xfr dks ifjHkkf"kr dj ik,¡xs ,oa Hkkjghurk dks le>k
ik,¡xs(

� fdlh rjy esa iw.kZr;k vFkok vkaf'kd :i ls Mwcs gq, fiaM }kjk vuqHko fd;s tkus okys
mRIykod cy dks Li"V dj ik,¡xs( vkSj

� vkfdZfeMht ds fl)kUr dks le> ik,¡xs ,oa blls lacaf/kr leL;kvksa dks gy djus esa
bldk iz;ksx dj ik,¡xsA
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11-1 xq#Rokd"kZ.k cy

;g gekjk nSfud thou dk vuqHko gS fd ìFoh dh lrg ls Å/okZ/kjr% Åij dh vksj Qsads
x, fiaM iqu% ìFoh ij ykSV vkrs gSaA ;fn fdlh fiaM dks dqN Å¡pkbZ ls Hkh fxjk;k tk,] rks
og Hkh ìFoh dh vksj fxjrh gSA blh rjg ò{kksa dh 'kk[kkvksa ls ifÙk;k¡ ,oa Qy vyx gksrs
gSa] rks og ìFoh dh vksj fxjrs gSaA ,slk D;ksa gksrk gS\ ;g ifÙk;ksa] vFkok Qyksa tSlh oLrqvksa
ij dk;Zjr fdlh cy ds dkj.k gksrk gSA bu oLrqvksa ij fdl izdkj dk cy dk;Z dj jgk
gS\ vkbt+d U;wVu igys O;fDr Fks] ftUgksaus bl iz'u dk tokc fn;kA

U;wVu ds ckjs esa ,d cgqr gh jkspd dgkuh gSA ;g dgk tkrk gS fd tc U;wVu ,d lsc
ds isM+ ds uhps cSBs Fks] rc mu ij ,d lsc fxjkA lsc ds fxjus ls U;wVu ds fnekx esa ;g
iz'u mBk fd ;g lsc uhps gh D;ksa fxjk\ ;fn lsc ij dksbZ cy dk;Z dj jgk gS] rks ;g
Rofjr xfr esa gksuk pkfg,A vkb,] bls ,d fØ;kdyki }kjk le>us dk iz;kl djrs gSaA

fØ;kdyki 11-1

vius gkFk esa ,d NksVs iRFkj dks idfM+, ,oa mls yxHkx ,d ehVj dh Å¡pkbZ ls NksfM+,A
bl iRFkj dh ìFoh ls Vdjkus ds rqjUr igys dh xfr dk voyksdu dhft,A vc] blh iRFkj
dks 5 ehVj dh Å¡pkbZ ls NksfM+, ¼tSls& ?kj dh igyh eafty ls½ ¼fp=k 11-1½A ìFoh ls Vdjkus
ls rqjUr igys dh fLFkfr esa bldh xfr dks iqu% /;ku ls nsf[k,A ;g /;ku jf[k, fd iRFkj
dks izR;sd fLFkfr esa dsoy NksM+uk gh gS] rFkk bl ij /kDdk vFkok cy ugha yxkuk gSA nksuksa
gh fLFkfr;ksa esa ìFoh ls Vdjkus ls iwoZ iRFkj dh xfr dh rqyuk dhft,A D;k nksuksa gh fLFkfr;ksa
esa ìFoh ls Vdjkus ls iwoZ iRFkj dh xfr leku gksrh gS\ fdl fLFkfr esa iRFkj ìFoh ls rsth
ls Vdjkrk gS\ D;k vki ml cy dks igpku ldrs gSa] tks iRFkj dks Rofjr djrk gS\

fp= 11-1 % fofHkUu Å¡pkb;ksa ls fxjrk gqvk iRFkj
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bl fØ;kdyki esa vkius ;g ns[kk fd ìFoh ds vkd"kZ.k&cy ds dkj.k iRFkj esa Roj.k mRiUu
gksrk gSA U;wVu tkurs Fks fd fiaM ìFoh dh vksj xq#Roh;&cy ds dkj.k fxjrs gSaA U;wVu us
vkxs lkspk fd ;fn ìFoh lsc vFkok iRFkj dks viuh vksj vkdf"kZr dj ldrh gS] rks D;k
;g pUnzek dks Hkh vkdf"kZr dj ldrh gS\ og ;g tkuus ds fy, Hkh mRlqd Fks fd D;k
;gh cy xzgksa dks lw;Z ds pkjksa vksj viuh d{kk esa pDdj yxkus ds fy, mÙkjnk;h FkkA

U;wVu us fu"d"kZ fudkyk fd òrh; d{kk esa pDdj yxkus ds fy, ;g vko';d gS fd ìFoh
}kjk pUnzek dks yxkrkj vkdf"kZr fd;k tk;A blh fn'kk esa rdZ djrs gq, U;wVu us dgk
fd lw;Z ,oa xzgksa ds chp ,d cy fo|eku gSA og cy ^xq#Rokd"kZ.k&cy* ds uke ls tkuk
tkrk gSA mUgksaus dgk fd xq#Rokd"kZ.k&cy czãk.M esa lHkh txg fo|eku gSaA czãk.M ds lHkh
fiaM ,d&nwljs dks viuh vksj vkdf"kZr djrs gSaA xq#Rokd"kZ.k&cy ds ckjs esa ,d jkspd rF;
;g gS fd ;g lnSo vkd"kZ.k&cy gh gksrk gS] pkgs fiaMksa dk vkdkj dqN Hkh gksA

11-2 U;wVu dk xq#Rokd"kZ.k dk fu;e

vius voyksduksa ds vk/kkj ij U;wVu us xq#Rokd"kZ.k ds fu;e dks xf.krh;&Hkk"kk esa O;Dr
fd;kA mUgksaus bl fu;e dks bl izdkj crk;k&

czãk.M dk izR;sd d.k] izR;sd nwljs d.k dks ,d cy }kjk vkdf"kZr djrk gSA ;g cy] muds
nzO;eku ds xq.kuQy ds lekuqikrh gksrk gS rFkk muds chp nwjh ds oxZ ds O;qRØekuqikrh gksrk
gSA ;g cy] nksuksa d.kksa dks tksM+usokyh js[kk ds vuqfn'k gksrk gSA xf.krh; :i esa]

fp= 11-2 % U;wVu dk xq#Rokd"kZ.k dk fu;e

F ∝ 1 2
2

m m

r

tgk¡ m1 ,oa m2 nks d.kksa ds nzO;eku gSa] tks ,d&nwljs ls r nwjh ij fLFkr gSaA

vFkok F = 1 2
2

m m
G

r
...(11.1)

tgk¡ G vkuqikfrdrk dk ,d fLFkjkad gS] vksj bls lkoZf=kd xq#Roh; fLFkjkad dgrs gSaA bldk
eku ìFoh ij lHkh txgksa ,oa lEiw.kZ czãk.M esa ,d leku gSA

SI ek=kdksa esa] tgk¡ m dks fdykxzke esa] F dks U;wVu esa rFkk r dks ehVj esa ekik tkrk gS]
G dk ekU; eku 6.67 × 10–11 Nm2kg–2 gksrk gSaA D;ksasfd G dk eku cgqr gh de gS] vki
;g le> ldrs gSa fd lk/kkj.k nzO;ekuokyh oLrqvksa ds chp yxus okyk xq#Roh;&cy vR;Ur
nqcZy gksrk gSA

vkb,] irk yxkrs gSa fd vkids ,oa vxyh est+ ij cSBs vkids fe=k] tks fd vkils 1 ehVj
dh nwjh ij gSa] ds chp fdruk vkd"kZ.k&cy yx jgk gSA ekuk fd vkidk nzO;eku 50 kg
,oa vkids fe=k dk nzO;eku 40 kg gks rks vkd"kZ.k&cy dk eku gksxk –
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 F =
116.67 10 40 40

1 1

−× × ×
×

= 13340 × 10–11 N

= 113.34 × 10–8 N

vki le> ik,¡xs ;g ,d vR;Ur nqcZy cy gSA ;g ,d NksVs ls dkxt ds VqdM+s }kjk rjktw
ds iyM+s ij yxusokys cy ls 100 xquk nqcZy gSA xq#Rokd"kZ.k cy fdruk nqcZy&cy gS] ;g
vki rc eglwl dj ldrs gSa tc vki iRFkj dk ,d NksVk VqdM+k mBkrs gSa ;k ,d vkosf'kr
da?kh dkxt ds NksVs&NksVs VqdM+ksa dks viuh vksj mBkrh gSA ysfdu ;fn fdUgha nks oLrqvksa dk
nzO;eku vf/kd gksxk rks xq#Rokd"kZ.k&cy dk eku vf/kd gks tk,xk] ftls eglwl fd;k tk
ldsxkA

mnkgj.k 11-1% ,d 40 kg  nzO;eku dk yM+dk ìFoh dh lrg ij [kM+k gSA ;fn ìFoh
dk nzO;eku 6 × 1024 kg  vkSj ìFoh dh f=kT;k 6.37 ×106 m gS rks ìFoh o yM+ds ds chp
yxusokys vkd"kZ.k cy dk eku Kkr dhft,A G dk eku 6.67 × 10–11 Nm2 kg–2 yhft,A

gy % yM+ds dk nzO;eku ¾ 40 kg

ìFoh dk nzO;eku ¾ 6 × 1024 kg

ìFoh dh f=kT;k ¾ 6-37 106 m

¼;g ìFoh ds dsUnz ls yM+ds dh nwjh gS½
G dk eku ¾ 6.67 × 10–11 Nm2kg–2

yM+ds ,oa ìFoh ds chp yxusokys vkd"kZ.k&cy (F) dk eku

=
11 24

6 6

6.67 10 6 10 40

6.37 10 6.37 10

−× × × ×
× × ×

 = 394.5 N

 vc vki ;g le> ldrs gSa fd yM+ds ,oa ìFoh ds chp dk cy ftlds }kjk og ,d&nwljs
dks vkdf"kZr djrs gSa] og vkids ,oa vkids fe=k] tks fd vkils ,d ehVj dh nwjh ij cSBk
gS] ds chp yxusokys cy ls ,d vjc xquk vf/kd 'kfDr'kkyh gSA

ìFoh ds dkj.k yxusokys xq#Rokd"kZ.k&cy dks ^xq#Ro* Hkh dgrs gSaA bl izdkj tc ge cgqr
vf/kd nzO;eku tSls& ìFoh] pUnzek vFkok lw;Z ds ckjs esa ckr djrs gSa] rks bu fi.Mksa ds chp
xq#Rokd"kZ.k&cy dk eku cgqr vf/kd gksrk gSA

ikBxr iz'u 11-1

1- ,d&nwljs ds ikl&ikl cSBs Nk=k vkil esa xq#Rokd"kZ.k cy dks eglwl D;ksa ugha djrs
gSa\

2- nks oLrqvksa ds chp dh nwjh dks 4 xquk c<+k fn;k tkrk gS] rks muds chp
xq#Rokd"kZ.k&cy ds eku esa fdruk ifjorZu gksxk\

3- G dks lkoZf=kd xq#Rokd"kZ.k fu;rkad D;ksa ekuk tkrk gS\
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11-3 xq#Roh; Roj.k

fØ;kdyki 11-1 esa geus ns[kk fd fxjrs gq, iRFkj dh xfr yxkrkj c<+rh gSA blls geus
;g fu"d"kZ fudkyk fd iRFkj esa Roj.k] iRFkj ,oa ìFoh ds chp yxusokys vkd"kZ.k&cy ds
dkj.k mRiUu gksrk gSA D;k ge bl Roj.k dks dksbZ fo'ks"k uke ns ldrs gSa\ ;g Roj.k
^xq#Roh;&Roj.k* dgykrk gSA ;fn iRFkj dk nzO;eku vf/kd gks rks D;k bl Roj.k dk eku
vf/kd gksxk\ D;k Hkkjh oLrq,¡] gYdh oLrqvksa dh vis{kk vf/kd rsth ls fxjrh gSa\ vkb,
Kkr djsaA

fØ;kdyki 11-2

psrkouh % bl fØ;kdyki dks djrs le; lko/kku jgsa fd fdlh dks gkfu ugha igqapsA

vius fdlh fe=k dks fdlh nks&eaftyk bekjr dh Nr ij vius nksuksa gkFkksa esa vyx&vyx
nzO;eku ds nks iRFkj ysdj [kM+s jgus ds fy, dfg,A vc vius fe=k dks nksuksa iRFkjksa dks ,d
lkFk fxjkus ds fy, dfg, ¼fp=k 11-3½ rFkk fxjrs gq, iRFkjksa dks /;ku ls nsf[k,A vkidks
D;k fn[kkbZ nsrk gS\ nksuksa iRFkj tehu ij ,d lkFk D;ksa igq¡prs gSa\

fp= 11-3 % nks vyx&vyx nzO;eku ds iRFkjksa dks ,d lkFk fxjkukA

,d dgkuh ds vuqlkj] xSfyfy;ks us ;g lkfcr djus ds
fy, fd vyx&vyx nzO;eku dh oLrq,¡ ,d gh nj ls
fxjrh gSa] bVyh esa ihlk dh >qdh gqbZ ehukj ls dbZ
vyx&vyx oLrqvksa dks fxjk;kA

D;k vki tkurs gSa
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vki mi;qZä fØ;kdyki dks cgqr gh jkspd rjhds ls dj ldrs gSaA

fØ;kdyki 11-3

ik¡p #i;s ds ,d flDds ,oa ,d dkxt+ (15 cm × 15 cm) dks leku Å¡pkbZ ls ,d lkFk
fxjkb,A vki D;k ns[krs gSa\ vki ns[ksaxs fd flDdk] dkxt+ ls cgqr igys tehu ij igq¡p
tkrk gSA bl voyksdu ls vki D;k fu"d"kZ fudkyrs gSa\ vki bl fu"d"kZ rd igq¡p ldrs
gSa fd Hkkjh oLrq,¡] gYdh oLrqvksa dh vis{kk rsth ls fxjrh gSaA

vc dkxt+ dks ,d NksVh xsan ds :i esa ejksM+ yhft, rFkk flDds ,oa dkxt+ dh xsan dks
leku Å¡pkbZ ls nksckjk fxjkb,A vc vki D;k ns[krs gSa\ vki ik,¡xs fd dkxt+ dh xsan ,oa
flDdk nksuksa yxHkx ,d gh le; ij tehu ij fxjrs gSaA igyh ifjfLFkfr esa dkxt+ ds èkhes
fxjus dk dkj.k ok;q }kjk mRiUu izfrjks/k FkkA ftruh T;knk lrg gok ds lEidZ esa vkrh
gS gok }kjk lrg ij yxusokyk izfrjks/k mruk gh vf/kd gks tkrk gSA bl fØ;kdyki ls
D;k fu"d"kZ fudkys tk ldrs gSa\

bl fØ;kdyki ls ;g irk pyrk gS fd nks vyx&vyx nzO;eku dh oLrq,¡ leku Å¡pkbZ
ls ,d lkFk fxjkbZ tk,¡ rks og tehu ij ,d lkFk igq¡prh gSaA ,slk D;ksa gksrk gS\ lksfp,A

fczfV'k oSKkfud jkWcVZ ckW;y us dk¡p dh ,d V~;wc esa ,d flDdk ,oa ,d ia[k j[kkA
mlus dk¡p dh uyh ls gok dks fudkyus ds fy, fuokZr&iEi dk bLrseky fd;kA tc dk¡p
dh V~;wc dks iyVk x;k rks flDdk ,oa ia[k nksuksa ,d lkFk dk¡p dh uyh ds isans ij
fxjsA

ìFoh dk xq#Ro] flDds ,oa dkxt+ dh xsan dks uhps dh fn'kk esa Rofjr djrk gSA pw¡fd nksuksa
gh ¼flDdk ,oa dkxt+ dh xsan½ ,d lkFk tehu ij igq¡prs gSa] vr% buds fy, Roj.k] ftls
xq#Roh;&Roj.k (g) dgrs gSa] dk eku leku gksrk gSA laHkor%] fn, x, fdlh LFkku ij
xq#Roh;&Roj.k (g) dk eku fdlh Hkh nzO;eku ds fy, leku gksrk gSA xq#Roh;&Roj.k (g) dk
SI ek=kd Roj.k ds leku gh ms–2 gksrk gSA

D;k vki tkurs gSa
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vkb,] xq#Roh;&Roj.k ds fy, ge O;atd Kkr djus dk iz;kl djrs gSaA ekuk fd ¼fØ;kdyki
11-1 esa½ fdlh Å¡pkbZ ls fxjusokys iRFkj dk nzO;eku m gSA ìFoh ds xq#Ro ds dkj.k uhps
fxjs jgs iRFkj dk Roj.k g }kjk iznf'kZr fd;k tkrk gSA

ge tkurs gSa fd cy] nzO;eku ,oa Roj.k dk xq.kuQy gksrk gSA vr% xq#Roh;&cy dk ifjek.k
F = mg ...(11.2)

lehdj.k ¼11-1½ ,oa ¼11-2½ ls]

mg =
2

Mm
G

r

vFkok g = 2

GM

r
...(11.3)

tgk¡ m = ìFoh dk nzO;eku gSA ìFoh ds dsUnz ,oa oLrq ds chp dh nwjh r gSA ;fn oLrq ìFoh
dh lrg ij vFkok lrg ds ikl gks rks lehdj.k ¼11-3½ esa nwjh] ìFoh dh f=kT;k ‘R’ ds
cjkcj gksxhA

bl izdkj] g =
2

M
G

R
...(11.4)

ge ns[krs gSa fd ‘g’ dk eku eqDr :i ls fxjrh gqbZ oLrq ds nzO;eku ls Lora=k gksrk gSA
ìFoh dh f=kT;k] ìFoh dh lrg ij lHkh LFkkuksa ij leku ugha gSA vr% ‘g’ dk eku ìFoh
dh lrg ij vyx&vyx LFkkuksa ij vyx&vyx gksrk gSA bldk eku Hkwe/; js[kk dh
vis{kk /kzqoksa ij vf/kd gksrk gSA ìFoh dh lrg ij ,oa lrg ds ikl ‘g’ dk vkSlr&eku
9.8 ms–2 gSA

11-4 xq#Ro ds izHkko esa oLrq dh xfr

ge tkurs gSa fd ìFoh dh lrg ds djhc ‘g’ dk eku fu;r jgrk gSA blfy,] oLrqvksa dh
,dleku Rofjr xfr ds lehdj.k ¼ftuds ckjs esa v/;k; 9 esa ppkZ dh xbZ gS½ ;gk¡ ekU;
gks tkrs gSa] tc Roj.k ‘a’ dks xq#Roh; Roj.k ‘g’ ls izfrLFkkfir dj fn;k tkrk gSA D;k vc
vki x:Ro ds vk/khu xfr ds lehdj.k fy[k ldrs gSa\ ;s lehdj.k fuEukuqlkj gSa %

v = u + gt ...(11.5)

s = 21

2
ut gt+ ...(11.6)

v2 = u2 + 2gs ...(11.7)
tgk¡ u rFkk v oLrq ds vkjfEHkd ,oa vfUre osx gS rFkk s, t le; esa r; dh xbZ nwjh gSA

mnkgj.k 11-2 % ìFoh dk nzO;eku 6 ×1024 kg  rFkk bldh f=kT;k 6.4 × 106 m gSA ‘g’
ds eku dh x.kuk dhft,A (G = 6.7 × 10–11 N m2 kg–2 gSA½
gy % lehdj.k 11-4 ls]

 g =
2

M
G

R
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=
( )

11 2 2 24

26

6.7 10 Nm kg 6 10 kg

6.4 10 m

− −× × ×

×

= 9.8 ms–2

mnkgj.k 11-3 % ìFoh dk nzO;eku 6 ×1024 kg ,oa pUnzek dk nzO;eku 7.4 × 1022 kg
gSA ;fn ìFoh ,oa pUnzek ds chp dh nwjh 3.84 × 108 m, gS] rks ìFoh }kjk pUnzek ij yxusokys
cy dh x.kuk dhft,A (G = 6.7 × 10–11 N m2 kg–2)

gy % ìFoh dk nzO;eku] m1 = 6 × 1024 kg

pUnzek dk nzO;eku m2 = 7.4 ×1022 kg

ìFoh ,oa pUnzek ds chp dh nwjh] r = 3.84 × 108 m

G = 6.7 × 10–11 N m2 kg–2

leh- ¼11-1½ ls] ìFoh }kjk pUnzek ij yxusokyk cy %

F = 1 2
2

m m
G

r

=

( )
11 2 2 24 22

28

6.7 10 Nm kg 6 10 kg 7.4 10 kg

3.84 10 m

− −× × × × ×

×

= 2.01 × 1020 N

mnkgj.k 11-4 % ,d xsan dks ìFoh dh lrg ls Å/okZ/kjr% Åij dh vksj Qsadk tkrk gS
rFkk ;g 122-5 m dh Å¡pkbZ rd igq¡prh gSA rks x.kuk dhft,&

(i) xsan dks fdl osx ls Åij dh vksj Qsadk x;k\

(ii) xsan }kjk vf/kdre Å¡pkbZ rd igq¡pus esa fdruk le; yxk\

¼g dk eku 9.8 ms–2 gSA½

gy % r; dh xbZ nwjh] s = 122.5 m

vfUre osx] v = 0 ms–1

xq#Roh; Roj.k] g = 9.8 ms–2

(i) lehdj.k ¼11-7½ ls] v2 = u2 = 2gs

0 = u2 + 2(–9.8 ms–2) × 122.5 m

pw¡fd mifjeq[kh xfr ds fy, ‘g’ dk eku _.kkRed fy;k tkrk gS

∴ –u2 = –2 × 9.8 × 122.5 m2s–2

u2 = 2401 m2s–2

u = 49 ms–1

bl izdkj] xsan dks ftl osx ls ìFoh dh lrg ls Å/okZ/kj Åij dh vksj Qsadk x;k] og
49 ms–1 gSA
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(ii) lehdj.k ¼11-5½ ls] v = u + g t

0 = 49 ms–1 + (9.8 ms–2) × t

blfy,] t =
49

s
9.8

 = 5s

bl izdkj]

(i) vkjfEHkd osx 49 ms–1; rFkk

(ii) vf/kdre Å¡pkbZ rd igq¡pus esa yxk le; = 5 s

ikBxr iz'u 11-2

1- xq#Roh;&Roj.k ls vki D;k le>rs gSa\

2- tc ,d Hkkjh ,oa gYdh oLrq dks leku Å¡pkbZ ls ,d lkFk fxjk;k tkrk gS] rks os
leku&nj ls D;ksa fxjrh gSa\

3- xq#Roh;&Roj.k dk SI ek=kd crkb,A

4- xq#Roh;&Roj.k ds izHkko esa xfr dj jgh fdlh oLrq ds fy, xfr ds lehdj.k
fyf[k,A

11-5 nzO;eku ,oa Hkkj

11-5-1 nzO;eku

fdlh oLrq dk nzO;eku] mlesa fufgr inkFkZ dh ek=kk gksrh gSA oLrq dk nzO;eku fu;r jgrk
gS ,oa LFkku cnyus ij cnyrk ugha gSA ;g gj txg ij leku jgrk gS] pkgs oLrq ìFoh
ij gks] pUnzek ij gks vFkok varfj{k esa fdlh vU; txg ijA fdlh Hkh oLrq ds nzO;eku
dks naM rqyk dh lgk;rk ls ekik tk ldrk gSA

fiNys v/;k; esa geus ;g Hkh lh[kk Fkk fd fdlh Hkh oLrq dk nzO;eku ml oLrq ds tM+Ro
dk eki gSA bldk eryc ;g gS fd fdlh Hkh oLrq dk nzO;eku ftruk vf/kd gksxk ml
oLrq ds tM+Ro dk eku Hkh mruk gh vf/kd gksxkA

11-5-2 Hkkj

fdlh Hkh oLrq dk Hkkj og cy gS ftlds }kjk ìFoh mls viuh vksj [khap jgh gSA D;k vki
cy vkSj Roj.k esa laca/k dks iqu%Lej.k dj ldrs gSa\

cy = nzO;eku × Roj.k

blfy,] F = mg (11.8)

;fn fdlh Hkh oLrq ds Hkkj dks ‘W’ ls iznf'kZr djsa rc

W = mg (11.9)
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pw¡fd Hkkj ,d izdkj dk cy gS] vr% bldk ekud ek=kd Hkh ogh gksxk tks fd cy dk
gksrk gSA bl ek=kd dks ;kn djus dk iz;kl dhft,A ;g U;wVu gSA bldk izrhd N gSA
;g cy ¼Hkkj½ yEcor~ :i ls uhps dh rjQ dk;Z djrk gSA bldk ifjek.k o fn'kk nksuksa
gksrs gSaA

lehdj.k ¼11-9½ dh enn ls ge ns[k ldrs gSa fd fdlh Hkh oLrq dk Hkkj mlds nzO;eku
vkSj xq#Roh; Roj.k (g) ds eku ij fuHkZj djrk gSA xq#Roh; Roj.k (g) dk eku fdlh LFkku
ds fy, fu;r jgrk gS] vr% fdlh fn, x, LFkku ds fy, oLrq dk Hkkj mlds nzO;eku
ds lekuqikrh gksrk gSA ìFoh ds vyx&vyx Hkkxksa ds fy, fdlh Hkh oLrq dk Hkkj
vyx&vyx gksxk D;ksafd ìFoh ds vyx&vyx Hkkxksa ds fy, xq#Roh; Roj.k (g) dk eku
vyx&vyx gSA

11-5-3 Hkkjghurk

vkius dHkh fy¶V@,fyosVj ls Åij tkrs le; 'kjhj esa Hkkjhiu dk vkSj uhps mrjrs le;
gYdsiu dk vuqHko fd;k gksxkA blh izdkj dk vuqHko ^esjh&xks&jkm.M* uked >wys esa Hkh
gksrk gSA

vkius ;g Hkh lquk gksxk fd varfj{k;k=kh varfj{k esa Hkkjghurk dk vuqHko djrs gSaA Hkkjghurk
ls vfHkizk; D;k gS\

fØ;kdyki 11-4

fp=k 11-4 ds vuqlkj ,d Hkkjh iqLrd dks vius gkFk ls idfM+,A D;k vki iqLrd ds Hkkj
dks vius gkFk ij eglwl djrs gSa\

vc leku Roj.k ds lkFk vius gkFk dks uhps dh rjQ ys tkb,A vkidks D;k eglwl gksrk
gS\ D;k vkidks iqLrd ds Hkkj esa dqN deh eglwl gksrh gS\ D;k vki Hkkj esa bl deh ds
dkj.k dh O;k[;k dj ldrs gSa\

gkFk ij j[kh iqLrd uhps dh vksj xfreku gkFk

fp= 11-4: gkFk esa iqLrd
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lkekU;r% ge Hkkj dks dekuhnkj rqyk ;k fdlh Bksl vk/kkj ij j[kh gqbZ Hkkj rkSyus dh e'khu]
ls ekirs gSaA rkSyus dh e'khu fdlh oLrq dk Hkkj dSls ekirh gS\

dYiuk dhft, fd ,d yM+dk otu rkSyus dh e'khu ij [kM+k gSA ;g e'khu ,d Q'kZ ij
j[kh gSA yM+ds }kjk uhps dh fn'kk esa e'khu ij ,d cy dk;Z djrk gS tks fd mlds Hkkj
ds cjkcj gksrk gSA

fp= 11-5% ,d cPpk rqyk ij [kM+k gqvkA

xfr ds rhljs fu;e ds vuqlkj e'khu ml ij [kM+s yM+ds ij yM+ds ds Hkkj (W) ds cjkcj
Åij dh rjQ izfrfØ;k ‘R’ djrh gSA e'khu izfrfØ;k ‘R’ dks ekirh gS] tks fd ml yM+ds
dk Hkkj gSA

vc dYiuk dhft, fd otu rksyus dh
e'khu ds uhps dk Q'kZ vpkud ls gVk fn;k
tk,A rc D;k gksxk\ e'khu vkSj ml ij
[kM+k yM+dk nksuksa leku Roj.k ls ìFoh dh
rjQ xfr djsaxsA bl fLFkfr esa yM+dk otu
rksyus dh e'khu ij dksbZ cy ugha yxk jgk
gS vkSj otu rksyus dh e'khu 'kwU; Hkkj
n'kkZ,xhA blls ge ;g fu"d"kZ fudky
ldrs gSa fd xq#Roh; {ks=k esa eqDr :i ls
fxjrh gqbZ oLrq ;k fi.M Hkkjghurk dh fLFkfr
esa gksrs gSaA

vc vki le> ldrs gSa fd varfj{k ;ku
esa varfj{k ;k=kh D;ksa Hkkjghurk dk vuqHko
djrs gSaA varfj{k ;ku] varfj{k ;k=kh ds lkFk
eqDr :i ls ìFoh dh rjQ fxj jgk gksrk
gSA blfy, ,slk izrhr gksrk gS fd varfj{k
;k=kh ;ku esa Hkkjghu :i esa rSj jgs gSaa

fp= 11-6 % varfj{k;ku esa varfj{k ;k=kh dk
fp=k



 269foKku vkSj izkS|ksfxdh

fVIi.kh

ekWM~;wy - 3
xfreku oLrq,a

xq#Rokd"kZ.k

ikBxr iz'u 11-3

1- fdlh oLrq ds Hkkj o nzO;eku esa nks varj crkb,A

2- dksbZ nks dkjd crkb, ftu ij oLrq dk Hkkj fuHkZj djrk gSA

3- fdlh isM+ ls fxjrs gq, lsc dk Hkkj D;k gksxk\

11-6 mRIykodrk ,oa vkfdZfeMht dk fl)kUr

11-6-1 mRIykodrk

vkius dHkh bl ckr ij /;ku fn;k gksxk fd tc ge ikuh ls Hkjh ckYVh esa ls ikuh ls Hkjk
ex ckgj fudkyrs gSa rks ikuh dh lrg ls Åij mBus ij gesa ;g ex vis{kkd̀r T;knk Hkkjh
yxus yxrk gSA ,slk D;ksa gksrk gS\ vkb, bls ,d fØ;kdyki ds ek/;e ls le>us dk iz;kl
djrs gSaA

fØ;kdyki 11-5

,d ydM+h dk e/;e vkdkj dk VqdM+k yhft, vkSj mls ikuh ls Hkjh ckYVh esa Mky nhft,A
vki D;k ns[krs gSa\ vki ns[ksaxs fd ydM+h ds VqdM+s dks tc ikuh dh lrg ij NksM+k tkrk
gS rks ;g rSjus yxrk gSA

vc vki ydM+h ds VqdM+s dks ikuh ds vanj /kdsfy,A vkidks D;k eglwl gksrk gS\ vkidks
vius gkFk ij Åij dh vksj /kdsyus okys cy dk vuqHko D;ksa gksrk gS\ ;g D;k n'kkZrk gS\
;g ?kVuk n'kkZrh gS fd ikuh ydM+h ds VqdM+s ij Åij dh fn'kk esa cy yxkrk gSA vc tc
rd ydM+h dk VqdM+k iwjh rjg ikuh esa u Mwc tk, rc rd mls /kdsfy, [fp=k (11.7 (a)]
vc VqdM+s dks NksM+ nhft,A vkidks D;k fn[kkbZ nsrk gS\ ydM+h dk VqdM+k iqu% mNydj ikuh
dh lrg ij vk tkrk gSA [fp=k 11.7 (b)]A

(a) (b)

fp= 11.7 (a) ikuh esa Mqcks;k gqvk ydM+h dk VqdM+k (b) NksM+s tkus ij

iqu% Åij vkrk gqvk ydM+h dk VqdM+k
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ikuh }kjk ydM+h ds VqdM+s ij Åij dh rjQ yxusokyk cy mRIykou cy dgykrk gSA okLro
esa lHkh oLrq,¡ fdlh rjy esa Mqcks, tkus ij mRIykou cy dk vuqHko djrh gSaA ;g rjy
inkFkZ ,d nzo ;k xSl Hkh gks ldrk gSA D;k vki mRIykou cy ds dqN vkSj mnkgj.k <w¡<+
ldrs gSa\

fdlh oLrq ij yxusokys mRIykou cy dk ifjek.k fdruk gksrk gS\ D;k fdlh fn, x, rjy
ek/;e esa lHkh oLrqvksa ij yxusokys mRIykou cy dk ifjek.k leku gksxk\ ;k vyx&vyx
rjy inkFkks± esa j[kus ij fdlh ,d gh oLrq ds fy, mRIykou cy leku gksxk\ ^vkfdZfeMht
ds fl)kUr* dks le>us ds ckn vki bl rjg ds lHkh iz'uksa dk mÙkj ns ik,¡xsA

11-6-2 vkfdZfeMht dk fl)kUr

iRFkj dk ,d VqdM+k yhft,A bldks /kkxs dh lgk;rk ls ,d dekuhnkj rqyk ls ck¡/k nhft,
[¼fp=k 11.8 (a)]A dekuhnkj rqyk ds ikB~;kad
dks uksV dj yhft,A ;g iRFkj dk gok esa Hkkj
gSA vc ikuh ls Hkjs fdlh crZu esa /khjs&/khjs
/kkxs ls c¡/ks iRFkj ds VqdM+s dks Mqckb,
[¼fp=k 11-8 (b)] vkSj /;kuiwoZd dekuhnkj
rqyk ds ikB~;kad dk voyksdu dhft,A

vki ik,¡xs fd tSls&tSls iRFkj ds VqdM+s dks ikuh
esa Mqck;k tkrk gS oSls&oSls dekuhnkj rqyk ds
ikB~;kad esa deh vkrh gSA ;|fi tc iRFkj
dk VqdM+k iwjh rjg ikuh esa Mwc tkrk gS rks
mlds ckn ikB~;kad esa dksbZ ifjorZu ugha gksrk
gSA vki bl voyksdu ls D;k fu"d"kZ fudkyrs
gSa\ dekuhnkj rqyk ds ikB~;kad esa deh ;g
n'kkZrh gS fd iRFkj ds VqdM+s dks tc ikuh esa
Mqck;k tkrk gS rks ml ij Åij dh rjQ ,d
cy dk;Z djrk gSA tSlk fd igys Hkh ppkZ
dh xbZ gS fd Åij dh rjQ yxusokyk ;g cy mRIykou cy dgykrk gSA vkfdZfeMht us
mRIykou cy ds ifjek.k dh x.kuk ds fy, ,d fl)kUr dh [kkst dh FkhA

vkfdZfeMht ds fl)kUr dk dFku fuEu izdkj gS %

tc dksbZ fi.M fdlh rjy ek/;e esa iw.kZ ;k vkaf'kd :i ls Mqck;k tkrk gS rks bl ij Åij
dh fn'kk esa ,d cy dk;Z djrk gS tks fd bl fi.M }kjk foLFkkfir fd, x, rjy ds Hkkj
ds cjkcj gksrk gSA

vkfdZfeMht ds fl)kUr ls ;g Li"V gksrk gS fd fn, x, LFkku ij fdlh Hkh fi.M ij yxusokys
mRIykou cy dk ifjek.k fuHkZj djrk gS&

� rjy inkFkZ ds ?kuRo ij( rFkk

� rjy inkFkZ esa fi.M ds Mwcs gq, fgLls ds vk;ru ijA

fp= 11.8: tc iRFkj dks ikuh esa Mqck;k tkrk gS
rks dekuhnkj rqyk ds ikB~;kad esa deh vkrh gS

(a) (b)
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vkfdZfeMht ds fl)kUr ds dbZ mi;ksx gSaA bl fl)kUr dk vuqiz;ksx tgktksa ,oa iuMqfCc;k¡
cukus esa fd;k tkrk gSA nzo inkFkks± ds ?kuRo dks ekiusokyk ;a=k gkbMªksehVj Hkh blh fl)kUr
ij dk;Z djrk gSA nw/k dh 'kq)rk ukiusokyk ySDVksehVj uked ;a=k Hkh blh fl)kUr ij vkèkkfjr
gSA

vkfdZfeMht ,d xzhd xf.krK vkSj oSKkfud FksA mUgsa muds
loZKkr vkfdZfeMht fl)kar ds fy, tkuk tkrk gSA ,slk dgk
tkrk gS fd vkfdZfeMht dks ;g fl)kUr rc lw>k tc mUgksaus
ugkus ds fy, vius ckWFkVc esa iSj j[kk vkSj mlesa ls dqN ikuh
ckgj vk x;kA os mlh voLFkk esa xyh esa ^^;wjsdk**] ^^;wjsdk**
dgrs gq, Hkkxs----] ftldk eryc gS] ^^eSaus ik fy;k**A

vkfdZfeMht us vkfdZfeMht isap dh Hkh [kkst dhA ;g isap fupys
ikuh ds Lrj dks uhps ls Åij ykus esa dke vkrk gSA muds T;kfefr
vkSj e'khuksa ds {ks=k esa fd, x, dke us mUgsa izflf) fnyk;hA
mÙkksydksa ds ckjs esa ,d ckj mUgksaus dgk Fkk fd ^^eq>s ,d i;kZIr
yEch vkSj etcwr NM+ ns nks vkSj [kM+s gksus ds fy, ,d txg
ns nks fQj eSa ìFoh dks mBk yw¡xkA**

ikBxr iz'u 11-4

1- ikuh ls Hkjh ckYVh esa ls ikuh ls Hkjk ex tc ckgj fudkyrs gSa rks ikuh dh lrg ds
ikl ;g ex vis{kkd̀r Hkkjh D;ksa yxrk gS\

2- ikuh ds vanj ,d dkWdZ dks NksM+rs gSa rks ;g iqu% ikuh dh lrg ij D;ksa vk tkrk gS\

3- mRIykou cy ls vki D;k le>rs gSa\

4- D;k fuokZr esa Hkh fdlh fi.M ij mRIykou cy dk;Z djrk gS\

5- vkfdZfeMht ds fl)kUr ds dksbZ nks mi;ksx fyf[k,A

vkfdZfeMht
(287 BC-212 BC)

D;k vki tkurs gSa
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vkius D;k lh[kk

� U;wVu ds xq#Rokd"kZ.k ds fu;ekuqlkj czãk.M ds lHkh d.k ,d nwljs dks ,d cy ds }kjk
vkdf"kZr djrs gSa] ;g cy muds nzO;eku ds xq.kuQy ds vuqØekuqikrh ,oa muds chp
dh nwjh ds oxZ ds O;qRØekuqikrh gksrk gSA

� lkekU; nzO;eku dh oLrqvksa ds chp yxusokyk xq#Rokd"kZ.k cy cgqr {kh.k gksrk gSA
rFkkfi tc fiaMksa ds nzO;eku vf/kd gksrs gSa rc ;g cy i;kZIr izHkko'kkyh gks tkrk gSA

� ìFoh }kjk yxusokys xq#Rokd"kZ.k cy dks xq#Roh; cy dgrs gSaa

� xq#Rokd"kZ.k ds dkj.k gksusokyk Roj.k oLrq ds nzO;eku ij fuHkZj ugha djrk gSA

� oLrq dk Hkkj og cy gS ftlds }kjk og ìFoh dh vksj vkdf"kZr gksrk gSA ;g cy oLrq
ds nzO;eku rFkk xq#Roh; Roj.k] ds xq.kuQy ds cjkcj gksrk gSA

� fdlh oLrq dk nzO;eku fu;r jgrk gS vkSj LFkku cnyus ls blesa ifjorZu ugha vkrk
gSA rFkkfi fdlh oLrq ds Hkkj esa LFkku cnyus ij fHkUurk vk ldrh gSA

� xq#Roh; cy ds izHkko esa eqDr :i ls fxjrh gqbZ oLrq Hkkjghu gksrh gSA

� fdlh rjy inkFkZ esa Mqckus ij lHkh oLrq,¡ mRIykou cy dk vuqHko djrh gSaA

� fn, x, LFkku ij fdlh oLrq ij yxusokys mRIykou cy dk ifjek.k] rjy inkFkZ ds
?kuRo vkSj oLrq ds rjy inkFkZ esa Mwcs gq, fgLls ds vk;ru ij fuHkZj djrk gSA

� vkfdZfeMht ds fl)kUrkuqlkj tc dksbZ oLrq fdlh rjy inkFkZ esa vkaf'kd ;k iw.kZ :i
ls Mwch jgrh gS rks bl ij Åij dh fn'kk esa ,d cy dk;Z djrk gSA bl cy dk eku
ml oLrq }kjk foLFkkfir rjy inkFkZ ds Hkkj ds cjkcj gksrk gSA

ikBkar iz'u

1- U;wVu dk xq#Rokd"kZ.k dk fu;e crkb,A

2- tc fdUgha nks oLrqvksa ds chp dh nwjh dks nqxquk dj fn;k tk, rks buds chp yxusokys
xq#Rokd"kZ.k cy ds eku esa D;k ifjorZu vk,xk\

3- tc fdUgha nks oLrqvksa dk nzO;eku izkjafHkd eku ls nqxquk dj fn;k tk, rks buds chp
yxusokys xq#Rokd"kZ.k cy ds eku esa D;k ifjorZu vk,xk\

4- ìFoh ds nzO;eku] xq#Rokd"kZ.k fLFkjkad ,oa ìFoh dh f=kT;k dk mi;ksx djrs gq, ìFoh
dh lrg ij xq#Roh; Roj.k ds fy, O;atd dh O;qRifÙk dhft,A

5- ml oLrq ds fy, xfr ds lehdj.k fyf[k, tks dsoy xq#Roh; cy ds izHkko esa xfr dj
jgh gS ;k fxj jgh gSA
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6- fdlh oLrq ds nzO;eku o Hkkj esa D;k varj gksrk gSa\ oLrq dk Hkkj fdu dkjdksa ij fuHkZj
djrk gS\

7- ,d <Ddu yxh [kkyh IykfLVd dh cksry dks tc ikuh ds vanj NksM+k tkrk gS rks ;g
iqu% ikuh dh lrg ij D;ksa vk tkrh gS\

8- mRIykou cy D;k gS\ os dkjd dkSu&dkSu ls gSa ftu ij fd fdlh fn, x, LFkku ij
oLrq ds mRIykou cy dk ifjek.k fuHkZj djrk gS\

9- vkfdZfeMht dk fl)kUr D;k gS\ vkfdZfeMht ds fl)kUr ds dksbZ nks mi;ksx crkb,A

10- ;fn ìFoh o lw;Z ds e/; dh vkSlr nwjh 1.5 ×1011 m gS] rks nksuksa ds e/; yxusokys
xq#Rokd"kZ.k cy ds eku dh x.kuk dhft,A tcfd

ìFoh dk nzO;eku = 6 ×1024 kg

lw;Z dk nzO;eku = 2 ×1030 kg

G = 6.7 ×10–11 Nm2kg–2

11- ,d oLrq dk nzO;eku D;k gksxk ftldk Hkkj 49 N gSA g = 9.8 ms–2

12- ,d oLrq dk Hkkj gok esa 3.5 N vkSj ty esa 2 N gSA oLrq ij yxusokys mRIykou cy
dk eku fdruk gksxk\

13- ,d 45 ehVj Å¡ps VkWoj ls ,d iRFkj dks fxjk;k x;kA tc ;g ìFoh dh lrg ls Vdjk,xk
rc bldk osx D;k gksxk\ (g = 10 ms–2)

14- ,d oLrq ,d nzo inkFkZ esa Mwch gqbZ gSA ;fn oLrq }kjk foLFkkfir nzo inkFkZ dk Hkkj
1 N gS rks oLrq ij yxusokys mRIykou cy dk eku fdruk gksxk\

ikBxr iz'uksa ds mÙkj

11.1

1- xq#Rokd"kZ.k cy cgqr {kh.k cy gksrk gSA vr% bl cy ds dkj.k de nzO;ekuokys fi.M
,d nwljs dks vkdf"kZr ugha dj ikrs gSaA

2- D;ksafd xq#Rokd"kZ.k cy nks oLrqvksa ds chp dh nwjh ds oxZ ds O;qRØekuqikrh gksrk gS vr%
bldk eku 1/16 xquk de gks tk,xkA

3- G dk eku ìFoh ij ;k czãk.M esa vU; fdlh Hkh txg leku gSA vr% G dks lkoZf=kd
xq#Rokd"kZ.k fLFkjkad dgrs gSaA
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11.2

1- ìFoh ds xq#Rokd"kZ.k cy ds }kjk mRiUu Roj.k dks xq#Roh; Roj.k dgk tkrk gSA

2- D;ksafd gYdh o Hkkjh nksuksa izdkj dh oLrqvksa ds fy, xq#Roh; Roj.k dk eku leku gSA

3- xq#Roh; Roj.k dh izekf.kd ek=kd ms–2 gSA

4- xfr ds lehdj.k

11.3

1- fdlh oLrq esa fufgr inkFkZ dh ek=k mldk nzO;eku gSA fdlh Hkh oLrq dk nzO;eku lHkh
LFkkuksa ij leku jgrk gSA

fdlh oLrq dk ìFoh ij Hkkj] ml oLrq ij yxusokyk og cy gS ftldh otg ls og
ìFoh dh vksj vkdf"kZr gks jgh gSA fdlh ,d gh oLrq dk Hkkj LFkku cnyus ls cny
tkrk gSA

2- fdlh Hkh oLrq dk Hkkj fuHkZj djrk gS&

(i) oLrq ds nzO;eku ij

(ii) xq#Roh; Roj.k ij

3- 'kwU;

11.4

1- tc ex dks ikuh esa Mqcks;k tkrk gS rks ml ij mRIykou cy dk;Z djrk gSA blfy,
;g ikuh esa gYdk gks tkrk gS ,oa tc bls ikuh dh lrg ls Åij mBk;k tkrk gS rks
;g vis{kkd̀r Hkkjh yxrk gSA

2- mRIykou cy ds dkj.kA

3- tc fdlh oLrq dks rjy inkFkZ esa Mqcks;k tkrk gS bl ij Åij dh fn'kk esa ,d cy
dk;Z djrk gS] bls mRIykou cy dgrs gSaA

4- ughaA

5- vkfdZfeMht ds fl)kUr ds mi;ksx

(i) tgktksa vkSj iuMqfCc;ksa dks cukus esaA

(ii) gkbMªksehVj o ySDVksehVj esaA



ekWM~;wy - 4

ÅtkZ
12. ÅtkZ ds lzksr
13. dk;Z ,oa ÅtkZ
14. rkih; ÅtkZ
15. izdk'k ÅtkZ
16. fo|qr ÅtkZ
17. fo|qr èkkjk dk pqEcdh; izHkko
18. èofu vkSj lapkj




