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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
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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
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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



 225HkkSfrdh

Bksl ds izR;kLFk xq.k ekWM~;wy  - 2
Bkslksa ,oa rjyksa dh ;kaf=kdh

fVIif.k;k¡

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
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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.


