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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
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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
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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
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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



ekWM~;wy  - 2 rjy inkFkksZa osQ xq.k

Bkslksa ,oa rjyksa dh ;kaf=kdh

fVIif.k;k¡

HkkSfrdh 276

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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