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7

n`<+ fiaM dh xfr

vHkh rd vkius ,dy fcanq nzO;eku dh xfr osQ fo"k; esa vè;;u fd;kA ;g ljyhdj.k
;kaf=kdh osQ fu;eksa dks le>us osQ fy;s dkiQh mi;ksxh gSA ysfdu okLrfod thou esa oLrq,a
cgqr ls vo;oksa ls feydj cuh gksrh gSaA ,d NksVs ls iRFkj osQ VqdM+s esa yk[kksa d.k gksrs
gSaA D;k bl fLFkfr esa izR;sd d.k osQ fy, vki vyx&vyx lehdj.k fy[ksaxs\ bl izdkj
yk[kksa lehdj.kksa dh vko';drk gksxhA D;k bldk dksbZ ljy fodYi gS\ bu iz'uksa osQ
mÙkj <w¡<+rs le; vki nzO;eku osQUnz vkSj tM+Ro vk?kw.kZ vkfn osQ ckjs esa tku losaQxsA
tM+Ro&vk/w.kZ ?kw.kZu xfr esa ogh Hkwfedk fuckgrk gS tks nzO;eku LFkkukUrj.k&xfr esa fuckgrk
gSA

blosQ lkFk gh ge HkkSfrdh dh egRoiw.kZ ladYiuk vkSj cy vk?kw.kZ ,oa dks.kh; laosx osQ
fo"k; esa Hkh i<+saxsA ;fn fdlh ?kw.kZu djus okys ra=k ij dksbZ cká vlarqfyr cy vk?kw.kZ
vkjksfir ugha gksrk] rks bldk dks.kh; laosx lajf{kr jgrk gSA bl ckr dh HkkSfrdh esa cgqr
mi;ksfxrk gSA ;g gesa crykrk gS fd oSQls ,d rSjkd ,d Mqcdh iVy (Mkbfoax cksMZ)
ls dykckth djrk gqvk uhps ikuh esa owQnrk gSA

mís';

bl ikB dks i<+us osQ i'pkr vki%

z ,d n`<+ fi.M esa nzO;eku osQUnz dks ifjHkkf"kr dj losaQxs_

z ;g O;k[;k dj ik,axs fd n`<+ fi.M dh xfr] LFkkukarj.k xfr vkSj ?kw.kZu xfr nksuksa dk
la;kstu D;ksa gS_

z tM+Ro vk?kw.kZ dks ifjHkkf"kr dj losaQxs rFkk yEcor~ ,oa lekUrj v{kksa osQ izes;ksa dk
dFku dj losaQxs_

z cy vk?kw.kZ ifjHkkf"kr dj losaQxs rFkk blosQ }kjk mRiUu ?kw.kZu dh fn'kk Kkr dj losaQxs_

z ,d n`<+ fi.M dh xfr dk lehdj.k fy[k losaQxs_

z dks.kh; laosx laj{k.k osQ fl¼kar dks cryk losaQxs vkSj
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z ,d ur lery ij xfreku n`<+ fi.M dh xfr osQ var esa mlosQ osx dh x.kuk dj
losaQxsA

7.1 n`<+ fi.M

tSlk fd Åij crk;k tk pqdk gS fd fcanq nzO;eku ,d vkn'kZ voèkkj.kk gS ftls foospu
dks ljy cukus osQ fy, mi;ksx esa yk;k tkrk gSA O;ogkj esa tc nks fi.Mksa osQ chp vU;ksU;
fØ;k gksrh gS rFkk muosQ chp dh nwjh muosQ vkdkj dh rqyuk esa cgqr vf/d gks rks bl
fLFkfr esa muosQ vkdkj dks ux.; ekudj ,d fcanq nzO;eku osQ #i esa fy;k tk ldrk
gSA D;k vki ,sls nks mnkgj.k ns ldrs gSa ftuesa fi.Mksa dk vkdkj egRo ugha j[krk gks\
flrkjksa dk vkdkj vkdk'kxaxk dh rqyuk esa cgqr de gksrk gSA vr% flrkjksa dks fcanq nzO;eku
ekuk tk ldrk gSA blh izdkj i`Foh&pUnzek fudk; esa] pUnzek dk vkdkj ux.; ekuk tk
ldrk gSA ijUrq tc ge fdlh v{k osQ bnZ fxnZ ,d n`<+ fi.M osQ ?kw.kZu ij fopkj djrs
gSa rks fi.M dk vkdkj egRoiw.kZ gks tkrk gSA tc ge fdlh fudk; osQ ?kw.kZu ij fopkj
djrs gSa rks ge lkekU;r;k ;g eku ysrs gSa fd ?kw.kZu dh vofèk esa buosQ vo;o d.kksa
osQ chp dh nwjh vpj jgrh gSA d.kksa osQ bl izdkj osQ fudk; dks n`<+ fi.M dgrs gSaA

n`<+ fi.M ,d ,slk fi.M gksrk gS ftlosQ vo;o d.k xfr dh voLFkk esa Hkh viuh
lkis{k fLFkfr cuk, j[krs gSa vFkkZr~ d.kksa osQ chp dh nwjh esa ifjorZu ugha gksrk gSA

bl ifjHkk"kk ls Li"V gS fd xfreku voLFkk esa n`<+ fi.M dk vkdkj lajf{kr jgrk gSA rFkkfi]
fcanq d.k dh rjg ,d n`<+ fi.M Hkh vkn'kZ fLFkfr gS D;ksafd] ;fn fdlh n`<+ fi.M ij
vR;fèkd cy yxk,a rks muosQ d.kksa osQ chp dh nwjh esa ifjorZu gks tkrk gSa ]Hkys gh ;s
ifjorZu vR;Ur lw{e gh D;ksa u gksaA bl izdkj ls izo`Qfr esa dksbZ Hkh vkn'kZ n`<+ fi.M
ugha gSA lkekU;r% ge ,d Bksl oLrq dks n`<+ fiaM eku ysrs gSaA ,d fØosQV dh xsan] ydM+h
dk xqVdk] ,d bLikr dh fMLd vkSj i`Foh rFkk pUnzek dks Hkh bl vè;k; esa n`<+ fiaM
eku fy;k x;k gSA

D;k ckYVh esa ikuh dks ,d n`<+ fi.M ekuk tk ldrk gS\ Li"V #i ls ,d ckYVh esa ikuh
n`<+ fi.M ughsa gks ldrk D;ksafd tc ckYVh dks b/j&m/j èkosQyk tkrk gS rks ikuh vkdkj
cnyrk gSA

vc vki ;g tkuuk pkgsaxs fd n`<+ fiaM osQ fo"k; esa vkius D;k le>k gS\

ikBxr iz'u 7.1

1. ydfM+;ksa dh N% NM+ksa dk ,d izsQe cuk;k x;k gSA NM+sa bl izdkj ls ,d&nwljs ls
lVh gSa fd ;s ?kwe ugha ldrha vFkok vyx ugha gks ldrh gSaA D;k ;g fudk; ,d
n`<+ fi.M gS\

2. D;k jsr osQ <sj dks ,d n`<+ fi.M ekuk tk ldrk gS\ vius mÙkj dh O;k[;k djsaA
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7.2  ,d n`<+ fi.M dk nzO;eku osQUnz

cgqr ls d.kksa ls cus n`<+fi.Mksa ij fopkj djus ls iwoZ ,d dkiQh ljy fudk; ij fopkj
djsaA ekuk leku nzO;eku osQ nks d.k ,d NM+ ls tqM+s gq, gSa ftldk viuk dksbZ nzO;eku
ugha gS vkSj tks vforkU; gS (ftldh yackbZ vpj gS)A D;k ge bl ra=k dks n`<+ fiaM dg
ldrs gSa\

bl fudk; eas nks d.kksa osQ chp dh nwjh fu;r gS] vr% ;g ,d n`<+ fiaM gSA

eku yhft, fd nks d.k ,d {kSfrt lery ls
z

1
 vkSj z

2
 Å¡pkbZ;ksa ij gSa (fp=k 7-1)A ;g Hkh eku

ysa fd ml NksVs&ls {ks=k esa] ftlesa bu nks d.kksa
dk fudk; ?kwerk gS] xq#Roh; cy ,d leku gSA
nksuksa d.kksa ij mg cy dk;Z djrk gSA vr% fudk;
ij yxus okyk oqQy cy 2mg gSA vc gesa fudk;
esa ,d ,sls fcanq dk irk yxkuk gS fd ;fn 2mg

cy ml fcUnq ij yxs rks fudk; dh xfr mlh
izdkj dh gks tSlh fd nksuksa d.kksa ij yxs izR;sd
cy mg osQ yxus ls gksrh gSA eku yhft, fd cy 2mg fcUnq C ij yxrk gS ftldh {kSfrt
lery ls Å¡pkbZ z gSA d.k 1 rFkk 2 dh fLFkfrt mQtkZ,a Øe'k% mgz

1
 rFkk  mgz2 gSaA

fcanq C ij ekus x, d.k dh fLFkfrt ÅtkZ 2mgz gqbZA pw¡fd bldk eku nksuksa d.kksa dh la;qDr
fLFkfrt ÅtkZ osQ cjkcj gksuk pkfg,A vr%

2 mgz = mgz
1
 + mgz

2
(7.1)

;k z = 
z z1 2+

2
(7.2)

è;ku nhft, fd bl fLFkfr esa fcanq C nks d.kksa osQ chp fLFkr gksrk gSA ;fn nksuksa nzO;eku
vleku gksa] rc ;g fcanq chp esa ugha jgsxkA ;fn d.k 1 dk nzO;eku m

1
 vkSj d.k 2 dk

nzO;eku m
2 
gks rks lehdj.k (7-1) dk #i fuEuor gks tk,xk%

(m
1
 + m

2
) gz = m

1
gz

1
 + m

2 
gz

2
(7.3)

vr%

z = 
1 1 2 2

1 2( )

m z m z

m m

+
+ (7.4)

fcanq C fudk; dk nzO;eku osQUnz (cm) dgykrk gSA okLro esa ;g ek=k ,d xf.krh; lk/
u gS vkSj nzO;eku osQUnz tSlk dksbZ HkkSfrd d.k ugha gksrk gSA bl ladYiuk dks le>us osQ
fy, fuEu mnkgj.k dk lkoèkkuhiwoZd vè;;u djsaA

mnkgj.k 7.1 : ;fn mi;qZDr fLFkfr esa ,d d.k dk nzO;eku nwljs d.k dk nqxquk gks rks]
nzO;eku osQUnz dh fLFkfr Kkr djsaA

fp=k 7.1 : nks d.kksa dk fudk;
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fp=k. 7.2 : vusd d.kksa ls cus
,d fudk; (fi.M)
dk nzO;eku osQUnz

gy :  m
1
= m vkSj m

2
= 2 m, rc lehdj.k (7.4) ls izkIr gksxkA

z = 
1 22

( 2 )

m z m z

m m

+
+  = 1 22

3

z z+

tc ,d fi.M vusd d.kksa ls fufeZr gksrk gS] rks nzO;eku osQUnz dks ifjHkkf"kr djus osQ
fy, lehdj.k (7-4) dks O;kid cuk ysrs gSaA ;fn d.k dk nzO;eku m

1
 vkSj fdlh ,d

izsQe osQ funsZ'kkadksa osQ lkis{k mlosQ funsZ'kkad (x
1
, y

1
, z

1
), nzO;eku m

2
 osQ funsZ'kkad (x

2
, y

2
,

z
2
) rFkk blh izdkj vU; nzO;ekuksa osQ funsZ'kkad gksa (fp=k 7-2) rks nzO;eku osQUnz osQ funsZ'kkad

gksaxs%

         x = 
1 1 2 2

1 2

...

...

m x m x

m m

+ +
+ +  = 

1

i

i
i

m x

m
=

∑

∑

N

i
i=

N
1

x = 1

N

i
i

m x

M
=
∑ i

(7.5)

blh izdkj y = 1

N

i
i

y

M
=
∑ im

(7.6)

 ,oa z = 1

N

i
i

M
=
∑ im z

(7.7)

tgk¡ 
1

N

i =
∑ im  lHkh d.kksa osQ nzO;ekuksa dk ;ksx n'kkZrk gS] vr% 

1

N

i=
∑ im  oLrq dk oqQy nzO;eku

(M) gSA

gesa nzO;eku osQUnz dks bruk lqLi"V #i ls ifjHkkf"kr djus dh D;k vko';drk gS\

;kn dhft,] foLFkkiu dh nj dks osx dgrs gSa vkSj osx dh nj dks Roj.k dgrs gSaA ;fn
a

1x
 d.k 1 osQ x-v{k osQ vqufn'k Roj.k osQ ?kVd dks n'kkZrk gS vkSj blh izdkj vU; d.kksa

osQ fy, Hkh laxr ?kVd ysa rks leh- (7-5)dh lgk;rk ls ge fy[k ldrs gSaA

M a
x

= m
1 
a

1x
 + m

2 
a

2x
 +... (7.8)

tgk¡ a
x
] x-fn'kk esa nzO;eku osQUnz dk Roj.k gSA blh izdkj y- vkSj z- v{kksa dh fn'kk esa Hkh

Roj.kksa osQ fy, leku Lo:i osQ lehdj.k gksaxsA lfn'k fu#i.k dk mi;ksx djrs gq, bu
rhuksa lehdj.kksa dks ,d lehdj.k osQ #i esa fy[kk tk ldrk gS%

M a = m
1 
a

1
 + m

2 
a

2
 +... (7.9)
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ysfdu nzO;eku ,oa Roj.k dk xq.kuiQy cy gksrk gSA vr% m
1 
a

1
d.k 1 ij yxus okys lHkh

cyksa dk ;ksx gSA blh izdkj m
2  a2 d.k 2 ij yxus okyk usV cy gSA vFkkZr~ lehdj.k

(7-9) osQ nkfguh vksj fy[ks cy] fi.M ij yxus okys leLr cy gSaA

fi.M ij yxus okys cy nks izdkj osQ gks ldrs gSaA oqQN cy fi.M ij ckgjh lzksrksa ls
yxrs gSaA ,sls cyksa dks cká cy dgrs gSaA bl cy dk ,d lqifjfpr mnkgj.k xq#Ro gSA
oqQN cy fi.M osQ vUnj osQ d.kksa dh ikjLifjd vU;ksU; fØ;kvksa osQ iQyLo#i Hkh yxrs
gSaA ,sls cyksa dks vkarfjd cy dgrs gSaA ,sls cy dk ,d lqifjfpr mnkgj.k llatd cy
gSA

,d n`<+ fi.M osQ fy, vkUrfjd cyksa dk ;ksx 'kwU; gksrk gS D;ksafd os ,d&nwljs dks tksM+s
osQ #i esa fujLr djrs gSaA vr% fi.M osQ vyx&vyx d.kksa osQ Roj.k cká cyksa osQ ifj.kkeh
osQ dkj.k gksrs gSaA bl lanHkZ esa lehdj.k (7-9) dks bl izdkj fy[k ldrs gSa&

M a = F
ext

(7.10)

blls Li"V gS fd fi.M dk CM (nzO;eku osQUnz) oqQN bl rjg ls xfreku gksrk gS
tSls fd fiaM dk lkjk nzO;eku ml fcanq ij fLFkr gks rFkk fi.M ij yxus okys
lHkh ckgjh cy ml fcUnq ij yx jgs gksaA è;ku nsa fd nzO;eku osQUnz dh ifjHkk"kk ls
O;qRifÙk fdruh vklku gks tkrh gSA vc gekjk fdlh fi.M osQ yk[kksa ,dy d.kksa ls dksbZ
okLrk ugha jgrk gS] osQoy nzO;eku osQUnz fuèkkZj.k dh vko';drk jg tkrh gS& rkfd ,d
fn, x, fiaM dh xfr dk fuèkkZj.k fd;k tk losQA ;g rF; fd nzO;eku osQUnz dh xfr
cká cyksa }kjk fu/kZfjr gksrh gS rFkk vkarfjd cyksa dh blesa dksbZ Hkwfedk ugha gS] euksjatd
fu"d"kksZa dh vksj ys tkrk gSA

vki iz{ksI; xfr ls lqifjfpr gSaA D;k vkidks ;kn gS fd iz{ksI; }kjk pyk x;k iFk oSQlk
gksrk gS\

iz{ksI; iFk ijoy;kdkj gksrk gSA

eku yhft, fd iz{ksI; ,d ce gS vkSj og
Åij vkdk'k esa gok osQ chp vusd VqdM+ksa
esa foLiQksfVr gks tkrk gSA foLiQksV vkarfjd cyksa
osQ dkj.k gksrk gSA cká cy esa] (tks fd
xq#Roh; cy gS) dksbZ ifjorZu ugha vkrk gSA
vr% iz{ksI; dk nzO;eku osQUnz mlh ijoy;
ij xfr djrk jgrk gSA ftl ij ;fn foLiQksV
ugha gksrk rks og xeu djrk (fp=k 7-3)A

ce osQ VqdM+s lHkh fn'kkvksa esa ijoy;kdkj iFkksa
esa xfr dj ldrs gSaA ysfdu mudk nzO;eku osQUnz ewy ijoy; ij gh fLFkr gksrk gSA vc
vki nzO;eku osQUnz dh ladYiuk dk egRo le> x, gksaxsA vkxkeh vuqPNsnksa esa vkidk
lkeuk oqQN vU; egÙoiw.kZ mnkgj.kksa ls gksxkA

fp=k.7.3 : ,d iz{ksI; dk nzO;eku osQUnz
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vr% vc ge ,d ljy mnkgj.k }kjk ns[krs gSa fd fdlh fudk; oQk nzO;eku osQUnz oSQls Kkr fd;k
tkrk gSaA

mnkgj.k 7.2 : eku yhft, 1.0  kg, 2.0 kg,

3.0 kg vkSj 4.0 kg osQ pkj nzO;eku ,d oxZ
osQ pkjksa dksuksa ij fLFkr gaS% oxZ dh Hkqtk 1.0

m gSA bl fudk; osQ nzO;eku osQUnz (C.M)

dh x.kuk dhft,A

gy : oxZ dh jpuk ge ,d ry esa dj ldrs
gSaA eku yhft, ;g ry (x,y) gSA ;g Hkh ekfu,
fd oxZ dk ,d dksuk ry osQ v{kksa osQ ewy
fcUnq ij iM+rk gSA x rFkk y nks v{k gSaA
pkj nzO;ekuksa osQ funsZ'kkad m

1
 (0,0), m

2

(1.0,0), m
3
 (1.0,1.0) vkSj m

4
 (0, 1.0) gSa vkSj

lHkh (yackb;k¡) nwfj;k¡ ehVj esa gSaA (fp=k 7-
4)
lehdj.kksa (7.5) ,ao (7.6) dk mi;ksx djus ij

x = 
10 0 2 0 10 30 10 4 0 0

10 2 0 30 4 0

. . . . . .

. . . .

× × × ×+ + +

+ + + ehVj = 0.5 ehVj

vkSj y = 
10 0 2 0 0 30 10 4 0 10

10 2 0 30 4 0

. . . . . .

. . . .

× × × ×+ + +

+ + + ehVj = 0.7 m

nzO;eku osQUnz osQ funsZ'kkad (0.5 m, 0.7 m) gSa vkSj fp=k (7-4) esa bls C ls fu#fir
fd;k x;k gSA ;g oxZ osQ osQUnz ij ugha gSA ;|fi oxZ ,d lefer (symmetrical)

vko`Qfr gSA
nzO;eku osQUnz oxZ osQ osQUnz ij u gksus osQ D;k dkj.k gSa\

bl iz'u dk mÙkj izkIr djus osQ fy, nzO;eku osQUnz osQ funsZ'kkad ml fLFkfr osQ fy,
izkIr djsa tc lHkh nzO;eku leku gSaA

lkj.kh 7.1  oqQN fu;fer ,oa lefer fiaMksa osQ nzO;eku osQUnz dh fLFkfr

fp=k nzO;eku osQUnz dh fLFkfr

7.2.1 oqQN fiaMksa osQ nzO;eku osQUnz (CM)f=kHkqtkdkj IysV

rhuksa ekfè;dkvksaa dk izfrPNsnu fcanq

fu;fer cgqHkqt vkSj o`Ùkkdkj IysV

vko`Qfr osQ T;kferh; osQUnz ij

fp=k. 7.4 : fdlh oxZ osQ pkjksa 'kh"kksZa ij
fLFkr nzO;ekuksa osQ nzO;eku&osQUnz
dk fLFkfr fuèkkZj.k
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foLr`r fiaMksa osQ nzO;eku osQUnzksa dh fLFkfr dh x.kuk vklkuh ls ugha dh tk ldrh gSA D;ksafd
blosQ fy, gesa fiaM dk fuekZ.k djus okys cgqr&ls d.kksa ij fopkj djuk gksxkA ;g rF;
fd fdlh n`<+ fiaM osQ lHkh d.kksa dk nzO;eku leku gksrk gS vkSj os fiaM esa leku #i
ls forfjr jgrs gSa & x.kuk dks oqQN vklku cuk nsrs gSaA

;fn fdlh fiaM dh vko`Qfr fu;fer vkSj lefer gks] tSls csyukdkj vFkok xksykdkj rks
x.kuk oqQN ljy gks tkrh gSA ysfdu ;s x.kuk,a bl iqLrd osQ fo"k; {ks=k ls ckgj gSaA fiQj
Hkh nzO;eku osQUnz osQ egRo dks è;ku esa j[krs gq, lkj.kh 7-1 esa oqQN fu;fer ,oa lefer
fi.Mksa osQ nzO;eku osQUnz fn, x, gSaA

nzO;eku osQUnz osQ fo"k; esa nks ckrsa ;kn j[kuh pkfg, (i) nzO;eku osQUnz oLrq dh lhek ls
ckgj gks ldrk gS] tSls fdlh vaxwBh osQ fy, (ii) tc nks oLrq,a ,d&nwljs osQ pkjksa vksj
?kwerh gSa rks os okLro esa vius mHk;fu"V nzO;eku osQUnz osQ pkjksa vksj ?kwerh gSaA mnkgj.k
osQ fy, rkjksa osQ ck;usjh (Binary) fudk; esa (;qXerkjkfudk; esa) rkjs mHk;fu"B nzO;eku
osQUnz dk pDdj yxkrs gSaA lw;Z&i`Foh fudk; Hkh vius mHk;fu"B nzO;eku osQUnz dk ifjØe.k
djrk gSA ysfdu pw¡fd lw;Z dk nzO;eku i`Foh dh rqyuk esa dkiQh vfèkd gksrk gS] fudk;
dk nzO;eku&osQUnz lw;Z osQ osQUnz osQ dkiQh lehi gksrk gSA

vc ;g vkidk viuh izxfr tk¡pus dk le; gSA

csyu rFkk xksyk

vko`Qfr osQ T;kferh; osQUnz ij

fijkfeM vkSj 'kaoqQ

vkèkkj osQ osQUnz vkSj 'kh"kZ dks tksM+us okyh js[kk ij
vkèkkj ls h@4 Å¡pkbZ ij

v{kh; lefefr okyh vko`Qfr

lefer vko`Qfr osQ v{k ij

lefer osQUnz okyh vko`Qfr
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ikBxr iz'u 7.2

1. fn[kkbZ xbZ fxzM esa A, B, C, D vkSj E d.k gSa
ftuosQ nzO;eku Øe'k%  1.0 kg, 2.0 kg, 3.0 kg,

4.0 kg vkSj 5.0 kg gSA fudk; osQ nzO;eku osQUnz
o s Q  f L F k f r fun s Z ' k k ad K kr dj s a
(fp=k 7-5)A

2. ;fn rhu d.k m
1
, m

2
, vkSj m

3
 ftuosQ nzO;eku

Øe'k% 1-0 kg, 2-0 kg vkSj 3-0 kg gSa] ,d
lef=kckgq f=kHkqt osQ dksuksa ij vofLFkr gSaA
fudk; osQ nzO;eku osQUnz osQ fLFkfr funsZ'kkad Kkr djsaA

3. n'kkZb, fd nks nzO;ekuksa dh muosQ nzO;eku osQUnz lss nwfj;k¡ muosQ nzO;eku dh O;qRØekuqikrh
gksrh gSaA

7-3 n`<+ fi.M dh LFkkukUrjh; ,oa ?kw.kZu xfr & ,d rqyuk

;fn ,d ǹ<+ fi.M bl izdkj pyrk gS fd blosQ lHkh d.k & lekUrj iFk osQ vuqfn'k xfr
djrs gSa (fp=k 7-6) rks bldh xfr dks LFkkukUrjh; (Translational) xfr dgrs gSaA pw¡fd lHkh
d.k leku xfr djrs gSa] vr% bldk nzO;eku osQUnz Hkh ,dleku iFk dk vuqlj.k djrk gSA
vr% ,d LFkkukUrjh; xfr esa oLrq dh xfr lehdj.k (7.10) }kjk fn[kk;h tkrh gS%

M a = Fext

D;k vc vki fdlh oLrq osQ nzO;eku osQUnz dks ifjHkkf"kr fd, tkus dk ykHk le> pqosQ
gSa\ bldh lgk;rk ls fdlh oLrq dh LFkkukUrjh; xfr ,d rqY; nzO;eku osQ ,dy d.k
dh xfr osQ lehdj.k ls fn[kkbZ tk ldrh gSA ;g d.k nzO;eku osQUnz ij fLFkr gS vkSj
n`<+ oLrq ij yxus okys lHkh dk;Zdkjh cká cyksa dk ;ksx bl ij dk;Z djrk gSA bl ladYiuk
dks Bhd <ax ls le>us osQ fy, fuEu fØ;kdyki djsa%

fØ;kdyki 7.1

,d ydM+h dk xqVdk ysaA bldh fdlh Hkh lrg
ij nks ;k rhu fpg~u cuk,aA vc fpg~u dks viuh
vksj j[ksa vkSj xqVosQ dks {kSfrt ry esa ,d èkDdk
nsaA bu fpg~uksaa }kjk cuk, x, iFkksa osQ fu'kku ns[ksaA
;s lHkh fpg~u lrg osQ lekUrj ,d&nwljs osQ lekUrj xfr djrs gSaA vki ;g vklkuh ls
ns[k ldrs gSa fd iFkksa dh yackb;k¡ Hkh cjkcj gSaA (fp=k 7-6)

fp=k. 7.6 : ,d ydM+h dk xqVdk iQ'kZ osQ
ry ij py jgk gSaA xqVdk ,d
LFkkukUrjh; xfr djrk gSA

fp=k. 7.5
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fØ;kdyki 7.2

vc ge ,d nwljk ljy iz;ksx djrs gSaA ,d
csyukdkj ydM+h dk VqdM+k yhft,A blosQ lery
fljs ij ,d ;k nks fu'kku cuk nsaA vc csyu dks
èkhjs ls ry ij yq<+dk nsaA fu'kku yxk gqvk lery
fgLlk viuh vksj j[ks fp=k (7-7)A ;g lrg osQ
lekUrj pyus osQ lkFk o`Ùkkdkj xfr Hkh djrk gSa
vr% fiaM us LFkkukUrjh; ,oa ?kw.kZu nksuksa izdkj dh
xfr;k¡ dh gSaA gkykafd n`<+ oLrqvksa dh vke xfr
LFkkukUrjh; (Translational) ,oa ?kw.khZ] nksuksa izdkj dh
gksrh gSa ysfdu ;fn fiaM dk ,d fcanq fu;r dj
fn;k tk, rks ;g osQoy ?kw.khZ xfr gh dj ldrk
gSA bl dk;Z osQ fy, fu;r dj fn;k tkus okyk lcls
lqfoèkktud fcanq bldk nzO;eku osQUnz gSA

vkius vkVk ihlus okyh pDdh vo'; ns[kh gksxhA
iRFkj dk gRFkk ,d o`Ùkh; iFk esa xfr djrk gSA iRFkj
osQ lHkh fcanq Hkh o`Ùkh; iFk esa xfr djrs gSa] ftudk
v{k & pDdh osQ iRFkj osQ osQUnz ls xqtjrk gS (fp=k
7-8)A

,d n`<+ fiaM dh xfr ftlesa lHkh d.k laosQanzh o`Ùkh; iFk esa xfr djrs gSa] ?kw.kZu
xfr dgykrh gSA

ge Åij ns[k pqosQ gSa fd ,d n`<+ fiaM
dh LFkkukUrjh; xfr ,dy d.k dh xfr
osQ lehdj.k osQ rqY; n'kkZbZ tk ldrh
gSA vki bu lehdj.kksa ls iwoZ ifjfpr
gSaA vr% bl vè;k; esa ge osQoy ,d
n`<+ oLrq dh ?kw.kZu xfr ij gh è;ku
osQfUnzr djsaxsA fiaM osQ fdlh ,d fcanq

dks fLFkj djosQ ?kw.kZu xfr dh tk ldrh gS (bl fLFkfr esa bldh LFkkukUrjh; xfr ugha
gksxh)A xf.krh; lqfoèkk osQ fy, bl fcanq  dks nzO;eku osQUnz (CM) fy;k tkrk gSA ,slh
fLFkfr esa ?kw.kZu nzO;eku osQUnz ls xqtjus okys v{k osQ ifjr% gksrk gSA bldk ,d vPNk
mnkgj.k i`Foh dk viuh èkqjh ij ?kw.kZu gS (fp=k 7-9)A vkius fiNys vè;k; esa vè;;u fd;k
fd js[kh; xfr esa oLrq dk nzO;eku ,d egRoiw.kZ Hkwfedk fuHkkrk gSA ;g fdlh yxk, x, cy
}kjk fdlh oLrq esa mRiUu Roj.k dk fuèkkZj.k djrk gSA D;k ge dksbZ blh izdkj dh fdlh jkf'k
dk fuèkkZj.k ?kw.khZ xfr osQ fy, Hkh dj ldrs gSaA vkb, ns[ksaA

fp=k. 7.7 :,d csyu dh yq<+dus okyh
xfr A us lrg osQ lekUrj xfr%
osQ lkFk&lkFk o`Ùkh; xfr Hkh
dh gSA

fp=k. 7.8 : pDdh dh 'kq¼ ?kw.kZu xfr

fp=k. 7.9 : i`Foh dk vius v{k ij ?kw.kZu
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7.3.1 tM+Ro vk?kw.kZ

eku yhft, C ,d n`<+ fi.M dk nzO;eku osQUnz
gS vkSj fiaM C ls xqtjus okys v{k osQ prqfnZd
?kw.kZu xfr djrk gS (fp=k 7.10)A

eku yhft, m
1
, m

2
, m

3
... nzO;eku osQ d.k ?kw.kZu

v{k ls Øe'k% r
1
, r

2
, r

3
... nwjh ij fLFkr gSa vkSj

Øe'k% v
1
, v

2
, v

3
 osx ls xfr dj jgs gSaA m

1

nzO;eku osQ d.k 1 dh xfrt ÅtkZ (½) m
1

2
1v gSA

blh izdkj m
2
 nzO;eku osQ d.k dh xfrt ÅtkZ

(½) m
2

2
2v gSA lHkh d.kksa dh xfrt ÅtkZ dks

tksM+us ij gesa fiaM dh oqQy ÅtkZ izkIr gksrh gSA
;fn T  fiaM dh oqQy xfrt ÅtkZ crykrk gS]
rks ge fy[k ldrs gSaA

T = (½) m
1

2
1v  + (½) m

2
2
2v +...

= 
2

1

1

2

=

=

⎛ ⎞
⎜ ⎟
⎝ ⎠∑

i n

i i
i

mv (7.11)

tgk¡ 
1

i n

i

=

=
 lHkh d.kksa osQ ;ksx dks n'kkZrk gSA

vè;k; 4 esa ge i<+ pqosQ gSa fd dks.kh; pky (ω) o js[kh; pky (v) osQ chp osQ lacaèk osQ
fy, lehdj.k v = r ω gSA bl ifj.kke dks lehdj.k (7.11) esa iz;ksx djus ij]

T =
2

1

1
( )

2

i n

i i

i

m r
=

=

⎛ ⎞ ω⎜ ⎟
⎝ ⎠∑ (7.12)

;gk¡ è;ku nsa fd geus ω osQ lkFk i dk iz;ksx ugha fd;k gS D;ksafd n`<+ fiaM osQ lHkh d.kksa
dh dks.kh; pky ω cjkcj gksrh gSA lehdj.k (7.12) dks bl izdkj fy[kk tk ldrk gSA

T = 
2 21

2

i n

i=1
i im r

=⎛ ⎞ ω⎜ ⎟
⎝ ⎠
∑

= 
1

2
 I ω2 (7.13)

jkf'k
I = 

i
Σ 2

i im r (7.14)

dks fiaM dk tM+Ro&vk?kw.kZ dgrs gSaA

fp=k. 7.10 :,d lery iVy dk vius
nzO;eku osQUnz ls xqtjrh v{k
osQ pkjksa vksj ?kw.kZu
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mnkgj.k 7.3 : m nzO;eku osQ pkj d.k ,d oxZ ftldh izR;sd Hkqtk L gS] osQ pkjksa dksuksa
ij fLFkr gSaA mudk tM+Ro&vk?kw.kZ] oxZ osQ osQUnz ls xqtjrh vkSj blosQ ry osQ yEcor
v{k osQ ifjr% ifjdfyr dhft,A

gy : ljy T;kferh ls ge tkurs gSa fd izR;sd d.k dh blosQ v{k ls nwjh r =L 2 .

vr%

I = 
2 2 2 2m r m r m r m r+ + +

= 4m r2

= 
2

4
2

L
m
⎛ ⎞
⎜ ⎟
⎝ ⎠

(pw¡fd 
2

= L
r ).

22 m L=

;gk¡ ;g è;ku nsus ;ksX; gS fd tM+Ro vk?kw.kZ dks fdlh ?kw.kZu v{k
osQ lanHkZ esa ifjHkkf"kr fd;k tkrk gSA blfy,] tc Hkh vki tM+Ro
vk?kw.kZ dh ppkZ djsa] rks ?kw.kZu v{k Hkh bafxr fd;k tkuk pkfg,A orZeku
mnkgj.k esa I] oxZ osQ osQUnz ls gksrh gqbZ rFkk pkjksa nzO;ekuksa osQ ry
osQ yEcor~ v{k osQ ifjr% fiaM dk tM+Ro&vk?kw.kZ gS (fp=k 7-10)A

tM+Ro&vk?kw.kZ  kg m2 esa O;Dr fd;k tkrk gSA ,d n`<+ fi.M dk
tM+Ro&vk?kw.kZ cgqèkk

I = M K2  osQ :i esa fy[kk tkrk gSA (7.15)

tgk¡ M oLrq dk oqQy nzO;eku gS vkSj K oLrq dh ifjHkze.k&f=kT;k (Radius of gyration))
gSA ifjHkze.k&f=kT;k ?kw.kZu v{k ls og nwjh gS ftl ij leLr fi.M osQ nzO;eku dks j[kk
gqvk ekuk tk ldrk gSA  ftlls fd gesa ogh tM+Ro&vk?kw.kZ izkIr gks tks fd okLro esas
fiaM dk gSA ;gk¡ ;g ;kn j[kuk egRoiw.kZ gS fd fdlh v{k osQ fxnZ ,d oLrq dk tM+Ro&vk?kw.kZ
ml v{k osQ prqfnZd nzO;eku osQ forj.k ij fuHkZj djrk gSA ;fn nzO;eku dk forj.k ifjofrZr
gksrk gS] rks mldk tM+Ro vk?kw.kZ Hkh cny tk,xkA bls mnkgj.k 7.3 dh lgk;rk ls le>k
tk ldrk gSA ekuk fd ge nks foijhr dksuksa esa m nzO;eku vkSj j[k nsrs gSA rc oxZ osQ
yacor C ls xqtjus okyh v{k osQ lanHkZ esa&

I = 
2 2 2 22 2m r m r m r m r+ + +

= 6m r2

Li"Vr;k tM+Ro&vk?kw.kZ 6mL2 ls 3 mL2 esa ifjofrZr gks x;k gSA

lehdj.k 7.13 dks iqu% è;ku ls nsf[k, rFkk js[kh; xfr esa fdlh fi.M dh xfrt ÅtkZ
osQ lehdj.k ls bldh rqyuk dhft,A D;k vkidks dksbZ lkn`'; fn[kykbZ nsrk gS\ vki ns[ksaxs
fd

Fig. 7.11
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js[kh; xfr esa tks Hkwfedk nzO;eku dh gS ogh Hkwfedk ?kw.kZu xfr esa tM+Ro vk?kw.kZ
dh gS vkSj js[kh; xfr esa js[kh; osx dh tks Hkwfedk gS oSlh gh Hkwfedk] ?kw.kZu xfr
esa dks.kh; osx dh gSA

lkj.kh 7.2 oqQN fu;fer vkSj ,d leku fi.Mksa osQ tM+Ro&vk?kw.kZ

I = MR2

NYy s dk
osQUnzh; v{k osQ
ifjr%

Bksl csyu dk
csyu dh v{k osQ
ifjr%

iryh NM+ dk
blosQ osQUnz ij
vfHkyacor~ v{k
osQ fxnZI = 

2

12
M L

NYys dk fdlh
O;kl osQ fxnZ

I = 
22

5

M R

Bksl xksys dk
fdlh O;kl osQ
fxnZ

I = 
2

2

M R

oy;kdkj csyu ;k
NYys dk viuh v{k
osQ fxnZ

Bksl csyu (;k fMLd)
dk ,d osQUnzh; O;kl
osQ fxnZ

,d iryh NM+ dk
blosQ v{k osQ yacor
,d fljs ls xqtjrh js[kk
osQ fxnZ

irys xksyh; dks'k dk
fdlh O;kl osQ fxnZ

NYys dk ,d Li'kZ
js[kk osQ fxnZ

I = 
2
M

( 2
1R  + 2

2R )

I = 
2

4
M R

 + 
2

12

M l

I = 
2

3

M L

I = 
22

3

M R

I = 
23

2

M R

I = 
2

2

M R
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A. tM+Ro&vk?kw.kZ dk HkkSfrd egRo

tM+Ro&vk?kw.kZ dk HkkSfrd egRo ?kw.kZu xfr esa oSlk gh gS] tSlk js[kh; xfr esa nzO;eku dk
gksrk gSA tSls js[kh; xfr esa nzO;eku oLrq dh js[kh; xfr dh voLFkk esa ifjorZu dk fojksèk
djrk gS] oSls gh tM+Ro&vk?kw.kZ ?kw.kZu xfr esa ifjorZu dk fojksèk djrk gSA tM+Ro&vk?kw.kZ
osQ bl xq.k dk O;kogkfjd thou esa cgqr mi;ksx fd;k x;k gSA ?kw.kZu xfr iSnk djus okyh
e'khuksa esa ,d vo;o izk;% ,d fMLd gksrh gS ftldk tM+Ro&vk?kw.kZ cgqr vfèkd gksrk
gSA jsy dk ok"i batu vkSj Lopkfyr okgu blosQ mnkgj.k gSaA og fMLd ftldk tM+Ro
vk?kw.kZ cgqr vfèkd gksrk gS] xfrikyd pØ (Fly wheel) dgykrh gSA xfrikyd pØ dh
dk;Z'kSyh dks le>us osQ fy, dYiuk dhft, fd jsyxkM+h dk pkyd vpkud gh jsyxkM+h
dh pky c<+kuk pkgrk gS] ysfdu xfrikyd pØ bl xfr dk fojksèk djrk gSA ;g xfr
dks èkhjs&èkhjs c<+us nsrk gSA blh izdkj ;g vpkud pky de djus osQ iz;kl dk Hkh fojksèk
djrk gSA bldh otg ls xkM+h 'kuS%'kuS #d ikrh gSA

bl izdkj ls xfrikyd pØ] vfèkd tM+Ro&vk?kw.kZ osQ dkj.k jsyxkM+h esa yxus okys >Vdksa
dks de djrk gS vkSj ;k=kh lqxerkiwoZ ;k=kk dj ikrs gSaA

geus ns[kk fd ?kw.kZu xfr esa dks.kh; osx dh lkn`';rk js[kh; xfr esa js[kh; osx ls gSA dks.kh;
Roj.k (ftls izk;% α ls n'kkZrs gSa)] dks.kh; osx esa ifjorZu dh nj gksrh gS] tks fd js[kh;
xfr esa js[kh; Roj.k osQ ln`'; gksrh gSA

B. leku #i ls ?kw.kZu dj jgs n`<+ fi.M osQ fy, xfr osQ lehdj.k

fdlh iVy osQ fcanq 0 osQ yEcor v{k osQ fxnZ ?kw.kZu ij fopkj djsaA ;fn ;g ,dleku
dks.kh; osx ω ls xfr dj jgk gS] tSlk fd n'kkZ;k x;k gS] rks ;g t lsdUM esa θ dks.k ls
?kwe tk,xk]

θ = ω t 7.16(a)

rFkkfi] ;fn iVy ij yxkrkj ,dleku cy&vk?kw.kZ yxk;k tk, (cy vk?kw.kZ cy dk ?kqekus
okyk izHkko gSA)] rks bl oLrq esa ,d leku dks.kh; Roj.k mRiUu gksxkA fuEufyf[kr lehdj.k
bldh ?kw.kZu xfr dk fu#i.k djrs gSa_

ω
f

= ω
i
 + α t

7.16(b)
tgk¡ ω

i
 izkjafHkd dks.kh; osx gS rFkk ω

f
 vafre dks.kh; osx gSSA

blh rjg ge fy[k ldrs gSa

θ = ω
i
 t + 

1

2
 α t2 7.16(c)

ω
f
2 = ω

i
2 + 2 α θ 7.16(d)

è;ku ls ns[kus ij vki dks bu lehdj.kksa dh LFkkukUrjh; xfr osQ lehdj.kksa ls lkn`';rk
Li"V gks tk,xhA
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mnkgj.k 7.4 : ,d lkbfdy dk ifg;k ,d {kSfrt v{k osQ fxnZ pDdj yxkus osQ fy,
Lora=k gSA ;g izkjEHk esa fojkekoLFkk esa gSA bl ij [khaph xbZ ,d js[kk OP dh dYiuk djsaA
;fn leku dks.kh; Roj.k  2.5 rad s–2 gks] rks js[kk OP, 2 lsdUM esa fdrus dks.k ls ?kwe
tk,xh\

fp=k.7.13 : ,d lkbfdy osQ ifg, dk ?kw.kZu

gy : js[kk OP dk dks.kh; foLFkkiu

θ = ω
0 
t + (½) α t2 = 0 + (½) × (2.5 rad s–2). × 4 s2 = 5 rad

geus Åij lh[kk gS fd ?kw.kZu xfr esa fiaM dk nzO;eku osQUnz fLFkj j[kk tkrk gSA ,slk osQoy
lqfoèkk dh n`f"V ls fd;k tkrk gSA ysfdu dbZ ckj ge nzO;eku osQUnz osQ vfrfjDr fdlh
vU; fcanq dks Hkh fLFkj j[k ldrs gSa vkSj fi.M mlosQ fxnZ ?kw.kZu xfr dj ldrk gSA rc
?kw.kZu v{k bl fcUnq ls gksdj tk,xkA bl fLFkj fcUnq ls tkus okyh v{k osQ fxnZ tM+Ro
vk?kw.kZ] n`<+ fi.M osQ fxnZ tM+Ro vk?kw.kZ ls fHkUu gksxkA tM+Ro vk?kw.kZ osQ izes;ksa }kjk bu
nksuksa tM+Ro vk?kw.kksZa osQ chp ,d lacaèk izkIr fd;k tk ldrk gSA

7.3.2 tM+Ro&vk?kw.kZ osQ izes;

nks v{kksa osQ fxnZ tM+Ro&vk?kw.kksZa osQ chp ijLij lacaèk
n'kkZus okys nks izes; gSaA ;s gS –

(i) lekUrj v{k izes;

(ii) yEcor~ v{k izes;

vc ge izes;ksa dh O;k[;k djsaxs vkSj buosQ mi;ksxksa dh
ppkZ djsaxs%

(i) lekUrj v{k izes;

eku yhft, fd dksbZ n`<+ fi.M nzO;eku osQUnz osQ vfrfjDr fdlh vU; fcanq P ls gksdj
tkus okyh v{k osQ fxnZ ?kw.kZuxfr djrk gSA bl v{k osQ fxnZ tM+Ro&vk?kw.kZ dh x.kuk bl
v{k osQ lekUrj osQUnz ls tkus okyh v{k osQ fxnZ tM+Ro&vk?kw.kZ osQ Kku ls dh tk ldrh
gSA ;fn p ls xqtjusokyh v{k osQ ifjr% tM+Ro&vk?kw.kZ dks I ls iznf'kZr djsa vkSj nzO;eku
osQUnz ls tkus okyh lekUrj v{k osQ fxnZ tM+Ro vk?kw.kZ I

C
 ls iznf'kZr fd;k tk;] rc

I = I
C
 + M d 2 (7.17)

fp=k.7.14 : CM ls xtjus okyh
v{k osQ lekUrj
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tgk¡ M fi.M dk nzO;eku gS vkSj d nksuksa v{kksa osQ chp dh nwjh gS] bls lekUrj v{k izes;
dgrs gSaA

(ii) yEcor~ v{k izes;

vkb, vc ge ijLij rhu yEcor v{kksa ij fopkj djsaA ftuesa ls nks v{k& x vkSj v{k&y

fi.M osQ lery esa gSa vkSj rhljh v{k z fi.M osQ lery osQ yEcor~ gS (fp=k 7-15)A
yEcor v{k izes; dk dFku gS fd x–v{k vkSj y–v{k osQ fxnZ tM+Ro vk?kw.kksaZ dk ;ksx
z–v{k osQ fxnZ tM+Ro vk?kw.kZ osQ cjkcj gksrk gSA

vFkkZr~ I
z

= I
x
 + I

y
(7.18)

vc ge ,d NYys dk mnkgj.k ysrs gSa] tSlk fd fp=k (7-16) esa fn[kk;k x;k gSA rkfydk
7-2 ls vki tkurs gSa fd ,d NYys dk viuh v{k osQ fxnZ tM+Ro vk?kw.kZ MR2 gksrk gS]
ftlesa M nzO;eku vkSj R f=kT;k gSA yEcor~ v{k osQ izes; osQ vuqlkj ;g tM+Ro vk?kw.kZ
nksuksa O;klksa osQ fxnZ & tM+Ro vk?kw.kZ osQ ;ksx osQ cjkcj gksuk pkfg, D;ksafd nksuksa O;kl ijLij
yEcor~ gSaA ywi dh lefefr ls irk pyrk gS fd fdlh Hkh O;kl osQ fxnZ tM+Ro vk?kw.kZ
cjkcj gksrk gSA bldk vFkZ ;g gqvk fd lHkh O;kl

fp=k.7.15 : yEcor~ v{k izes; fp=k.7.16 : ,d NYys dk tM+Ro vk?kw.kZ

rqY; gSaA vr% dksbZ Hkh nks yEcor~ O;kl pqus tk ldrs gsaA vc pw¡fd izR;sd O;kl osQ fxnZ
tM+Ro vk?kw.kZ leku gSa] ekuk ;g I

d
 gSA rc lehdj.k 7-18 osQ vuqlkj

M R2 = 2 I
d

vr%
I

d
= (½) MR2

vr% ,d NYys dk vius fdlh O;kl osQ fxnZ tM+Ro vk?kw.kZ (½) M R2 gksrk gSA

vc ge fje ij ,d fcanq P ysrs gSaA bl fcUnq P ij ywi dh Li'kZ js[kk ij fopkj djrs gSaA
;g js[kk ywi (NYys) dh v{k osQ lekUrj gSA nksuksa v{kksa osQ chp dh nwjh f=kT;k R osQ
cjkcj gSA Li'kZ js[kk osQ fxnZ tM+Ro vk?kw.kZ dh x.kuk] lekUrj v{k izes; dk mi;ksx djosQ
dh tk ldrh gSA Li'kZ js[kk osQ fxnZ vk?kw.kZ

I
Li'kZjs[kh;

= M R2 + M R2 = 2 M R2.

;gk¡ ;g Li"V dj nsuk vko';d gS fd rkfydk 7.2 esa cgqr%lh izfof"V;ksa esa lekUrj ,ao
yEcor~ v{k izes;ksa dk mi;ksx djosQ x.kuk dh xbZ gSaA
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7.3.3 cy&vk?kw.kZ vkSj cy ;qXe

fØ;kdyki 7.3

D;k vkius dHkh è;ku fn;k gS fd dCtksa ls nwj cy yxkdj
,d fdokM+ dks vklkuh ls [kksyk tk ldrk gS\ ;fn vki dCtksa
osQ ikl cy yxkdj fdokM+ [kksyuk pkgsa rks D;k gksrk gSa\ bl
fØ;kdyki dks dbZ ckj djosQ nsf[k,A vki eglwl djsaxs fd
dCtksa osQ utnhd cy yxkdj fdokM+ [kksyus esa vfèkd cy dh vko';drk gksrh gSA ,slk D;ksa
gksrk gS\ blh izdkj LiSuj }kjk ,d isap dks ?kqekus osQ fy, ,d yEcs gRFks dh vko';drk gksrh
gSA gRFkk yEck j[kus dk D;k mís'; gS\ vkb;s] vc ge bu iz'uksa dk mÙkj [kkstrs gSaA

eku ysa fd fi.M esa ,d fLFkj fcanq O gS vkSj bl fcUnq ls xqtjus okyh v{k osQ fxnZ ;g
fi.M ?kwe ldrk gS (fp=k 7-17)A ,d F ifjek.k dk cy AB js[kk dh fn'kk esa fcanq A ij
yxk;k tkrk gSA ;fn AB js[kk fcanq O ls xqtjrh gS rks ,slh fLFkfr esa yxk;k x;k cy oLrq
dks ?kqek ugha ik,xkA ;g AB js[kk fcanq O ls ftruh vfèkd nwj gksxh mruh gh vklkuh ls
cy iz;kssx }kjk fiaM dks O ls xqtjus okyh v{k osQ fxnZ ?kqek;k tk losQxkA cy osQ bl
?kw.kZu izHkko dks cy vk?kw.kZ dgrs gSaA bl cy&vk?kw.kZ dk ifjek.k

τ = F s = F r sin θ (7.19)

tgk¡ ij s ?kw.kZu v{k dh ml js[kk ls nwjh gS ftldh fn'kk esa cy yxk gSA cy&vk?kw.kZ dk
ek=kd] U;wVu ehVj (Nm) gSA cy&vk?kw.kZ okLro esa ,d lfn'k jkf'k gSA lehdj.k (7-19)
dks lfn'k #i esa bl izdkj Hkh fy[kk tk ldrk gS%

τττττ = r ××××× F    (7.20)

lehdj.k (7-20) ls cy vk?kw.kZ dk ifjek.k ,oa fn'kk
nksuksa iznf'kZr gksrs gSaA fi.M fdl fn'kk esa ?kwesxk\ bls Kkr
djus osQ fy, lfn'kksa osQ lfn'k xq.kuiQy osQ fu;e ij
fopkj dhft, (ikB 1 dks nsf[k,)A τττττ, r vkSj F nksuksa osQ
yEcor~ gS_ tks fd ;gk¡ ij dkx+t dk ry gSA (vFkkZr~
dkxt osQ ry osQ yEcor~ gS) (fp=k.7.18)A ;fn ge nk,a
gkFk osQ vaxwBs dks maxfy;ksa osQ yEcor~ j[ks vkSj maxfy;ksa
dks bl izdkj eksM+sa fd ;s r ls F dh vksj laosQr djsa]
rks vaxwBs dh fn'kk cy vk?kw.kZ dh fn'kk dks n'kkZ,xhA

bl fu;e dk iz;ksx djosQ n'kkZb, fd fp=k 7-18 esa cy
dk ?kw.kZu izHkko dkx+t dh lrg osQ yEcor~ uhps dh vksj
yxrk gSA ;g oLrq osQ ?kw.kZu dh nf{k.kkorZ fn'kk osQ laxr gSA

fp=k.7.17 : ,d oLrq dk ?kw.kZu

fp=k. 7.18 : nkfgus gkFk osQ vaxwBs dk
fu;e
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mnkgj.k 7.5 : fp=k.7.19 ,d lkbfdy iSMy fn[kkrk gS (i) eku ysa tc vki iSMy dks uhps
nck jgs gSa rks vkidk iSj 'kh"kZ ij gSa vki osQ }kjk mRiUu cy vk?kw.kZ fdruk gS\ (ii) vfèkdre
cy&vk?kw.kZ mRiUu djus osQ fy, vkidk iSj dgk¡ ij gksuk pkfg,A

fp=k.7.19 : lkbfdy iSMy (a) 'kh"kZ ij tcfd τττττ = 0; (b) tcfd τττττ vfèkdre gS

gy : (i) tc vki dk iSj 'kh"kZ ij gS rks cy dh dk;Z js[kk iSMy osQ osQUnz ls gksdj xqtjrh
gSA vr% θ = 0, vkSj τ = Fr sinθ = 0.

(ii) vfèkdre cy vk?kw.kZ izkIr djus osQ fy, sinθ
= 1 gksuk pkfg,A ;g rc gksrk gS] tcfd vkidk iSj
B fLFkfr esa gks vkSj vki iSMy dks uhps dh vksj nck
jgs gksaA

;fn fdlh fi.M ij cgqr&ls cy vk?kw.kZ dk;Z dj
jgsa gksa] rks ifj.keh cy vk?kw.kZ lHkh cy&vk?kw.kksZa dk
lfn'k ;ksx gksrk gSA ?kw.kZuxfr esa cy&vk?kw.kZ vkSj
js[kh; xfr esa cy dh Hkwfedk esa D;k vki dksbZ lkn`';
ns[krs gSa\
fp=k 7-20 dh Hkk¡fr oLrq ij yxus okys leku ifjek.k

,oa foijhr fn'kkvksa esa yxs cyksa ij fopkj dhft,A
eku yhft, fd fiaM O ls xqtjus okys v{k osQ fxnZ
?kweus osQ fy, Lora=k gSA fi.M ij yxs nksuksa cy vk?kw.kksZa
dk ifjek.k

τττττ1
 = (a + b) F

vkSj τττττ2 = a F

vki lR;kfir dj ldrs gSa fd bu nksuksa cy vk?kw.kksZa
osQ ?kw.kZu izHkko foijhr fn'kk esa gSaA vr% fiaM ij usV
?kw.kZu izHkko dk ifjek.k cM+s cy vk?kw.kZ dh fn'kk esa
gksxk] tks fd bl izdj.k eas τττττ1 gSA

τττττ = τττττ1
 – τττττ2

 = bF (7.21)

fp=k.7.20 : fdlh oLrq ij dk;Z dj
jgs nks foijhr

fp=k. 7.21 : fdlh v{k osQ ifjr%
?kwerh gqbZ ,d n`<+ oLrq
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vr% ge fu"d"kZ fudky ldrs gSa fd foijhr fn'kkvksa esa yxs nks leku cy ftudh
fØ;k js[kk,a vyx&vyx gSa ,slk cy&;qXe cukrs gSa ftlosQ cy&vk?kw.kZ dk ifjek.k
,d cy vkSj cyksa osQ chp dh yEcor~ nwjh osQ xq.kuiQy osQ cjkcj gksrk gSA

cy&vk?kw.kZ osQ fy, ,d vkSj u;k O;atd gS tks fd blls vkSj js[kh; xfr esa iz;qDr cy
esa lekurk iznf'kZr djrk  gSA fcanq O ls tkusokyh v{k osQ fxnZ ?kwers gq, fdlh ǹ<+ fi.M
ij fopkj dhft, (fp=k. 7.21)A Li"V#i ls fi.M dk ,d d.k P v{k osQ fxnZ ,d òÙkkdkj
ekxZ esa ?kwerk gS ftldk vèkZO;kl r gSA ;fn òÙkh; xfr vleku gks rks d.k Li'kZ js[kk ,oa f=kT;k
nksuksa dh fn'kkvksa esa cy dk vuqHko djrk gSA f=kT;k cy mω2 r, vfHkosQUnz cy gSA ;g d.k
dks òÙkkdkj iFk esa cuk, j[krk gSA Li'kZ js[kh; fn'kk esa yxus okyk cy] osx v osQ ifjek.k
dks cnyrk gSA ;kn j[ksa d.k esa osx dh fn'kk lnSo òÙkkdj iFk dh Li'kZ js[kk dh fn'kk esa
gksrh gSA bldk ifjek.k ma gksrk gS] tgk¡ a Li'kZjs[kh; Roj.k gSA f=kT; cy dksbZ cy&vk?kw.kZ
mRiUu ugha djrk gSA D;k vki crk ldrs gSa fd ,slk D;ksa gksrk gS\ Li'kZjs[kh; cy mar ifjek.k
dk cy vk?kw.kZ fufeZr djrk gSA D;ksafd a = r α (α dks.kh; Roj.k gS) gS vr% cy vk?kw.kZ
dk ifjek.k = m r2 α gksrk gSA ;fn ge fi.M osQ lHkh d.kksa ij fopkj djsa rks

τ = 
1

i n

i

=

=
∑ m

i
2

ir α =
2

ii
i

m r
⎛ ⎞
⎜ ⎟
⎝ ⎠
∑ α

= I α. (7.22)

Q α dk eku lHkh d.kksa osQ fy, leku gSA

bl lehdj.k vkSj F = m a osQ chp rqyuk ls Li"V gks tkrk gS fd τττττ dh ?kw.kZuxfr esa oSlh
gh Hkwfedk gS tSlh fd F dh jSf[kd xfr esa gksrh gSA lkj.kh 7-3 esa js[kh; vkSj ?kw.kZu xfr;ksa
esa iz;qDr gksus okyh jkf'k;ksa osQ chp lekurk dks n'kkZ;k x;k gSA bl lkj.kh dh lgk;rk
ls ge ?kw.kZu xfr esa iz;qDr gksus okyh fdlh Hkh jkf'k osQ lehdj.k dks fy[k ldrs gSa]
;fn gesa js[kh; xfr esa ml jkf'k osQ fy, lkn`'; Kkr gksA

lkj.kh 7.3 : js[kh; vkSj ?kw.kZu xfr esa iz;qDr gksus okyh jfk'k;ksa esa lekurk

js[kh; xfr fLFkj v{k osQ ifjr% ?kw.kZu xfr

foLFkkiu x dks.kh; foLFkkiu θ

osx v  = 
dx

dt
dks.kh; osx ω = 

d

dt

θ

Roj.k a = 
dv

dt
dks.kh; Roj.k α = 

d

dt

ω

nzO;eku M tM+Ro vk?kw.kZ I

cy F = m a cy vk?kw.kZ τ = I α

dk;Z W = Fz dx dk;Z W = τz dθ

xfrt ÅtkZ ½M v2 xfrt ÅtkZ (½) I ω2

'kfDr P = Fv 'kfDr P = τ ω

js[kh; laosx M v dks.kh; laosx I ω
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lehdj.k (7.22) dh lgk;rk ls ge fdlh fiaM esa fn, x, cy&vk?kw.kZ  }kjk mRiUu dks.kh;
Roj.k dh x.kuk dj ldrs gSaA

mnkgj.k 7.6 : fcuk ?k"kZ.k osQ 1.0 kg vkSj 0.1 ehVj vèkZO;kl
dh ,dleku fMLd blosQ osQUnz ls xqtjus okys v{k osQ fxnZ
?kwe ldrh gSA bl fMLd dh fje esa ux.; nzO;eku dh ,d
Mksjh iM+h gS (fp=k 7-2)A ;fn Mksjh ij 0.1 kg nzO;eku yVdk
fn;k tk, rks fMLd osQ (i) dks.kh; Roj.k (ii) ,d  lsd.M esa
?kwes x, dks.k rFkk (iii) ,d lsd.M esa tfur dks.kh; osx dh
x.kuk djsaA (g = 10 m s–2)

gy :  (i) ;fn R vkSj M fMLd dh f=kT;k vkSj nzO;eku n'kkZrs
gSa rks lkj.kh 7.2 dh lgk;rk ls ge ikrs gSa fd tM+Ro vk?kw.kZ
dk lehdj.k I = (½) M R2 gSA ;fn F Mksjh osQ fljs ls tqM+s nzO;eku
osQ dkj.k yxs cy F (= mg) dks n'kkZrk gS] rks τ = FR rc
lehdj.k (7.22) nsrk gS%

α  = τ /I = FR/I = 2F/MR

= 

2–2 (0.1kg) (10ms )

(1.0kg) (0.1 m)

× ×
×  =20 rad s–2.

(ii) ftl dks.k ij fMLd ?kwerh gS] ml dks.k dh x.kuk osQ fy, ge lehdj.k (7.16) dk
iz;ksx djrs gSaA D;ksafd izkjafHkd osx 'kwU; gSA vr%

θ = (½) × 20 × 1.0 = 10 rad (jsfM;u)

(iii) ,d lsd.M osQ ckn osx dh x.kuk osQ fy,

ω = α t = 20 × 1.0 = 20 rad s–1

vc] viuh izxfr dh tk¡p djus osQ fy, fuEu iz'uksa osQ mÙkj nsaA

ikBxr iz'u 7.3

1.  r yEckbZ osQ ,d oxZ osQ dks.kksa ij pkj d.k j[ks gSa
ftuesa izR;sd dk nzO;eku m gSA oxZ osQ ry osQ
yEcor~ ,d dksus ls gksdj tkus okyh v{k osQ fxnZ
tM+Ro&vk?kw.kZ dh x.kuk dhft,A oxZ dh ,d Hkqtk
ls gksdj tkus okyh v{k osQ fxnZ Hkh tM+Ro vk?kw.kZ
dh x.kuk dhft,A vius mÙkj dh tk¡p yEcor~ v{k
izes; dk iz;ksx djosQ dhft,A

1 m

fp=k. 7.22

0.1 kg

R
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2. ,d Bksl xksys dh ifjHkze.k&f=kT;k dh x.kuk dhft, ;fn ;g xksyk blosQ fdlh fcUnq
osQ Åij [khaph xbZ Li'kZ js[kk osQ ifjr% ?kw.kZu dj jgk gksA vki lkj.kh 7-2 dk mi;ksx
dj ldrs gsaA

7.4 dks.kh; laosx

lkj.kh 7.3 ls vki tkurs gSa fd js[kh; laosx osQ rqY; ?kw.kZu xfr esa dks.kh; laosx gksrk gSA
blosQ HkkSfrd egRo dks le>us ls iwoZ ge pkgrs gSa fd vki ,d fØ;kdyki djsaA

fØ;kdyki 7.4

,d ,slk ?kweus okyk LVwy yhft, ftlosQ ?kweus esa vfèkd ?k"kZ.k u yxrk gksA vius ,d
lkFkh dks mldh ck¡gs fleVokdj LVwy ij fcBkb,A LVwy dks rsth ls ?kqekb, vkSj mls ?kwerk
NksM+ nhft,A ?kw.kZu dh pky ekfi,A vc vius lkFkh dks ck¡gs iSQykus dks dfg, vkSj fiQj
ls ?kw.kZu dh pky ekfi,A iqu% vius lkFkh dks ck¡gsa lesVus osQ fy, dgsa vkSj LVwy dh
pky esa ifjorZu ns[ksaA

bl iz;ksx esa ck¡gksa dks iSQykus vkSj lesVus ij LVwy dh pky esa ifjorZu D;ksa gqvk\ vkb,]
bls le>saA

eku yhft, fd ,d n`<+ fi.M ,d fLFkj fcanq O ls tkus okys v{k(z &v{k) osQ fxnZ ?kwerk
gSA fi.M osQ lHkh fcUnq bl v{k osQ prqfnZd vius o`Ùkkdkj iFkksa ij ?kwers gSaA ,d d.k
P ij fopkj djsa tks v{k ls r nwjh ij gS (fp=k 7-23)A bl d.k dk js[kh; osx r

i
ω vksj

js[kh; laosx m
i
 r

i 
ω gSA js[kh; laosx vkSj v{k ls nwjh osQ xq.kuiQy dks dks.kh; laosx dgrs

gSaA dks.kh; laosx dks L ls fu#fir djrs gSaA n`<+ fi.M osQ lHkh d.kksa osQ dks.kh; laosxksa dks
tksM+ fy;k tk, rks n`<+ fi.M dk dks.kh; laosx

L = 
i
∑m

i 
ω r

i 
 r

i  
= 

i
i im rΣ 2

F
HG

I
KJ ω

= I ω (7.23)

è;ku nhft, fd lHkh d.kksa dk dks.kh; osx cjkcj gksrk
gSA dks"Bdksa osQ chp dh jkf'k tM+Ro vk?kw.kZ gSA js[kh;
laosx dh  Hkkafr dks.kh; laosx Hkh lfn'k jkf'k gSA lehdj.k
(7-23) osQoy lfn'k L osQ ?kw.kZu&v{k dh fn'kk esa ?kVd
dks n'kkZrh gSA ;gk¡ ;g egRoiw.kZ gS fd I dks fLFkj v{k
osQ lanHkZ esa iz;ksx fd;k tkuk pkfg,A dks.kh; laosx dk
ek=kd kg m2 s–1 gSA

fp=k.7.23 : ,d fcanq ‘O’ osQ fxnZ
,d v{k ij ?kwerk n`<+ fiaM
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;kn dhft, fd ω osQ ifjorZu dh nj α gSA vkSj Iα = τ  vr% dks.kh; laosx dh ifjorZu
nj cy&vk?kw.kZ osQ cjkcj gSA

lfn'k jkf'k;ksa osQ fu#i.k osQ #i esa ?kw.kZu djrs n`<+ fiaM dk lehdj.k

d

dt

L
= τττττ  = I 

d

dt

ω
 = Iα (7.24)

7.4.1  dks.kh; laosx laj{k.k

lehdj.k (7.24) n'kkZrk gS fd ;fn fdlh fudk; ij dksbZ cká ifj.kkeh cy&vk?kw.kZ 'kwU;

gks] vFkkZr 
d

dt

L
= 0, rks fudk; dk oqQy dks.kh; laosx vpj jgrk gSA ;g dks.kh; laosx

laj{k.k dk fl¼kUr gSA ;g fl¼kar ÅtkZ laj{k.k] js[kh; laosx laj{k.k dh rjg HkkSfrdh dk
,d cgqr egRoiw.kZ fl¼kar gSA dks.kh; laosx laj{k.k osQ fl¼kar ls gesa vusd iz'uksa osQ mÙkj
fey tkrs gSaA ok;q eas rSjrh f[kykSuk Nrjh dh fn'kk fLFkj D;ksa jgrh gS\ [ksy Nrjh (f[kykSuk Nrjh)
esa mldks ?kqek nsuk ,d fVªd gSaA ?kqeko nsus ls [ksy Nrjh esa dks.kh; laosx mRiUu gks tkrk gSA
ok;q esa NksM+ nsus osQ i'pkr~ bl ij dksbZ cy vk?kw.kZ ugha yxrkA bldk dks.kh; laosx vpj jgrk
gSA pw¡fd dks.kh; laosx ,d lfn'k jfk'k gS] blfy,] bldh fn'kk vkSj ifjek.k nksuksa vpj jgrs
gSaA vr% f[kykSuk Nrjh tc rd gok esa jgrh gS] rc rd bldh fn'kk fLFkj jgrh gSA

?kweus okys LVwy osQ ekeys esa tc LVwy ij dksbZ cy vk?kw.kZ dke ugha djrk gS rks LVwy
vkSj ml ij cSBs O;fDr dk laosx lajf{kr jguk pkfg,A tc O;fDr vius gkFk iSQykrk gS
rks ra=k dk tM+Ro vk?kw.kZ c<+ tkrk gSA rc lehdj.k (7-23) osQ vuqlkj dks.kh; osx ?kV
tkrk gSA blh izdkj tc og vius gkFk fldksM+rk gS] rks fudk; dk tM+Ro vk?kw.kZ de gksrk
gS ftlls dks.kh; osx esa o`f¼ gksrh gSA è;ku nhft, fd tM+Ro vk?kw.kZ esa vUrj ewy #i
ls ?kw.kZu v{k ls d.kksa dh nwjh esa ifjorZu osQ dkj.k gksrk gSA

vc laosx laj{k.k osQ oqQN vkSj mnkgj.kksa ij fopkj djsaA ekuk gekjs ikl M nzO;eku dh
,d xksykdkj xsan gS ftldh f=kT;k R gSA ,d cy vk?kw.kZ yxkdj bls ?kqek fn;k tkrk gS
vkSj fiQj cy vk?kw.kZ dks gVk fn;k tkrk gSA ,slh fLFkfr esa tc xsan ij dksbZ cy&vk?kw.kZ
yx gh ugha jgk gS rks xsan esa ftruk Hkh dks.kh; laosx mRiUu gks x;k gks] mls lajf{kr jguk
pkfg,A xsan dk tM+Ro vk?kw.kZ (2/5) M R2 gSA (lkj.kh 7-2)A vr% bldk dks.kh; laosx gS%

L = 
2

5
M R2ω (7.25)

vc dYiuk dhft, fd xsan dh f=kT;k fdlh izdkj de gks tkrh gSA rc dks.kh; laosx
osQ laj{k.k osQ fy, ω dk eku c<+ tkuk pkfg, vkSj dks rsth ls ?kweuk pkfg,A ,slk okLro
esa oqQN rkjksa osQ lkFk gksrk gS_ tks fd iYlj cu tkrs gSa (i`"B 174 ij ckWDl ns[ksa)A

;fn xsan dh f=kT;k vpkud c<+ tk; rks D;k gksxk\



ekWM~;wy  - 1 n`<+ fiaM dh xfr

xfr] cy ,oa ÅtkZ

fVIif.k;k¡

HkkSfrdh 200

vki lehdj.k (7.25) dh lgk;rk ls n'kkZ ldrs gSa fd ;fn R c<+rk gS rks dks.kh; laosx
esa laj{k.k osQ fy, ω dk eku cnyuk pkfg,A bldh f=kT;k dh c”kk; ;fn fdlh izdkj fudk;
osQ tM+Ro vk?kw.kZ dk eku cny tk, rks ω dk eku iqu% cny tk,xkA blosQ fy, ,d
jkspd izHkko osQ fy, fuEu ckDl dks nsf[k,A

fnu dh yackbZ fu;r ugha gSA

oSKkfudksa us ;g ik;k gS fd i`Foh osQ viuh èkqjh ij ?kw.kZu
osQ le; blosQ ?kw.kZu&dky vFkkZr fnu dh yackbZ esa cgqr
vYi varjky osQ vkSj vfu;fer ifjorZu gksrs gSaA blosQ
ftl ,d dkj.k dk irk pyk gS& og gS ekSleA ekSle
esa ifjorZu osQ dkj.k i`Foh osQ ok;qe.My esa cM+s iSekus
dh xfrfofèk;k¡ gksrh gSa ftlosQ dkj.k i`Foh dh v{k osQ
pkjksa vksj nzO;eku forj.k esa ifjorZu mRiUu gksrk gS vkSj
blls i`Foh dk tM+Ro&vk?kw.kZ Hkh cny tkrk gSA pw¡fd
i`Foh dk dks.kh; osx L = I ω lajf{kr jguk pkfg,A blfy,
I  osQ eku esa ifjorZu osQ iQyLo#i i`Foh dh ?kw.kZu xfr
vFkok fnu dh yackbZ cnyrh gSA

dykckt (Acrobats), LosQVlZ] xksrk [kksj rFkk vU; f[kykM+h
laosx laj{k.k osQ fl¼kar dk 'kkunkj mi;ksx djosQ vius
djrc fn[kkrs gSaA

jk"Vh; vkSj vUrjkZ"Vªh; rSjkdh izfr;ksfxrkvksa (tSls ,sf'k;kbZ
[ksy] vksyfEid [ksy ;k jk"Vªh; [ksy esa vkius ns[kk gksxk fd xksrk[kksj oSQls xksrk[kksjh osQ
fy, cus iVyksa ls Nykax yxkrs gSaA Nykax yxkrs le; xksrk[kksj gok esa vius 'kjhj dks
eksM+ ysrk gS eksM+us ls mlesa oqQN dks.kh; laosx mRiUu gksrk gSA tc xksrk[kksj gok esa gksrk
gS rks ml ij dksbZ cy&vk?kw.kZ ugha yxrk gSA ysfdu mldk dks.kh; laosx fLFkj jgrk gSA
tc 'kjhj eksM+us ls R dk eku de gks tkrk gS vkSj og rsth ls ?kweus yxrk gSA tc og
'kjhj dks iSQyk ysrk gS rks mldk tM+Ro&vk?kw.kZ vfèkd gks tkrk gS (fp=k 7-24) vkSj iQyr%
mldk ?kweuk èkhek gks tkrk gSA bl izdkj 'kjhj dh vko`Qfr esa fu;a=k.k osQ iQyLo#i xksrk[kksj
gok esa vusd djrc fn[kk ldrk gSA

mnkgj.k 7.7 : 'khyk ?kw.kZu djrs gq, ,d eap osQ osQUnz ij [kM+h gSA bl eap esa ?k"kZ.kjfgr
fc;fjax yxh gSaA mlosQ izR;sd gkFk esa ,d 2.0 kg dh oLrq gS tks fd fudk; osQ ?kw.kZu v{k
ls 1.0 m dh lekUrj nwjh ij gSA fudk; izkjaHk esa 10 pDdj@feuV dh pky ls xfr'khy
gSA x.kuk djsa (a) izkjafHkd dks.kh; osx jsfM;u izfr lsoaQM esa (b) dks.kh; osx tc oLrq,¡
?kw.kZu v{k ls 0.2 ehVj dh nwjh ij ykbZ tkrh gSa (c) fudk; dh xfrt ÅtkZ esa ifjorZu
(d) ;fn xfrt ÅtkZ esa o`f¼ gksrh gS] rks bldk D;k dkj.k gS\ (;g eku ysa fd 'khyk vkSj
IysViQkeZ dk tM+Ro&vk?kw.kZ I

SP 
1.0 kg m2 gSA

fp=k.7.24 : xksrk[kksjh osQ fy,
cus iVy ls Nykax
yxkrk xksrk[kksj
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gy : (a) 1 pDdj = 2π radian

∴ izkjafHkd dks.kh; osx ω = 
10 2 rad

60 s

× π
 = 1.05 rad s–1

(b) ;gk¡ ij dks.kh; laosx osQ fl¼kar dk iz;ksx djuk vko';d gSA

izkjafHkd tM+Ro vk?kw.kZ I
i

= I 
SP

+ m 2
ir  + m 2

ir

= 1.0 kg m2 + (2.0 kg) × (1m)2 + (2.0 kg) × (1m)2

=  5.0 kg m2.

tc oLrq,a 0.2 m dh nwjh ij ykbZ tkrh gSa] rks vafre tM+Ro vk?kw.kZ

I
t

= I
SP

 + 2
fmr  + 2

fmr

= 1.0 kg m2 + 2.0 kg × (0.2)2m2 + 2.0 kg × (0.2)2 m2

= 1.16 kg m2.

dks.kh; laosx laj{k.k osQ fl¼kar osQ vuqlkj]
I

i
ω

i
= I

f
 ω

f

;k ω
f

= 
i i

f

I

I

ω
 = 

2 – 1

2

( 5 .0  k g  ) × 1 .0 5 ra d s

1 .1 6 k g  

m

m

= 4.5 rad s–1

(c) ekuk fd xfrt ÅtkZ esa ifjorZu ΔE gSA rc

ΔE = 
1

2
I

f
 ω f

2  – 
1

2
I
i
 ωi

2

= 
1

2
 × 1.16 kg m2 × (4.5 rad s–1)2 – 

1

2
 ×

   5.0 kg m2 × (1.05 rad s–1)2

= 9.05J

pw¡fd vafre xfrt ÅtkZ izkjafHkd xfrt ÅtkZ ls vfèkd gS] blfy, fudk; dh xfrt ÅtkZ
c<+rh gSA

(d) tc 'khyk oLrqvksa dks v{k dh vksj [khaprh gS] rks fudk; ij dk;Z djrh gSA ;g fd;k
x;k dk;Z fudk; dh xfrt ÅtkZ dks c<+k nsrk gSA

ikBxr iz'u 7.4

1. ,d gkbMªkstu v.kq nks ,dleku ijek.kqvksa ls cuk gSA izR;sd ijek.kq dk nzO;eku m

gS vkSj muosQ chp dh nwjh d gSA ;g nwjh fLFkj jgrh gSA ;g v.kq nksuksa ijek.kqvksa osQ
chp osQ fcUnq ls tkus okyh v{k osQ fxnZ ω dks.kh; osx ls ?kwerk gSA v.kq osQ dks.kh;
laosx dh x.kuk dhft,A
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2. ,d o`rkdkj fMLd dk nzO;eku 2.0 kg vkSj f=kT;k 20 cm gSA ;g vius lery osQ
yEcor O;kl osQ ,d dksus ls tkus okyh v{k osQ fxnZ 10 rad s–1 osQ dks.kh; osx ls
?kwerh gSA ?kw.kZu v{k osQ fxnZ bldk dks.kh; laosx fudkfy,A

3. vius ÅèokZèkj v{k osQ fxnZ ,d ifg;k ω dks.kh; pky ls ?kwe jgk gSA ,d nwljk ifg;k
ftldk nzO;eku bldk vkèkk gS ysfdu mrus gh vèkZO;kl dk gS] og fojke dh voLFkk
esa gSA mls mlh v{k ij yxk fn;k tkrk gSA nksuksa ifg, ,d gh v{k osQ fxnZ leku
pky ls ?kweus yxrs gSaA ifg;ksa osQ ?kweus dh bl leku dks.kh; pky dh x.kuk djsaA

4. ,slk dgk tkrk gS fd xSl osQ cknyksa osQ fleVus ls i`Foh dk fuekZ.k gqvk gSA dYiuk
dhft, Hkwrdky esa bldh f=kT;k orZeku f=kT;k dh 25 xquh FkhA rc bldk viuh v{k
osQ fxnZ ?kw.kZu dky fdruk Fkk\ x.kuk djsaA

7.5  ;qxir~ dks.kh; vkSj LFkkukUrjh; xfr;k¡

ge ns[k pqosQ gSa fd ;fn ,d fcanq fdlh n`<+ oLrq ij fLFkj
u gks] rks bldh dks.kh; vkSj LFkkukUrjh; nksuksa xfr;k¡ laHko
gSaA ,d n`<+ oLrq esa lkekU;r;k ;s nksuksa xfr;k¡ gksrh gSaA ,d
xkM+h osQ ifg, dh ,d {kSfrt lery ij xfr osQ ckjs esa fopkj
djsaA eku ysa fd vki ,d o`Ùkh; i`"B dk voyksdu dj jgs
gSa (fp=k 7-25) vki viuk è;ku ,d fcanq P rFkk o`Ùkh; i`"B
osQ osQUnz C ij osQfUnzr djsaA bl ifg;s dk nzO;eku osQUnz Hkh
C ij gSA tc ;g yq<+drk gS rks vki ns[krs gSa fd fcanq P

fcanq C osQ fxnZ ?kw.kZu djrk gS vkSj fcanq C Hkh xfr dh fn'kk
esa xfr'khy jgrk gSA vr% ifg, dh LFkkukUrjh; ,oa ?kw.kZu nksuksa izdkj dh xfr;k¡ gksrh gSaA
;fn nzO;eku osQUnz C dk js[kh; osx v

cm  
gks rks LFkkukUrjh; xfrt ÅtkZ

(KE)
tr

= 
1

2
2
cmM v (7.26)

tgk¡ ij M oLrq dk nzO;eku gSA ;fn ω ?kw.kZu dh dks.kh; pky gks rks] ?kw.kZu xfrt ÅtkZ

(KE)
rot

= 
1

2
I ω2 (7.27)

tgk¡ ij I tM+Ro vk?kw.kZ gSA LFkkukUrjh; ,oa ?kw.kZu xfr osQ iQyLo#i oqQy xfrt ÅtkZ bu
nksuksa osQ ;ksx osQ cjkcj gksxhA vkur ry ij yq<+dh oLrq la;qDr LFkkukUrjh; ,oa ?kw.kZu xfr
dk ,d euksjatd mnkgj.k gSA

mnkgj.k 7.8 : eku yhft, ,d n`<+ fiaM ftldk nzO;eku M, f=kT;k R vkSj tM+Ro vk?kw.kZ
I gSA ;g h Å¡pkbZ osQ vkur lery ij yq<+drk gS (fp=k 7-25)A fiaM viuh ;k=kk osQ var

fp=k.7.25
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esa js[kh; osx v vkSj dks.kh; osx ω izkIr dj ysrk gSA ?k"kZ.k osQ ÅtkZ ßkl dks ux.; eku ysaA
v dk eku h osQ inksa esa izkIr djsaA

fp=k.7.26 : ,d vkur ry ij n`<+ fudk; dh xfr

gy : ÅtkZ laj{k.k osQ fu;e osQ vuqlkj LFkkukarjh; o ?kw.kZu xfr;ksa osQ dkj.k xfrt ÅtkZ]
fi.M osQ vkur lery osQ Åijh fljs ij fLFkfrt ÅtkZ osQ cjkcj gksuh pkfg,A vr%

(½) Mv2  + ½ I ω2 = M g h (7.28)

;fn xfr iw.kZr% yksVfud gks vkSj fiQlyu u gks rks v = R ω

bl O;atd dks lehdj.k (7-28) eas j[kus ij] gesa izkIr gksxk%

1

2
M v2 + 

1

2
 I 

v 2

2R
= M g h (7.29)

;fn n`<+ fi.M ,d NYyk gks rks bldk tM+Ro vk?kw.kZ vius v{k osQ fxnZ MR2 gksrk gSA nsf[k,
(lkj.kh 7-2)

rc lehdj.k (7-29)ls
1

2
M v2 + 

1

2

2 2

2

M R

R

v
= M g h

vFkok v = g h (7.30)

D;k bl lehdj.k esa vki dksbZ euksjatd ckr ikrs gSa\ NYys dk js[kh; osx] mlosQ nzO;eku
,oa f=kT;k ls Lora=k gS vFkkZr~ NYyk fdlh Hkh inkFkZ dk gks vkSj mldh f=kT;k fdruh Hkh
gks] og ur lery ij leku pky ls yq<+drk gSA

ikBxr iz'u 7.5

1. ,d Bksl xksyk fdlh ur lery ij fcuk fiQlyrs gq, yq<+drk gSA ur lery dh
Å¡pkbZ osQ inksa esa blosQ osx dh x.kuk dhft,A

2. ,d Bksl csyu vkur lery ij fcuk fiQlyrs gq, yq<+drk gSA bldh xfrt ÅtkZ
dk dkSu lk Hkkx LFkkukUrjh; xfrt ÅtkZ gS\ h Å¡pkbZ osQ ur lery ls yq<+dus osQ
ckn blosQ osx osQ ifjek.k dh x.kuk djsA
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3. ,d 10 cm f=kT;k vkSj 2 kg nzO;eku dk xksyk] ,d vkur ry ij tks {kSfrt ls 300

dk dks.k cukrk gS] NksM+k tkrk gSA bldk (a) dks.kh; Roj.k, (b) ur lery ij js[kh;
Roj.k vkSj (c) ur lery ij 2 ehVj pyus ij bldh xfrt ÅtkZ dh x.kuk dhft,A

iYllZ (Pulsars) dk jgL;

iYllZ dks.kh; laosx laj{k.k dk ,d euksjatd mnkgj.k izLrqr djrs gSaA ;s og rkjs
gksrs gSa] tks gekjh vksj vR;fèkd rhozrk osQ fofdj.k Lian Hkstrs gSaA Lian vkorhZ gksrs
gSa vkSj budh vkorZrk vR;ar ifjekftZr (ifj'kq¼) gksrh gSA

vkorZdky dh ifjlhek ,d lsd.M osQ yk[kosa Hkkx ls ysdj dbZ lsd.M rd gksrh
gSaA brus de vkorZdky ;g iznf'kZr djrs gSa fd ;s rkjs cgqr rsth ls ?kwe jgs gSaA
bu rkjksa dk vfèkdre Hkkx U;wVªkWuksa ls cuk gksrk gS U;wVªkWu rFkk izksVªkWu ijek.kq ukfHkd
dh fuekZ.k bdkb;k¡ gSa)A bu rkjksa dks U;wVªkWu rkjk dgk tkrk gSA ;s rkjs vius thou
osQ vafre iM+ko esa gksrs gSaA rsth ls ?kweus dk jgL; muosQ NksVs lkb”k dk gksuk gSA
,d fo'ks"k U;wVªkWu rkjs dh f=kT;k osQoy 10 km gksrh gSA bldh lw;Z dh f=kT;k (7
× 105 km) ls rqyuk dhft,A lw;Z viuh v{k ij 25 fnu esa ?kwerk gS (?kw.kZu vkorZdky
25 fnu gS)A dYiuk dhft, fd fcuk nzO;eku esa ifjorZu fd, lw;Z vpkud floqQM+dj
U;wVªkWu rkjs osQ vkdkj dk gks tk, rks vius dks.kh; laosx dks lajf{kr j[kus osQ fy,
lw;Z osQ ?kw.kZu dk vkorZdky ,d feyhlsoaQM ls Hkh de gks tk,xkA

vkius D;k lh[kk

z ,d n`<+ fi.M dh ?kw.kZu ,oa LFkkukarjh; xfr;k¡ gksrh gSaA

z ,d n`<+ fi.M osQ LFkkukUrjh; xfr osQ fy, lehdj.k & ,dy d.k dh xfr osQ lehdj.kksa
dh Hkk¡fr gksrk gS] ftldh xfr nzO;eku osQUnz dh xfr dks n'kkZrh gSA

z ;fn fdlh n`<+ fi.M dk ,d fcanq fLFkj gks rks ;g osQoy ?kw.kZu xfr dj ldrk gSA

z ?kw.kZu v{k osQ fxnZ tM+Ro vk?kw.kZ 
i
Σ m ri i

2 }kjk ifjHkkf"kr fd;k tkrk gSA

z ?kw.kZu xfr esa tM+Ro vk?kw.kZ dh oSlh gh Hkwfedk gS] tSlh js[kh; xfr esa nzO;eku dh
gksrh gSA

z ,d n`<+ fi.M ij yxs cy F dk ?kqeko izHkko cy vk?kw.kZ τττττ = r ××××× F gksrk gSA

z leku fdUrq foijhr fn'kkvksa esa yxs nks cy cy&;qXe cukrs gSaA cy ;qXe dk ifjek.k
,d cy vkSj cyksa dh fØ;k js[kk osQ chp dh yEcor~ nwjh dk xq.kuiQy gksrk gSA

z cká cy vk?kw.kZ yxus ls fi.M dk dks.kh; laosx cny tkrk gSA
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z ;fn lHkh cká cy vk?kw.kksZa dk ;ksx 'kwU; gks rks fi.M dk dks.kh; laosx vpj jgrk
gSA

z tc ,d csyukdkj ;k ,d xksykdkj (fiaM) ,d vkur lery ij fcuk fiQlys gq,
yq<+drk gS] rc mldh pky mlosQ nzO;eku vkSj f=kT;k ij fuHkZj ugha djrh gSA

ikBkUr iz'u

1. fi.M osQ Hkkj Mg dks lkekU;r;k bl izdkj fy;k tkrk gS fd og fi.M osQ nzO;eku
osQUnz ij yxrk gSA D;k bldk ;g vFkZ gS fd i`Foh fi.M osQ vU; d.kksa dks vkdf"kZr
ugha djrh gS\

2. D;k ;g laHko gS fd fi.M dk nzO;eku osQUnz fiaM osQ ckgj fLFkr gks\ vius mÙkj
dh i`f"V esa dksbZ nks mnkgj.k nhft,A

3. dkcZu eksuksDlkbM (CO) osQ v.kq esa nksuksa ijek.kqvksa osQ ukfHkdksa osQ chp dh nwjh
1.13 × 10–10 ehVj gSA v.kq osQ nzO;eku osQUnz dk LFkku fuèkkZfjr djsaA

4. 100 rad s–1 osQ dks.kh; osx ls 5.0 kg nzO;eku vkSj 0.20 m O;kl dk pDdh dk ifg;k
?kwe jgk gSA bldh xfrt ÅtkZ dh x.kuk dhft,A Lora=krkiwoZd fxjus dh fLFkfr esa
bls fdruh Å¡pkbZ ls bruh xfrt ÅtkZ dh izkfIr osQ fy;s fxjuk pkfg,A ( g = 10.0

m s–2 ysa)

5. 2 pDdj izfr lsoaQM pDdj izfr lsoaQM2 izkjafHkd dks.kh; osx ls ,d fLFkj v{k osQ
fxnZ 1.0 m O;kl dk ifg;k ?kwe jgk gSA bldk dks.kh; Roj.k 3 pDdj izfr lsoaQM2

(a) 2 lsd.M ckn dks.kh; osx dh x.kuk dhft,A

(b) brus le; esa ifg;k fdrus dks.k ls ?kwe x;k?

(c) le; t = 2 lsd.M ij ifg;s osQ fje ij fdlh fcUnq ij Li'khZ; osx dh x.kuk
dhft,A

(d) le; t = 2 lsd.M ij ifg;s osQ fje ij ,d fcUnq dk ifj.kkeh Roj.k fudkfy,A

6. 20 jsfM;u@lsoaQM osQ dks.kh; osx ls ?kwe jgs ,d ifg, dks 4.0 lsd.M esa ,d vpj
cy vk?kw.kZ osQ yxkus ls fojke voLFkk esa dj fn;k tkrk gSA ;fn ?kw.kZu v{k osQ fxnZ
tM+Ro vk?kw.kZ 0.20 kg m2 gks rks izFke nks lsd.M esa cy vk?kw.kZ }kjk fd;k tkus okyk
dk;Z fudkfy,A

7. ,d ,Dly esa nks ifg, A ,oa B yxs gSaA ifg;s A dk tM+Ro vk?kw.kZ 5 × 10–2 kg m2

gS rFkk ifg;s B dk tM+Ro vk?kw.kZ 0-2 kg m2 gSA ifg;k A 600 pDdj izfr lsoaQM
osQ fglkc ls ?kwerk gS tcfd ifg;k B fLFkj j[kk tkrk gSA nksuksa ifg;ksa dks ,d Dyp
ls tksM+ fn;k tkrk gS] rkfd os lkFk&lkFk ?kwe losaQA
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(a) os fdl pky ls ?kwesaxs\

(b) Dyp osQ tksM+s tkus osQ ckn vkSj Dyp dks tksM+us ls igys ?kw.kZu xfrt ÅtkZvksa
dh rqyuk dhft,A

(c) Dyp osQ dk;Z djus dh vofèk esa ;fn A, 10 pDdj yxkrk gks rks Dyp fdruk
cy&vk?kw.kZ yxkrk gSA

8. vkidks ns[kus esa ,d tSls nks xksy fi.M fn, x, gSa vkSj ;g dgk x;k gS fd muesa
ls ,d [kks[kyk gSA dkSu&lk xksyk [kks[kyk gS] bldk irk yxkus dk dksbZ rjhdk crk,a\

9. ,d ifg, dk tM+Ro vk?kw.kZ 1000 kg m2  blosQ ?kw.kZuksa dks ,d leku Rofjr fd;k
tkrk gSA fdlh le; esa bldk dks.kh; osx 10 jsfM;u@lsoaQM gSA 100 jsfM;u osQ dks.k
ls tc ifg;k ?kwe tkrk gS] rc ifg, dk dks.kh; osx 100 jsfM;u@lsd.M gks tkrk
gSA ifg, ij yxus okys cy&vk?kw.kZ dh x.kuk dhft, rFkk xfrt ÅtkZ esa ifjorZu
dh Hkh x.kuk dhft,A

10. 1.0 kg nzO;eku vkSj 10 cm vèkZO;kl dh ,d fMLd viuh v{k osQ fxnZ ?kwe jgh
gSA fojke voLFkk ls bls ,dleku #i ls Rofjr fd;k tkrk gSA izFke lsd.M dh vofèk
esa ;g 2-5 jsfM;u ?kwerh gSA nwljs lsd.M esa ;g fdrus dks.k ls ?kwe tk,xh\ fMLd
ij yxus okys cy vk?kw.kZ dk ifjek.k fudkfy,A

ikBxr iz'uksa osQ mÙkj

7.1

1. gk¡] D;ksafd izsQe osQ fcanqvksa osQ chp dh nwfj;k¡ ugha cny ldrhA

2. ugha] D;ksafd dksbZ gypy jsr osQ d.kksa osQ chp dh nwjh dks cny ldrh gSA vr%
jsr osQ <sj dks ,d n`<+ oLrq ugha le>k tk ldrk gSA

7.2

1. ik¡p nzO;ekuksa osQ funsZ'kkad A (–1, –1), B (–5, –1), C (6, 3), D (2, 6) rFkk E (–3, 0)

gSa vkSj muosQ nzO;eku Øe'k% 1 kg , 2 kg , 3 kg, 4 kg vkSj 5 kg gSaA

vr% nzO;eku osQUnz osQ funsZ'kkad

x = 
-1 1 – 5 2 6 3 2 4 – 3 5

1 2 3 4 5

× × + × + × ×
+ + + +  = 0

y = 
–1 1 1 2 3 3 4 6 0 5

1 2 3 4 5

× − × + × + × + ×
+ + + +  = 

30

15
 = 2.0

2. ekuk fd rhuksa d.kksa okys fudk; dks fuEu fp=k dh Hkk¡fr n'kkZ;k x;k gS tgk¡ ij fcUnq
A (ewy fcanq ij) 2 kg dh nzO;eku fLFkfr gSA
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x = 
2 0 1 0.5 3 1 3.5

1 2 3 6

× + × + × =
+ +

m = 0.5 m

y = 

3
2 0 1 3 0 32

1 2 3 12

× + × + ×
=

+ +
m

vr% nzO;eku osQUnz osQ funsZ'kkad 
3.5 3

,
6 12

  
      

 gSaA

3. ekuk nksuksa d.k x-v{k esa fLFkr gSa vkSj muosQ x– funssZ'kkad 0 vkSj x gSA nzO;eku osQUnz
osQ funsZ'kkad

X = 
1 2

1 2

0m m x

m m

× + ×
+  = 

2

1 2

m x

m m+ , Y = 0

X  m
1
 dh nzO;eku osQUnz ls nwjh gSA m

2
 dh nzO;eku osQUnz ls nwjh

x – X = x – 
2

1 2

m x

m m+  = 
1

1 2

m x

m m+

∴
X

Xx +  = 
2

1

m

m

vr% d.kksa dh nzO;eku osQUnz ls nwfj;k¡ nzO;ekuksa osQ O;qRØe vuqikr esa gSaA

7.3

1- oxZ osQ ry osQ yacor~ ,d dksus ls gksdj tkus okyh v{k osQ fxnZ

fudk; dk tM+Ro vk?kw.kZ

= m r2 + m (2 r2) + m r2 = 4 m r2

,d Hkqtk osQ fxnZ tM+Ro vk?kw.kZ = m r2 + m r2 = 2 m r2

lR;kiu : QP osQ fxnZ tM+Ro vk?kw.kZ  = m r2 + m r2 + 2 m r2. vc yEcor~ v{k izes;
osQ lehdj.k osQ vuqlkj & v{k SP osQ fxnZ tM+Ro vk?kw.kZ = (2mr2)  + v{k QP 2

m r2 ls xqtjus okyh vkSj ry osQ yEcor~ v{k osQ fxnZ tM+Ro vk?kw.kZA D;ksafd ;g
lR; gS blfy, ifj.kke lR;kfir gq,A

2. Bksl xksys dh Li'kZjs[kk osQ fxnZ Bksl xksys dk tM+Ro vk?kw.kZ

= 
2

5
 M R2 +M R2 = 

7

5
 M R2 gSA (lekUrj v{k osQ izes; }kjk)
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M K2 = 
7

5
 M R2 ;fn ifjHkze.k f=kT;k K gks rks

 K = R
7

5

7.4
1. dks.kh; laosx

L = 
2 2

4 4

  
+  

  
d d

m m ω

L = 
2

2

ωm d

2. dks.kh; laosx ,d ?kw.kZu v{k (O;kl) osQ fxnZ

L = I ω = m 
r2

4
 × ω

pw¡fd NYys osQ blosQ O;kl osQ fxnZ tM+Ro vk?kw.kZ = 
2

4

m r

∴ L = 20 kg × 
2 2(0.2)

4

m
× 10 rad s–1 = 0.2 kg m2 s–1.

3. dks.kh; laosx laj{k.k osQ vuqlkj
I

1
ω = (I

1
 + I

2
) ω

1

tgk¡ I
1
 ewy ifg;s dk tM+Ro vk?kw.kZ vkSj I

2
 nwljs ifg;s dk tM+Ro vk?kw.kZ gSA ω izkjafHkd

dks.kh; pky vkSj ω
1
 mHk;fu"B vafre dks.kh; pky

m r2 ω = 
2 2

2
  +    

m
m r r ω

1

ω = 
3

2
ω

1 
⇒ ω

1 
= 

2

3
 ω

4. ekuk fd i`Foh dk orZeku ifjØe.k le; T rFkk izkjafHkd ifjØe.k le; T
0 
gSA dks.kh;

laosx laj{k.k osQ vuqlkj

2

5
M (25 R)2 × 

0

2

T

⎛ ⎞π
⎜ ⎟
⎝ ⎠

= 
2

5
 M R2 × 

2π  
    T

= 
2

5
M R2 × 

2π  
    T

T
0
 = 6.25 T

vr% Hkwrdky esa i`Foh osQ ifjØe.k dk le; T
0
 = 6.25 × orZeku ifjØe.k le;A
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7.5

1. lehdj.k (I = 
2

5
M R2) dk iz;ksx djus ij ,d Bksl xksys osQ fy,

1

2
mv2 + 

1

2
I ω2 = m g h

;k,
1

2
mv2 + 

1

2
 × 

2

5
m r2 . 

v2

2r
 = m g h

Q  ω = v /r.

blls v = 
10

.
7

g h

2. ,d Bksl csyu osQ fy, I = 
2R

2

m

∴ oqQy xfrt ÅtkZ 
1

2
m v2 + 

1

2
I ω2 = 

1

2
m v2 + 

1

2

2R

2

m
.  

v2

2R
 = 

3

4
m v2

Q  ω = v /r

vr% LFkkukUrjh; xfrt ÅtkZ dk Hkkx = 

2

2

1
2
3
4

m

m

v

v
 = 

2

3

Åijh iz'u 1 osQ mÙkj dh Hkk¡fr v =
4

3
g h

ikBkUr iz'uksa osQ mÙkj

3. dkcZu ijek.kq ls 0.64 Å dh nwjh ij

4. 125 J, 2.5 m

5. (a) 16 π rad s–1 (b) 20 π rad (c) 25 m s–1 (d) 1280 m s–2

6. 30 J

7. (a) 4 π rad s–1 (b) E
i
 = 5 E

f
(c) 49 π N m

9. T = 5 × 104 N m, KE = 5 × 106 J

10. 7.5 rad, τ = 5 × 10–2 J


