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xfr ds fu;e

iwoZ vè;k; esa vkius foLFkkiu] osx ,ao Roj.k osQ inksa esa fdlh fiaM dh xfr dk o.kZu
djuk lh[kkA ijUrq ,d egRoiw.kZ iz'u ;g mBrk gS fd og D;k gS tks fdlh fiaM dks
xfreku djrk gS\ vFkok ;g  fd tehu ij yq<+drh gqbZ dksbZ xsan fdl dkj.k #d tkrh
gS\ vius fnu izfrfnu osQ vuqHko ls ge tkurs gSa fd ;fn ge dejs esa j[kh fdlh oLrq
dh fLFkfr esa ifjorZu djuk pkgsa rks gesa mls [khapuk ;k èkosQyuk iM+rk gSA blh izdkj iqQVckWy
dks nwj Hkstus osQ fy;s ml ij Bksdj ekjuh iM+rh gSA NDdk yxkus osQ fy;s fØosQV ckWy
ij cYys dks tksj ls ekjuk iM+rk gSA vki ekusaxs fd bl izdkj dh xfrfofèk;ksa esa ekalisf'k;ksa
dh fØ;k,a lfUufgr gSa vkSj mudk izHkko Li"V n`f"Vxkspj gksrk gSA

rFkkfi] ,slh vusd ?kVuk,a gksrh gSa ftuosQ dkjd cy n`f"Vxkspj ugha gksrsA mnkgj.kkFkZ& o"kkZ
dh cw¡nksa osQ tehu ij fxjus dk D;k dkj.k gS\ i`Foh }kjk lw;Z osQ pkjksa rjiQ ?kweus dk
D;k dkj.k gS\ bl ikB esa vki xfr osQ ewy fl¼karksa dk vè;;u djsaxs vkSj xfr osQ dkj.kksa
dh [kkst djsaxsA bl ikB esa fodflr cy dh voèkkj.kk HkkSfrdh dh fofHkUu 'kk[kkvksa esa
mi;ksxh fl¼ gksxhA U;wVu us cy o xfr osQ varjax lacaèkksa dks n'kkZ;kA xfr osQ fu;e izo`Qfr
osQ ewyHkwr fu;e gSa vkSj nSfud thou dh ?kVukvksa dks le>us esa gekjh lgk;rk djrs gSaA

mís';

bl ikB dk vè;;u djus osQ i'pkr vki

tM+Ro osQ egRo dks le>k losaQxs_

U;wVu osQ xfr osQ fu;eksa dks crk ik;saxs vkSj mudks le>kus osQ fy, mnkgj.k ns losaQxs

laosx laj{k.k osQ fu;e dh O;k[;k dj ik;saxs vkSj mnkgj.kksa }kjk bldks le>k losQaxsA

laxkeh cyksa ds larqyu dh ladYiuk dks le> ik,axs_

?k"kZ.k xq.kkad dks ifjHkkf"kr dj ik;saxs vkSj LFkSfrd ?k"kZ.k] xfrt ?k"kZ.k ,ao yksVfud ?k"kZ.k
esa Hksn Li"V dj losaQxs_
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?k"kZ.k de djus dh fofHkUu fofèk;k¡ crk losaQxs vkSj nSfud thou esa ?k"kZ.k dh Hkwfedk
ij izdk'k Mky ik;saxs_ ,oa

nh x;h ifjfLFkfr dk fo'ys"k.k dj ik;saxs vksj cy funsZ'kd vkjs[k (Free body diagrams)

dk mi;ksx djosQ U;wVu osQ fu;eksa dks ykxw dj losaQxsA

3.1 cy vkSj tM+Ro dh voèkkj.kk,a

ge lHkh tkurs gSa fd fLFkj oLrq,a vius LFkku ij gh cuh jgrh gSaA ;s Lo;a ,d LFkku
ls nwljs LFkku ij ugha tk ldrh tc rd fd cy osQ mi;ksx }kjk budh fLFkfr dks u
cnyk tk,A blh izdkj fu;r osx ls xfr'khy fdlh oLrq dh xfr esa ifjorZu djus osQ
fy;s cy yxkus dh vko';drk gksrh gSA

fdlh oLrq dh fLFkjrk vFkok ,dleku js[kh; xfr dh voLFkk esa cus jgus dh izo`fr dks
tM+Ro dgk tkrk gSA fdlh fiaM dk nzO;eku mlosQ tM+Ro dk eki gSA

,d izdkj ls tM+Ro ,d foy{k.k xq.k gSA ;fn ;g u gksrk rks vkidh fdrkcsa] lkeku vkfn
bèkj ls mèkj igq¡pdj vLrO;Lr gks tkrsA ;kn j[ksa fd fdlh oLrq dh fLFkjrk ;k leku
#i ls xfr'khy voLFkk fujis{k ugha gksrh gSA fiNys ikB esa vki i<+ pqosQ gSa fd fdlh
izs{kd dks ,d oLrq fLFkj fn[kk;h iM+ ldrh gS tcfd nwljs izs{kd dks og xfr'khy izrhr
gks ldrh gSA izs{k.kksa ls irk pyrk gS fd fdlh oLrq osQ osx esa rHkh ifjorZu yk;k tk
ldrk gS tcfd ml ij ,d usV cy dk;Z djsA

vki cy 'kCn ls lqifjfpr gSa bls ge nSfud thou esa fofHkUu lanHkksZa esa mi;ksx djrs gSaA
fdlh oLrq dks [khapus] èkosQyus] Bksdj ekjus ;k ihVus esa cy vkjksfir gksrk gSA gkyk¡fd
cy fn[kk;h ugha iM+rk blosQ izHkko n`f"Vxkspj gksrs gSa vkSj vuqHko fd;s tk ldrs gSaA cyksa
osQ izHkko nks izdkj osQ gksrs gSaA

(a) ;s oLrq dh vko`Qfr ,ao lkbt cny ldrs gSaA mnkgj.k osQ fy, ,d xqCckjs dh vko`Qfr
ml ij yxk;s x;s cy osQ ifjek.k osQ vuqlkj cnyrh gSA

(b) cy fdlh oLrq dh xfr dks Hkh izHkkfor djrs gSa&

cy fdlh fLFkj oLrq dks xfr iznku dj ldrk gS vFkok xfr'khy oLrq dks fojke
voLFkk esa yk ldrk gSA cy fdlh oLrq dh xfr dh fn'kk vFkok pky dks Hkh ifjofrZr
dj ldrk gSA

(c) cy fdlh oLrq dks fdlh v{k osQ ifjr% ?kw.kZu djk ldrs gSaA lkrosa ikB esa vki
bl lEcaèk esa i<+saxsA

3.1.1 cy ,oa xfr

cy ,d lfn'k jkf'k gS blfy;s tc dbZ cy ,d lkFk fdlh oLrq ij yxs gksrs gSa rks budk
ifj.kkeh cy] lfn'k ;ksx }kjk izkIr fd;k tk ldrk gSA tSlk fd ikB 1 esa crk;k tk pqdk
gSA
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fdlh fiaM dh xfr mlosQ foLFkkiu] osx vkfn ls vfHkyf{kr gksrh gSA ge ,slh dbZ fLFkfr;ksa
ls xqtjrs gSa ftuesa fiaM dk osx fujraj c<+rk tkrk gS tc rd fd ;g tehau ls Vdjkdj
#d u tk;A blh izdkj ,d {kSfrt ry esa yq<+drh xsan dk osx èkhjs&èkhjs de gksdj 'kwU;
gks tkrk gSA

vuqHko osQ vkèkkj ij ge ;g tkurs gSa fd fdlh oLrq dh fLFkfr ifjofrZr djus osQ fy;s
,d 'kwU;sÙkj cy dh vko';drk iM+rh gSA fdlh xfr'khy oLrq osQ osx esa ifjorZu ml ij
vkjksfir cy dh fn'kk ij fuHkZj djrk gSA ;fn fdlh oLrq ij yxk;k x;k cy mldh xfr
dh fn'kk esa dk;Z djrk gS rks oLrq osQ osx dk ifjek.k vfèkd gks tk;sxkA ;fn oLrq ij yxs
cy dh fn'kk xfr dh fn'kk osQ foijhr gks rks osx dk ifjek.k de gks tk;sxkA ;fn fdlh
oLrq ij cy blosQ osx osQ yEcor yxk gks rks oLrq osQ osx dk ifjek.k vpj jgrk gS nsf[k,
vuqPNsn (4-3)A bl izdkj yxk cy osQoy oLrq dh fn'kk ifjofrZr dj ldrk gSA

vr% ge ;g fu"d"kZ fudky ldrs gSa fd oLrq osQ osx esa mrus le; rd gh ifjorZu
gksrk gS tc rd ml ij usV cy dk;Z djrk gSA

3.1.2 xfr dk izFke fu;e

tc ge dk¡p dh xksyh dks fdlh fpdus iQ'kZ ij yq<+dkrs gSa rks ;g oqQN le; i'pkr
#d tkrh gSA Li"Vr% ;fn ge bls fujUrj leku osx ls xfr'khy djuk pkgsa rks bl ij
lrr #i ls ,d cy yxkuk iM+sxkA blh izdkj ,d VªkWyh dks fuf'pr osx ls xfr'khy j[kus
osQ fy;s bls yxkrkj [khapuk ;k èkosQyuk iM+sxkA D;k ;gk¡ mfYyf[kr fLFkfr;ksa esa VªkWyh ;k
xksyh ij dksbZ usV cy dk;Z dj jgk gS\

xfr ,oa tM+Ro

xSyhfy;ksa us bl ckr dks fl¼ djus osQ fy;s fd fdlh ckã cy dh vuqifLFkfr
esa dksbZ oLrq viuh fLFkj voLFkk ;k ,d ljy js[kh; lexfr voLFkk esa ;Fkkor cuh
jgrh gSSS oqQN iz;ksx fd,A xSyhfy;ks us ik;k fd ,d ur ry ij uhps dh vksj xfr'khy
oLrq esa Roj.k (fp=k 3-1 (a) vkSj Åij dh vksj xfr'khy oLrq esa eanu gksrk gS (fp=k
3-1 (b)A mUgksaus roZQ fn;k fd ;fn ry u uhps dh vksj vkur gks u Åij dh vksj
(vFkkZr ;fn ;g {kSfrt gks) rks oLrq esa u Roj.k gksxk u eanuA {kSfrt ry esa ;g
oLrq ,dleku osx ls xfr'khy jgsxhA 'krZ ;g gS fd bl ij dksbZ cká cy vkjksfir
u gksA

(a) (b) (c)

fp=k  3.1 : ur vkSj {kSfrt ryksa esa fdlh fiaM dh xfr
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,d nwljs ekufld iz;ksx esa mUgksaus nks ijLij vfHkeq[k ur ry fy;s tSlk fp=k 3.2

esa fn[kk;k x;k gSA ry PQ dk >qdko rhuksa fLFkfr;ksa esa leku gS tcfd ry RS dk
>qdko (a) esa (b) vkSj (c) dh vis{kk vfèkd gSA

(a) (b)

(c)
fp=k 3-2% ,d nwljs dh vksj vfHkeq[k ur ryksa ij fdlh fiaM dh xfr

ry PQRS cgqr fpduk ry gS vkSj xksyh dk¡p dh gSa tc ry PQ ij xksyh yq<+dkbZ
tkrh gS rks og RS ry esa yxHkx leku Å¡pkbZ rd Åij tkrh gSA tc RS ry dk
>qdko de djrs gSa rks bls leku Å¡pkbZ rd Åij tkus osQ fy;s vfèkd nwjh r;
djuh iM+rh gS (fp=k 3-2)A tc ry {kSfrt gks tkrk gS (fp=k 3-2c) rks xksyh dks
PQ osQ leku Å¡pkbZ izkIr djus osQ fy;s yxkrkj pyrs jguk iM+sxkA (;gk¡ ;g eku
fy;k x;k gS fd xksyh vkSj ry osQ chp dksbZ ?k"kZ.k ugha gks jgk gSA)

lj blkd U;wVu
(1642–1727)

U;wVu dk tUe oksYlFkksiZ] baxyS.M esa] 1642 esa gqvkA mudh f'k{kk fVªfuVh
dkWyst] oSaQfczt esa gqbZ vkSj os ,d ikjaxr oSKkfud cu x,A i`Foh dh
vksj fxjrs gq, lsc dks ns[kdj mUgksaus xq#Ro osQ ewy fu;e dk fu#i.k
fd;kA mUgksaus xfr osQ fu;e ,ao xq#Ro osQ fu;eksa dk izfriknu fd;kA

U;wVu esèkkoh Fks vkSj mUgksaus foKku osQ lHkh {ks=kksa esa ;ksxnku fn;kA mudk ;ksxnku mPp
dksfV dk gS vkSj vkèkqfud oSKkfud fopkjèkkjk dh vkèkkjf'kyk gSA mUgksaus viuh iqLrd
^^fizalfi;k** ysfVu esa fy[kh vkSj izdkf'kdh ij fy[kh mudh iqLrd vaxzth Hkk"kk esa
izdkf'kr dh xbZ gSA

rkfoQZd n`f"V ls vki iz'u dj ldrs gSa fd rc VªkWyh dh leku xfr dks cuk;s j[kus osQ
fy;s fujUrj ,d cy dk iz;ksx vko';d D;ksa gS\ bldk mÙkj ;g gS fd VªkWyh dh xfr
dh fn'kk esa lrr cy yxkus dh vko';drk ?k"kZ.k osQ dkj.k foijhr fn'kk esa yx jgs cy
dks larqfyr djus osQ fy, gksrh gSA vFkkZr VªkWyh dks yxkrkj èkosQy dj ;k [khap dj ml
ij dk;Z dj jgs ?k"kZ.k cy ij ikj ik;k tk ldrk gSA
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U;wVu us xSyhfy;ks osQ fu"d"kZ dks ,d lkekU; #i fn;k ftls U;wVu dk xfr dk izFke fu;e
Hkh dgrs gSaA bl fu;e osQ vuqlkj dksbZ oLrq fojke ;k ljy js[kh; leku xfr dh voLFkk
esa rc rd cuh jgrh gS tc rd ml ij ,d usV cká cy iz;ksx u fd;k tk;A

tSlk fd vki tkurs gSa] fdlh oLrq dh fojke ;k xfr dh voLFkk] izs{kd osQ lanHkZ esa mldh
lkis{k fLFkfr ij fuHkZj djrh gSA pyrh gqbZ dkj esa cSBk ,d O;fDr mlh dkj esa cSBs lM+d
ij [kM+s O;fDr dh rqyuk esa xfreku gksxkA bl dkj.k fLFkfr] osx] Roj.k vkSj cy esa ifjorZu
osQ ekiu osQ fy;s funsZ'k ra=k (frame of reference) dk p;u vko';d gks tkrk gSA

,d ,slk funsZ'k ra=k ftlosQ lkis{k ljy js[kk esa xfr'khy oLrq dk osx usV ckã cy osQ
vHkko esa lnSo vpj cuk jgrk gS tM+Roh; funsZ'k ra=k (inertial frame of reference) dgykrk
gSA bls ;g uke lHkh oLrqvksa esa fo|eku tM+Ro osQ ml xq.k osQ dkj.k fn;k x;k gS ftlosQ
gksrs gq, os viuh fojke ;k ½tqjs[kh; ,d leku xfr dh voLFkk dks cuk;s j[kuk pkgrs
gSaA  (lHkh izk;ksfxd mís';ksa osQ fy;s) i`Foh ls tqM+k funsZ'k ra=k tM+Roh; funsZ'k ra=k ekuk
tk ldrk gSA

vc vki FkksM+k fojke ysa vkSj fuEufyf[kr iz'uksa osQ mÙkj nsaA

ikBxr iz'u 3.1

1. D;k ;g dguk lgh gS fd dksbZ oLrq ges'kk ml ij dk;Z dj jgs usV cká cy dh
fn'kk esa pyrh gS\

2. dkSu lh HkkSfrd jkf'k fdlh fiaM osQ tM+Ro dh eki osQ fy, mi;ksx dh tkrh gS\

3. D;k fdlh cy }kjk ,d oLrq osQ osx osQ ifjek.k dks vpj j[krs gq, osQoy mldh
fn'kk dks cnyk tk ldrk gS\

4. mu fofoèk ifjorZuksa dk mYys[k dhft, tks fdlh fiaM esa cy vkjksfir djus ij gksrs
gSaA

3.2 laosx dh ifjdYiuk

vkius ns[kk gksxk fd ,d {ks=kj{kd osQ fy;s mPp osx ls vkrh gqbZ xsan dks jksduk dfBu gksrk
gS ;|fi bldk nzO;eku de gSA blh izdkj ,d èkheh xfr ls pyrs gq, Vªd dks Hkh jksduk
dfBu gksrk gS D;ksafd bldk nzO;eku vfèkd gSA ;s mnkgj.k laosQr nsrs gSa fd cy }kjk fdlh
oLrq dh xfr esa izHkko osQ vè;;u osQ fy;s bldk nzO;eku ,ao osx nksuksa egRoiw.kZ gaSA

,d oLrq osQ nzOeku m vkSj blosQ osx v dk xq.kuiQy bldk jSf[kd laosx p dgykrk
gSa bldk xf.krh; lw=k gS

p = mv
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SI i¼fr esa laosx dks kgms–1 esa ekik tkrk gSA laosx lfn'k jkf'k gSA laosx dh fn'kk ogh
gksrh gS tks osx dh gksrh gSA vr% ,d oLrq osQ laosx esa ifjorZu osQoy blosQ ifjek.k esa
;k osQoy fn'kk esa vFkok nksuksa esa ifjorZu ls gks ldrk gSA fuEu mnkgj.kksa ls bl ckr dks
Li"V fd;k tk ldrk gSA

mnkgj.k 3.1 veu dk nzO;eku 60 kg gS vkSj og 1.0 m s–1 osQ osx ls 40 kg nzO;eku osQ
eukst dh vksj py jgk gS tks Lo;a 1.5 m s–1 osQ osx ls veu dh vksj xfreku gSA muosQ
laosxksa dh x.kuk dhft,A

Solution : veu osQ fy,

laosx = nzO;eku × osx

= (60 kg) × (1.0 m s–1)

= 60 kgms–1

eukst osQ fy;s

laosx = 40 kg × (– 1.5 m s–1)

= – 60 kg m s–1

è;ku nsa fd gkykafd veu vkSj eukst dk laosx leku gS] ysfdu mudh fn'kk ,d nwljs
osQ foijhr gaSA

mnkgj.k 3.2 ,d 2 kg dh oLrq t = 0s ij Lora=krkiwoZd fxjrh gSA fxjus osQ nkSjku (a) t

= 0s, (b) t = 1s vkSj (c) t = 2s ij bldk laosx fdruk gksxk\

gy : (a) t = 0s ij oLrq dk osx 'kwU; gksxk] oLrq dk laosx Hkh 'kwU; gksxkA

(b) t = 1s, ij oLrq dk osx uhps dh vksj 9.8 ms–1 gksxk [v = v
0
 + at dk mi;ksx  djus

ij ]

vr% oLrq dk laosx gksxkA

p
1

= (2 kg) × (9.8 m s–1) = 19.6 kgm s–1 uhps dh vksj

(c) t = 2s ij oLrq dk osx 19.6 m s–1 uhps dh vksj gksxk ( v = v
0
 + at dk mi;ksx djus

ij) vr% oLrq dk laosx gksxk

p
2

= (2 kg) × (19.6 m s–1)

= 39.2 kgm s–1

bl izdkj ge ns[krs gSa fd uhps dh vksj eqDr #i ls fxjrh gqbZ oLrq dk laosx osQoy ifj.kke
esa cnyrk gS vkSj lnSo ,d gh fn'kk dh vksj bafxr djrk gSA fopkj djsa fd eqDr #i
ls fxjrh gqbZ oLrq osQ laosx& ifjek.k esa ifjorZu dk dkj.k D;k gS\
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mnkgj.k 3.3 nzO;eku 0.2 kg dh ,d jcM+ dh xsn n`<+ [kM+h nhokj ls 10 ms–1 dh pky
ls vfHkyEc osQ vuqfn'k Vdjkrh gS vkSj ewy ekxZ ij mlh xfr ls izfr{ksi (rebound) djrh
gSA xsan osQ laosx ifjorZu dh x.kuk djsaA

gy : ;gk¡ xsan osQ laosx dk ifjek.k Vdjkus ls igys o ckn esa leku jgsxk ysfdu bldh
fn'kk foijhr gksxhA laosx dk ifjek.k (0.2 kg)×(10 m s–1) = 2 kgm s–1 gSA

;fn ge izkjafHkd laosx lfn'k dks èkukRed x v{k dh fn'kk esa ysa rks vafre laosx lfn'k
½.kkRed x-v{k dh fn'kk esa gksxkA

vr% ;fn  p
i
 = 2 kgm s–1, p

f
 = –2 kgm s–1

rks xsan osQ laosx esa ifjorZu = p
f
 – p

i
 = (–2 kg m s–1) – (2 kg m s–1)

= – 4 kg m s–1.

;gk¡ ½.k fpg~u n'kkZrk gS fd xsan dk laosx – x v{k dh fn'kk esa 4 kgm s–1 rd ifjofrZr
gksrk gSA xsn osQ laosx ifjorZu dk dkj.k D;k gS\

O;ogkfjd fLFkfr esa jcM+ dh xsan osQ nhokj ls Vdjk dj ykSVus ij mldh xfr esa àkl
gksrk gSA rc laosx dk ifjek.k Hkh cny tkrk gSA

3.3  U;wVu dk f}rh; xfr fu;e

vkidks Kkr gS fd vpj osx ls xfr'khy fdlh oLrq dk laosx Hkh vpj gksxkA U;wVu dk
izFke xfr fu;e ;g crkrk gS fd bl izdkj dh oLrq ij dksbZ 'kq¼ ckã cy dk;Z ugha
djrk gSA

mnkgj.k 3.2 esa geus ns[kk fd xq#Rokd"kZ.k osQ izHkko esa eqDr #i ls fxjrh gqbZ xsan dk laosx
le; osQ lkFk c<+ tkrk gS] D;ksafd bl oLrq ij xq#Rokd"kZ.k cy dk;Z djrk gSA vr% ,slk
izrhr gksrk gS fd ,d oLrq osQ laosx ifjorZu dk bl ij dk;Z dj jgs usV cy vkSj dk;Z
djus dh vofèk osQ chp ,d lacaèk gksrk gSA U;wVu dk xfr dk f}rh; fu;e buosQ chp
,d ek=kkRed lacaèk LFkkfir djrk gSA blosQ vuqlkj ,d oLrq osQ laosx ifjorZu dh nj
oLrq ij dk;Z dj jgs cy osQ lekuqikrh gskrh gS rFkk oLrq osQ laosx esa ifjorZu] oLrq ij
dk;Z dj jgs usV ckã cy dh fn'kk esa gh gksrk gSA

bldk vFkZ ;g gS fd ;fn le; Δt esa oLrq ij dk;Z dj jgs usV cká cy F osQ dkj.k
oLrq osQ laosx esa ifjorZu Δp gks rks

F
Δ
Δt

∝ p

vFkok F
Δ

=
Δ

k
t

p
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tgk¡ k vuqikfrdrk fLFkjk¡d gSA

F = k m 
v

t

Δ⎛ ⎞
⎜ ⎟Δ⎝ ⎠

F = k m a (D;ksafd 
v

t

Δ
Δ  = a) (3.1)

k dk eku F, p ,ao t osQ ek=kdksa osQ p;u ij fuHkZj djrk gSA ;fn bu ek=kdksa dk p;u bl
izdkj fd;k tk; fd

nzO;eku m dk ifjek.k = 1 bdkbZ

,oa Roj.k a dk ifjek.k = 1 bdkbZ gks

rks cy F dk ifjek.k Hkh 1 bdkbZ gksxk] vr% ge fy[k ldrs gSa 1 = k.1.1

rc K = 1 vkSj

F = m a (3.2)

SI ek=kkdksa esa  m = 1 kg, a = 1 m s–2 rc

F = 1 kg × 1 m s–2 = 1 kg m s–2

= 1 bdkbZ cy (3.3)

cy dk SI ek=kd (vFkkZr~ 1 kg m s–2) U;wVu dgykrk gSA

mnkgj.k 3.4  0.4 kg nzO;eku dh ,d xsan èkosQys tkus ij 20 ms–1 dh xfr ls yq<+duk 'kq#
djrh gS vkSj 10 lsoaQM osQ ckn #d tkrh gSA xsan ij yxs izfrjksèkd cy dks iwjs le;
,dleku ekurs gq, blosQ ifjek.k dh x.kuk dhft,A

gy : fn;k gS  m= 0.4 kg,  izkjafHkd osx u = 20 m s–1, vafre osx v = 0 m s–1 vkSj t = 10s

vr% |F| = m|a| = 
( )m v u

t

−
 = 

–10.4 kg ( 20 m s )

10 s

−

= – 0.8 kg m s–2 = – 0.8 N

;gk¡ ½.kkRed fpg~u dk vFkZ gS fd xsan ij yxus okyk cy xfr dh fn'kk osQ foijhr
dk;Z djrk gSA

;gk¡ è;ku j[kus ;ksX; egRoiw.kZ ckr ;g gS fd ;gk¡ ij of.kZr U;wVu dh xfr dk f}rh;
fu;e mu oLrqvksa osQ fy, ekU; gS ftudk nzO;eku vpj gSA D;k ;g fu;e] jkosQV tSlh
mu oLrqvksa ij Hkh ykxw gksrk gS ftudk nzO;eku le; osQ lkFk ifjofrZr gksrk gS\
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mnkgj.k 3.5 50 N ifjek.k dk ,d fu;r cy] 10 m s–1 dh izkjfEHkd pky ls xfr'khy
,d 10kg dh oLrq ij yxk;k tkrk gSA ;fn cy xfr dh fn'kk osQ foifjr fn'kk esa yxrk
gS rks oLrq dks fojkekoLFkk esa vkus ls fdruk le; yxsxk\

gy : fn;k gS m = 10 kg, F = –50 N, v
0
 = 10 m s–1 rFkk v = 0. gesa t Kkr djuk gSA D;ksafd

F = ma

ge fy[k ldrs gSa

F =  m 0v v

t

−⎛ ⎞
⎜ ⎟
⎝ ⎠

∴ –50 N = 10 kg 
–10 10 m s

t

⎛ ⎞−
⎜ ⎟
⎝ ⎠

;k t = 
–1–100 kg m s

–50 N  = 
–1

–2

100 kg m s

50 kg m s  = 2 s.

ikBxr iz'u 3.2

1. fofHkUu nzO;ekuksa dh nks oLrqvksa dk laosx leku gSA nksuksa esa ls dkSu lh oLrq rst py
jgh gS\

2. ,d ckyd v
0 
osx ls ,d xsan Åij isaQdrk gSA ;fn xsan mlosQ ikl mlh osx ls okil

vk tkrh gS rks D;k fuEufyf[kr esa dksbZ ifjorZu gksxk\

(a) xsan osQ laosx esa .....................................................................................

(b) xsan osQ laosx osQ ifjek.k esa ............................................................

3. tc ,d xsan Å¡pkbZ ls fxjrh gS rks bldk laosx c<+ tkrk gSA bldk laosx c<+us dk
D;k dkj.k gS\

4. fdl voLFkk esa oLrq osQ laosx esa ifjorZu vfèkd gksxk\

(a) tc ewy #i ls fojke dh fLFkfr okyh 2 kg dh oLrq ij 0.1s osQ fy;s 150N dk
cy dk;Z djrk gSA

(b) tc ewy#i ls fojke dh fLFkfr okyh 2 kg dh oLrq ij 0.2s osQ fy;s 150N cy
dk;Z djrk gSA

5. dksbZ oLrq ,d leku pky ls o`Ùkkdkj iFk ij py jgh gSA D;k oLrq dk laosx vpj
gSA dkj.k lfgr mÙkj nsaA
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3.4 cyksa osQ ;qXe (Forces in Pairs)

i`Foh osQ xqjQRoh; cy (f[akpko) osQ dkj.k fiaM i`Foh dh vksj Rofjr gksrs gSaA D;k ;g
fiaM Hkh i`Foh dks viuh vksj [khaprs gSaA blh izdkj tc ge vYkekjh dks èkosQyrs gSa rks
D;k vyekjh Hkh gesa èkosQyrh gS\ ;fn ,slk gksrk gS rks ge ml cy dh fn'kk esa D;ksa ugha
pyrs\ ;g fLFkfr;k¡ gesa ;g iwNus dks ckè; djrh gSa fd D;k fdlh ,dy cy] tSls fd
,d èkDosQ ;k ,d f[kapko dk vfLrRo gksrk gS\ ;g ns[kk x;k gS fd nks oLrqvksa dh fØ;k
,d nwljs ij ikjLifjd gksrh gSA ;gk¡ fØ;k ls gekjk rkRi;Z ^vU;ksU; fØ;k cyksa* ls gSA
vr% tc dHkh Hkh nks oLrqvksa esa vU;ksU; fØ;k gksrh gS rks os ,d nwljs ij cy yxkrh
gSaA buesa ls ,d dks fØ;k vkSj nwljs dks izfrfØ;k dgk tkrk gSA rkRi;Z ;g gqvk fd cy
lnSo ;qfXer gksrs gSaA

3.4.1  xfr dk rhljk fu;e

oLrq osQ chp vU;ksU; fØ;k osQ vè;;u osQ vkèkkj
ij U;wVu us r`rh; fu;e dk fu#i.k fd;k ftlosQ
vuqlkj & izR;sd fØ;k dh mlosQ cjkcj vkSj
foijhr izfrfØ;k gksrh gSA

;gk¡ fØ;k vkSj izfrfØ;k ls rkRi;Z cy ls gSA bl
izdkj tc est ij j[kh ,d iqLrd est ij dksbZ cy
yxkrh gS rks est Hkh blosQ cjkcj vkSj foijhr cy
iqLrd ij Åij dh vksj yxkrh gSA tSlk fd fp=k
3.3 esa fn[kk;k x;k gSA D;k ;s cy F1 vkSj F2 ,d
nwljs dks fujLr djrs gSa\ ;gka fo'ks"k è;ku nsus ;ksX; ckr ;g gS fd F1 vkSj F2 vyx&vyx
oLrqvksa ij dk;Z djrs gSaA vr% ;s ,d nwljs dks fujLr ugha djrsA fdlh Hkh nh xbZ fLFkfr
esa fØ;k vkSj izfrfØ;k cyksa dk ,d ;qXe izrhr gksrh gSaA buesa ls dksbZ Hkh ,d&nwljs osQ
fcuk vfLrRo esa ugha vk ldrkA ;fn 'kkfCnd vFkZ ysa rks ,slk yxrk gS fd izfrfØ;k lnSo
fØ;k osQ ckn gksrh gSA tcfd U;wVu osQ r`rh; fu;e esa fØ;k vkSj izfrfØ;k lkFk&lkFk gksrh
gSaA blh dkj.k U;wVu osQ r`rh; fu;e dks bl izdkj dguk vfèkd mi;qDr gksxkA tc nks
oLrqvksa esa vU;ksU; fØ;k gksrh gS rks igyh oLrq }kjk nwljh oLrq ij yxk;k cy (fØ;k)
o nwljh oLrq }kjk igyh oLrq ij yxk;s x;s cy (izfrfØ;k) dk ifjek.k leku gksrk gS
ijUrq fn'kk;sa foijhr gksrh gSaA

lfn'kksa osQ #i esa fopkj djsa rks ;fn F
12

 og cy gS tks oLrq 2 osQ dkj.k oLrq 1 ij vuqHko
gksrk gS vkSj F

21
 og cy gS tks oLrq 1 osQ dkj.k oLrq 2 ij vuqHko gksrk gS] rks

F12 = –F21 (3.4)

3.4.2 vkosx (Impulse)

cgqr de vofèk osQ fy;s yxk;s x;s cy osQ izHkko dks vkosx dgrs gSaA

fp=k 3.3 :,d est ij j[kh iqLrd est
ij  F

1
 (blosQ Hkkj mg osQ

cjkcj) cy yxkrh gS] tcfd
est iqlrd ij  F

2
 cy yxkrh

gSA
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bls cy (F) o cy vkjksi.k dh vofèk (Δt) osQ xq.kuiQy osQ #i esa ifjHkkf"kr fd;k tk
ldrk gSA

∴ vkosx = F.Δt

;fn oLrq osQ izkjafHkd ,ao vfUre osx (cy vkjksi.k dh vofèk esa) Øe'k% u vkSj v gksa rks

vkosx = 
m m

t

−
Δ

v u
. Δt

= mv – m u

= pf – pi

= Δp = jSf[kd laosx esa ifjorZu

vkosx ,d lfn'k jkf'k gS vkSj blosQ SI ek=kd kgms–1 (vFkok Ns) gksrs gSaA

ikBxr iz'u 3.3

1. tc ,d Å¡ph owQn okyk O;fDr tehu NksM+rk gS rks owQnus okys O;fDr dks Åij dh
vksj xfr iznku djus okyk cy dgk¡ ls vkrk gS\

2. fuEukafdr izR;sd fLFkfr esa fØ;k&izfrfØ;k cyksa dks igpkfu,

(a) ,d O;fDr iqQVckWy dks Bksdj ekjrk gS ................................................................

(b) ìFoh pUnzek dks [khaprh gSA ................................................................................

(c) xsan nhokj ls Vdjkrh gSA ....................................................................................

3. ,d O;fDr ,d vyekjh dks vkxs dh vksj èkosQyus osQ fy;s & vyekjh ij vfèkd
cy yxkrk gSA O;fDr ij ihNs dh vksj èkDdk ugha yxrk D;ksafd vyekjh }kjk O;fDr
ij de cy yxrk gSA D;k ;g roZQ lgh gS\ le>kb,A

3.5 laosx dk laj{k.k

izk;ksfxd rkSj ij ;g iqf"V dh tk pqdh gS fd tc nks oLrqvksa esa vU;ksU; & fØ;k gksrh
gS rks bu oLrqvksa osQ laosx dk lfn'k ;ksx ifjofrZr ugha gksrk c'krsZ fd oLrq ij dk;Z dj
jgk cy ,dek=k vU;ksU; fØ;k dk cy gh gksA bls laosx laj{k.k dk fu;e dgrs gSaA nks
ls vfèkd oLrqvksa dh vU;ksU; fØ;k osQ fy, Hkh ;gh rF; lgh ik;k x;k gSA lkekU;r%
ijLij vU;ksU;fØ;k'khy vusoQ oLrq,a ,d ra=k cukrh gSaA ;fn ,d ra=k dh oLrq,a ra=k ls
ckgj dh oLrqvksa osQ lkFk vU;ksU; fØ;k ugha djrh rks ra=k dks lao`r ra=k ;k fo;qDr ra=k
dgk tkrk gSA
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blls ;g fu"d"kZ fudyrk gS fd fo;qDr ra=k cukus okyh oLrqvksa dk oqQy laosx rks vifjofrZr
jgrk gS] ysfdu ml ra=k osQ vo;oksa osQ laosxksa osQ ifjek.k ;k fn'kk vFkok nksuksa] vU;ksU;
fØ;k osQ vuqlkj ifjofrZr gks ldrs gSaA fo;qDr ra=k esa oLrq fo'ks"k esa laosx ifjorZu gksus
osQ D;k dkj.k gSa\

jSf[kd laosx laj{k.k dk fu;e fofHkUu {ks=kksa esa cgqr lh ifj?kVukvksa ij ykxw gksrk gS tSls
la?kV~Vu] foLiQksV] ukfHkdh; vfHkfØ;k] jsfM;ks,fDVo {k; vkfnA

3.5.1 U;wVu osQ fu;eksa osQ ifj.kkeLo#i laosx laj{k.k

U;wVu osQ f}rh; xfr fu;e osQ vuqlkj (lehdj.k 3-1)A tc oLrq ij le; Δt osQ fy,
cy F dk;Z djrk gS rks oLrq osQ laosx esa ifjorZu Δp dk eku fuEu gksrk gS%

Δp  = F Δt

blls ;g Li"V gksrk gS fd ;fn oLrq ij dksbZ cy dk;Z ugha djrk rks oLrq osQ laosx esa
ifjorZu 'kwU; gksxk vFkkZr laosx fLFkj jgsxkA ;g Li"Vhdj.k oLrqvksa osQ ra=k ij Hkh ykxw
fd;k tk ldrk gSA

blh ifj.kke ij igq¡pus osQ fy;s U;wVu osQ r`rh; fu;e dk Hkh iz;ksx fd;k tk ldrk gSA
nks oLrqvksa A vksj B osQ fo;qDr ra=k (Isolated system) ij fopkj djsa tks Δt le; osQ fy;s
vU;ksU; fØ;k djrs gSaA ;fn ekus fd os ,d nwljs ij F

AB
 vkSj F

BA
 cy yxkrh gSa rks U;wVu

osQ r`rh; fu;e osQ vuqlkj

F
AB

= – F
BA

vFkok A

t

Δ

Δ

p
= – B

t

Δ

Δ

p

vFkok Δp
A
 + Δp

B
= 0

;k Δp
VksVy

= 0

or p
VksVy

= fLFkj

vr% ra=k osQ laosx esa dksbZ ifjorZu ugha gksrk gSA nwljs 'kCnksa esa rU=k dk laosx lajf{kr jgrk
gSA

3.5.2  laosx laj{k.k osQ oqQN mnkgj.k

a) cUnwd dk izfr{ksi : tc cUnwd ls xksyh pyk;kh tkrh gS rks cUnwd izfr{ksi djrh gSA
cUnwd osQ izfr{ksi osx v

2
 dks laosx laj{k.k osQ fu;e ls izkIr fd;k tk ldrk gSA ;fn M

nzO;eku dh cUnwd ls pyh xksyh dk nzO;eku m ekusa vkSj xksyh dk osx v
1
 gks vkSj cUnwd

dk osx v
2
 gks rks laosx laj{k.k osQ fu;e osQ vuqlkj

mv
1
 + Mv

2
= 0
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vFkok mv
1

= – Mv
2

vFkok v
2

= 1M

m
v− (3.5)

;gk¡ ij ½.k fpUg~ n'kkZrk gS fd v
2
 vkSj v

1
 ,d nwljs dh foijhr fn'kk esa gSaA lkekU;r%

m  <<  M, cUnwd dk izfr{ksi osx xksyh osQ izfr{ksi osx ls cgqr de gksrk gSA

b) la?kV~V : la?kV~V esa ge Vdjkus okyh oLrqvksa dks ,d ra=k dk va'k eku ldrs gSaA la?kV~Vu'khy
oLrqvksa ij fdlh izdkj osQ ckã cy ekuk tk ldrk gSA la?kV~V djrh oLrqvksa ij fdlh
izdkj osQ cká cy tSls fd ?k"Zk.k cy dh vuqifLFkfr esa ra=k dks fo;qDr ra=k (isolated

system) ekuk tk ldrk gSA la?kV~V djrh oLrqvksa osQ chp vU;ksU; fØ;k osQ dkj.k budk
oqQy laosx vifjofrZr jgrk gSA

oSQje esa LVªkbdj vkSj xksfV;ksa osQ chp vkSj fcfy;MZ esa xsanksa osQ chp la?kV~Vu izR;kLFk oLrqvksa
osQ chp la?kV~V osQ vè;;u esa cgqr f'k{kkizn fl¼ gks ldrs gSaA

mnkgj.k 3.6 : nks ijLij la;qDr Vªkfy;k¡ ftuesa ls izR;sd dk nzO;eku m gS izkjafHkd osx
v ls py jgh gSa os m nzO;eku okyh B rhu fLFkj Vªkfy;ksa osQ lkFk Vdjkdj mlh fn'kk
esa pyrh jgrh gSaA la?kV~V osQ ckn VªkWfy;ksa dk osx D;k gksxk\

gy : la?kV~V osQ ckn VªkWfy;ksa dk osx v′ ekurs gSaA

la?kV~V ls igys laosx = 2 mv

la?kV~V osQ i'pkr laosx = 5 mv′

laosx laj{k.k osQ fu;ekuqlkj

2mv = 5 mv′

;k v′ = 
2

5
v

c) ce foLiQksV : lafpr ÅtkZ osQ eqDr gksus ij ce fLiQksfVr gksdj [kaM&[kaM gks tkrk gSA
izkjEHk esa fLFkj j[ks ,d ce ij fopkj djsa ftldk A vkSj B nks [k.Mksa esa foLiQksV gksrk
gSA foLiQksV ls igys ce dk laosx 'kwU; Fkk] foLiQksV osQ cus nksuksa [kaMksa dk oqQy laosx
Hkh 'kwU; gksxkA bl dkj.k ls nksuksa va'k foijhr fn'kk esa leku laosx ls mM+sxsA ;fn nksuksa
[k.Mksa osQ nO;eku leku gksa] rks nksuksa [k.Mksa osQ osxksa osQ ifjek.k Hkh leku gksaxsA

d) jkosQV uksnu% ,d jkosQV dh mM+ku laosx laj{k.k dk egRiw.kZ O;kogkfjd vuqiz;ksx gSA
jkosQV esa bZaèku VSad ;qDr ,d dks'k gksrk gS ftls ,d fudk; ekuk tk ldrk gSA dks'k esa
,d uksty gksrk gS ftlosQ }kjk mPp nkc ij xSlksa dk fu"dklu gksrk gSA tc jkosQV dks
iQk;j djrs gSa rks baèku dk ngu cgqr vfèkd nkc vkSj rki ij xSlsa mRiUu djrk gSA mPp
nkc osQ dkj.k ;s xSlsa vfr mPp osx ls uksty ls fudyrh gSa ftlosQ dkj.k jkosQV dk
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nzO;eku M vkSj izfr lsoaQM fu"dkflr gksus okyh xSl dk nzO;eku m o osx v gks rks t lsoaQM
esa xSl osQ laosx esa ifjorZu = mvt.

;fn t lsdUM esa jkWosQV osQ osx esa o`f¼ V gks rks blosQ laosx esa o`f¼ = MV laosx laj{k.k
osQ fl¼kar osQ vuqlkj

mvt + MV = 0

vFkok
t

V
= a = –

m

M

v

vFkkZr jkosQV dh xfr dk Roj.k

a = –
m

M

v

3.5.3 laxkeh cyksa dk larqyu

fdlh fcUnq ij ,d lkFk yxus okys cy laxkeh cy dgykrs gSaA ;fn bu lc dk ifj.kkeh
cy 'kwU; gks rks ;s cy larqyu esa dgs tkrs gSaA

ekuk fd 1 2,F F  ,oa 3F  fdlh fcUnq P ij yxus okys laxkeh cy gSa tSlk fd fp=k  3.5.3.

esa n'kkZ;k x;k gSA

fp=k 3.5.3

lekUrj prqHkZqt fu;e }kjk Kkr fd;k x;k 1F  ,oa 2F  dk ifj.kkeh cy PA  }kjk n'kkZ;k

x;k gS (vFkkZr 1 2PA F F= + )

 larqyu ds fy,] ;ksx 1 2( )F F+  dks 3F  ds cjkcj fdUrq foijhr fn'kk esa gksuk pkfg,]

vFkkZr

3F = 1 2 1 2 3( ) or 0F F F F F− + + + =

;k dgsa fd rhu cyksa ds larqyu ds fy, nks cyksa dk ;ksx ;k ifj.kkeh cy rhljs cy ds
cjkcj ij mldh foijhr fn'kk esa gksuk pkfg, vFkkZr mu cyksa dk lfn'k ;ksx 'kwU; gksuk
pkfg,A
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3.6 ?k"kZ.k

vkius ns[kk gksxk fd tc ,d cYysckt xsan ij izgkj djrk gS vkSj ;g eSnku ij yq<+drh
gS rks ;g oqQN nwjh r; djosQ #d tkrh gSA vr% xsan dk laosx] tks bls izkjaHk esa èkosQyrs
le; (vk?kkr igq¡pkrs le;) fn;k x;k Fkk] 'kwU; gks tkrk gSA ge tkurs gSa fd xsan osQ laosx
esa ifjorZu osQ fy;s xsan ij yxk dksbZ cy mÙkjnk;h gksrk gS] bl izdkj dk cy ?k"kZ.k cy
dgykrk gS vkSj ;g cy rHkh fØ;k'khy gksrk gS tcfd nks oLrq,a ,d nwljs osQ laioZQ esa
xfr djsaA tc ge fdlh oLrq dk LFkku cnyus osQ fy;s iQ'kZ osQ Åij èkosQyrs ;k [khaprs
gSa rks ?k"kZ.k cy osQ fojksèk esa gh gesa cy yxkuk iM+rk gSA

?k"kZ.k cy ,d laioZQ cy gS tks ges'kk blosQ laioZQ esa vkbZ lrgksa osQ chp xfr dh fn'kk
osQ fo#¼ fn'kk esa yxrk gSA ;g ,d lkekU; tkudkjh gS fd laioZQ esa vkus okyh lrgksa
osQ [kqjnjsiu osQ dkj.k ?k"kZ.k gksrk gSA bl dkj.k vko';drk osQ vuqlkj lrgksa dks [kqjnjk
;k fpduk cukus dk iz;kl fd;k tkrk gSA

?k"kZ.k oLrq dh xfr esa #dkoV Mkyrk gS ftlosQ dkj.k mlesa VwV iwQV gksrh gS vkSj ;kaf=kd
ÅtkZ dh gkfu gksrh gSA nwljh vksj osQoy ?k"kZ.k osQ dkj.k gh ge py ldrs gSa] okgu pyk
ldrs gSa vkSj xfr'khy okguksa dks jksd ldrs gSaA ?k"kZ.k dh gekjs thou esa nksgjh Hkwfedk
gSA blfy;s dgk tkrk gS fd ?k"kZ.k ,d vko';d cqjkbZ gSA

3-6-1 LFkSfrd ,oa xfrt ?k"kZ.k

ge lHkh tkurs gSa fd fdlh i`"B osQ Åij oLrq dks xfr'khy j[kus osQ fy;s oqQN U;wure
cy dh vko';drk gksrh gSA bl rF; dh O;k[;k djus osQ fy;s ge ,d {kSfrt i`"B ij
fojke voLFkk esa j[ks ,d xqVosQ ij fopkj djrs gSa tSlk fd fp=k 3-4 esa n'kkZ;k x;k gSA
n'kkZ;h x;h fn'kk esa xqVosQ ij oqQN cká cy F

ext
 bl izdkj yxkrs gSa fd xqVdk xfr u

djsA ;g rHkh laHko gS tc xqVosQ ij oqQN vU; cy dk;Z dj jgk gks tks fd F
ext

 osQ cjkcj
gks ysfdu foijhr fn'kk esa gksA bl izdkj dk cy LFkSfrd ?k"kZ.k dk cy dgykrk gS vkSj
;g  f

s
 }kjk n'kkZ;k tkrk gSA T;ksa&T;ksa F

ext
 c<+rk gS R;ksa&R;ksa gh f

s 
Hkh c<+rk gS vkSj ifjek.k

esa f
s 
osQ cjkcj jgrk gS tc rd fd ;g Økafrd eku  f

s
(max) rd ugha igq¡prkA tc F

ext

Økafrd eku ls c<+k;k tkrk gS rks xqVdk fiQlyuk 'kq# dj nsrk gS vkSj rc bl ij xfrt
?k"kZ.k dk;Z djus yxrk gSA

;g vke vuqHko dh ckr gS fd fdlh oLrq dks vpj osx ls xfr djkus osQ fy;s ftrus
cy dh vko';drk gksrh gS mldh rqyuk esa oLrq dks izkjaHk esa xfr nsus osQ fy;s vfèkd
cy dh vko'drk gksrh gSA bl dkj.k laioZQ esa vkus okyh lrgksa osQ chp vfèkdre LFkSfrd
?k"kZ.k cy f

s
(max) muosQ chp xfrt ?k"kZ.k cy f

k
 ls vfèkd gksxkA fp=k 3-5 esa cká cy

osQ lkFk ?k"kZ.k cy dh ifjorZu'khyrk n'kkZ;h x;h gSA
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vki ,d nwljs osQ laioZQ esa j[ks gq, nks lrgksa osQ tksM+s osQ fy, mu dkjdksa dks tkuuk pkgsaxs
ftu ij f

s
(max) vkSj f

k
 fuHkZj djrs gSaA ;g ,d izk;ksfxd rF; gS fd f

s
(max) ry osQ yEcor~

yxs cy F
N
 dk lekuqikrh gksrk gSA vr%

f
s
(max) α F

N
    ;k      f

s
(max) = μ

s
 F

N
(3.6)

tgk¡ μ
s
 LFkSfrd ?k"kZ.k xq.kk¡d dgykrk gSA lrg ij yxs yEcor cy F

N
 dk eku ml cy

dh lgk;rk ls Kkr fd;k tk ldrk gS ftl cy ls xqVdk lrg dks nckrk gSA fp=k 3-
4 osQ lanHkZ esa yEcor cy F

N
 tks fd xqVosQ ij yxk gS mg osQ cjkcj gS tgk¡ ij m xqVosQ

dk nzO;eku gSA

D;ksafd f
s
 =  F

ext 
 tc rd   f

s
 <  f

s 
max ;k

f
s 
 < μ

s
 F

N

izk;ksfxd #i ls ;g Hkh ik;k x;k gS fd nks lrgksa osQ chp LFkSfrd ?k"kZ.k dk vfèkdre
cy laioZQ osQ {ks=kiQy ij fuHkZj ugha djrk bl izdkj ge fy[k ldrs gSa

f
k
 = μ

k
 F

N

tgk¡ ij μ
k
 = xfrt ?k"kZ.k xq.kkad gSA lkekU;r% μ

s
 > μ

k
 blosQ vfrfjDr xq.kkad μ

s
 vkSj μ

k 
fdlh

Hkh lrg tSls ydM+h ij ydM+h] daØhV ij jcj vkfn osQ fy;s vpj ugha gSA budk eku
lrg osQ [kqjnjsiu] LoPNrk] vknzZrk vkfn ij fuHkZj djrk gSA

mnkgj.k 3.7 ,d {kSfrt lrg ij ,d 2 kg

dk xqVdk fojke dh voLFkk esa gSA laioZQ lrgksa
osQ chp LFkSfrd ?k"kZ.k xq.kkad 0.25 gSA laioZQ
lrg osQ chp LFkSfrd ?k"kZ.k dk vfèkdre eku
Kkr djsaA

gy :

;gk¡ m = 2 kg vkSj μ
s
= 0.25

fp=k. 3.4 : xqVosQ ij dk;Zjr cy fp=k- 3.5 : ?k"kZ.k cy dk cká cy osQ
lkFk ifjorZu

fp=k. 3.6 : xqVosQ ij vfHkyEcor~ cy
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f
s
(max) = μ

s
F

N
  = μ

s
 mg

= (0.25) (2 kg) (9.8 ms–2)

= 4.9 N.

mnkgj.k 3.8 5 kg Hkkj dk ,d xqVdk ,d {kSfrt lrg ij ftlosQ fy;s μ
k 
= 0.1 gSA xqVosQ

dk Roj.k D;k gksxk ;fn {kSfrt fn'kk esa ml ij 10 N dk cy yxkdj [khapk tk jgk gks\

gy :

F
k

= μ
k 
F

N
 tgk¡ F

N
 = mg,

f
k

= μ
k 
mg

= (0.1) (5 kg) (9.8 m s–2)

= 4.9 kgm s–2 = 4.9 N

xqVosQ ij vkjksfir oqQy cy = F
ext

 – f
k
 = 10 N – 4.9 N = 5.1 N

vr% bl izdkj

Roj.k = a = netF

m
 = 

5.1 N

5 kg
 = 1.02 m s–2

vr% xqVosQ esa yxk;s x;s cká cy dh fn'kk esa 1.02 ms–2 dk Roj.k gksxkA

3.6.2 csYyu (yksVfud) ?k"kZ.k

;g lkekU; vuqHko gS fd ifg;ksa okyh oLrq dks [khapuk vkSj èkosQyuk vklku gSA lihZ xfr
ls ifg;ksa dh xfr fHkUu gksrh gSA ifg;ksa dh xfr csYyu xfr gksrh gSA csYyu xfr esa gksus
okys ?k"kZ.k dks csYyu ?k"kZ.k dgrs gSaA ,d leku lkekU; cy osQ fy;s lihZ ?k"kZ.k dh vis{kk
csYyu ?k"kZ.k cgqr gh de gksrk gSA mnkgj.k osQ fy;s tc LVhy dh iVjh ij LVhy osQ
ifg;s dks ?kqekrs gSa rks LVhy ij LVhy osQ lihZ ?k"kZ.k dh rqyuk esa csYyu ?k"kZ.k yxHkx
1/100 ok¡ Hkkx gksrk gSA csYyu ?k"kZ.k osQ xq.kkad osQ yk{kf.kd eku LVhy ij LVhy osQ fy;s
0.006, rFkk oaQØhV ij jcj osQ fy;s 0.02 – 0.04 gksrk gSA

vc ge pkgsaxs fd vki ,d NksVk lk fØ;kdyki djsaA

fØ;kdyki 3.1

,d Hkkjh iqLrd ;k iqLrdksa dk <sj ,d est ij j[ksa vkSj mUgsa vaxqfy;ksa ls èkosQyus dk
iz;kl djsaA vc iqLrdksa osQ uhps rhu ;k vfèkd isaflysa j[kdj iqu% èkosQyus dk iz;kl djsaA
fdl fLFkfr esa de cy dh vko';drk gksrh gS\ vki blls D;k fu"oQ"kZ fudkyrs gSaA
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3.6.3 ?k"kZ.k de djus dh fofèk;k¡

fiQlyu xfr dh rqyuk esa csYyu xfr djkuk
vR;fèkd vklku gSA bl dkj.k ifg;s dks ekuo
tkfr dk cgqr cM+k vkfo"dkj ekuk x;k gS vkSj
blh dkj.k e'khuksa esa cky fc;fjax~l mi;ksx
fd;s tkrs gSa rkfd ?k"kZ.k de fd;k tk losQA

ckWy fc;fjax~l esa nks v{kh; flfyaMjksa osQ chp
LVhy ckWy j[kh tkrkh gSA tSlk fd fp=k 3-6 esa
fn[kk;k x;k gSA lkekU;rk nks flfyUMjksa esa ls ,d
dks nwljs dh vis{kk ?kweus fn;k tkrk gSA ;gk¡ ij
ckWyksa dk ifjHkze.k yxHkx ?k"kZ.k jfgr xfr esa gksrk
gSA ckWyfc;fjaxl dk lHkh izdkj osQ okguksa] fo|qr
eksVlZ]] fo|qr ia[kksa vkfn esa mi;ksx gksrk gSA

laidZ lrg osQ chp Lusgdksa (lubricants) tSls xzhl ;k rsy dk mi;ksx cM+h ek=kk esa ?k"kZ.k
de dj nsrk gSA Hkkjh okguksa esa xfr'khy Hkkxksa dks rsy esa Mqckdj j[kk tkrk gSA ;g xfr'khy
Hkkxksa osQ chp ?k"kZ.k cy dks Hkh de djrk gS vkSj mUgsa vfèkd xje gksus ls Hkh cpkrk
gSA

okLro esa Lusgdksa tSls rsy ;k xzhl dh mifLFkfr 'kq"d ?k"kZ.k dks nzo ?k"kZ.k esa ifjofrZr
dj ?k"kZ.k osQ ifjek.k dks vR;fèkd de dj nsrh gSA

laioZQ lrgksa osQ chp laihfM+r vkSj fo'kq¼ ok;q dk izokg Hkh ?k"kZ.k dks de djrk gSA ;g
xfr'khy Hkkxksa ij èkwy rFkk xanxh dks ,d=k gksus ls Hkh jksdrk gSA

vxys Hkkx esa iz'u gy djus osQ fy;s oqQN ekxZn'kZd fl¼kar crk;s x;s gSaA vH;kl osQ
fy;s oqQN mnkgj.k Hkh fn;s x;s gSaA iz'uksa osQ gy i<+us ls igys ekxZn'kZd fl¼karksa osQ vuqlkj
mUgsa Lo;a gy djus dk iz;Ru djsaA

rjy ?k"kZ.k

nzo ;k xSl esa xfreku oLrqvksa esa Hkh ?k"kZ.k cy dk;Z djrk gSA mYdk,a gok osQ ?k"kZ.k
osQ dkj.k mRiUu xehZ osQ dkj.k pedrh gSaA Bksl ?k"kZ.k osQ foijhr] rjy ?k"kZ.k oLrqvksa
dh vko`Qfr ij fuHkZj djrk gSA bl fy;s eNfy;ksa dk ,d fo'ks"k vkdkj gksrk gS vkSj
rst xfr ls pyus okys ok;q;ku ,ao xkfM+;ksa dks Hkh eNyh osQ leku vko`Qfr iznku
dh tkrh gS ftls èkkjk js[kh; vko`Qfr dgrs gSaA rjy ?k"kZ.k dk eku xfr esa o`f¼ osQ
lkFk rsth ls c<+rk gSA ;fn dkj dks vfèkd rst xfr ls pyk;k tk; rks c<+s gq, rjy
?k"kZ.k osQ izHkko dks fujLr djus osQ fy;s bZaèku dh [kir vfèkd gksxhA dkj fuekZrk
40-45 km h–1 dh pky ls okgu pykus dk ijke'kZ nsrs gSaA

fp=k. 3.6 : ckWy fo;fjaxl esa
xksfy;ksa dh xfr
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3.7 eqDr fudk; vkjs[k rduhd

;kaf=kdh esa iz'uksa dks gy djus esa cy funsZ'kd vkjs[k (FBD) vR;fèkd lgk;d gSaA buosQ
}kjk U;wVu osQ fu;eksa dk mi;ksx vklku gks tkrk gSA cy funsZ'kd vkjs[k cukus dh fofèk
dk o.kZu uhps fd;k x;k gSA

1. fn;s x;s fooj.k osQ vuqlkj ra=k (system) dk ,d LoPN ljy vkjs[k cuk,aA

2. ftl oLrq ij è;ku osQfUnzr djuk gks ml oLrq dks vyx djsaA ;g oLrq eqDr oLrq
dgyk;sxhA

3. eqDr oLrq ij dk;Z djus okys lHkh cká cyksa ij fopkj djsa vkSj eqDr oLrq ij muosQ
iz;ksx dh fn'kk Li"V #i ls rhjkadu }kjk fpfg~ur djsaA

4. vc U;wVu osQ nwljs fu;e ΣF = ma dk mi;ksx djsaA

(vFkok ΣFx = max vkSj ΣFy = m a
y
)

;kn j[ksa

(i) oLrq dh xfr dh fn'kk esa oLrq ij ,d usV cy gksuk pkfg,A

(ii) lEiw.kZ gy osQ fy;s ftruh vKkr jkf'k;k¡ gSa mrus gh Lora=k lehdj.k gksus pkfg,A

mnkgj.k 3.9 : m
1
 vkSj m

2
 nzO;eku osQ nks xqVosQ ,d Hkkjghu èkkxs ls tksM+s tkrs gSa vkSj fpduh

{kSfrt lrg ij j[ks tkrs gSaA m
2
 nzO;eku osQ xqVosQ dks cy F osQ }kjk [khapk tkrk gS] tks

{kSfrt osQ lekUrj dk;Z dj jgk gSA nksuksa xqVdksa dk Roj.k D;k gksxk vkSj nksuksa (buosQ Hkh
{kSfrt ekfu;s) dks tksM+us okys èkkxs esa ruko D;k gksxk\

gy : eku yks F fn'kk esa a xqVdksa dk Roj.k gS vkSj èkkxs dk ruko T gSA m
1
 rFkk m

2 
osQ cy

funsZ'kd vkjs[k osQ fy;s ?kVd osQ #i esa ΣF = ma dk iz;ksx djus ij gesa izkIr gksrk gSA

N – (m
1
 + m

2
) g = 0

vkSj F = (m
1
 + m

2
)a

⇒ a = 
1 2

F

m m+

m
1
 osQ cy&funsZ'kd vkjs[k osQ fy;s ?kVd #i esa ΣF = ma mi;ksx djus ij gesa izkIr gksrk

gSA

N
1
 – m

1
g = 0 vkSj T = m

1
a

fp=k- 3.7: nks tqM+s gq, xqVdksa osQ fy;s cy funsZ'kd vkjs[k
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⇒ T  = m
1

1 2

F

m m

⎛ ⎞
⎜ ⎟+⎝ ⎠

;k T = 1

1 2

m

m m

⎛ ⎞
⎜ ⎟+⎝ ⎠

.F

ΣF = ma dk mi;ksx djrs gq, m
2
 osQ fy;s cy funsZ'kd vkjs[k cukdj ns[ksa D;k blosQ

fy;s Hkh a vkSj T osQ eku iwoZor vkrs gSaA

mnkgj.k 3.10 : nks nzO;eku m
1
 vkSj m

2
 (m

1
 > m

2
) dks gYdh ?k"kZ.kjfgr iqyh osQ Åij ls

xqtjrs gq, vforkU; èkkxs osQ nks fljksa ls tksM+k x;k nzO;eku dks NksM+rs le; mUgsa tksM+us
okys èkkxsa esa ruko vkSj nzzzzzzzzzzzzzzzzzzzzO;ekuksa dk Roj.k Kkr dhft,A

gy : eku yks nzO;eku m
1
 dk Roj.k uhps dh vksj a gSA m

2
 nzO;eku dk Roj.k Hkh a gksxk

ysfdu ;g Åij dh vksj gksxk (D;ksa\) eku yks nks nzO;ekuksa dks tksM+us okyh jLlh esa ruko
T gSA

m
1
 vkSj m

2
 ij ΣF = ma mi;ksx djus ij

m
1
g – T = m

1
a ...................... (1)

T – m
2
g = m

2
a ...................... (2)

a vkSj T osQ fy;s lehdj.k (1) vkSj (2) dks gy djus ij gesa izkIr gksrk gSA

a = 1 2

1 2

m m

m m

⎛ ⎞−
⎜ ⎟+⎝ ⎠

.g T = 1 2

1 2

2m m

m m

⎛ ⎞
⎜ ⎟+⎝ ⎠

a

bl fLFkfr esa vki pjksa (;kuh m
1
 vkSj m

2
) dks pje eku ns[kdj (vFkkZr~

m
1
 = m

2
 ;k m

1
 >> m

2
 eku nsdj ;g tk¡p dj ldrs gSa fd D;k a

vkSj T osQ ekuk vk'kk osQ vuq#i izkIr gksrs gSaA

mnkgj.k 3.11 : M = 10 fd-xzk- nzO;eku dh ,d Vªkyh Hkkjghu vforkU;
èkkxs dh lgk;rk ls m = 2 kg osQ nzO;eku osQ xqVosQ osQ lkFk tksM+h x;hA
;g èkkxk fp=k 3.10 esa n'kkZ;s x;s #i esa gYdh ?k"kZ.kghu f?kjuh osQ Åij
ls tk jgk gSA VªkWyh vkSj lrg osQ chp xfrt ?k"kZ.k dk xq.kkad (μ

k
)

= 0.02 gSA vr% Kkr dhft,A

a) VªkWyh dk Roj.k

b) èkkxs esa ruko

gy : fp=k 3-10 (b) vkSj (c) VªkWyh vkSj xqVosQ dk cy funsZ'kd vkjs[k
n'kkZrs gSaA xqVosQ vkSj VªkWyh dk Roj.k a ysrs gSaA fp=k- 3.9
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VªkWyh osQ fy;s] F
N

= Mg vkSj

T – f
k
 = Ma tgk¡ f

k
= μ

k
 F

N

= μ
k
 Mg

vr% T – μ
k
 Mg = Ma ...(1)

 mg – T = ma ...(2)

lehdj.k (1) vkSj (2) tksM+us ls gesa izkIr gksrk gSA

mg – μ
k
  Mg = (M + m) a

;k a = kmg Mg

M m

− μ
+

 = 
2 2(2 kg) (9.8m s ) (0.02) (10 kg) (9.8 m s )

(10 kg 2 kg)

− −−
+

= 
2 219.6 kg m s 1.96 kg m s

12 kg

− −−
 = 1.47 m s–2

vr% a = 1.47 m s–2

lehdj.k (2) ls T = mg – ma = m (g – a)

= 2 kg (9.8 ms–2 – 1.47 m s–2)

= 2 kg (8.33 m s–2)

vr% T = 16.66 N

ikBxr iz'u 3-4

1. m nzO;eku dk ,d xqVdk θ vkufr osQ [kqjnjs ry ij j[kk gSA xqVosQ ij izHkkoh fofHkUu
cyksa dks fp=k }kjk n'kkZb,A

2. 100 N dk cy fpduh {kSfrt lrg ij j[ks 2 kg vkSj 3 kg

nzO;eku osQ xqVdksa A vkSj B ij yx jgk gSA xqVdk B ij xqVdk
A fdrus ifjek.k dk cy yxk jgk gS\

3. jLlh esa ck¡èkdj yVdkbZ x;h 5kg dh oLrq dks Åij [khapk tkrk gS rks jLlh esa ruko
D;k gksxk tcfd blesa Åij dh vksj

(a) osx 2 m s–1 gks

(b) Roj.k 2 m s–2 gksA

fp=k. 3.10

fp=k. 3.11
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3.8 tM+Roh; vkSj vtM+Roh; funsZ'k izsQe~l dh ewyHkwr voèkkj.kk

,d foeh; ;k ljy js[kh; xfr osQ vè;;u osQ fy;s ,d funsZ'kd fcanq (ewy fcanq) i;kZIr
gSA ysfdu tc f}foeh; ;k f=kfoeh; xfr gks rks mlosQ vè;;u osQ fy;s funsZ'kkad js[kkvksa
osQ ,d lEeqp; dh vko';drk gksrh gS rkfd fdlh fcanq dh fndLFkku (space) esa fLFkfr
dk o.kZu fd;k tk losQA bu js[kkvksa osQ leqPp; dks funsZ'k izsQe (frame of reference) dgrs
gSaA

izR;sd xfr dk o.kZu ,d izs{kd djrk gSA izs{kd dh xfr dh voLFkk esa ifjorZu osQ vuqlkj
xfr lacaèkh izs{k.k Hkh izHkkfor gksaxsA mnkgj.k osQ fy, ,d cDls dks ysa tks fd IysViQkeZ
ij j[kk gSA IysViQkeZ ij [kM+s O;fDr dks ;g fLFkj fn[kk;h iM+sxk tcfd ,d leku pky
v ls xfr djrh gqbZ Vªsu esa cSBs vkneh dks ;g –v osx ls pyrk izrhr gksxkA ysfdu Roj.k
(a) ls pyrh gqbZ jsy ij cSBk izs{kd D;k vuqHkko djsxk\ og cDls dks (– a) Roj.k ls pyrk
gqvk vuqHko djsxkA Li"Vr;k bl izs{kd osQ fy;s xfr dk izFke fu;e xyr gks tkrk gSA

vr% xfr dk o.kZu djus osQ fy;s ,d funsZ'k izsQe dh vko';drk gksrh gSA ;fn izsQe vè;;u
dh tkus okyh oLrq osQ lkis{k fLFkj gks ;k leku osx ls py jgk gks rks bl izsQe esa
tM+Ro dk fu;e dk;Z djrk gSA blfy;s bu izsQe~l dks tM+Roh; izsQe dgrs gSaA vkSj
;fn izs{kd dk izsQe Rofjr gS rks bls vtM+Roh; izsQe dgrs gSaA

,d oLrq ftldk nzO;eku m vkSj Roj.k (a) gks vkSj ;g vtM+Roh; izsQe esa gks rks ge xfr
osQ f}rh; fu;e dk mi;ksx ,d Nn~e cy }kjk dj ldrs gSaA ?kwerh oLrq esa bl cy dks
vfHkosQUnzh; cy dgrs gSaA

ikBxr iz'u 3.5

1. ,d vkèkk Hkjk gqvk fxykl jsyxkM+h esa ,d {kSfrt est ij j[kk gSA D;k jsyxkM+h osQ
pyus ij ty dh eqDr lrg {kSfrt jgsxh\

2. tc ,d dkj ,d oØh; iFk ij cgqr osx ls pyk;h tkrh gS rks og ckgj dh vksj
fiQlyrh gSA dkj osQ vUnj cSBs O;fDr dks dkj dh xfr oSQlh izrhr gksxh\ lM+d
ij [kM+k O;fDr bl ?kVuk dks fdl izdkj o.kZu djsxk\

3. 6 × 10–10 kg nzO;eku dk ,d NksVk ty d.k ,d viosQUnzd osQ tyh; fuyEcu esa
gSA bls 2π × 103 rad s–1 osQ dks.kh; osx ls ?kqek;k tkrk gSA d.k ?kw.kZu v{k ls 4cm

dh nwjh ij gSA d.k ij dk;Z dj jgs usV vfHkosQUnzh; cy dh x.kuk djksA

4. i`Foh osQ ?kw.kZu dk dks.kh; osx fdruk gksuk pkfg, ftlls fd bldh lrg ij j[kh
oLrq,sa vfHkosQUnzh; cy osQ dkj.k lrg ls fNVdus yxsa\ g = 10 m s–2 eku ysaA

5. 2 kg Hkkj dh ,d eqDr #i ls fxjrh oLrq ls tqM+s funsZ'kd izsQe esa tM+Roh; cy dk
ifjek.k ,ao fn'kk D;k gksaxs\
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vkius D;k lh[kk

fiaM dk tM+Ro mlosQ fojkekoLFkk ;k ,dleku xfr esa fdlh ifjorZu dk izfrjksèk
djus dh izo`fÙk dks dgrs gSaA

U;wVu dk igyk fu;e crkrk gS fd dksbZ oLrq fojke ;k ljy js[kk esa ,dleku xfr
dh voLFkk esa cuh jgrh gS tc rd ml ij yx jgk usV ckã cy 'kwU; gksrk gSA

V osx ls xfreku m nzO;eku osQ vosQys d.k osQ fy;s ge lfn'k jkf'k p dks p = mv

osQ #i esa ifjHkkf"kr djrs gSa tks js[kh; laosx dgykrk gSA

U;wVu dk nwljk fu;e crkrk gS fd oLrq osQ laosx ifjorZu dh nj oLrq ij yxs jgs
ifj.kkeh cy dh lekuqikrh gksrh gS

U;wVu osQ nwljs fu;e osQ vuqlkj vpj nzO;eku dh oLrq esa mRiUu Roj.k] oLrq ij
yx jgs usV ckã cy dk vuqØekuqikrh gksrk gSA vFkkZr~ F = ma

U;wVu dk rhljk fu;e crkrk gS fd tc nks oLrq,a ,d nwljs osQ lkFk vU;ksU; fØ;k
djrh gSa rks ,d oLrq }kjk nwljh oLrq ij vkjksfir cy nwljh oLrq }kjk izFke oLrq
ij vkjksfir cy osQ cjkcj vkSj foijhr fn'kk esa gksxkA

laosx laj{k.k osQ fu;e vuqlkj ;fn d.kksa osQ ra=k ij dksbZ usV ckg~; cy ugha yxrk
gS rks d.kksa osQ ra=k dk oqQy laosx fLFkj jgrk gSA pkgs d.kksa osQ chp cyksa dh izo`Qfr
oSQlh Hkh D;ksa u gksA

fdlh fcUnq ,d lkFk yxus okys cy laxkeh cy dgykrs gSaA ;fn bu cyksa dk ifj.kkeh
cy 'kwU; gks rks ;s cy larqyu esa dgs tkrs gSaA

?k"kZ.k cy og cy gS tks fdlh oLrq ij yxrk gS tc oLrq fdlh lrg ij liZ.k
;k cSYyu xfr djus dk iz;kl djrh gSA ?k"kZ.k dk cy ges'kk laioZQ esa vkbZ lrgksa
osQ lekUrj gksrk gS vkSj oLrq dh xfr dh fn'kk osQ foijhr gksrk gSA

oLrq ,ao lrg osQ chp LFkSfrd ?k"kZ.k f
s
(max) dk vfèkdre cy oLrq ij yx jgs

vfHkyEcor~ cy F
N
 dk lekuqikrh gksrk gSA ;g vfèkdre cy rc yxrk gS tc oLrq

cl fiQlyus gh okyh gksrh gSA

fdlh lrg ij liZ.k dj jgh oLrq osQ fy;s xfrt ?k"kZ.k f
k
 osQ cy dk ifjek.k f

k
 =

μ
k 
F

N
 }kjk O;Dr fd;k tkrk gS tgk¡ laioZQ esa vk;h lrgksa osQ fy;s μ

k 
xfrt ?k"kZ.k xq.kk¡d

gSA

csyu fc;fjax vkSj cky fc;fjax dk mi;ksx ?k"kZ.k vkSj mlls tqM+h ÅtkZ gkfu;ksa dks
cM+h ek=kk esa de djrk gS D;ksafd xfrt ?k"kZ.k dh rqyuk esa csYyu ?k"kZ.k cgqr de
gksrk gSA

U;wVu osQ xfr osQ fu;e osQoy tM+Roh; funsZ'k izsQe esa ykxw gksrs gSaA tM+Roh; izsQe
og izsQEk gS ftlesa foyfxr ,dy oLrq dk Roj.k 'kwU; gksrk gSA
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fdlh oLrq esa LFkSfrd larqyu cuk;s j[kus osQ fy;s ml ij yx jgs lHkh cyksa dk
lfn'k ;ksx 'kwU; gksuk pkfg;s] osQoy fcanq oLrqvksa (point objects) osQ fy;s ;g vko';d
rFkk i;kZIr 'krZ gSA

ikBkar iz'u

1. fuEufyf[kr esa ls dkSu lnSo fiaM ij yx jg usV cká cy dh fn'kk esa gksxkA

(a) foLFkkiu (b) osx

(c) Roj.k (d) laosx ifjorZu

2. tc oLrq ij vpj usV cká cy yx jgk gks rks fuEufyf[kr esa ls fdlesa ifjorZu
ugha gks ldrkA

(a) fLFkfr (b) pky (c) osx (d) Roj.k

mnkgj.k lfgr O;k[;k djsaA

3. ,d 0.5 kg dh xsan bruh Å¡pkbZ ls fxjk;h tkrh gS fd og Hkwfe ij igq¡pus esa 4 lsoaQM
dk le; ysrh gSA xsan osQ laosx esa ifjorZu Kkr dhft,A

4. 2 kg nzO;eku oLrq osQ laosx esa ifjorZu fuEufyf[kr esa ls fdl fLFkfr esa gksxk\

(a) tc 1 lsosaQM osQ fy;s 10 N dk cy ml ij dk;Z dj jgk gksA

(b) tc 1 feuV osQ fy;s 10 N dk cy ml ij yx jgk gksA

izR;sd fLFkfr esa laosx esa ifjorZu dk ifjdyu dhft,A

5. ,d 0.2 kg nzO;eku dh xsan 6 ms–2 Roj.k osQ lkFk ok;q esa fxj jgh gSA xsan ij ok;q
d"kZ.k Kkr dhft;sA

6. 20 kg nzO;eku dk ,d Hkkj ,d jLlh dh lgk;rk ls lrr Roj.k ij mBk;k x;k gSA
Hkkj 2 lsoaQM esa 5 ehVj dh Å¡pkbZ rd tkrk gSA jLlh dk ruko Kkr dhft;sA

7. ,d 10 m s–1 dh xfr ls py jgh 0-1kg nzO;eku dh xsan nhokj ls Vdjkdj mlh xfr
ls fp=k esa n'kkZ;h x;h fn'kk esa fo{ksfir gks tkrh gSA xsan dk laosx ifjorZu D;k gksxk\

fp=k- 3.12
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8. ,d e'khuxu dk vkSlr izfr{ksi cy crkb, tks fd 150 cqysV izfr feuV nkx jgh
gSaA izR;sd cqysV dh pky 900 m s–1 gSA izR;sd cqysV dk nzO;eku 12 xzke gSA

9. tc rst xsan dks yidrs gSa rks xsan dks fojke dh voLFkk esa ykrs le; gkFk dks ihNs
dh vksj D;ksa [khaprs gSa\

10. fojkekoLFkk esa fLFkr 2 kg nzO;eku osQ fi.M ij 20 N ifjek.k dk vpj cy 2 lsoaQM
osQ fy;s yxrk gS] rks izkjEHk osQ (d) 1 lsosaQM osQ ckn oLrq dk osx D;k gksxk\ ([k)
3 lsoaQM osQ ckn osx D;k gksxk\

11. n'kkZ;h x;h fn'kk esa xqVosQ ij yxk cy oSQls mls ÅèokZèkj nhokj ij fiQlyus ls jksdrk
gS\

fp=k- 3.13

12. ,d {kSfrt lrg ij 2 kg dk xqVdk fojke dh voLFkk esa gSA xqVosQ rFkk lrg osQ chp
LFkSfrd ?k"kZ.k dk xq.kk¡d 0.5. gSA ?k"kZ.k osQ cy dh fn'kk vkSj ifjek.k D;k gksxk ;fn
{kSfrt fn'kk esa yx jgs cká cy dk ifjek.k fuEufyf[kr gks

(a) 0 N ? (b) 4.9 N ? (c) 9.8 N ?

13. fdlh lrg ij j[ks ,d xqVosQ osQ fy;s LFkSfrd ?k"kZ.k dk vfèkdre cy 10N gSA tc
ftl lrg ij xqVdk fojke dh voLFkk esa gS mlosQ lekUrj 5 N dk cká cy yxk;k
tk;s rks ?k"kZ.k&cy D;k gksxk\

14. 300 vkufr osQ vkur lery ij 5 kg osQ xqVosQ dks fojke voLFkk esa j[kus osQ fy;s
de ls de fdrus cy dh vko';drk gS\ xqVosQ rFkk vkur lery osQ chp LFkSfrd
?k"kZ.k dk xq.kk¡d 0.25 gSA

15. {kSfrt ?k"kZ.k jfgr lrg ij Øe'k% m
1
 = 2 kg vkSj m

2
 = 3 kg nzO;eku osQ nks xqVosQ

P vkSj Q ,d nwljs ls lVkdj j[ks x;s gSa fp=k esa n'kkZ;h x;h fn'kk esa P xqVosQ ij
,d ckã cy F = 10 N yxk;k x;kA fuEufyf[kr dk eku Kkr dhft;sA

(a) xqVdksa dk Roj.k

(b) xqVosQ P }kjk xqVosQ ij yxk;k x;k cy 
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16. m
1
 = 2 kg vkSj m

2
 = 4 kg osQ nks xqVosQ Øe'k% P vkSj

Q fp=k osQ vuqlkj M nzO;eku osQ rhljs xqVosQ R ls tksM+s
x;s gSaA

M osQ fdl vfèkdre eku osQ fy;s rhuksa xqVosQ larqyu
voLFkk esa gksaxsA

izR;sd CykWd ij dk;Z dj jgk cy bl ij yxh ÅèoZ izfrfØ;k osQ cy dk vkèkk
gSA

17. lkbfdy czsd osQ lacaèk esa ?k"kZ.k cy dh Hkwfedk dh O;k[;k dhft,A ;fn fje ij
rsy dh oqQN cw¡nsa Mky nh tk;sa rks D;k gksxk\

18. θ = 370 vkufr osQ vkur lery ij ,d 2 fd-xzk- osQ xqVosQ dks èkosQyk x;k ftlls
mls 20 m s–1 dh izkjafHkd pky izkIr gksrh gSA fojke dh voLFkk esa vkus ls igys xqVdk
fdruh nwjh r; djsxk\ xqVosQ rFkk vkur ry osQ chp xfrt cy dk xq.kk¡d μ

k
 = 0.5

gSA

g = 10 m s–2]  sin 370 = 0.6, cos 370 = 0.8 yhft,A

ikBxr iz'uksa osQ mÙkj

3.1

1. dFku osQoy ml oLrq osQ fy;s lR; gS tks usV cy yxkus ls iwoZ fojke dh voLFkk
esa gksA

2. tM+Ro nzO;eku

3. gk¡] tSlk fd ,dleku orqZy xfr esa gksrk gSA

4. cy ls LFkkukUrj vkSj ?kw.kZu xfr gks ldrh gSA ;g oLrqvksa dks fo#fir Hkh dj ldrk
gSA

3.2

1. y?kqrj nzO;eku dh oLrq

2. (a) gk¡  (b) ugha

3. fxjrh gqbZ oLrq osQ laosx esa o`f¼ gksrh gS D;ksafd bldh xfr dh fn'kk esa xq#Ro cy
ml ij dk;Z djrk gSA

4. (b) voLFkk esa laosx esa ifjorZu vfèkd gksxkA ;g F × Δt xq.kuiQy gSA tks laosx esa

ifjrorZu ykrk gSA as F
p

t

Δ⎛ ⎞∝⎜ ⎟Δ⎝ ⎠

fp=k- 3.14
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5. ugha] ;|fi pky vpj gS ysfdu oLrq osQ osx esa ifjorZu mldh fn'kk esa ifjorZu
osQ dkj.k gksrk gSA vr% mldk laosx vpj ugha gSA

3.3

1. owQnus okys ij Hkwfe }kjk yxk;s cy osQ }kjk owQnus okyk Åij dh vksj Rofjr gksrk
gSA ;g cy owQnus okys }kjk Hkwfe ij yxk;s x;s cy dh izfrfØ;k gSA

2. (a) og cy ftlls O;fDr iqQVckWy esa fdd yxkrk gS ;fn og fØ;k gS rks iqQVckWy
}kj O;fDr ij yxk;k x;k cy mldh izfrfØ;k gksxhA

(b) og cy ftlls i`Foh pUnzek dks [khaprh gS ;fn og fØ;k gS rks pUnzek }kjk i`Foh
ij yxk;k x;k cy mldh izfrfØ;k gksxhA

(c) xsan }kjk nhokj ij yxk;k cy ;fn fØ;k gS rks nhokj }kjk xsan ij yxk;k x;k cy
mldh izfrfØ;k gksxhA

3. ugha] roZQ lgh ugha gSA tc O;fDr }kjk yxk;k x;k èkDdk vyekjh vkSj ry osQ
chp dk;Zdkjh ?k"kZ.k cy ls vfèkd gks tkrk gS rks vyekjh f[kldrh gSA O;fDr
dks ihNs dh vksj èkDdk Lo;a mlosQ vkSj ry osQ chp yxus okyk cM+k ?k"kZ.k cy
gSA ;fn O;fDr fdlh fiQlyus okys ry ij gks rks og vyekjh ugha f[kldk ik,xkA

3.4

 

fp=k- 3.15

2. 40 N

3. (a) (5 × 9.8) N

(b) F = (5 × 2) N + (5 × 9.8) N = 59 N

3.5

(1) tc jsy xkM+h pyrh gS rks ekuk bldk Roj.k a gSA rc jsy xkM+h ls tqM+s funsZ'k izsQe
osQ lanHkZ esa  ikuh esa yxus okyk ifj.kkeh cy
F = m g – m a

tgk¡ m ikuh rFkk fxykl dk nzO;eku gS (fp=k. 3.16)A ikuh dk i`"B F osQ yEcor~ fp=k
esa n'kkZ, vuqlkj fn[kkbZ nsxkA
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fp=k. 3.16

(2) Hkhrj cSBk ;k=kh (–mv2/r) ifjek.k dk vfHkosQUnzh; cy eglwl djsxkA ftruk vfèkd
osx v gksxk r dk ifjek.k Hkh mruk gh vfèkd gksxkA lM+d ij [kM+s gq;s izs{kd osQ fy;s
oØ xfr djrh gqbZ dkj esa ,d v2/r ifjek.k dk viosQUnzh Roj.k yxrk eglwl djsxkA
iqu% vfèkd v osQ fy;s r dk eku vfèkd gksxkA

(3) d.k ij yxus okyk vfHkosQUnzh cy F = mω2r = (6 × 10–10 kg) × (2π × 103 rad s–

1)2 × (0.04 m) = 9.6 × 10–4 N.

(4) ,d oLrq osQ lrg ls fNVdus osQ fy;s vfHkosQUnzh; cy (viosQUnzh) cyk dk eku
mlosQ Hkkj ls FkksM+k vfèkd gksuk pkfg,A
;fn oLrq dk nzO;eku m gks rks

2mv

r
 = mg 'krZ iwjh gksuh pkfg,

v = rω
2 2r

r

ω
 = g

;k dks.kh; osx ω = /g r

blfy, /g r  vfèkd ifjek.k osQ dks.kh; osx ls oLrq,a fNVd tk;saxhA

5. 'kwU; tSlk fd fdlh oLrq osQ eqDr #i ls fxjus esa gksrk gSA

ikBkar iz'uksa osQ mÙkj

1. (d)

2. (a) ;fn inkFkZ osQ vUnj fodflr vkarfjd cy cká cy ls vfèkd gks tk;s tSlk fd
nhokj ij yxs cy osQ izdj.k esa gksrk gSA

(b) ;fn cy xfr dh fn'kk osQ yEcor yxk;k tk; rks cy }kj xfr dh fn'kk ifjofrZr
gksrh gS ysfdu pky leku jgrh gSA

3. v = 0 + (–g) × 4

|v| = 40 m s–1

∴ ΔP = m (v – u) = (0.5 × 40) = 20 kg m s–2
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4. tc 10 N dk usV cy 1s rd yxrk gSA

5. 0.76 N

7. 250 N.

8. 27 N

10. (a) 10 m s–1  (b) 20 m s–1

12. (a) 0 N (b) 4.9 N (c) ~7.5 N

13. 5 N

14. 14.2 N

15. (a) 2 m s–2 (b) 6 N

16. 3 kg

18. 20 m


