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6.1 Hkwfedk

nSfud cksy pky dh Hkk"kk esa ge izk;% ̂ dk;Z*] ̂ ÅtkZ*] vkSj ̂ 'kfDr* 'kCnksa dk
iz;ksx djrs gSaA ;fn dksbZ fdlku [ksr tksrrk gS] dksbZ feL=kh b±V <ksrk gS] dksbZ
Nk=k ijh{kk osQ fy, i<+rk gS ;k dksbZ fp=kdkj lqUnj n`';Hkwfe dk fp=k cukrk
gS rks ge dgrs gSa fd lHkh dk;Z dj jgs gSa ijUrq HkkSfrdh esa dk;Z 'kCn dks
ifj'kq¼ :i ls ifjHkkf"kr djrs gSaA ftl O;fDr esa izfrfnu pkSng ls lksyg ?k.Vas
dk;Z djus dh {kerk gksrh gS] mls vf/d 'kfDr ;k ÅtkZ okyk dgrs gSaA ge
yach nwjh okys ?kkrd dks mldh 'kfDr ;k ÅtkZ osQ fy, iz'kalk djrs gSaA bl
izdkj ÅtkZ dk;Z djus dh {kerk gSA HkkSfrdh esa Hkh ÅtkZ dk;Z ls blh izdkj
lEcfU/r gS ijUrq tSlk Åij crk;k x;k gS 'kCn dk;Z dks vkSj vf/d ifj'kq¼
:i ls ifjHkkf"kr djrs gSaA 'kfDr 'kCn dk nSfud thou esa iz;ksx fofHkUu vFkks±
esa gksrk gSA djkVs ;k ckWfDlax esa 'kfDr'kkyh eqDdk ogh ekuk tkrk gS tks rst
xfr ls ekjk tkrk gSA 'kCn ^'kfDr* dk ;g vFkZ HkkSfrdh esa bl 'kCn osQ vFkZ
osQ fudV gSA ge ;g ns[ksaxs fd bu inksa dh HkkSfrd ifjHkk"kkvksa rFkk buosQ }kjk
efLr"d esa cus dk;Zdh; fp=k.kksa osQ chp vf/d ls vf/d ;g lEcU/ vYi
gh gksrk gSA bl ikB dk y{; bu rhu HkkSfrd jkf'k;ksa dh /kj.kkvksa dk fodkl
djuk gS ysfdu blosQ igys gesa vko';d xf.krh; Hkk"kk eq[;r% nks lfn'kksa
osQ vfn'k xq.kuiQy dks le>uk gksxkA

6.1.1 vfn'k xq.kuiQy

vè;k; 4 esa ge yksxksa us lfn'k jkf'k;ksa vkSj muosQ iz;ksxksa osQ ckjs esa i<+k gSA
dbZ HkkSfrd jkf'k;k¡_ tSls&foLFkkiu] osx] Roj.k] cy vkfn lfn'k gSaA ge yksxksa
us lfn'kksa dks tksM+uk vkSj ?kVkuk Hkh lh[kk gSA vc ge yksx lfn'kksa osQ xq.ku
osQ ckjs esa vè;;u djsaxsA lfn'kksa dks xq.kk djus dh nks fof/;k¡ gSaA izFke fof/
ls nks lfn'kksa osQ xq.kuiQy ls vfn'k xq.kuiQy izkIr gksrk gS vkSj bls vfn'k
xq.kuiQy dgrs gSaA nwljh fof/ esa nks lfn'kksa osQ xq.kuiQy ls ,d lfn'k izkIr
gksrk gS vkSj bls lfn'k xq.kuiQy dgrs gSaA lfn'k xq.kuiQy osQ ckjs esa ge yksx
vè;k; 7 esa i<+saxsA bl vè;k; esa ge yksx vfn'k xq.kuiQy dh
foospuk djsaxsA
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•••••

fdUgha nks lfn'kksa A RkFkk B osQ vfn'k ;k fcanq&xq.kuiQy (MkWV
xq.kuiQy) dks ge [A.B (A MWkV B)] osQ :i esa fy[krs gSa vkSj
fuEu izdkj ls ifjHkkf"kr djrs gSa %

A.B = AB cos θ (6.1a)

;gk¡ θ nks lfn'kksa A rFkk B osQ chp dk dks.k gSA bls fp=k
6-1a eas fn[kk;k x;k gSA D;ksafd, B rFkk cos θ lHkh vfn'k gSa
blfy, A rFkk B dk fcanq xq.kuiQy Hkh vfn'k jkf'k gS A A o
B esa ls izR;sd dh viuh&viuh fn'kk gS fdUrq muosQ vfn'k
xq.kuiQy dh dksbZ fn'kk ugha gSA
lehdj.k (6.1a) ls gesa fuEufyf[kr ifj.kke feyrk gS %

 A.B = A (B cos θ )
       = B (A cos θ )

T;kfefr osQ vuqlkj B cos θ lfn'k B dk lfn'k A ij iz{ksi
gS (fp=k 6.1b)A blh izdkj A cos θ lfn'k A dk lfn'k B
ij iz{ksi gS (nsf[k, fp=k 6.1c)A bl izdkj A.B lfn'k A osQ
ifjek.k rFkk B osQ vuqfn'k A osQ ?kVd osQ xq.kuiQy osQ
cjkcj gksrk gSA nwljs rjhosQ ls ;g B osQ ifjek.k rFkk A dk
lfn'k B osQ vuqfn'k ?kVd osQ xq.kuiQy osQ cjkcj gSA

lehdj.k (6.1a) ls ;g laosQr Hkh feyrk gS fd vfn'k
xq.uiQy Øe fofues; fu;e dk ikyu djrk gS&

A.B = B.A

vfn'k xq.kuiQy forj.k&fu;e dk Hkh ikyu djrs gSa %
A.(B + C) =A.B +A.C

rFkk]
A.(λ B) = λ(((((A.B)

;gk¡ λ ,d okLrfod la[;k gSA

mijksDr lehdj.kksa dh O;qRifRr vkiosQ fy, vH;kl gsrq NksM+h
tk jgh gSA

vc ge ,dkad lfn'kksa  dk vfn'k xq.kuiQy fudkyssaxsA
D;ksafd os ,d nwljs osQ yacor~ gSa] blfy,

nks lfn'kksa

dk vfn'k xq.kuiQy gksxk %

( ) ( )ˆ ˆ ˆ ˆ ˆ ˆ. .
x y z x y zA A A B B B= + + + +A B i j k i j k

=A
x
B

x
 +A

y
B

y
 +A

z
B

z
(6.1b)

vfn'k xq.kuiQy ifjHkk"kk rFkk lehdj.k (6.1b) ls gesa fuEu
izkIr gksrk gS %
(i) A.A =A

x
A

x
+A

y
A

y
 +A

z
A

z

vFkok A2 =A2
x
 +A2

y
 +A2

z
(6.1c)

D;ksafd A.A = AAcos 0 =A2

(ii) A.B = 0 ;fnA A o B ,d nwljs osQ yacor~ gSaA

mnkgj.k 6.1 cy F = ˆ ˆ ˆ(3 4 5 )+ −i j k  rFkk foLFkkiu

d = ˆ ˆ ˆ(5 4 3 )+ +i j k  osQ chp dk dks.k Kkr djsaA F

dk d ij iz{ksi Hkh Kkr djsaA

gy  F.d = F
x
d

x
 + F

y
d

y
 + F

z
d

z

= 3(5) + 4(4) + (– 5) (3)
= 16 unit

vr% F.d = Fd cosθ = 16 unit

vc F.F = F2 = 2 2 2
x y zF F F+ +

= 9 + 16 + 25
= 50 unit

rFkk d.d = d2 = 2 2 2
x y zd d d+ +

= 25 + 16 + 9
= 50 unit

∴ cos θ = 
16 16

= = 0.32
5050 50

θ = cos– 1 0.32

fp=k 6.1 (a) nks lfn'kksa A o B dk vfn'k xq.kuiQy ,d vfn'k gksrk gS vFkkZr~ A.B = AB cos θ, (b) B cos θ lfn'k B dk
lfn'k A ij iz{ksi gS] (c) A cos θ lfn'k A dk B ij iz{ksi gSA
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t

6.2 dk;Z vkSj xfrt mQtkZ dh èkkj.kk % dk;Z&mQtkZ izes;

vè;k; 3 esa] fu;r Roj.k a osQ varxZr ljy js[kh; xfr osQ
fy, vki fuEu HkkSfrd lacaèk i<+ pqosQ gSa_

v2 – u2 = 2as (6.2)

tgk¡ u rFkk v Øe'k% vkjafHkd o vafre pky vkSj s oLrq
}kjk pyh xbZ nwjh gSA nksuksa i{kksa dks m/2 ls xq.kk djus ij

2 21 1

2 2
mv mu mas Fs− = = (6.2a)

tgk¡ vkf[kjh pj.k U;wVu osQ f}rh; fu;ekuqlkj gSA bl izdkj
lfn'kksa osQ iz;ksx }kjk lgt gh lehdj.k (6-2) dk f=kfoeh;
O;kidhdj.k dj ldrs gSa

v2 − u2 = 2 a.d

;gk¡ a vkSj b fiaM osQ Øe'k% Roj.k vkSj foLFkkiu lfn'k gSaA ,d
ckj fiQj nksuksa i{kksa dks m/2 ls xq.kk djus ij ge izkIr djrs gSa

2 21 1
=

2 2
mv mu m − = a.d F.d (6.2b)

mijksDr lehdj.k dk;Z ,oa xfrt mQtkZ dks ifjHkkf"kr
djus osQ fy, izsfjr djrk gSA lehdj.k (6-2 b) esa ck;k¡ i{k
oLrq osQ nzO;eku osQ vkèks vkSj mldh pky osQ oxZ osQ
xq.kuiQy osQ vafre vkSj vkjafHkd eku dk varj gSA ge buesa
ls izR;sd jkf'k dks ^xfrt mQtkZ* dgrs gSa vkSj laosQr K ls
fufnZ"V djrs gSaA lehdj.k dk nk;k¡ i{k oLrq ij vkjksfir cy
dk foLFkkiu osQ vuqfn'k ?kVd vkSj oLrq osQ foLFkkiu dk
xq.kuiQy gSA bl jkf'k dks ̂ dk;Z* dgrs gSa vkSj bls laosQr W
ls fufnZ"V djrs gSaA vr% lehdj.k (6-2 b) dks fuEu izdkj
fy[k ldrs gSa %

K
f
 – K

i
 = W (6-3)

tgk¡ K
i
 rFkk K

f 
oLrq dh vkjafHkd ,oa vafre xfrt mQtkZ gSaA

dk;Z fdlh oLrq ij yxus okys cy vkSj blosQ foLFkkiu osQ
lacaèk dks crkrk gSA vr% fdlh fuf'pr foLFkkiu osQ
nkSjku oLrq ij yxk;k x;k cy dk;Z djrk gSA

lehdj.k (6-3) dk;Z&mQtkZ izes; dh ,d fo'ks"k
fLFkfr gS tks ;g iznf'Zkr djrh gS fd fdlh oLrq ij yxk,
x, oqqQy cy }kjk fd;k x;k dk;Z ml oLrq dh xfrt
mQtkZ esa ifjorZu osQ cjkcj gksrk gSA ifjorhZ cy osQ fy,
mijksDr O;qRifRr dk O;kidhdj.k ge vuqHkkx 6-6 esa djsaxs A

mnkgj.k 6.2 ge vPNh rjg tkurs gSa fd o"kkZ dh cw¡n
uhps dh vksj yxus okys xq#Rokd"kZ.k cy vkSj cw¡n osQ
fxjus dh fn'kk osQ foijhr yxus okys izfrjksèkh cy osQ

izHkko osQ vèkhu fxjrh gSA izfrjksèkh cy cw¡n dh pky
osQ vuqØekuqikrh] ijarq vfuèkkZfjr gksrk gSA ekuk fd
1.00 g nzO;eku dh o"kkZ dh cw¡n  1.00 km m¡QpkbZ
ls fxj jgh gSA ;g èkjkry ij 50.00 m s–1 dh pky
ls la?kê ð djrh gSA (a) xq#Roh; cy }kjk fd;k x;k
dk;Z D;k gS\ (b) vKkr izfrjksèkh cy }kjk fd;k x;k
dk;Z D;k gS \

gy  (a) cw¡n dh xfrt mQtkZ esa ifjorZu

21
0

2
K m v∆ = −

=
1

2
10 50 50-3× × ×

= 1.25 J

;gk¡ geus ;g eku fy;k gS fd cw¡n fojkekoLFkk ls fxjuk
vkjaHk djrh gSA

xq#Rokd"kZ.k cy }kjk fd;k x;k dk;Z W
g
 = m g h

eku yhft, fd g = 10 m s–2 gSA

vr% W
g
= m g h

= 10–3 × 10 × 103

= 10 J

(b)  dk;Z&mQtkZ izes; ls] ∆K = W
g
 + W

r

tgk¡ W
r 
izfrjksèkh cy }kjk fd;k x;k dk;Z gSA vr%

W
r

= ∆K  – W
g

= 1.25 – 10

= – 8.75 J

Í.kkRed gSA ¶

6.3 dk;Z

mijksDr vuqHkkx esa vkius ns[kk fd dk;Z] cy vkSj mlosQ }kjk
oLRkq osQ foLFkkiu ls lacafèkr gksrk gSA ekuk fd ,d vpj cy
F, fdlh m nzO;eku osQ fiaM ij yx jgk gS ftlosQ dkj.k
fiaM dk èkUkkRed x-fn'kk esa gksus okyk foLFkkiu d gS tSlk
fd fp=k 6-2 eas n'kkZ;k x;k gSA

fp=k 6-2 fdlh fiaM dk vkjksfir cy F osQ dkj.k foLFkkiu d A
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vr% fdlh cy }kjk fd;k x;k dk;Z ¶cy osQ foLFkkiu
dh fn'kk osQ vuqfn'k ?kVd vkSj foLFkkiu osQ ifjek.k
osQ xq.kuiQy¸ osQ :i esa ifjHkkf"kr fd;k tkrk gSA vr%

W = ( F cos θ) d = F . d (6.4)

ge ns[krs gSa fd ;fn oLrq dk foLFkkiu 'kwU; gS rks cy
dk ifjek.k fdruk gh vfèkd D;ksa u gks] oLrq }kjk fd;k x;k
dk;Z 'kwU; gksrk gSA tc dHkh vki fdlh b±Vksa dh n`<+ nhokj
dks èkDdk nsrs gSa rks dksbZ dk;Z ugha gksrk gSA bl izfØ;k esa
vkidh ekalisf'k;ksa dk ckjh&ckjh ls laoqQpu vkSj f'kfFkyhdj.k
gks jgk gS vkSj vkarfjd mQtkZ yxkrkj O;; gks jgh gS vkSj vki
Fkd tkrs gSaA HkkSfrd foKku esa dk;Z dk vFkZ blosQ nSfud
Hkk"kk esa iz;ksx osQ vFkZ ls fHkUu gSA
dksbZ Hkh dk;Z laiUu gqvk ugha ekuk tkrk gS ;fn %

(i) oLrq dk foLFkkiu 'kwU; gS] tSlk fd iwoZorhZ mnkgj.k esa
vkius ns[kkA dksbZ HkkjksRrksyd 150 kg nzO;eku osQ Hkkj
dks 30 s rd vius daèks ij yxkrkj mBk, gq, [kM+k gS
rks og dksbZ dk;Z ugha dj jgk gS A

(ii) cy 'kwU; gSA fdlh fpduh {kSfrt est ij xfreku fiaM
ij dksbZ {kSfrt cy dk;Z ugha djrk gS] (D;ksafd ?k"kZ.k
ugha gS) ijarq fiaM dk foLFkkiu dkiQh vfèkd gks
ldrk gSA

(iii) cy vkSj foLFkkiu ijLij yacor~ gSa D;ksafd θ = π/2

rad ( = 90°), cos (π/2) = 0A fdlh fpduh {kSfrt
est ij xfreku fiaM osQ fy, xq#Rokd"kZ.k cy m g dksbZ
dk;Z ugha djrk gS D;ksafd ;g foLFkkiu osQ yacor~
dk;Z dj jgk gSA i`Foh osQ ifjr% panzek dh d{kk
yxHkx o`Rrkdkj gSA ;fn ge panzek dh d{kk dks iw.kZ
:i ls o`Rrkdkj eku ysa] rks i`Foh dk xq#Rokd"kZ.k cy
dksbZ dk;Z ugha djrk gS D;ksafd panzek dk rkRdkfyd
foLFkkiu Li'kZjs[kh; gS tcfd i`Foh dk cy f=kT;h;
(osQanz dh vksj) gS] vFkkZr~ θ = π/2 A
dk;Z èkukRed o Í.kkRed nksuksa izdkj dk gks ldrk gSA

;fn θ, 0° vkSj 90° osQ eè; gS rks lehdj.k (6.4) esa cos θ
dk eku /ukRed gksxkA ;fn θ, 90° vkSj 180° osQ eè; gS
rks cos θ dk eku ½.kkRed gksxkA vusd mnkgj.kksa esa ?k"kZ.k
cy] foLFkkiu dk fojksèk djrk gS vkSj θ = 180° gksrk gSA
,slh n'kk esa ?k"kZ.k cy }kjk fd;k x;k dk;Z Í.kkRed gksrk
gS (cos 180° = –1)A

lehdj.k (6-4) ls Li"V gS fd dk;Z vkSj mQtkZ dh
foek,¡ leku [M L2 T–2] gSa A fczfV'k HkkSfrdfon tsEl izsldkWV
twy (1818&1869) osQ lEeku esa budk SI ek=kd ^twy*
dgykrk gSA pwafd dk;Z ,oa mQtkZ O;kid :i ls
HkkSfrd èkkj.kkvksa osQ :i esa iz;ksx fd, tkrs gSa] vr% ;s
oSdfYid ek=kdksa ls Hkjiwj gSa vkSj muesa ls oqQN lkj.kh 6-1
esa lwphc¼ gSaA

••••• mnkgj.k 6.3 dksbZ lkbfdy lokj czsd yxkus ij
fiQlyrk gqvk 10 m nwj tkdj #drk gSA bl izfØ;k dh
vofèk esa] lM+d }kjk lkbfdy ij yxk;k x;k cy
200 N gS tks mldh xfr osQ foijhr gSA (a) lM+d
}kjk lkbfdy ij fdruk dk;Z fd;k x;k\
(b) lkbfdy }kjk lM+d ij fdruk dk;Z fd;k x;k\

gy  lM+d }kjk lkbfdy ij fd;k x;k dk;Z lM+d }kjk
lkbfdy ij yxk, x, fojks/h (?k"kZ.k cy) }kjk fd;k fd;k
dk;Z gSA
(a) ;gk¡ fojksèkh cy vkSj lkbfdy osQ foLFkkiu osQ eè;

dks.k 180° (;k π rad) gSA vr% lM+d }kjk fd;k
x;k dk;Z

W
r

= Fd cos θ
= 200 × 10 × cos π
= –2000 J

dk;Z&mQtkZ izes; osQ vuqlkj] bl ½.kkRed dk;Z osQ
dkj.k gh lkbfdy #d tkrh gSA

(b) U;wVu osQ xfr osQ r`rh; fu;ekuqlkj lkbfdy }kjk
lM+d ij yxk;k x;k cy lM+d }kjk lkbfdy ij
yxk, cy osQ cjkcj ijarq foijhr fn'kk esa gksxkA bldk
ifjek.k 200 N gS A rFkkfi] lM+d dk foLFkkiu ugha
gksrk gS A vr% lkbfdy }kjk lM+d ij fd;k x;k dk;Z
'kwU; gksxkA   ¶

bl mnkgj.k ls gesa ;g irk pyrk gS fd ;|fi fiaM
B }kjk A ij yxk;k x;k cy] fiaM A }kjk fiaM B ij yxk,
x, cy osQ cjkcj rFkk foijhr fn'kk esa gS (U;wVu dk xfr dk
rhljk fu;e) rFkkfi ;g vko';d ugha gS fd fiaM B }kjk
A ij fd;k x;k dk;Z] fiaM A }kjk B ij fd, x, dk;Z osQ
cjkcj rFkk foijhr fn'kk esa gksA

6.4 xfrt mQtkZ

tSlk fd igys mYys[k fd;k x;k gS] ;fn fdlh fiaM dk
nzO;eku m vkSj osx v gS rks bldh xfrt mQtkZ]

2K m mv
1 1

= =
2 2

v v. (6-5)

xfrt mQtkZ ,d vfn'k jkf'k gSA

lkj.kh 6.1 % dk;Z@mQtkZ osQ oSdfYid ek=kd (twy esa)

vxZ 10–7 J

bysDVªkWu oksYV (eV) 1.6 × 10–19 J

oSQyksjh (cal) 4.186 J

fdyksokV&?kaVk (kWh) 3.6 × 106 J
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Øfed vk;rkdkj {ks=kiQyksa dk ;ksx djus ij gesa oqQy fd;k
x;k dk;Z izkIr gksrk gS ftls bl izdkj fy[kk tkrk gS %

W F x x
x

x

i

f

@ ( )Â D (6-6)

tgk¡ laosQr ̂ ∑* dk vFkZ gS ladyu&iQy (;ksxiQy)] tcfd
'x

i
' oLrq dh vkjafHkd fLFkfr vkSj 'x

f
' oLrq dh vafre fLFkfr

dks fu:fir djrk gSA
;fn foLFkkiuksa dks vfrlw{e eku fy;k tk, rc

;ksxiQy esa inksa dh laa[;k vlhfer :i ls c<+ tkrh gS ysfdu
;ksxiQy ,d fuf'pr eku osQ lehi igqap tkrk gS tks
fp=k 6-3(b) esa oØ osQ uhps osQ {ks=kiQy osQ leku gksrk gS A

lkj.kh 6-2 fof'k"V xfrt mQtkZ,¡ (K)

fiaM nzO;eku (kg) pky (m s–1) K (J)

dkj 2000 25 6.3 × 105

èkkod (,sFkyhV) 70 10 3.5 × 103

xksyh 5 × 10–2 200 103

10 m dh m¡QpkbZ ls fxjrk iRFkj 1 14 102

vafre osx ls fxjrh o"kkZ dh cw¡n 3.5 × 10–5 9 1.4 × 10–3

ok;q dk v.kq −~ 10–26 500 −~ 10–21

fdlh fiaM dh xfrt mQtkZ] ml fiaM }kjk fd, x, dk;Z dh
eki gksrh gS tks og viuh xfr osQ dkj.k dj ldrk gSA bl
èkkj.kk dk varKkZu dkiQh le; ls gSA rhoz xfr ls cgus okyh
ty dh èkkjk dh xfrt mQtkZ dk mi;ksx vukt ihlus osQ
fy, fd;k tkrk gSA iky ty;ku iou dh xfrt mQtkZ dk
iz;ksx djrs gSaA lkj.kh 6-2 esa fofHkUu fiaMksa dh xfrt mQtkZ,¡
lwphc¼ gSaA

••••• mnkgj.k 6-4 fdlh izk{ksfid izn'kZu esa ,d iqfyl
vfèkdkjh 50 g  nzO;eku dh xksyh dks 2cm eksVh uje
ijrnkj ydM+h (IykboqM) ij 200 m s–1 dh  pky
ls iQk;j djrk gSA uje ydM+h dks Hksnus osQ i'pkr~
xksyh dh xfrt mQtkZ izkjafHkd mQtkZ dh 10» jg tkrh
gSA ydM+h ls fudyrs le; xksyh dh pky D;k gksxh\

gy   xksyh dh izkjafHkd xfrt mQtkZ

mv2/2 = 1000 J

xksyh dh vafre xfrt mQtkZ = 0.1 × 1000 = 100 JA ;fn
xksyh dh uje ydM+h dks Hksnus osQ i'pkr~ pky v

f
 gS rks]

1

2
=mv f

2
100 J

kg 05.0

 J 1002×
=fv

=  63.2 m s–1

uje ydM+h dks Hksnus osQ i'pkr~ xksyh dh pky yxHkx
68» de gks xbZ gS (90» ugha)A ¶

6.5 ifjorhZ cy }kjk fd;k x;k dk;Z
vpj cy nq"izkI; gSA vfèkdrj ifjorhZ cy osQ mnkgj.k gh
ns[kus dks feyrs gSaA fp=k 6-3 ,dfoeh; ifjorhZ cy dk
vkys[k gSA

;fn foLFkkiu ∆x lw{e gS rc ge cy F(x) dks Hkh
yxHkx fu;r ys ldrs gSa vkSj rc fd;k x;k dk;Z

∆W = F(x) ∆x

bls fp=k 6-3(a) esa le>k;k x;k gSA fp=k 6-3 (a) esa

{ks=kiQy = ∆A = F(x) ∆x

dk;Z

fp=k 6-3 (a) ifjorhZ cy F(x) }kjk lw{e foLFkkiu ∆x esa
fd;k x;k dk;Z ∆W = F(x)∆x Nk;kafdr vk;r ls
fu:fir gS A (b) ∆x → 0 osQ fy, lHkh vk;rksa
osQ {ks=kiQyksa dks tksM+us ij] oØ }kjk vkPNkfnr {ks=kiQy]
cy F(x) }kjk fd, x, dk;Z osQ Bhd cjkcj gS A
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121dk;Z] mQtkZ vkSj 'kfDr

vr% fd;k x;k dk;Z

W = lim
x 0

F x x

x

x

i

f

∆
∆

→
( )∑

= ( )∫ F x x
x

x

i

f

d (6-7)

tgk¡ 'lim' dk vFkZ gS ̂ ;ksxiQy dh lhek* tcfd ∆x ux.; :i
ls lw{e ekuksa dh vksj vxzlj gSA bl izdkj ifjorhZ cy osQ fy,
fd, x, dk;Z dks cy dk foLFkkiu ij lheakfdr lekdyu] osQ
:i esa O;Dr dj ldrs gSa (ifjf'k"V  3.1 Hkh ns[ksa)

••••• mnkgj.k 6-4 dksbZ L=kh [kqjnjh lrg okys jsyos IysViQkeZ
ij lanwd dks f[kldkrh gSA og 10 m dh nwjh rd
100 N dk cy vkjksfir djrh gSA mlosQ i'pkr~]
mRrjksRrj og Fkd tkrh gS vkSj mlosQ }kjk vkjksfir cy
js[kh; :i ls ?kVdj 50 N gks tkrk gSA lanwd dks oqQy
20 m dh nwjh rd f[kldk;k tkrk gSA L=kh }kjk lanwd
ij vkjksfir cy vkSj ?k"kZ.k cy tks fd 50 N gS] rFkk
foLFkkiu osQ chp xzkiQ [khafp,A nksuksa cyksa }kjk 20 m

rd fd, x, dk;Z dk ifjdyu dhft, A

gy   fp=k 6-4 esa vkjksfir cy dk vkys[k iznf'Zkr fd;k x;k gS A

fp=k 6-4 fdlh L=kh }kjk vkjksfir cy F vkSj fojks/h ?k"kZ.k cy
f rFkk foLFkkiu osQ chp xzkiQA

x = 20 m ij F = 50 N(≠ 0) gSA gesa ?k"kZ.k cy f fn;k x;k
gS ftldk ifjek.k gS

| f | = 50 N

;g xfr dk fojks/ djrk gS vkSj vkjksfir cy F osQ foijhr
fn'kk esa dk;Z djrk gSA blfy,] bls cy&v{k dh Í.kkRed
fn'kk dh vksj iznf'Zkr fd;k x;k gSA

L=kh }kjk fd;k x;k dk;Z W
F
→(vk;r ABCD + leyac

CEID) dk {ks=kiQy

( )WF = × + + ×100 10
1

2
100 50 10

       = 1000 + 750

      = 1750 J

?k"kZ.k cy }kjk fd;k x;k dk;Z W
F
→vk;r AGHI dk {ks=kiQy

W
f
 = (–50) × 20

     = – 1000J

;gk¡ {ks=kiQy dk cy&v{k osQ Í.kkRed fn'kk dh vksj gksus ls]
{ks=kiQy dk fpg~u Í.kkRed gSA ¶

6.6 ifjorhZ cy osQ fy, dk;Z&ÅtkZ izes;
ge ifjorhZ cy osQ fy, dk;Z&ÅtkZ izes; dks fl¼ djus osQ
fy, dk;Z vkSj xfrt ÅtkZ dh /kj.kkvksa ls HkyhHkkafr ifjfpr
gSaA ;gk¡ ge dk;Z&ÅtkZ izes; osQ ,dfoeh; i{k rd gh fopkj
dks lhfer djsaxsA xfrt ÅtkZ ifjorZu dh nj gS %

2d d 1

d d 2

K
m v

t t

  
=   

  

  
d

d

v
m v

t
=

        = Fv (U;wVu osQ nwljs fu;ekuqlkj =
v

t

d
m

d
= F )

   
t

x
F

d

d
=

vr% dK = Fdx

izkjafHkd fLFkfr x
i
 ls vafre fLFkfr x

f
 rd lekdyu djus ij]

d dK F x
K

K

x

x

i

f

i

f

∫ ∫=

tgk¡ x
i
 vkSj x

f
 osQ laxr K

i
 vkSj K

f
 Øe'k% izkjafHkd ,oa vafre

xfrt ÅtkZ,¡ gSaA

;k K K F xf i

x

x

i

f

− = ∫ d (6.8 a)

lehdj.k (6-7) ls izkIr gksrk gS

  K
f
 – K

i
 = W (6.8 b)

bl izdkj ifjorhZ cy osQ fy, dk;Z&ÅtkZ izes; fl¼ gksrh gSA
gkykafd dk;Z&ÅtkZ izes; vusd izdkj osQ iz'uksa dks gy

djus eas mi;ksxh gS ijarq ;g U;wVu osQ f}rh; fu;e dh iw.kZ:is.k
xfrdh; lwpuk dk lekos'k ugha djrh gSA okLro esa ;g U;wVu
osQ f}rh; fu;e dk lekdy :i gSA U;wVu dk f}rh; fu;e
fdlh {k.k] Roj.k rFkk cy osQ chp laca/ n'kkZrk gSA dk;Z&ÅtkZ
izes; esa ,d dky osQ fy, lekdy fufgr gSA bl n`f"V ls
U;wVu osQ f}rh; fu;e esa fufgr dkfyd lwpuk dk;Z ÅtkZ izes;
esa Li"V :i ls izdV ugha gksrkA cfYd ,d fuf'pr dky osQ
fy, lekdyu osQ :i esa gksrk gSA nwljh è;ku nsus dh ckr
;g gS fd nks ;k rhu foekvksa esa U;wVu dk f}rh; fu;e lfn'k
:i esa gksrk gS tcfd dk;Z&ÅtkZ izes; vfn'k :i esa gksrk gSA

f =

cy
 (

N
)

Fdx =
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U;wVu osQ f}rh; fu;e esa fn'kk lacaf/r fufgr Kku Hkh dk;Z
ÅtkZ izes; tSls& vfn'k laca/ esa fufgr ugha gSA

• mnkgj.k 6.6 m (=1kg) nzO;eku dk ,d xqVdk
{kSfrt lrg ij v

i
 = 2 m s–1 dh pky ls pyrs gq,

x = 0.10 m ls x = 2.01m osQ [kqjnjs fgLls eas izos'k
djrk gSA xqVosQ ij yxus okyk eand cy (F

r
) bl {ks=k

eas x osQ O;qRØekuqikrh gS]

F
k

x
r =

−
0.1< x < 2.01m

      = 0  x < 0.1m  vkSj x > 2.01m osQ fy,
tgk¡ k = 0.5JA xqVdk tSls gh [kqjnjs fgLls dks ikj djrk
gS] bldh vafre xfrt ÅtkZ vkSj pky v

f
 dh x.kuk

dhft,A

gy   lehdj.k (6-8 a) ls

  K K
k

x
xf i

0.1

2.01

= +
−( )

∫ d

( ) 2.01
0.1

1
ln

2
2
imv k x= −

( )1
ln 2.01/0.1

2
2
imv k  = −

= 2 − 0.5 ln (20.1)

= 2 − 1.5  = 0.5 J

1sm  1/2 −== mKv ff

è;ku nhft, fd ln vk/kj e ij fdlh la[;k dk izko`Qfrd
y?kqx.kd gS] u fd vk/kj 10 ij fdlh la[;k dk
[ln X = log

e
 X = 2.303 log

10
 X] ¶

6.7 fLFkfrt ÅtkZ dh vfHk/kj.kk

;gk¡  ̂ fLFkfrt* 'kCn fdlh dk;Z dks djus dh laHkkouk ;k {kerk
dks O;Dr djrk gSA fLFkfrt ÅtkZ dh /kj.kk ^laxzfgr* ÅtkZ
ls Lkacaf/r gSA fdlh f[akps gq, rhj&deku osQ rkj (Mksjh) dh
ÅtkZ fLFkfrt mQtkZ gksrh gSA tc bls <hyk NksM+k tkrk gS rks
rhj rhoz pky ls nwj pyk tkrk gSA i`Foh osQ Hkwi`"B ij Hkza'k
js[kk,¡ laihfMr dekfu;ksa osQ ln`'k gksrh gSaA mudh fLFkfrt ÅtkZ
cgqr vf/d gksrh gSA tc ;s Hkaz'k js[kk,¡ fiQj ls lek;ksftr gks
tkrh gSa rks HkwoaQi vkrk gSA fdlh Hkh fiaM dh fLFkfrt ÅtkZ
(lafpr ÅtkZ) mldh fLFkfr ;k vfHkfoU;kl osQ dkj.k gksrh

gSA fiaM dks eqDr :i ls NksM+us ij bleas lafpr ÅtkZ] xfrt
ÅtkZ osQ :i eas fueZqDr gksrh gSA vkb,] vc ge fLFkfrt ÅtkZ
dh /kj.kk dks ,d fuf'pr :i nsrs gSaA

i`Foh dh lrg osQ lehi m nzO;eku dh ,d xasn ij
vkjksfir xq#Rokd"kZ.k cy  m g gSA g dks i`Foh dh lrg osQ
lehi vpj ekuk tk ldrk gS A ;gk¡ lehirk ls rkRi;Z ;g gS
fd xsan dh i`Foh dh lrg ls m¡QpkbZ h, i`Foh dh f=kT;k R

E

dh rqyuk esa vfr lw{e gS (h << R
E
), vr% ge i`Foh osQ i`"B

ij g osQ eku eas ifjorZu dh mis{kk dj ldrs gSaA* ekuk fd
xsan dks fcuk dksbZ xfr iznku fd, h m¡QpkbZ rd Åij mBk;k
tkrk gSA vr% ckÞ; dkjd }kjk xq#Rokd"kZ.k cy osQ fo#¼
fd;k x;k dk;Z m g h gksxkA ;g dk;Z] fLFkfrt ÅtkZ osQ
:i eas lafpr gks tkrk gSA fdlh fi.M dh h m¡QpkbZ ij xq#Roh;
fLFkfrt ÅtkZ mlh fi.M dks mlh m¡QpkbZ rd mBkus eas
xq#Rokd"kZ.k cy }kjk fd, x, dk;Z osQ Í.kkRed eku osQ
cjkcj gksrk gSA

V(h) = m g h

;fn h dks ifjorhZ fy;k tkrk gS rks ;g ljyrk ls ns[kk tk
ldrk gS fd xq#Rokd"kZ.k cy F, h  osQ lkIks{k V(h) osQ Í.kkRed
vodyt osQ leku gS

 
d

d
F V(h) m g

h
= − = −

;gk¡ Í.kkRed fpg~u iznf'Zkr djrk gS fd xq#Rokd"kZ.k cy uhps
dh vksj gSA tc xsan dks NksM+k tkrk gS rks ;g c<+rh gqbZ pky
ls uhps vkrh gS A i`Foh dh lrg ls la?kêð ls iwoZ bldh pky
'kq¼xfrdh laca/ }kjk fuEu izdkj nh tkrh gS

 v2 = 2 g h

blh lehdj.k dks fuEu izdkj ls Hkh fy[kk tk ldrk gS %

2

1
m v2 = m g h

tks ;g iznf'kZr djrk gS fd tc fi.M dks eqDr :i ls NksM+k
tkrk gS rks fiaM dh h m¡QpkbZ ij xq#Roh; fLFkfrt ÅtkZ i`Foh
ij igqapus rd Lor% gh xfrt ÅtkZ eas ifjofrZr gks tkrh gS A

izkòQfrd fu;ekuqlkj] fLFkfrt ÅtkZ dh /kj.kk osQoy mUgha
cyksa dh Js.kh eas ykxw gksrh gS tgk¡ cy osQ fo#¼ fd;k x;k
dk;Z] ÅtkZ osQ :i eas lafpr gks tkrk gS vkSj tks cká dkjd osQ
gV tkus ij Lor% xfrt ÅtkZ osQ :i eas fn[kkbZ iM+rh gSA xf.krkuqlkj
fLFkfrt ÅtkZ V (x)  dks (ljyrk osQ fy, ,d&foek eas)

* xq#Roh; Roj.k g osQ eku eas maQpkbZ osQ LkkFk ifjorZu ij fopkj xq#Rokd"k.kZ (vè;k; 8) esa djsaxs A
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123dk;Z] mQtkZ vkSj 'kfDr

ifjHkkf"kr fd;k tkrk gS ;fn F(x)  cy dks fuEu :i eas fy[kk
tkrk gS %

   ( ) d

d

V
F x

x
= −

;g fu:fir djrk gS fd

F(x) x V V V
x

x

i f

V

V

i

f

i

f

d d∫ ∫= − = −

fdlh laj{kh cy tSls xq#Rokd"kZ.k cy }kjk fd;k x;k dk;Z
fi.M dh osQoy vkjafHkd rFkk vafre fLFkfr ij fuHkZj djrk
gSA fiNys vè;k; eas geus vkur lery ls lacaf/r mnkgj.kksa
dk vè;;u fd;k A ;fn m nzO;eku dk dksbZ fi.M h maQpkbZ
osQ fpdus (?k"kZ.kjfgr) vkur ry osQ 'kh"kZ ls fojkekoLFkk ls
NksM+k tkrk gS rks vkur lery osQ v/Lry (ryh) ij bldh
pky] vkufr (>qdko) dks.k dk è;ku j[ks fcuk gh2  gksrh
gSA bl izdkj ;gka ij fi.M m g h xfrt ÅtkZ izkIr dj ysrk
gSA ;fn fd;k x;k dk;Z ;k xfrt ÅtkZ nwljs dkjdksa] tSls fi.M
osQ osx ;k mlosQ }kjk pys x, fo'ks"k iFk dh yackbZ ij fuHkZj
djrk gS rc ;g cy vlaj{kh gksrk gSA

dk;Z ;k xfrt ÅtkZ osQ ln`'k fLFkfrt ÅtkZ dh foek
[ML2T–2] vkSj SI ek=kd twy (J)  gSA ;kn jf[k, fd laj{kh
cy osQ fy,] fLFkfrt ÅtkZ eas ifjorZu ∆V cy }kjk fd, x,
Í.kkRed dk;Z osQ cjkcj gksrk gSA

∆V = –F(x) ∆x (6.9)

bl vuqHkkx eas fxjrh gqbZ xsan osQ mnkgj.k esa geus ns[kk fd fdl
izdkj xsan dh fLFkfrt ÅtkZ mldh xfrt ÅtkZ eas ifjofrZr gks
xbZ FkhA ;g ;kaf=kdh eas laj{k.k osQ egÙoiw.kZ fl¼kar dh vksj
laosQr djrk gS ftls ge vc ij[ksaxsA

6.8 ;kaf=kd ÅtkZ dk laj{k.k

ljyrk osQ fy,] ge bl egÙoiw.kZ fl¼kar dk ,dfoeh; xfr
osQ fy, fun'kZu dj jgs gSaA eku yhft, fd fdlh fi.M dk
laj{kh cy F osQ dkj.k foLFkkiu ∆x gksrk gSA dk;Z&ÅtkZ izes;
ls] fdlh cy F osQ fy,

∆K = F(x) ∆x

laj{kh cy osQ fy, fLFkfrt ÅtkZ iQyu V(x) dks fuEu :i
ls ifjHkkf"kr fd;k tk ldrk gS %

−∆V = F(x)∆x

mijksDr lehdj.k fu:fir djrh gS fd
∆K + ∆V = 0

∆(K + V) = 0 (6.10)

bldk vFkZ gS fd fdlh fi.M dh xfrt vkSj fLFkfrt ÅtkZvksa
dk ;ksxiQy] K + V vpj gksrk gSA blls rkRi;Z gS fd laiw.kZ
iFk x

i
 ls x

f
 osQ fy,

K
i
 + V (x

i
) = K

f
 + V (x

f
) (6.11)

;gk¡ jkf'k K + V(x), fudk; dh oqQy ;kaf=kd ÅtkZ dgykrh
gSA i`FkoQ :i ls] xfrt ÅtkZ  K vkSj fLFkfrt ÅtkZ  V(x) ,d
fLFkfr ls nwljh fLFkfr rd ifjofrZr gks ldrh gS ijarq budk
;ksxiQy vpj jgrk gSA mijksDr foospu ls 'kCn ̂ laj{kh cy*
dh mi;qDrrk Li"V gksrh gSA

vkb,] vc ge la{ksi eas laj{kh cy dh fofHkUUk ifjHkk"kkvksa
ij fopkj djrs gSaA

l dksbZ cy F(x) laj{kh gS ;fn bls lehdj.k (6-9) osQ iz;ksx
}kjk vfn'k jkf'k V(x) ls izkIr dj ldrs gSaA f=kfoeh;
O;kidhdj.k osQ fy, lfn'k vodyt fof/ dk iz;ksx djuk
iM+rk gS tks bl iqLrd osQ foospuk {ks=k ls ckgj gSA

l Lakj{kh cy }kjk fd;k x;k dk;Z osQoy fljs osQ fcanqvksa ij
fuHkZj djrk gS tks fUkEu laca/ ls Li"V gS %

W = K
f
 – K

i
 = V(x

i
) – V(x

f
)

l rhljh ifjHkk"kk osQ vuqlkj] bl cy }kjk can iFk eas fd;k
x;k dk;Z 'kwU; gksrk gSA

;g ,d ckj fiQj lehdj.k (6.11) ls Li"V gS] D;ksafd
x

i
 = x

f 
 gSA

vr% ;kaf=kd ÅtkZ&laj{k.k fu;e osQ vuqlkj fdlh Hkh fudk;
dh oqQy ;kfU=kd ÅtkZ vpj jgrh gS ;fn ml ij dk;Z
djus okys cy laj{kh gSaA

mijksDr foospuk dks vf/d ewrZ cukus osQ fy,] ,d ckj
fiQj xq#Rokd"kZ.k cy osQ mnkgj.k ij fopkj djrs gSa vkSj fLizax
cy osQ mnkgj.k ij vxys vuqHkkx eas fopkj djsaxs A fp=k
6-5 H m¡QpkbZ dh fdlh pêðku ls fxjkbZ] m nzO;eku dh xsan
dk fp=k.k djrk gSA

fp=k 6-5 H m¡QpkbZ dh fdlh pêðku ls fxjkbZ xbZ] m nzO;eku
dh xsan dh fLFkfrt ÅtkZ dk xfrt ÅtkZ eas :ikarj.kA
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xsan dh funf'kZr m¡QpkbZ] 'kwU; (Hkwfery)] h vkSj H osQ laxr
oqQy ;kaf=kd ÅtkZ,¡ Øe'k% E

o
, E

h
 vkSj E

H
 gSa

E
H
 = m g H (6.11a)

= +
1

2

2
h hE mgh mv (6.11b)

E
0     

= (1/2) 2
fmv (6.11c)

vpj cy] f=kfoe&fuHkZj cy F(x) dk ,d fo'ks"k mnkgj.k gS A
vr% ;kaf=kd ÅtkZ lajf{kr gSA bl izdkj

E
H
 = E

0

vFkok] 
1

2
2
fmgH mv=

2fv gH=

mijksDr ifj.kke vuqHkkx 6.7 eas eqDr :i ls fxjrs gq,
fi.M osQ osx osQ fy, izkIr fd;k x;k FkkA

blosQ vfrfjDr

E
H
 = E

h

tks bafxr djrk gS fd

v g(H h)h
2 2= − (6.11d)

mijksDr ifj.kke] 'kq¼xfrdh dk ,d lqfofnr ifj.kke gSA

H  m¡QpkbZ ij] fi.M dh ÅtkZ osQoy fLFkfrt ÅtkZ gSA ;g h
m¡QpkbZ ij vkaf'kd :i ls xfrt ÅtkZ esa :ikarfjr gks tkrh gS
rFkk Hkwfe ry ij iw.kZ:is.k xfrt ÅtkZ eas :ikarfjr gks tkrh
gSA bl izdkj mijksDr mnkgj.k] ;kaf=kd ÅtkZ osQ laj{k.k osQ
fl¼kar dks Li"V djrk gSA

••••• mnkgj.k 6.7   m  nzO;eku dk ,d xksyd L yackbZ
dh gydh Mksjh ls yVdk gqvk gSA blosQ fuEure fcanq
A ij {kSfrt osx v

o 
bl izdkj yxk;k tkrk gS fd ;g

ÅèokZ/j ry eas v/Zo`Rrkdkj iz{ksI; iFk dks bl izdkj
r; djrk gS fd Mksjh osQoy mPPkre fcanq C ij <hyh
gksrh gS tSlk fd fp=k 6.6 eas fn[kk;k x;k gSA fuEu jkf'k;ksa
osQ fy, O;atd izkIr dhft, % (a) v

0
, (b) fcanqvksa B rFkk

C ij xksyd dh pky] rFkk (c) fcanq B rFkk C ij xfrt
ÅtkZvksa dk vuqikr (K

B
/K

C
)A xksyd osQ fcanq C ij igqapus

osQ ckn iFk dh izo`Qfr ij fVIi.kh dhft, A

fp=k 6-6

gy   (a) ;gk¡ xksyd ij yxus okys nks cká cy gSa&xq#Ro
cy vkSj Mksjh esa ruko ( T )A ckn okyk cy (ruko) dksbZ dk;Z
ugha djrk gS D;ksafd xksyd dk foLFkkiu ges'kk Mksjh osQ yacor~
gSA vr% xksyd dh fLFkfrt ÅtkZ osQoy xq#Rokd"kZ.k cy ls
lacaf/r gSA fudk; dh laiw.kZ ;kaf=kd ÅtkZ E vpj gS A ge
fudk; dh fLFkfrt ÅtkZ fuEure fcanq A ij 'kwU; ys ysrs gSaA
vr% fcanq A ij

  E mv0

2=
1

2
(6.12)

L

mv
mgT

2

0
A =−    [U;wVu osQ xfr osQ f}rh; fu;ekuqlkj]

;gk¡ T
A
, fcanq A ij Mksjh dk ruko gSA mPPkre fcanq C ij Mksjh

<hyh gks tkrh gS_ vr% ;gk¡ fcanq C ij Mksjh dk ruko
T

C
 = 0A vr% fcanq C ij geas izkIr gksrk gS

  2mgLmvE c += 2

2

1
(6.13)

L

mv
mg

2

c=  [U;wVu osQ f}rh; fu;ekuqlkj] (6.14)

tgk¡ v
c
 fcanq C ij xksyd dh pky gSA lehdj.k (6.13) o

(6.14) ls izkIr gksrk gS

5
E mgL

2
=

mg

mg
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bls fcanq A ij ÅtkZ ls leho`Qr djus ij

5

2 2

2
0

m
mgL v=

vFkok 50v gL=

(b) lehdj.k (6-14) ls ;g Li"V gS fd

gLvC =

vr% fcanq B ij ÅtkZ gS

1

2

2
BE mv mgL= +

bls fcanq A ij ÅtkZ osQ O;atd osQ cjkcj j[kus ij vkSj
(a)  osQ ifj.kke v 2

0 
= 5gL iz;ksx eas ykus ij geas izkIr

gksrk gSA

1 1

2 2

2 2
B 0mv mgL mv+ =

5

2
m g L=

gLvB 3=∴

(c) fcanq B o C ij xfrt ÅtkZvksa dk vuqikr

 
1

3
  

2

1
2

1

  ==
2
C

2
B

C

B

mv

mv

K

K

fcanq C ij Mksjh <hyh gks tkrh gS vkSj xksyd dk osx ckb± vksj
dks ,oa {kSfrt gks tkrk gSA ;fn bl {k.k ij Mksjh dks dkV fn;k
tk, rks xksyd ,d {kSfrt iz{ksi dh Hkkafr iz{ksI; xfr Bhd mlh
izdkj n'kkZ,xk tSlk fd [kM+h pêðku ls {kSfrt fn'kk eas fdlh
iRFkj dks isaQdus ij gksrk gSA vU;Fkk xksyd yxkrkj vius òRrkdkj
iFk ij xfr djrk jgsxk vkSj ifjØe.k dks iw.kZ djsxkA ¶

6.9 fdlh fLizax dh fLFkfrt ÅtkZ
dksbZ fLizax&cy ,d ifjorhZ&cy dk mnkgj.k gS tks laj{kh gksrk gS A
fp=k 6-7 fLizax ls layXu fdlh xqVosQ dks n'kkZrk gS tks fdlh
fpdus {kSfrt i`"B ij fojkekoLFkk eas gSA fLizax dk nwljk fljk
fdlh n`<+ nhokj ls tqM+k gSA fLizax gydk gS vkSj nzO;eku&jfgr
ekuk tk ldrk gSA fdlh vkn'kZ fLizax eas] fLiazx&cy
F

s
] xqVosQ dk viuh lkE;koLFkk fLFkfr ls foLFkkiu  x osQ

lekuqikrh gksrk gSA xqVosQ dk lkE;koLFkk ls foLFkkiu /ukRed
(fp=k 6-7b) ;k Í.kkRed (fp=k 6-7c) gks ldrk gSA fLizax
osQ fy, cy dk fu;e] gqd dk fu;e dgykrk gS vkSj xf.krh;
:i eas bl izdkj O;Dr fd;k tk ldrk gS %

F
s
 = – k x

tgk¡ fu;rkad k ,d fLizax fu;rkad gS ftldk ek=kd N m–1

gSA ;fn k dk eku cgqr vf/d gS] rc fLizax dks n`<+ dgk
tkrk gSA ;fn k  dk eku de gS] rc bls ueZ (e`nq) dgk
tkrk gSA

eku yhft, fd ge xqVosQ dks ckgj dh rjiQ] tSlk fd
fp=k 6.7(b) esa fn[kk;k x;k gS] èkheh vpj pky ls [khaprs
gSa A ;fn fLizax dk f[kapko x

m
 gS rks fLizax&cy }kjk fd;k dk;Z

fp=k 6-7 fdlh fLizax osQ eqDr fljs ls tqM+s gq, xqVosQ ij fLizax&cy
dk fun'kZu

(a) tc ekè; fLFkfr ls foLFkkiu x 'kwU; gS rks fLizax
cy F

s
 Hkh 'kwU; gS A

(b) f[kaps gq, fLiazx osQ fy, x > 0 vkSj F
s
 < 0

(c) laihfMr fLiazx osQ fy, x < 0 vkSj F
s
 > 0

(d) F
s
 rFkk x osQ chp [khapk x;k vkys[k A Nk;kafdr

f=kHkqt dk {ks=kiQy fLiazx&cy }kjk fd, x, dk;Z
dks fu:fir djrk gSA F

s
 vkSj x osQ foijhr

fpÉksa osQ dkj.k] fd;k x;k dk;Z Í.kkRed gS]

W kx /s m

2= − 2

F
s
 ½.kkRed gS

x /ukRed gS

{ks=kiQy ¾

F
s
 /ukRed gS

x ½.kkRed gS
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W F  xs s

0

xm

= ∫ d = − ∫ kx x
0

xm

d

2

2
mx k

−= (6.15)

bl O;atd  dks ge fp=k 6-7(d) eas fn[kk, x, f=kHkqt osQ {ks=kiQy
ls Hkh izkIr dj ldrs gSaA è;ku nhft, fd cká f[kapko cy
}kjk fd;k x;k dk;Z /ukRed gSA

2

2
mx k

W += (6.16)

;fn fLizax dk foLFkkiu x
c
 (<0) ls laihfMr fd;k tkrk gS rc

Hkh mijksDr O;atd lR; gSA fLizax&cy 2/ 2
cs kxW −= dk;Z

djrk gS tcfd cká cy = − 2
cW kx /2dk;Z djrk gSA

;fn xqVosQ dks blosQ vkjafHkd foLFkkiu  x
i
 ls vafre

foLFkkiu x
f
 rd foLFkkfir fd;k tkrk gS rks fLizax&cy }kjk

fd;k x;k dk;Z

  W k x x
k x k x

s

x

x

i f

i

f

= − = −∫ d
2 2

2 2            
(6.17)

vr% fLizax&cy }kjk fd;k x;k dk;Z osQoy fljs osQ fcanqvksa
ij fuHkZj djrk gSA fo'ks"k :i ls tc xqVosQ dks fLFkfr x

i
 ls

[khpk x;k gks vkSj okil x
i
 fLFkfr rd vkus fn;k x;k gks rks

      W k x x
k x k x

 s
i i

x

x

i

i

= − = −∫ d
2 2

2 2
= 0 (6.18)

vr% fLizax cy }kjk fdlh pØh; izØe eas fd;k x;k dk;Z
'kwU; gksrk gSA geus ;gka Li"V dj fn;k gS fd (i) fLizax cy
osQoy fLFkfr ij fuHkZj djrk gS tSlk fd gqd }kjk igys dgk
x;k gS (F

s
 = –k x);  (ii) ;g cy dk;Z djrk gS tks fdlh

fi.M dh vkjafHkd ,oa vafre fLFkfr;ksa ij fuHkZj djrk gS;
mnkgj.kkFkZ] lehdj.k (6.17) A vr% fLizax cy ,d laj{kh
cy gSA

tc xqVdk lkE;koLFkk eas gS vFkkZr~ ekè; fLFkfr ls mldk
foLFkkiu 'kwU; gS rc fLizax dh fLFkfrt ÅtkZ V(x) dks ge
'kwU; ekurs gSaA fdlh f[kapko (;k laihMu) x osQ fy, mijksDr
fo'ys"k.k lq>krk gS fd

V(x) = 
1

2
2kx (6.19)

bls lqfo/kiwoZd lR;kfir fd;k tk ldrk gS fd
− dV/dx = − k x tks fd fLizax cy gSA tc m nzO;eku osQ

xqVosQ dks fp=k 6.7 osQ vuqlkj x
m
 rd [khapk tkrk gS vkSj

fiQj fojkekOkLFkk ls NksM+k tkrk gS] rc bldh lewph ;kaf=kd
ÅtkZ LosPNk ls pquh xbZ fdlh Hkh fLFkfr x ij fuEufyf[kr
:i eas nh tk,xh] tgk¡ x dk eku –x

m
 ls + x

m 
 osQ chp gS%

222
m v mx kx k

2

1

2

1

2

1
+=

tgk¡ geus ;kaf=kd mQtkZ osQ laj{k.k fu;e dk mi;ksx fd;k gS A
blosQ vuqlkj xqVosQ dh pky v

m
 vkSj xfrt mQtkZ lkE;koLFkk

x = 0 ij vf/dre gksxh] vFkkZr~

2
m

2
m x k  v m

2

1

2

1
=

;k]     mm x 
m

k
v =

è;ku nhft, fd k/m dh foek [T–2] gS vkSj ;g lehdj.k
foeh; :i ls lgh gSA ;gk¡ fudk; dh xfrt mQtkZ] fLFkfrt
mQtkZ esa] vkSj fLFkfrt mQtkZ] xfrt mQtkZ esa ifjofrZr gks tkrh
gS] rFkkfi dqy ;kaf=kd mQtkZ fu;r jgrh gS A fp=k 6-8 esa bldk
xzkiQh; fu:i.k fd;k x;k gSA

fp=k 6-8 fdlh fLizax ls tqMs+ gq, xqVosQ dh fLFkfrt mQtkZ V vkSj
xfrt mQtkZ K  osQ ijoyf;d vkys[k tks gqd osQ fu;e
dk ikyu djrs gSaA ;s ,d&nwljs osQ iwjd gSa vFkkZr~ buesa
tc ,d ?kVrk gS rks nwljk c<+rk gS] ijarq oqQy ;kaf=kd
mQtkZ E = K + V ges'kk vpj jgrh gSA

••••• mnkgj.k 6.8 dkj nq?kZVuk dks fn[kkus osQ fy, (vuqdkj)
eksVjdkj fuekZrk fofHkUu fLizax fu;rkadksa osQ fLizaxksa dk
iszQe p<+kdj pyrh gqbZ dkjksa osQ la?kêð dk vè;;u djrs
gSaA eku yhft, fdlh izrhdkRed vuq:i.k esa dksbZ 1000kg

nzO;eku dh dkj ,d fpduh lM+d ij 18 km/h dh
pky ls pyrs gq,] {kSfrt iszQe ij p<+k, x, fLiazx ls la?kêð
djrh gS ftldk fLizax fu;rkad 6.25 × 103 N m–1 gSA
fLizax dk vf/dre laihMu D;k gksxk\

mQ
t
kZ
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127dk;Z] mQtkZ vkSj 'kfDr

gy    dkj dh xfrt mQtkZ vf/dre laihMu ij laiw.kZ :i
ls fLizax dh fLFkfrt mQtkZ esa ifjofrZr gks tkrh gSA xfreku
dkj dh xfrt mQtkZ %

         1
K =      m v2

         2

          1
   =       × 103 × 5 × 5
          2

K =  1.25 × 104 J

tgk¡ dkj dh pky 18 km h–1 dks blosQ SI eku 5 m s–1 esa
ifjofrZr dj fn;k x;k gS A ¹;gk¡ ;g è;ku j[kus ;ksX; gS
fd 36 km h–1 = 10 m s–1º A ;kaf=kd mQtkZ&laj{k.k fu;e
osQ vuqlkj vf/dre laihMu x

m
 ij fLizax dh fLFkfrt mQtkZ

(V)] xfr'khy dkj dh xfrt mQtkZ (K) osQ cjkcj gksrh gSA

vr% 2
mx k  V

2

1
=

    =  1.25 × 104 J

gy djus ij ge izkIr djrs gSa fd x
m
 = 2.00 m

è;ku nsa fd ;gk¡ bl fLFkfr dks geus vkn'kZ :i esa izLrqr fd;k
gSA ;gk¡ fLiazx dks nzO;ekujfgr ekuk gS vkSj lM+d dk ?k"kZ.k
ux.; fy;k gSA ¶

ge laj{kh cyksa ij oqQN fVIi.kh djrs gq, bl vuqHkkx
dk lekiu djrs gSa %

(i) mijksDr foospuk esa le; osQ fo"k; esa dksbZ lwpuk ugha
gSA bl mnkgj.k eas ge laihMu dk ifjdyu dj ldrs
gSa ysfdu ml le; varjky dk ifjdyu ugha dj ldrs
ftlesa ;g laihMu gqvk gSA vr% dkfyd lwpuk izkIr djus
osQ fy,] bl fudk; osQ fy, U;wVu osQ f}rh; fu;e osQ
gy dh vko';drk gSA

(ii) lHkh cy laj{kh ugha gSaA mnkgj.kkFkZ] ?k"kZ.k ,d vlaj{kh
cy gSA bl fLFkfr esa] mQtkZ&lja{k.k fu;e esa fdafpr
ifjorZu djuk iM+sxkA bls mnkgj.k 6-9 esa Li"V fd;k
x;k gSA

(iii) fLFkfrt mQtkZ dk 'kwU; LosPNk ls fy;k x;k gS ftls
lqfo/kuqlkj fuf'pr dj fy;k tkrk gSA fLizax&cy osQ fy,]
x = 0 ij ge V = 0 ysrs gSa] vFkkZr~ fcuk ̄ [kps fLizax dh
fLFkfrt mQtkZ 'kwU; FkhA fu;r xq#Rokd"kZ.k cy m g osQ
fy, geus ìFoh dh lrg ij V = 0 fy;k FkkA vxys vè;k;
esa ge ns[ksaxs fd xq#Rokd"kZ.k osQ lkoZf=kd fu;ekuqlkj cy
osQ fy,] xq#Rokd"kZ.k lzksr ls vuUr nwjh ij 'kwU; loksZÙke
:i ls ifjHkkf"kr gksrh gS rFkkfi] fdlh foospuk esa fLFkfrt

mQtkZ osQ fy, ,d ckj 'kwU; dh fLFkfr fuf'pr djus osQ
i'pkr~] 'kq: ls var rd foospuk esa mlh fu;e dk ikyu
djuk pkfg,A

• mnkgj.k 6-9 mnkgj.k 6-8 esa ?k"kZ.k xq.kkad µ dk eku
0.5 ysdj dekuh osQ vf/dre laihMu dk ifjdyu
dhft,A

gy %  fLizax cy vkSj ?k"kZ.k cy] nksuksa gh laihMu dk fojks/
djus esa la;qDr :i ls dk;Z djrs gSa] tSlk fd fp=k 6-9 esa
fn[kk;k x;k gSA

fp=k 6-9 fdlh dkj ij vkjksfir cyA

;gk¡ ge ;kaf=kd mQtkZ&laj{k.k osQ fl¼kar osQ ctk; dk;Z&mQtkZ
izes; dk iz;ksx djrs gSaA

xfrt mQtkZ esa ifjorZu gS %

∆K  = K
f
 − K

i 

2v m   
2

1
0 −=

oqqQy cy }kjk fd;k x;k dk;Z %

1

2

2
m mW   kx   m g x= − − µ

∆K vkSj W dks lehÑr djus ij ge izkIr djrs gSa

1 1

2 2
2 2

m mm v   k x  m g x= + µ

;gk¡ µ mg = 0.5 × 103 × 10 = 5 × 103 N (g = 10 m s–2

ysus ij) A mijksDr lehdj.k dks O;ofLFkr djus ij gesa vKkr
x

m
 osQ fy, fuEu f}?kkrh; lehdj.k izkIr gksrh gS %

22 2
m mk x m g x m v 0+ − =µ

tgk¡ geus x
m
 /ukRed gksus osQ dkj.k bldk /ukRed oxZewy

ys fy;k gSA vkafdd ekuksa dks lehdj.k esa izfrLFkkfir djus
ij ge izkIr djrs gSa

x
m
 = 1.35 m

tks vk'kkuqlkj mnkgj.k 6-8 esa izkIr ifj.kke ls de gSA  ¶

LkkE;koLFkk
fLFkfr
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;fn eku ysa fd fiaM ij yxus okys nksuksa cyksa esa ,d
laj{kh cy F

c
 vkSj  nwljk vlaj{kh cy  F

nc
 gS rks ;kaf=kd

mQtkZ&laj{k.k osQ lw=k esa foaQfpr~ ifjorZu djuk iM+sxkA
dk;Z&mQtkZ izes; ls %

(F
c
 + F

nc
) ∆x = ∆K

ijarq F
c
 ∆x = – ∆V

vr% ∆(K + V) = F
nc

 ∆x

∆E = F
nc

 ∆x

tgk¡ E oqQy ;kaf=kd mQtkZ gSA leLr iFk ij ;g fuEu :i
ys ysrh gS

E
f
 – E

i
 = W

nc

tgk¡ W
nc

 vlaj{kh cy }kjk fdlh iFk ij fd;k x;k oqQy dk;Z gSA
è;ku nhft, fd W

nc
 i ls f rd ,d fo'ks"k iFk ij fuHkZj

djrk gS tSlk fd laj{kh cy esa ugha gSA

6-10 mQtkZ osQ fofHkUu :i % mQtkZ&laj{k.k dk fu;e

fiNys vuqHkkx esa geus ;kaf=kd mQtkZ dh foospuk dh vkSj ;g
ik;k fd bls nks fHkUu Jsf.k;ksa esa foHkkftr fd;k tk ldrk gSA
igyh xfr ij vk/kfjr gS vFkkZr~ xfrt mQtkZ] vkSj nwljh la:i.k
vFkok fLFkfr ij vk/kfjr vFkkZr~ fLFkfrt mQtkZA mQtkZ cgqr
ls :iksa esa izkIr gksrh gS ftudks ,d :i ls nwljs :i esa dbZ
fof/;ksa }kjk :ikUrfjr fd;k tkrk gS tks izk;% gesa Hkh dHkh&dHkh
Li"V ugha gksrsA

6.10.1 mQ"ek

ge igys gh ns[k pqosQ gSa fd ?k"kZ.k cy laj{kh cy ugha gSA
ysfdu dk;Z] ?k"kZ.k cy ls lacaf/r gS (mnkgj.k 6-5)A dksbZ
m nzO;eku dk xqVdk :{k {kSfrt i`"B ij v

0
 pky ls fiQlyrk

gqvk x
0
 nwjh pydj #d tkrk gSA x

0
 ij xfrt ?k"kZ.k cy f

}kjk fd;k x;k dk;Z –f x
0
 gS A dk;Z&mQtkZ izes; ls

1

2
0
2

0mv f x=  izkIr gksrk gSA ;fn ge vius fo"k;&{ks=k dks
;kaf=kdh rd gh lhfer j[ksa rks ge dgsaxs fd xqVosQ dh xfrt
mQtkZ] ?k"kZ.k cy osQ dkj.k {kf;r gks xbZ gSA est vkSj xqVosQ
dk ijh{k.k djus ij gesa irk pysxk fd budk rki ekewyh&lk
c<+ x;k gSA ?k"kZ.k cy }kjk fd;k x;k dk;Z {kf;r ugha gqvk
gS vfirq mQ"eh; mQtkZ osQ :i esa est vkSj xqVosQ dks LFkkukUrfjr
gks x;k gS tks xqVosQ vkSj est dh vkarfjd mQtkZ dks c<+k nsrk
gSA 'khrdky esa ge viuh gFksfy;ksa dks vkil esa tksj ls jxM+dj
mQ"ek mRiUu djrs gSaA ge ckn esa ns[ksaxs fd vkarfjd mQtkZ izk;%
v.kqvksa dh fujarj ;kn`fPNd xfr ls lacaf/r gS A mQ"eh; mQtkZ
osQ LFkkukUrj.k dh ifjek.kkRed /kj.kk bl y{k.k ls izkIr dh
tk ldrh gS fd 1 kg ty 10° C BaMk gksus ij 42000 J
mQtkZ eqDr djrk gSA

6.10.2 jklk;fud mQtkZ

ekuo tkfr us egkure~ rduhdh liQyrk izkIr dh tc ;g
irk yxk fd vfXu dks oSQls izTofyr vkSj fu;af=kr fd;k tkrk
gSA geus nks fÝyUV iRFkjksa dks vkil esa jxM+uk (;kaf=kd mQtkZ)]
mUgsa xeZ gksus nsuk vkSj ifRr;ksa osQ <sj dks lqyxkuk (jklk;fud
mQtkZ) lh[kk ftlosQ dkj.k ge lrr~ mQ"ek izkIr dj ik, A
ekfpl dh ,d rhyh tc fo'ks"k :i ls rS;kj dh xbZ jklk;fud
lrg ij jxM+h tkrh gS rks ,d pedhyh Tokyk osQ :i esa izTofyr
gksrh gSA tc lqyxkbZ xbZ ekfpl dh rhyh iVk[ks esa yxkbZ tkrh
gS rks mlosQ ifj.kkeLo:i èofu ,oa izdk'k mQtkZvksa dk HkO;
izn'kZu gksrk gSA

jklk;fud mQtkZ] jklk;fud vfHkfØ;k esa Hkkx ysus okys
v.kqvksa dh fHkUu&fHkUu ca/u mQtkZvksa osQ dkj.k mRiUu gksrh
gSA ,d fLFkj jklk;fud ;kSfxd dh mQtkZ blosQ i`Fkd&i`Fkd
va'kksa dh vis{kk de gksrh gSA jklk;fud vfHkfØ;k eq[;r%
ijek.kqvksa dh iqu% O;oLFkk gS A ;fn vfHkdkjdksa dh oqQy mQtkZ]
mRiknksa dh mQtkZ ls vf/d gS rks mQ"ek eqDr gksrh gS vFkkZr~
vfHkfØ;k mQ"ek{ksih gksrh gSA ;fn blosQ foijhr lR; gS rks
mQ"ek vo'kksf"kr gksxh vFkkZr~ vfHkfØ;k mQ"ek'kks"kh gksxh A
dks;ys esa dkcZu gksrk gS vkSj blosQ 1 kg osQ ngu ls 3 × 107 J

mQtkZ eqDr gksrh gSA

jklk;fud mQtkZ mu cyksa ls lacaf/r gksrh gS tks inkFkks±
dks LFkkf;Ro iznku djrs gSA ;s cy ijek.kqvksa dks v.kqvksa esa
vkSj v.kqvksa dks ikWyhesfjd   Ük̀̀a[kyk bR;kfn esa ck¡/ nsrs gaSA dks;yk]
oqQfdax xSl] ydM+h vkSj iSVªksfy;e osQ ngu ls mRiUu jklk;fud
mQtkZ gekjs nSfud vfLrRo osQ fy, vfuok;Z gSA
6.10.3 fo|qr&mQtkZ
fo|qr /kjk osQ izokg osQ dkj.k fo|qr cYc míhIr gksrs gSa] ia[ks
?kwers gSa vkSj ?kafV;ka ctrh gSaA vkos'kksa osQ vkd"kZ.k& izfrd"kZ.k
laca/h fu;eksa vkSj fo|qr /kjk osQ fo"k; esa ge ckn esa lh[ksaxs A
mQtkZ fo|qr /kjk ls Hkh lac¼ gSA ,d Hkkjrh; 'kgjh ifjokj
vkSlru 200 J/s mQtkZ dk miHkksx djrk gSA
6.10.4 nzO;eku&mQtkZ rqY;rk
mUuhloha 'krkCnh osQ var rd HkkSfrd foKkuh dk fo'okl Fkk
fd izR;sd HkkSfrd ,oa jklk;fud izØe esa] foyfxr fudk;
dk nzO;eku lajf{kr jgrk gSA nzO; viuh izkoLFkk ifjofrZr dj
ldrk gSA mnkgj.kkFkZ] fgekuh ciZQ fi?kydj ,d izokgh unh osQ
:i esa cg ldrh gS ysfdu nzO; u rks mRiUu fd;k tk ldrk
gS vkSj u gh u"VA rFkkfi vYcVZ vkbaLVkbu (1879&1955)
us iznf'kZr fd;k fd nzO;eku vkSj mQtkZ ,d&nwljs osQ rqY; gksrs
gSa vkSj fuEufyf[kr lehdj.k }kjk lacaf/r gksrs gSa %

E = m c2 (6.20)
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129dk;Z] mQtkZ vkSj 'kfDr

tgka c, fuokZr esa izdk'k dh pky gS tks yxHkx 3 × 108 m s–1

osQ cjkcj gSA vr% ek=k ,d fdyksxzke nzO; osQ mQtkZ esa ifjorZu
ls lacaf/r ,d vk'p;Zpfdr dj nsus okyh mQtkZ dh ek=kk gS

E = 1 × (3 × 108)2 J = 9 × 1016 J

;g ,d cgqr cM+s iSekus ij fo|qr mRiUu djus okys fctyh
?kj osQ okf"kZd mRiknu (3000 MW) osQ rqY; gSA

6.10.5 ukfHkdh; mQtkZ
,d vksj tgk¡ ekuo tkfr }kjk fufeZr vR;Ur fouk'kdkjh
ukfHkdh; vk;q/] fo[kaMu ,oa lay;u ce mijksDr rqY;rk
¹lehdj.k (6-20)º laca/ dh vfHkO;fDr gS] ogha nwljh vksj
lw;Z }kjk mRikfnr thou&iks"k.k djus okyh mQtkZ dh O;k[;k
Hkh mijksDr lehdj.k ij gh vk/kfjr gSA blesa gkbMªkstu osQ
pkj gyosQ ukfHkdksa osQ lay;u }kjk ,d ghfy;e ukfHkd curk
gS ftldk nzO;eku gkbMªkstu osQ pkjksa ukfHkdksa osQ oqQy nzO;ekuksa
ls de gksrk gSA ;g nzO;eku&varj ∆m, ftls nzO;eku {kfr dgrs
gSa] mQtkZ (∆m) c2 dk lzksr gS A fo[kaMu esa ,d Hkkjh vLFkk;h
ukfHkd] tSls ;wjsfu;e  (235

92
U), ,d U;wVªkWu dh ceckjh }kjk

gyosQ ukfHkdksa esa foHkDr gks tkrk gS A bl izØe esa Hkh vafre
nzO;eku] vkjafHkd nzO;eku ls de gksrk gS vkSj ;g nzO;eku&{kfr

mQtkZ esa :ikarfjr gks tkrh gSA bl mQtkZ dk mi;ksx fu;af=kr
ukfHkdh; fo[kaMu vfHkfØ;k ij vk/kfjr ukfHkdh; 'kfDr
la;a=kksa }kjk fo|qr mQtkZ miyC/ djkus esa fd;k tkrk gSA ogha
nwljh vksj] bls vfu;af=kr ukfHkdh; fo[kaMu vfHkfØ;k ij
vk/kfjr fouk'kdkjh ukfHkdh; vk;q/ksa osQ fuekZ.k esa Hkh iz;ksx
fd;k tk ldrk gS A lgh vFkZ esa fdlh jklk;fud vfHkfØ;k
esa eqDr mQtkZ ∆E dks nzO;eku&{kfr ∆m = ∆E/c2 ls Hkh lac¼
fd;k tk ldrk gS A rFkkfi] fdlh jklk;fud vfHkfØ;k esa
nzO;eku&{kfr] ukfHkdh; vfHkfØ;k esa gksus okyh nzO;eku&{kfr
ls dkiQh de gksrh gS A lkj.kh 6-3 esa fHkUu&fHkUu ?kVukvksa vkSj
ifj?kVukvksa ls lac¼ oqQy mQtkZvksa dks lwphc¼ fd;k
x;k gSA

••••• mnkgj.k 6.10 lkj.kh 6-1 ls 6-3 rd dk ijh{k.k
dhft, vkSj crkb, (a) Mh-,u-,- osQ ,d vkcaèk dks rksM+us
osQ fy, vko';d mQtkZ (bysDVªkWu&oksYV esa)_ (b) ok;q
osQ ,d v.kq dh xfrt mQtkZ (10–21J) bysDVªkWu&oksYV
esa (c) fdlh o;Ld ekuo dk nSfud vkgkj (fdyks
oSQyksjh esa)A

lkj.kh 6.3 fofHkUu ifj?kVukvksa ls lac¼ lfUudV mQtkZ

o.kZu mQtkZ (J)

fcx&csax ls fueqZDr mQtkZ 1068

vkdk'kxaxk }kjk vius thoudky esa mRlftZr jsfM;ks mQtkZ 1055

vkdk'kxaxk dh ?kw.kZu mQtkZ 1052

lqijuksok foLiQksVu esa fueZqDr mQtkZ 1044

egklkxj dh gkbMªkstu osQ lay;u esa fueqZDr mQtkZ 1034

i`Foh dh ?kw.kZu mQtkZ 1029

i`Foh ij vkifrr okf"kZd lkSj mQtkZ 5 ×1024

i`Foh osQ i`"B osQ fudV okf"kZd iou mQtkZ {k; 1022

ekuo }kjk fo'o esa iz;ksx dh xbZ okf"kZd mQtkZ 3 ×1020

Tokj&HkkVk }kjk okf"kZd mQtkZ {k; 1020

15 esxkVu lay;u ce }kjk fueqZDr mQtkZ 1017

fdlh cM+s fo|qr~ mRiknd la;U=k dh fuxZr mQtkZ 1016

rfM+r >a>k dh mQtkZ 1015

1000 kg  dks;ys osQ ngu ls fueqZDr mQtkZ 3 ×1010

fdlh cM+s tsV foeku dh xfrt mQtkZ 109

1 fyVj xSlksfyu osQ ngu ls fueqZDr mQtkZ 3 ×107

fdlh o;Ld ekuo dh nSfud [kk| xzg.k {kerk 107

ekuo&ân; }kjk izfr Lianu fd;k x;k dk;Z 0.5
fdlh iqLrd osQ i`"B dks iyVus esa fd;k x;k dk;Z 10–3

fiLlq dk iqQnduk (Ýyh gkWi) 10–7

fdlh U;wjku (raf=k dksf'kdk) foltZu esa vko';d mQtkZ 10–10

fdlh ukfHkd esa izksVkWu dh fof'k"V mQtkZ 10–13

fdlh ijek.kq esa bysDVªkWu dh fof'k"V mQtkZ 10–18

Mh-,u-,- osQ ,d vkcaèk dks rksM+us osQ fy, vko';d mQtkZ 10–20
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gy   (a) Mh-,u-,- osQ ,d vkcaèk dks rksM+us osQ fy, vko';d
mQtkZ gS %

 

−

−×

20

19

10 J
~ 0.06eV

1.6 10 J/eV

è;ku nhft,  0.1eV = 100 meV (100 fefy bysDVªkWu&oksYV)
(b) ok;q osQ v.kq dh xfrt mQtkZ gS %

 

−

−×

21

19

10 J
~ 0.0062eV

1.6 10 J/eV

;g 6.2 meV osQ ln`'k gSA

(c) o;Ld ekuo dh vkSlr nSfud Hkkstu dh [kir gS %
7

 
3

10 J
~ 2400 kcal

4.2×10 J/kcal

;gk¡ ge lekpkj&i=kksa vkSj if=kdkvksa dh lkekU; Hkzkafr dh vksj
è;ku fnykrs gSaA ;s Hkkstu dh ek=kk dk oSQyksjh esa mYys[k djrs
gSa vkSj gesa 2400 oSQyksjh ls de [kqjkd ysus dk lq>ko nsrs
gSaA tks mUgsa dguk pkfg, og fdyks oSQyksjh (kcal) gS] u fd
oSQyksjhA 2400 oSQyksjh izfrfnu miHkksx djus okyk O;fDr 'kh?kz
Hkw[kksa ej tk,xk! 1 Hkkstu oSQyksjh lkekU;r% 1 fdyks&oSQyksjh
gh gSA ¶

6.10.6 mQtkZ&laj{k.k dk fl¼kar

geus ;g ns[kk gS fd fdlh Hkh fudk; dh oqQy ;kaf=kd mQtkZ
lajf{kr jgrh gS ;fn bl ij dk;Z djus okys cy laj{kh gSa A
;fn dk;Zjr oqQN cy vlaj{kh gSa rks ;kaf=kd mQtkZ dk oqQN
va'k nwljs :iksa_ tSlsµmQ"ek] izdk'k vkSj èofu mQtkZvksa esa
:ikUrfjr gks tkrk gSA rFkkfi mQtkZ osQ lHkh :iksa dk è;ku j[kus
ij ge ikrs gSa fd foyfxr fudk; dh oqQy mQtkZ ifjofrZr
ugha gksrhA mQtkZ ,d :i ls nwljs :i esa :ikarfjr gks ldrh
gS ijarq fdlh foyfxr fudk; dh oqQy mQtkZ fu;r jgrh gS A
mQtkZ u rks mRiUu dh tk ldrh gS vkSj u gh u"VA

pwafd laiw.kZ fo'o dks ,d foyfxr fudk; osQ :i esa
ns[kk tk ldrk gS vr% fo'o dh oqQy mQtkZ vpj gS A ;fn
fo'o osQ ,d fgLls esa mQtkZ dh {kfr gksrh gS rks nwljs fgLls
esa leku ek=kk esa mQtkZ o`f¼ gksuh pkfg,A

mQtkZ&laj{k.k fl¼kar dks fl¼ ugha fd;k tk ldrk gSA
rFkkfi] bl fl¼kar osQ mYya?ku dh dksbZ fLFkfr lkeus ugha vkbZ
gSA laj{k.k dh vfHkèkkj.kk vkSj fofHkUu :iksa esa mQtkZ dk :ikarj.k
HkkSfrdh] jlk;u foKku vkSj thou foKku vkfn] foKku dh
fofHkUu 'kk[kkvksa dks vkil esa lac¼ dj nsrh gS A ;g oSKkfud
[kkstksa esa ,dhdj.k vkSj LFkkf;Ro osQ rRo dks iznku djrk gS A

vfHk;kaf=kdh (bathfu;jh) dh n`f"V ls lHkh bysDVªkWfud] laizs"k.k
vkSj ;kaf=kdh vk/kfjr ;a=k] mQtkZ&:ikarj.k osQ fdlh u fdlh
:i ij fuHkZj djrs gSaA

6-11 'kfDr

cgqèkk osQoy ;g tkuuk gh i;kZIr ugha gS fd fdlh fiaM ij
fdruk dk;Z fd;k x;k vfirq ;g tkuuk Hkh vko';d gS fd
;g dk;Z fdl nj ls fd;k x;k gSA ge dgrs gSa fd O;fDr
'kkjhfjd :i ls LoLFk gS ;fn og osQoy fdlh Hkou osQ pkj
ry rd p<+ gh ugha tkrk gS vfirq og bu ij rsth ls p<+
tkrk gS A vr% 'kfDr dks ml le;&nj ls ifjHkkf"kr djrs gSa
ftlls dk;Z fd;k x;k ;k mQtkZ LFkkukarfjr gqbZA fdlh cy
dh vkSlr 'kfDr ml cy }kjk fd, x, dk;Z W vkSj mlesa
yxs le; t osQ vuqikr ls ifjHkkf"kr djrs gSaA vr%

P
W

t
av =

rkR{kf.kd 'kfDr dks vkSlr 'kfDr osQ lhekUr eku osQ :i esa
ifjHkkf"kr djrs gSSa tcfd le; 'kwU; dh vksj vxzlj gks jgk
gksrk gS] vFkkZr~

      
d

d

W
P

t
= (6.21)

tgk¡ foLFkkiu dr esa cy F }kjk fd;k x;k dk;Z dW = F.dr

gksrk gSA vr% rkR{kf.kd 'kfDr dks fuEufyf[kr izdkj ls Hkh
O;Dr dj ldrs gSa %

  
d

d
P

t
= F.

r

= F.v (6.22)

tgk¡ v rkR{kf.kd osx gS tcfd cy F gSA
dk;Z vkSj mQtkZ dh Hkkafr 'kfDr Hkh ,d vfn'k jkf'k gSA

bldk SI ek=kd okV (W) vkSj foEkk [ML2T–3] gSA 1W dk
eku 1J s–1 osQ cjkcj gksrk gSA vBkjgoha 'krkCnh esa Hkki batu
osQ izorZdksa esa ls ,d izorZd tsEl okWV osQ uke ij 'kfDr dk
ek=kd okV (W) j[kk x;k gSA

'kfDr dk cgqr iqjkuk ek=kd v'o 'kfDr gSA
1 v'o 'kfDr (hp) = 746 W

;g ek=kd vkt Hkh dkj] eksVjckbZd bR;kfn dh fuxZr {kerk
dks O;Dr djus osQ fy, iz;qDr gksrk gSA

tc ge fo|qr midj.k_ tSlsµfo|qr cYc] ghVj vkSj
iz'khrd vkfn [kjhnrs gSa rks gesa ek=kd okV ls O;ogkj djuk
gksrk gS A ,d 100 okV dk cYc 10 ?kaVs esa ,d fdyksokV&?kaVk
fo|qr mQtkZ dh [kir djrk gSA
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131dk;Z] mQtkZ vkSj 'kfDr

vFkkZr~ 100 (okV) × 10 (?kaVk)
=1000 okV&?kaVk
= 1 fdyksokV ?kaVk (k Wh)

= 103 (W) × 3600 (s)

= 3.6 × 106 J

fo|qr&mQtkZ dh [kir osQ fy, ewY;] ek=kd kW h esa pqdk;k
tkrk gS ftls lk/kj.kr;k ̂ ;wfuV* osQ uke ls iqdkjrs gSaA è;ku
nsa fd kWh mQtkZ dk ek=kd gS] u fd 'kfDr dkA

••••• mnkgj.k 6-11 dksbZ fyÝV ftldk oqQy nzO;eku
(fyÝV $ ;kf=k;ksa dk) 1800 kg  gS] mQij dh
vksj 2 m s–1 dh vpj pky ls xfreku gSA 4000 N

dk ?k"kZ.k cy bldh xfr dk fojksèk djrk gSA fyÝV dks
eksVj }kjk iznRr U;wure 'kfDr dk vkdyu okV vkSj v'o
'kfDr esa dhft, A

gy   fyÝV ij yxus okyk vèkkseq[kh cy
      F = mg + F

f
 = (1800 × 10) + 4000 = 22000 N

bl cy dks larqfyr djus osQ fy, eksVj }kjk i;kZIr 'kfDr dh
vkiwfrZ dh tkuh pkfg,A
vr%  P = F.v = 22000 × 2 = 44000 W = 59 hp     ¶

6.12 la?kê ð

HkkSfrdh esa ge xfr (LFkku esa ifjorZu) dk vè;;u djrs gSaA
lkFk gh lkFk ge ,slh HkkSfrd jkf'k;ksa dh [kkst djrs gSa tks
fdlh HkkSfrd izØe esa ifjofrZr ugha gksrh gSaA mQtkZ&laj{k.k ,oa
laosx&laj{k.k osQ fu;e blosQ vPNs mnkgj.k gSaA bl vuqHkkx
esa] ge bu fu;eksa dk cgqèkk lkeus vkus okyh ifj?kVukvksa] ftUgsa
la?kê ð dgrs gSa] esa iz;ksx djsaxsA fofHkUu [ksyksa_ tSlsµfcfy;MZ] ekjcy
;k oSQje vkfn esa la?kêð ,d vfuok;Z ?kVd gSA vc ge fdUgha nks
nzO;ekuksa dk vkn'kZ :i esa izLrqr la?kê ð dk vè;;u djsaxsA

eku yhft, fd nks nzO;eku m
1
 o m

2
 gSa ftlesa d.k

m
1
 pky v

l i
 ls xfreku gS tgk¡ vèkksfyf[kr ‘i’ vkjafHkd pky

dks fu:fir djrk gSA nwljk nzO;eku m
2
 fLFkj gSA bl funsZ'k

izsQe dk p;u djus esa O;kidrk esa dksbZ deh ugha vkrhA bl
izsQe esa nzO;eku m

1
, nwljs nzO;eku m

2
 ls tks fojkekoLFkk esa

gS] la?kê ð djrk gS tks fp=k 6-10 esa fpf=kr fd;k x;k gS A

la?kêð osQ i'pkr~ nzO;eku m
1
 o m

2
 fofHkUu fn'kkvksa esa xfr

djrs gSaA ge ns[ksaxs fd nzO;ekuksa] muosQ osxksa vkSj dks.kksa esa fuf'pr
lacaèk gSA

6.12.1 izR;kLFk ,oa vizR;kLFk la?kêð
lHkh la?kêðksa esa fudk; dk oqQy js[kh; laosx fu;r jgrk gS vFkkZr~
fudk; dk vkjafHkd laosx mlosQ vafre laosx osQ cjkcj gksrk
gSA bls fuEu izdkj ls fl¼ fd;k tk ldrk gS A tc nks fiaM
la?kêð djrs gSa rks la?kê ð le; ∆t esa dk;Zjr ijLij vkosxh cy]
muosQ ijLij laosxksa esa ifjorZu ykus dk dkj.k gksrs gSaA vFkkZr~

∆p
1
 = F

12 
∆t

∆p
2
 = F

21 
∆t

tgk¡ F
12
 nwljs fiaM }kjk igys fiaM ij vkjksfir cy gSA blh

rjg F
21
 igys fiaM }kjk nwljs fiaM ij vkjksfir cy gSA U;wVu

osQ xfr osQ r`rh; fu;ekuqlkj F
12 

= –F
21 
gksrk gS A ;g n'kkZrk

gS fd
∆p

1
 + ∆p

2 
= 0

;fn cy la?kêð le; ∆t osQ nkSjku tfVy :i ls ifjofrZr gks
jgs gksa rks Hkh mijksDr ifj.kke lR; gSaA pwafd U;wVu dk r`rh;
fu;e izR;sd {k.k ij lR; gS vr% igys fiaM ij vkjksfir oqQy
vkosx] nwljs fiaM ij vkjksfir vkosx osQ cjkcj ijarq foijhr
fn'kk esa gksxkA

nwljh vksj fudk; dh oqQy xfrt mQtkZ vko';d :i
ls lajf{kr ugha jgrh gSA la?kêð osQ nkSjku VDdj vkSj foÑfr]
mQ"ek vkSj èofu mRiUu djrs gSaA vkjafHkd xfrt mQtkZ dk oqQN
va'k mQtkZ osQ nwljs :iksa esa :ikUrfjr gks tkrk gSA ;fn mijksDr
nksuksa nzO;ekuksa dks tksM+us okyh ̂ fLizax* fcuk fdlh mQtkZ&{kfr
osQ viuh ewy vkÑfr izkIr dj ysrh gS] tks fiaMksa dh vkjafHkd
xfrt mQtkZ mudh vafre xfrt mQtkZ osQ cjkcj gksxh ijarq la?kêð
dky ∆t osQ nkSjku vpj ugha jgrhA bl izdkj osQ la?kêð dks
izR;kLFk la?kêð dgrs gSa A nwljh vksj ;fn foÑfr nwj ugha gksrh
gS vkSj nksuksa fiaM la?kêð osQ i'pkr~ vkil esa lVs jgdj xfr
djsa rks bl izdkj osQ la?kêð dks iw.kZr% vizR;kLFk la?kêð dgrs
gSaA blosQ vfrfjDr eè;orhZ fLFkfr vkerkSj ij ns[kus dks feyrh
gS tc foÑfr vkaf'kd :i ls de gks tkrh gS vkSj izkjafHkd
xfrt mQtkZ dh vkaf'kd :i ls {kfr gks tkrh gSA bls leqfpr
:i ls vizR;kLFk la?kêð dgrs gSaA

6.12.2 ,dfoeh; la?kêð

loZizFke ge fdlh iw.kZr% vizR;kLFk la?kêð dh fLFkfr dk
vè;;u djrs gSaA fp=k 6-10 esa

θ
1
 = θ

2
 = 0fp=k 6.10 fdlh nzO;eku m

1
 dk vU; fLFkj nzO;eku m

2
 ls la?kêðA

2022-23



132 HkkSfrdh

m
l
v

li
 = (m

1
+m

2
)v

f
(laosx laj{k.k osQ fu;e ls)

1
1

1 2

f i

m
v v

m m
=

+ (6.23)

la?kêð esa xfrt mQtkZ dh {kfr%

2
2 21

1 1 1

1 2

1 1

2 2
i i

m
m v v

 m m
= −

+ ¹lehdj.k (6.23) }kjkº

21 2
1

1 2

1

2
i

m m
v

m m
=

+

tks fd vis{kkuqlkj ,d èkukRed jkf'k gSA
vkb,] vc izR;kLFk la?kêð dh fLFkfr dk vè;;u djrs

gSa A mijksDr ukekoyh osQ iz;ksx osQ lkFk θ
1
 = θ

2
 = 0 ysus ij]

js[kh; laosx ,oa xfrt mQtkZ osQ laj{k.k dh lehdj.k
fuEu gS %

    m
1
v

1i
 = m

1
v

1f
 + m

2
v

2 f
(6.24)

2 2 2
1 1 1 1 2 2i f fm v m v m v= + (6.25)

lehdj.k (6.24) vkSj lehdj.k (6.25) ls ge izkIr djrs gSa

1 1 2 1 1 1 2 1( ) ( )i f i f f fm v v v m v v v− = −

vFkok]
2 2

2 1 1 1 1( )f i f i fv v v v v− = −

1 1 1 1( )( )i f i fv v v v= − +

vr% = +f i fv v v2 1 1 (6.26)

bls lehdj.k (6.24) esa izfrLFkkfir djus ij ge izkIr djrs gSa

1 2
1 1

1 2

( )
f i

m m
v v

m m

−
=

+ (6.27)

rFkk
1 1

2

1 2

2 i
f

m v
v

m m
=

+ (6.28)

bl izdkj ̂vKkr jkf'k;k¡*  {v
1f
, v

2f
} Kkr jkf'k;ksa {m

1
, m

2
, v

1i
}

osQ inksa esa izkIr gks xbZ gSaA vkb,] vc mijksDr fo'ys"k.k ls fo'ks"k
n'kkvksa esa #fpdj fu"d"kZ izkIr djrs gSa A
n'kk I % ;fn nksuksa nzO;eku leku gSa] vFkkZr~ 21 mm = ] rc

v
1f
 = 0,  v

2f
 =  v

1i

lh/s la?kêð ij ,d iz;ksx

{kSfrt ì"B ij la?kêð dk iz;ksx djrs le; gesa rhu dfBukb;ksa dk lkeuk djuk iM+rk gSA igyk] ?k"kZ.k osQ dkj.k oLrq,¡
,dleku osx ls ugha pysaxhA nwljk] ;fn fofHkUu vkeki dh nks oLrq,¡ est ij la?kêð djrh gSa rks mUgsa
lh/s la?kêð osQ fy, O;ofLFkr djuk dfBu gS tc rd fd muosQ nzO;eku osQUnz i`"B ls ,d gh Å¡pkbZ ij u gksaA
rhljk] la?kêð ls Bhd igys rFkk la?kêð osQ Bhd ckn esa nksuksa oLrqvksa osQ osx dks ekiuk vR;ar dfBu gksxkA

bl iz;ksx dks ÅèokZ/j fn'kk esa djus ls ;s rhuksa dfBukb;k¡ lekIr gks tkrh gSaA nks xsans yhft,] ftuesa ls ,d
Hkkjh (ckLosQV ckWy@iqQVcky@okWyhcky) rFkk nwljh gydh (Vsful ckWy@jcM+ dh xsan@Vscy Vsful ckWy)A lcls igys
osQoy Hkkjh xaasn ysdj yxHkx 1 m Å¡pkbZ ls ÅèokZ/j fn'kk esa fxjkb,A uksV dhft, ;g fdruk Åij mBrh gSA blls
mPNyu (bounce) ls Bhd igys ;k Bhd ckn esa iQ'kZ ;k /jrh osQ fudV osx Kkr gks tk,xk (v2 = 2gh dk mi;ksx
djosQ)A bl izdkj vki izR;ku;u xq.kkad Kkr dj ldrs gSaA

vc ,d cM+h xasn rFkk ,d NksVh xsan vius gkFkksa esa bl izdkj idfM+, fd Hkkjh
xsan uhps rFkk gydh xsan blosQ Åij jgs tSlk fd fp=k esa fn[kk;k x;k gSA nksuksa dks ,d
lkFk fxjkb,A ;g è;ku jf[k, fd fxjrs le; nksuksa lkFk&lkFk jgsa vkSj nsf[k, D;k gksrk
gSA vki ns[ksaxs fd Hkkjh xsan igys dh vis{kk] tc og vosQys fxjkbZ xbZ Fkh] de Å¡pkbZ
rd mBrh gS tcfd gYdh xsan yxHkx 3 m Å¡pk mBrh gSA vH;kl osQ lkFk vki xsanksa
dks lkFk&lkFk j[k ik,axs rFkk gydh xsan dks b/j&m/j tkus nsus osQ ctk; lhèkk Åij
mBk ik,axsA ;g lh/k la?kêð gSA

vki xsanksa osQ loksZÙke la;kstu dh tk¡p dj ldrs gSa tks vkidks loksZÙke izHkko nsA
nzO;ekuksa dks vki fdlh ekud rqyk ij eki ldrs gSaA xsanksa osQ vkjafHkd rFkk vafre
osxksa dks Kkr djus dh fof/ dks vki Lo;a lksp ldrs gSaA
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vFkkZr~ izFke nzO;eku fojkekoLFkk esa vk tkrk gS vkSj la?kêð osQ
i'pkr~ nwljk nzO;eku] izFke nzO;eku dk vkjafHkd osx izkIr dj
ysrk gSA
n'kk II % ;fn ,d fiaM dk nzO;eku nwljs fiaM osQ nzO;eku
ls cgqr vf/d gS] vFkkZr~ m

2
 >> m

1
, rc

v
1f
  ~ − v

1i
      v

2f
 ~ 0

Hkkjh nzO;eku fLFkj jgrk gS tcfd gyosQ nzO;eku dk osx
mRØfer gks tkrk gSA

••••• mnkgj.k 6.12 xfr'khy U;wVªkWuksa dk eanu % fdlh
ukfHkdh; fj,sDVj esa rhozxkeh U;wVªkWu (fof'k"V :i ls
osx 107 m s–1) dks 103 m s–1 osQ osx rd eafnr dj
fn;k tkuk pkfg, rkfd ukfHkdh; fo[kaMu vfHkfØ;k esa
U;wVªkWu dh ;wjsfu;e osQ leLFkkfud U

235
92  ls vU;ksU;fØ;k

djus dh izkf;drk mPp gks tk,A fl¼ dhft, fd U;wVªkWu
,d gyosQ ukfHkd] tSls M~;wVhfj;e ;k dkcZu ftldk
nzO;eku U;wVªkWu osQ nzO;eku dk ek=k oqQN xquk gS] ls izR;kLFk
la?kêð djus esa viuh vfèkdka'k xfrt mQtkZ dh {kfr dj
nsrk gSA ,sls inkFkZ izk;% Hkkjh ty (D

2
O) vFkok xzsiQkbV]

tks U;wVªkWuksa dh xfr dks ean dj nsrs gSa] ̂ eand* dgykrs
gSa A

gy   U;wVªkWu dh izkjafHkd xfrt mQtkZ gS

2
1 1 1

1

2
i iK m v=

tcfd lehdj.k (6.27) ls bldh vafre xfrt mQtkZ gS

{kf;r vkaf'kd xfrt mQtkZ gS

tcfd foeand ukfHkd if KK 12 /  }kjk fHkUukRed xfrt mQtkZ

o`f¼ gS A
f
2
 = 1 − f

1
 (izR;kLFk la?kêð)

 ( )
1 2

2

1 2

4m m

m m
=

+

mijksDr ifj.kke dks lehdj.k (6-28) ls izfrLFkkfir djosQ
Hkh lR;kfir fd;k tk ldrk gSA

M~;wVhfj;e osQ fy,] m
2
 = 2 m

1
 vkSj ge izkIr djrs gSa

f
1
 = 1/9, tcfd f

2
 = 8/9 gSA vr% U;wVªkWu dh yxHkx 90»

mQtkZ M~;wVhfj;e dks gLrkarfjr gks tkrh gSA dkcZu osQ fy,]
f
1
 = 71.6%  vkSj   f

2
 = 28.4% gSA gkyakfd] O;ogkj esa] lh/k

la?kêð fojys gh gksus osQ dkj.k ;g la[;k dkiQh de gksrh gSA   ¶¶¶¶¶

;fn nksuksa ̄iMksa osQ vkjafHkd rFkk vafre osx ,d gh ljy
js[kk osQ vuqfn'k dk;Z djrs gSa rks ,sls la?kêð dks ,dfoeh; la?kêð
vFkok lh/k la?kêð dgrs gSaA NksVs xksyh; ̄iMksa osQ fy, ;g laHko
gS fd ¯iM 1 dh xfr dh fn'kk fojkekoLFkk esa j[ks ¯iM 2 osQ
osQUnz ls gksdj xqtjsA lkekU;r%] ;fn vkjafHkd osx rFkk vafre
osx ,d gh ry esa gksa rks la?kêð f}foeh; dgykrk gSA

6.12.3 f}foeh; la?kêð
fp=k 6.10 fLFkj nzO;eku m

2
 ls xfreku nzO;eku m

1
 dk la?kêð

dk fp=k.k djrk gSA bl izdkj osQ la?kêð esa js[kh; laosx lajf{kr
jgrk gSA pwafd laosx ,d lfn'k jkf'k gS] vr% ;g rhu fn'kkvksa
{x, y, z} osQ fy, rhu lehdj.k iznf'Zkr djrk gSA la?kêð osQ
i'pkr~ m

1
 rFkk m

2
 osQ vafre osx dh fn'kkvksa osQ vkèkkj ij

lery dk fuèkkZj.k dhft, vkSj eku yhft, fd ;g x-y lery
gSA js[kh; laosx osQ z- ?kVd dk laj{k.k ;g n'kkZrk gS fd laiw.kZ
la?kêð x-y lery esa gSA x-?kVd vkSj y-?kVd osQ lehdj.k
fuEu gSa %

m
1
v

1i
 = m

1
v

1f
 cos θ

1
 + m

2
 v

2f
 cos θ

2
    (6.29)

     0 = m
1
v

1f
 sin θ

1
 – m

2
v

2f
 sin θ

2
      (6.30)

vf/drj fLFkfr;ksa esa ;g ekuk tkrk gS fd {m
1
, m

2
, v

1i
}

Kkr gSA vr% la?kêð osQ i'pkr~] gesa pkj vKkr jkf'k;k¡
{v

1f
, v

2f
, θ

1 
vkSj θ

2
} izkIr gksrh gSa tcfd gekjs ikl ek=k nks

lehdj.k gSaA ;fn θ
1 
= θ

2 
=

 
0, ge iqu% ,dfoeh; la?kêð osQ

fy, lehdj.k (6-24) izkIr dj ysrs gSaA

vc ;fn la?kêð izR;kLFk gS rks]

2 2 2
1 1 1 1 2 2

1 1 1

2 2 2
i f fm v m v m v= + (6-31)

;g gesa lehdj.k (6-29) o (6-30) osQ vykok ,d vkSj
lehdj.k nsrk gS ysfdu vHkh Hkh gekjs ikl lHkh vKkr jkf'k;ksa
dk irk yxkus osQ fy, ,d lehdj.k de gSA vr% iz'u dks
gy djus osQ fy,] pkj vKkr jkf'k;ksa esa ls de ls de ,d
vkSj jkf'k] eku yhft, θ

1
,
 
Kkr gksuh pkfg,A mnkgj.kkFkZ] dks.k

θ
1 
dk fu/kZj.k lalwpd dks dks.kh; jhfr esa x-v{k ls y-v{k

rd ?kqek dj fd;k tk ldrk gSA jkf'k;ksa {m
1
, m

2
, v

1i
, θ

1
}

osQ Kkr eku ls ge lehdj.k (6-29)&(6-31) dk iz;ksx djosQ
{v

1f
, v

2f
, θ

2
}
 
dk fu/kZj.k dj ldrs gSaA
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lkjka'k

1- dk;Z&mQtkZ izes; osQ vuqlkj] fdlh fiaM dh xfrt mQtkZ esa ifjorZu ml ij vkjksfir oqQy cy }kjk fd;k x;k
dk;Z gS A

K
f
 - K

i
 = W

net

2- dksbZ cy laj{kh dgykrk gS ;fn (i) mlosQ }kjk fdlh fiaM ij fd;k x;k dk;Z iFk ij fuHkZj u djosQ osQoy fljs

osQ ¯cnqvksa {x
i 
, x

j
} ij fuHkZj djrk gS] vFkok (ii) cy }kjk fd;k x;k dk;Z 'kwU; gksrk gS] tc fiaM osQ fy, tks LosPNk

ls fdlh ,sls can iFk esa Lor% viuh izkjafHkd fLFkfr ij okil vk tkrk gSA

3- ,dfoeh; laj{kh cy osQ fy, ge fLFkfrt mQtkZ iQyu V(x) dks bl izdkj ifjHkkf"kr ldrs gSa

=
V x

F x
x

d ( )
( )  –

d

vFkok]
V V F x xi f

x

x

i

f

− = ∫   ( ) d

4- ;kaf=kd mQtkZ&laj{k.k osQ fl¼kar osQ vuqlkj] ;fn fdlh fiaM ij dk;Zjr cy laj{kh gSa rks fiaM dh oqqQy ;akf=kd mQtkZ
vpj jgrh gSaA

••••• mnkgj.k 6-13 eku yhft, fd fp=k 6-10 esa fpf=kr
la?kêð fcfy;MZ dh leku nzO;eku (m

1
 = m

2
) okyh nks

xsanksa osQ eè; gqvk gS ftlesa izFke xsan D;w (M.Mk) dgykrh
gS vkSj f}rh; xasn ^y{;* dgykrh gSA f[kykM+h y{;
xsan dks θ

2 
= 37° osQ dks.k ij dksus esa yxh FkSyh esa fxjkuk

pkgrk gSA ;gk¡ eku yhft, fd la?kê ð izR;kLFk gS rFkk
?k"kZ.k vkSj ?kw.kZu xfr egÙoiw.kZ ugha gSa A dks.k θ

1 
Kkr

dhft,A

gy  pwafd nzO;eku leku gSa vr% laosx laj{k.k osQ fu;ekuqlkj]

  v
1i
 = v

1f 
+ v

2f

lehdj.k osQ nksuksa i{kksa dk oxZ djus ij izkIr gksrk gS

   ( ) ( )2
1 2 1 21iv = + ⋅ +v v v vf f f f

          
2 2

1 2 1 22 .f f f fv v= + + v v

( ){ }2 2
1 2 1 2 1 2 cos  37  f f f fv v v v θ= + + + ° (6.32)

pwafd la?kê ð izR;kLFk gS vkSj nzO;eku m
1
 = m

2
 gS] xfrt mQtkZ

osQ lja{k.k] lehdj.k (6-31) ls gesa izkIr gksrk gS
2 2 2

1 1 2  i f fv v v= + (6-33)

mijksDr nksuksa lehdj.kksa (6-32) vkSj (6-33) dh rqyuk djus
ij]

cos (θ
1
+ 37°) = 0

vr% θ
1
+ 37° = 90°

vFkok] θ
1
 = 53°

blls fl¼ gksrk gS fd tc leku nzO;eku osQ nks fiaM ftuesa
ls ,d fLFkj gS] i`"BlihZ izR;kLFk la?kê ð djrs gSa rks
la?kê ð osQ i'pkr~] nksuksa ,d&nwljs ls ledks.k cukrs gq,
xfr djsaxsA ¶¶¶¶¶

;fn ge fpdus i`"B okys xksyh; nzO;ekuksa ij fopkj djsa
vkSj eku ysa fd la?kê ð rHkh gksrk gS tc ̄iM ,d nwljs dks Li'kZ
djs rks fo"k; vR;ar ljy gks tkrk gSA ekjcy] oSQje rFkk
fcfy;kMZ osQ [ksy esa Bhd ,slk gh gksrk gSA

gekjs nSfud thou esa la?kê ð rHkh gksrk gS tc nks oLrq,¡
,d nwljs dks Li'kZ djsaA ysfdu fopkj dhft, fd dksbZ /weosQrq
nwjLFk LFkku ls lw;Z dh vksj vk jgk gS vFkok vYiQk d.k fdlh
ukfHkd dh vksj vkrk gqvk fdlh fn'kk esa pyk tkrk gSA ;gk¡
ij gekjh nwjh ij dk;Zjr cyksa ls lkeuk gksrk gSA bl izdkj
dh ?kVuk dks izdh.kZu dgrs gSaA ftl osx rFkk fn'kkvksa esa nksuksa
d.k xfreku gksaxs og muosQ vkjafHkd osx] muosQ nzO;eku] vkdkj
rFkk vkeki rFkk muosQ chp gksus okyh vU;ksU; fØ;k osQ izdkj
ij fuHkZj gSA
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5- m nzO;eku osQ fdlh d.k dh i`Foh dh lrg ls x Å¡pkbZ ij  xq#Roh; fLFkfrt mQtkZ V(x) = m g x gksrh gS] tgk¡
Å¡pkbZ osQ lkFk g osQ eku esa ifjorZu mis{k.kh; gSA

6- k cy&fu;rkad okys fLizax] ftlesa f[akpko x gS] dh izR;kLFk fLFkfrt mQtkZ gksrh gS %

=V x k x   
2

( ) 21

7- nks lfn'kksa osQ vfn'k vFkok fcanq xq.kuiQy dks ge A.B fy[krs gSa (bls A MkWV B osQ :i esa i<+rs gSa)A.B ,d vfn'k
jkf'k gS ftldk eku AB cosθ gksrk gSA θ lfn'kkas A o B osQ chp dk dks.k gSA A.B dk eku pwafd θ ij fuHkZj djrk
gS blfy, ;g /ukRed] =k`.kkRed vFkok 'kqU; gks ldrk gSA nks lfn'kksa osQ vfn'k xq.kuiQy dh O;k[;k ,d lfn'k
osQ ifjek.k rFkk nwljs lfn'k osQ igys ?kVd osQ vuqfn'k ?kVd osQ xq.kuiQy osQ :i esa Hkh dj ldrs gSaA ,dkad lfn'kksa

ˆ ˆi, j  o k̂ osQ fy, gesa fuEufyf[kr rF; ;kn j[kus pkfg, %

    �ˆ ˆ ˆ ˆ ˆi . i = j .j = k .k =1

rFkk  ˆ ˆ ˆ ˆ ˆ ˆi . j = j . k = k .i = 0

vfn'k xq.kuiQy Øe&fofues; rFkk forj.k fu;eksa dk ikyu djrs gSaA

  fopkj.kh; fo"k;

1. okD;ka'k ¶fd, x, dk;Z dk ifjdyu dhft,¸ v/wjk gSA gesa fo'ks"k cy ;k cyksa osQ lewg }kjk fdlh fiaM dk fuf'pr
foLFkkiu djus esa fd, x, dk;Z dk Li"V mYys[k djuk pkfg, (vFkok lanHkZ nsrs gq, Li"Vr;k bafxr djuk pkfg,)A

2. fd;k x;k dk;Z ,d vfn'k jkf'k gSA ;g HkkSfrd jkf'k /ukRed ;k Í.kkRed gks ldrh gS] tcfd nzO;eku vkSj xfrt
mQtkZ /ukRed vfn'k jkf'k;k¡ gSaA fdlh fiaM ij ?k"kZ.k ;k ';ku cy }kjk fd;k x;k dk;Z Í.kkRed gksrk gSA

HkkSfrd jkf'k izrhd foek ek=kd fVIi.kh

dk;Z W [M L2 T–2] J W = F.d

xfrt mQtkZ K [M L2 T–2] J K = 
2

1
 mv 2

fLFkfrt mQtkZ V(x) [M L2 T–2] J F(x) = – 
x

V(x)

d

d

;kaf=kd mQtkZ E [M L2 T–2] J E = K + V

fLizax fu;rkad k [M T–2] N m–1 F = –k x

V(x) = 2

1
k x2

'kfDr P [M L2 T–3] W P = F.v

t

W
P

d

d
=
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3. U;wVu osQ r`rh; fu;ekuqlkj] fdUgha nks fiaMksa osQ eè; ijLij ,d&nwljs ij vkjksfir cyksa dk ;ksx 'kwU; gksrk gS A

F
12

 + F
21

 = 0

ijarq nks cyksa }kjk fd, x, dk;Z dk ;ksx lnSo 'kwU; ugha gksrk gS] vFkkZr~

W
12

 + W
21

 ≠ 0

rFkkfi] dHkh&dHkh ;g lR; Hkh gks ldrk gS A

4. dHkh&dHkh fdlh cy }kjk fd, x, dk;Z dh x.kuk rc Hkh dh tk ldrh gS tcfd cy dh Bhd&Bhd izo`Qfr dk
Kku u Hkh gksA mnkgj.k 6-2 ls ;g Li"V gS] tgk¡ dk;Z&mQtkZ izes; dk ,slh fLFkfr esa iz;ksx fd;k x;k gS A

5. dk;Z&mQtkZ izes; U;wVu osQ f}rh; fu;e ls LorU=k ugha gSA dk;Z&mQtkZ izes; dks U;wVu osQ f}rh; fu;e osQ vfn'k :i
esa ns[kk tk ldrk gSA ;kaf=kd mQtkZ osQ laj{k.k osQ fl¼kar dks] laj{kh cyksa osQ fy, dk;Z&mQtkZ izes; osQ ,d egÙoiw.kZ
ifj.kke osQ :i esa le>k tk ldrk gSA

6. dk;Z&mQtkZ izes; lHkh tM+Roh; izsQeksa esa ykxw gksrh gSA bls vtM+Roh; izsQeksa esa Hkh ykxw fd;k tk ldrk gS ;fn fopkj.kh;
fiaM ij vkjksfir oqQy cyksa osQ ifjdyu esa Nn~e cy osQ izHkko dks Hkh lfEefyr dj fy;k tk,A

7. laj{kh cyksa osQ v/hu fdlh fiaM dh fLFkfrt mQtkZ ges'kk fdlh fu;rkad rd vfuf'pr jgrh gSA mnkgj.kkFkZ] fdlh fiaM
dh fLFkfrt mQtkZ  fdl ¯cnq ij 'kwU; ysuh gS] ;g osQoy LosPNk ls p;u fd, x, ¯cnq ij fuHkZj djrk gSA tSls xq#Roh;
fLFkfrt mQtkZ m g h dh fLFkfr esa fLFkfrt mQtkZ osQ fy, 'kwU; ̄ cnq i`Foh osQ i`"B ij fy;k x;k gSA fLizax osQ fy, ftldh

mQtkZ 
1

2

2
 k x  gS] fLFkfrt mQtkZ osQ fy, 'kwU; ¯cnq] nksyk;eku nzO;eku dh ekè; fLFkfr ij fy;k x;k gS A

8. ;kaf=kdh esa izR;sd cy fLFkfrt mQtkZ ls lac¼ ugha gksrk gSA mnkgj.kkFkZ] ?k"kZ.k cy }kjk fdlh can iFk esa fd;k x;k
dk;Z 'kwU; ugha gS vkSj u gh ?k"kZ.k ls fLFkfrt mQtkZ dks lac¼ fd;k tk ldrk gSA

9. fdlh la?kê ð osQ nkSjku (a) la?kê ð osQ izR;sd {k.k esa fiaM dk oqQy js[kh; laosx lajf{kr jgrk gS] (b) xfrt mQtkZ laj{k.k
(pkgs la?kê ð izR;kLFk gh gks) la?kê ð dh lekfIr osQ i'pkr~ gh ykxw gksrk gS vkSj la?kê ð osQ izR;sd {k.k osQ fy, ykxw
ugha gksrk gSA okLro esa] la?kê ð djus okys nksuksa fiaM foo`Qr gks tkrs gSa vkSj {k.k Hkj osQ fy, ,d nwljs osQ lkis{k fojkekoLFkk
esa vk tkrs gSaA
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fp=k 6.11

vH;kl

6.1 fdlh oLrq ij fdlh cy }kjk fd, x, dk;Z dk fpÉ le>uk
egÙoiw.kZ gSA lko/kuhiwoZd crkb, fd fuEufyf[kr jkf'k;k¡
/ukRed gSa ;k Í.kkRed %

(a) fdlh O;fDr }kjk fdlh oqQ,¡ esa ls jLlh ls c¡/h ckYVh
dks jLlh }kjk ckgj fudkyus esa fd;k x;k dk;Z A

(b) mi;qZDr fLFkfr esa xq#Roh; cy }kjk fd;k x;k dk;ZA

(c) fdlh vkur ry ij fiQlyrh gqbZ fdlh oLrq ij ?k"kZ.k
}kjk fd;k x;k dk;ZA

(d) fdlh [kqjnjs {kSfrt ry ij ,dleku osx ls xfreku fdlh
oLrq ij yxk, x, cy }kjk fd;k x;k dk;Z A

(e) fdlh nksyk;eku yksyd dks fojkekoLFkk esa ykus osQ fy,
ok;q osQ izfrjks/h cy }kjk fd;k x;k dk;ZA

6.2 2 kg nzO;eku dh dksbZ oLrq tks vkjaHk esa fojkekoLFkk esa gS] 7 N

osQ fdlh {kSfrt cy osQ izHkko ls ,d est ij xfr djrh gSA est
dk xfrt&?k"kZ.k xq.kkad 0-1 gSA fuEufyf[kr dk ifjdyu dhft,
vkSj vius ifj.kkeksa dh O;k[;k dhft, A

(a) yxk, x, cy }kjk 10 s esa fd;k x;k dk;ZA

(b) ?k"kZ.k }kjk 10 s esa fd;k x;k dk;ZA

(c) oLrq ij oqQy cy }kjk 10 s esa fd;k x;k dk;Z A

(d) oLrq dh xfrt mQtkZ esa 10 s esa ifjorZuA

6.3 fp=k 6.11 esa oqQN ,dfoeh; fLFkfrt mQtkZ&iQyuksa osQ mnkgj.k
fn, x, gSaA d.k dh oqQy mQtkZ dksfV&v{k ij ØWkl }kjk funsZf'kr
dh xbZ gSA izR;sd fLFkfr esa] dksbZ ,sls {ks=k crkb,] ;fn dksbZ gSa
rks] ftuesa nh xbZ mQtkZ osQ fy,] d.k dks ugha ik;k tk ldrkA
blosQ vfrfjDr] d.k dh oqQy U;wure mQtkZ Hkh funsZf'kr dhft,A
oqQN ,sls HkkSfrd lanHkksZ osQ fo"k; esa lksfp, ftuosQ fy, ;s fLFkfrt
mQtkZ vko`Qfr;k¡ izklafxd gksaA
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6.4 js[kh; ljy vkorZ xfr dj jgs fdlh d.k dk fLFkfrt mQtkZ iQyu
V(x) = kx2/2 gS] tgka k nksyoQ dk cy fu;rkaoQ gS A k = 0.5

N m–1 osQ fy, V(x) o x osQ eè; xzkIkQ fp=k 6.12 eas fn[kk;k x;k
gSA ;g fn[kkb, fd bl foHko osQ varxZr xfreku oqQy 1J mQtkZ
okys d.k dks vo'; gh ^okfil vkuk* pkfg, tc ;g x = ± 2 m

ij igqaprk gSA

6.5 fuEufyf[kr dk mÙkj nhft,%
(a) fdlh jkosQV dk cká vkoj.k mM+ku osQ nkSjku ?k"kZ.k osQ dkj.k ty tkrk gSA tyus osQ fy, vko';d Å"eh;

ÅtkZ fdlosQ O;; ij izkIr dh xbZ&&jkosQV ;k okrkoj.k \
(b) /weosQrq lw;Z osQ pkjksa vksj cgqr gh nh?kZo`Ùkh; d{kkvksa eas ?kwers gSaA lk/kj.kr;k /weosQrq ij lw;Z dk xq#Roh; cy

èkweosQrq osQ yacor~ ugha gksrk gSA fiQj Hkh èkweosQrq dh laiw.kZ d{kk esa xq#Roh; cy }kjk fd;k x;k dk;Z 'kwU;
gksrk gSA D;ksa \

(c) i`Foh osQ pkjksa vksj cgqr gh {kh.k ok;qe.My eas ?kwers gq,
fdlh o`Qf=ke mixzg dh ÅtkZ /hjs&/hjs ok;qe.Myh;
izfrjks/ (pkgs ;g fdruk gh de D;ksa u gks) osQ fo#¼
{k; osQ dkj.k de gksrh tkrh gS fiQj Hkh tSls&tSls o`Qf=ke
mixzg i`Foh osQ lehi vkrk gS rks mldh pky eas yxkrkj
o`f¼ D;ksa gksrh gS \

(d) fp=k 6.13(i) eas ,d O;fDr vius gkFkksa eas 15kg  dk
dksbZ nzO;eku ysdj 2 m  pyrk gSA fp=k 6.13(ii) eas
og mruh gh nwjh vius ihNs jLlh dks [khaprs gq, pyrk
gSA jLlh f?kjuh ij p<+h gqbZ gS vkSj mlosQ nwljs fljs ij
15 kg dk nzO;eku yVdk gqvk gS A ifjdyu dhft,
fd fdl fLFkfr eas fd;k x;k dk;Z vf/d gS \

6.6 lgh fodYi dks js[kkafdr dhft, %
(a) tc dksbZ laj{kh cy fdlh oLrq ij /ukRed dk;Z djrk gS rks oLrq dh fLFkfrt ÅtkZ c<+rh gS@?kVrh gS@vifjorhZ

jgrh gSA
(b) fdlh oLrq }kjk ?k"kZ.k osQ fo#¼ fd, x, dk;Z dk ifj.kke ges'kk bldh xfrt@fLFkfrt ÅtkZ eas {k; gksrk gSA
(c) fdlh cgqd.k fudk; osQ oqQy laosx&ifjorZu dh nj fudk; osQ cká cy@vkarfjd cyksa osQ tksM+ osQ vuqØekuqikrh

gksrh gSA

(d) fdUgha nks fiaMksa osQ vizR;kLFk la?kê ð eas os jkf'k;k¡] tks la?kê ð osQ ckn ugha cnyrh gSa; fudk; dh oqQy xfrt ÅtkZ@oqQy
js[kh; laosx@oqQy ÅtkZ gSaA

6.7 crykb, fd fuEufyf[kr dFku lR; gSa ;k vlR;A vius mRrj osQ fy, dkj.k Hkh nhft,A
(a) fdUgha nks fiaMksa osQ izR;kLFk la?kê ð esa] izR;sd fiaM dk laosx o ÅtkZ lajf{kr jgrh gSA
(b) fdlh fiaM ij pkgs dksbZ Hkh vkarfjd o cká cy D;ksa u yx jgk gks] fudk; dh oqQy ÅtkZ loZnk lajf{kr

jgrh gSA
(c) izo`Qfr eas izR;sd cy osQ fy, fdlh can ywi eas] fdlh fiaM dh xfr eas fd;k x;k dk;Z 'kwU; gksrk gSA
(d) fdlh vizR;kLFk la?kê ð eas] fdlh fudk; dh vafre xfrt ÅtkZ] vkjafHkd xfrt ÅtkZ ls ges'kk de gksrh gS A

6.8 fuEufyf[kr dk mRrj è;kuiwoZd] dkj.k lfgr nhft, %
(a) fdUgha nks fcfy;MZ&xsanksa osQ izR;kLFk la?kê ð eas] D;k xsanksa osQ la?kê ð dh vYikof/ eas (tc os laioZQ esa gksrh gSa)

oqQy xfrt ÅtkZ lajf{kr jgrh gS\

(b) nks xsanksa osQ fdlh izR;kLFk la?kê ð dh y?kq vof/ esa D;k oqQy js[kh; laosx lajf{kr jgrk gS\

(c) fdlh vizR;kLFk la?kê ð osQ fy, iz'u (a) o (b) osQ fy, vkiosQ mÙkj D;k gSa\

fp=k 6.12

fp=k 6.13
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139dk;Z] mQtkZ vkSj 'kfDr

(d) ;fn nks fcfy;MZ&xsanksa dh fLFkfrt ÅtkZ  osQoy muosQ osQanzksa osQ eè;] i`FkDdj.k&nwjh ij fuHkZj djrh gS rks la?kê ð
izR;kLFk gksxk ;k vizR;kLFk \ (è;ku nhft, fd ;gk¡ ge la?kê ð osQ nkSjku cy osQ laxr fLFkfrt ÅtkZ dh ckr
dj jgs gSa] uk fd xq#Roh; fLFkfrt ÅtkZ dh)

6.9 dksbZ ¯iM tks fojkekoLFkk eas gS] vpj Roj.k ls ,dfoeh; xfr djrk gSA bldks fdlh t  le; ij nh xbZ 'kfDr
vuqØekuqikrh gS

(i) 2/1
t      (ii) t     (iii) 2/3

t      (iv) t 2

6.10 ,d ¯iM vpj 'kfDr osQ lzksr osQ izHkko esa ,d gh fn'kk eas xfreku gSA bldk t le; eas foLFkkiu]
vuqØekuqikrh gS

(i) t1/2     (ii) t     (iii) 2/3t      (iv) t2

6.11 fdlh ¯iM ij fu;r cy yxkdj mls fdlh funsZ'kkad iz.kkyh osQ vuqlkj z - v{k osQ vuqfn'k xfr djus osQ fy, ckè;
fd;k x;k gS tks bl izdkj gS

F = (– î  + 2 ĵ  + 3 k̂ ) N

tgka î , ĵ , k̂  Øe'k% x-, y- ,oa z- v{k osQ vuqfn'k ,dkad lfn'k gSaA bl oLrq dks z-v{k osQ vuqfn'k 4 m dh

nwjh rd xfr djkus osQ fy, vkjksfir cy }kjk fd;k x;k dk;Z fdruk gksxk \

6.12 fdlh varfj{k fdj.k iz;ksx eas ,d bysDVªkWu vkSj ,d izksVkWu dk lalwpu gksrk gS ftleas igys d.k dh xfrt ÅtkZ
10 keV gS vkSj nwljs d.k dh xfrt ÅtkZ 100 keV gSA bueas dkSu&lk rhozxkeh gS] bysDVªkWu ;k izksVkWu \ budh pkyksa
dk vuqikr Kkr dhft,A (bysDVªkWu dk nzO;eku = 9.11× 10–31 kg, izksVkWu dk nzO;eku = 1.67 × 10–27 kg, l eV

= 1.60 × 10–19J)

6.13 2 mm f=kT;k dh o"kkZ dh dksbZ cwan 500 m dh maQpkbZ ls i`Foh ij fxjrh gSA ;g viuh vkjafHkd maQpkbZ  osQ vk/s
fgLls rd (ok;q osQ ';ku izfrjks/ osQ dkj.k) ?kVrs Roj.k osQ lkFk fxjrh gS vkSj viuh vf/dre (lhekUr) pky
izkIr dj ysrh gS] vkSj mlosQ ckn ,dleku pky ls xfr djrh gSA o"kkZ dh cawn ij mldh ;k=kk osQ igys o nwljs
v/Z Hkkxksa esa xq#Roh; cy }kjk fd;k x;k dk;Z fdruk gksxk \ ;fn cwan dh pky i`Foh rd igqapus ij 10 m s–1

gks rks laiw.kZ ;k=kk esa izfrjks/h cy }kjk fd;k x;k dk;Z fdruk gksxk \

6.14 fdlh xSl&ik=k eas dksbZ v.kq 200 m s–1 dh pky ls vfHkyac osQ lkFk 30°  dk dks.k cukrk gqvk {kSfrt nhokj ls
Vdjkdj iqu% mlh pky ls okil YkkSV tkrk gSA D;k bl la?kê ð eas laosx lajf{kr gS\ ;g la?kê ð izR;kLFk gS ;k vIkzR;kLFk \

6.15 fdlh Hkou osQ Hkwry ij yxk dksbZ iai 30 m3 vk;ru dh ikuh dh Vadh dks 15 feuV esa Hkj nsrk gSA ;fn Vadh i`Foh
ry ls 40 m Åij gks vkSj iai dh n{krk 30% gks rks iai }kjk fdruh fo|qr 'kfDr dk mi;ksx fd;k x;k \

6.16 nks le:ih ckWy&fc;fjax ,d&nwljs osQ laioZQ eas gSa vkSj fdlh ?k"kZ.kjfgr est ij fojkekoLFkk eas gSaA buosQ lkFk leku
nzO;eku dk dksbZ nwljk ckWy&fc;fjax] tks vkjaHk eas V pky ls xfreku gS] lEeq[k la?kê ð djrk gSA ;fn la?kê ð izR;kLFk
gS rks la?kê ð osQ i'pkr~ fuEufyf[kr (fp=k 6-14) eas ls dkSu&lk ifj.kke laHko gS\

fp=k 6.14
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6.17 fdlh yksyd osQ xksyd A dks] tks ÅèokZ/j ls 30° dk dks.k cukrk gS] NksM+s tkus
ij est ij] fojkekoLFkk eas  j[ks nwljs xksyd B ls Vdjkrk gS tSlk fd fp=k 6.15

eas iznf'kZr gSA Kkr dhft, fd la?kê ð osQ i'pkr~ xksyd A fdruk maQpk mBrk gS\
xksydksa osQ vkdkjksa dh mis{kk dhft, vkSj eku yhft, fd la?kê ð izR;kLFk gSA

6.18 fdlh yksyd osQ xksyd dks {kSfrt voLFkk ls NksM+k x;k gSA ;fn yksyd dh yackbZ
1.5 m  gS rks fuEure ¯cnq ij vkus ij xksyd dh pky D;k gksxh\ ;g fn;k x;k
gS fd  bldh vkjafHkd ÅtkZ dk 5% va'k ok;q izfrjks/ osQ fo#¼ {k; gks
tkrk gSA

6.19 300 kg nzO;eku dh dksbZ VªkWyh] 25 kg jsr dk cksjk fy, gq, fdlh ?k"kZ.kjfgr
iFk ij 27 km h–1 dh ,dleku pky ls xfreku gSA oqQN le; i'pkr~ cksjs esa
fdlh fNnz ls jsr 0.05 kg s–1 dh nj ls fudydj Vªkyh osQ iQ'kZ ij fjlus yxrh
gSA jsr dk cksjk [kkyh gksus osQ i'pkr VªkWyh dh pky D;k gksxh \

6.20 0-5 kg nzO;eku dk ,d d.k v =a x3/2  osx ls ljy js[kh; xfr djrk gS tgka a = 5 1/2 1m s− −  gS A  x = 0 ls
x = 2 m  rd blosQ foLFkkiu esa oqQy cy }kjk fd;k x;k dk;Z fdruk gksxk \

6.21 fdlh ioupDdh osQ CysM] {ks=kiQy A osQ o`Rr ftruk {ks=kiQy izliZ djrs gSaA (a) ;fn gok v osx ls o`Rr osQ yacor~
fn'kk eas cgrh gS rks t le; eas blls xqtjus okyh ok;q dk nzO;eku D;k gksxk \ (b)  ok;q dh xfrt ÅtkZ D;k gksxh \
(c) eku yhft, fd ioupDdh gok dh 25% ÅtkZ dks fo|qr ÅtkZ eas :ikUrfjr dj nsrh gSA ;fn A = 30 m2, vkSj
v = 36 km h–1 vkSj ok;q dk ?kUkRo 1.2 kg m–3 gS rks mRiUu fo|qr 'kfDr dk ifjdyu dhft,A

6-22 dksbZ O;fDr otu de djus osQ fy, 10 kg nzO;eku dks 0.5 m  dh ÅapkbZ rd 1000 ckj mBkrk gSA eku yhft,
fd IkzR;sd ckj nzO;eku dks uhps ykus eas [kksbZ gqbZ ÅtkZ {kf;r gks tkrh gSA   (a) og xq#Rokd"kZ.k cy osQ fo#¼ fdruk
dk;Z djrk gS \ (b) ;fn olk 3.8 × 107 J ÅtkZ izfr fdyksxzke vkiwfrZ djrk gks tks fd 20% n{krk dh nj ls ;kaf=kd
ÅtkZ eas ifjofrZr gks tkrh gS rks og fdruh olk [kpZ dj Mkysxk\

6-23 dksbZ ifjokj 8 kW fo|qr&'kfDr dk miHkksx djrk gSA (a) fdlh {kSfrt lrg ij lh/s vkifrr gksus okyh lkSj ÅtkZ
dh vkSlr nj 200 W m–2 gSA ;fn bl ÅtkZ dk 20% Hkkx ykHknk;d fo|qr ÅtkZ esa :ikUrfjr fd;k tk ldrk
gS rks 8 kW dh fo|qr vkiwfrZ osQ fy, fdrus {ks=kiQy dh vko';drk gksxh \ (b) bl {ks=kiQy dh rqyuk fdlh fof'k"V
Hkou dh Nr osQ {ks=kiQy ls dhft,A

vfrfjDr vH;kl
6-24 0-012 kg  nzO;eku dh dksbZ xksyh 70 ms–1 dh {kSfrt pky ls pyrs gq, 0.4 kg nzO;eku osQ ydM+h osQ xqVosQ ls

Vdjkdj xqVosQ osQ lkis{k rqjar gh fojkekoLFkk eas vk tkrh gSA xqVosQ dks Nr ls iryh rkjksa }kjk yVdk;k x;k gSA ifjdyu
dhft, fd xqVdk fdl ÅapkbZ rd Åij mBrk gS \ xqVosQ eas iSnk gqbZ Å"ek dh ek=kk dk Hkh vuqeku yxkb,A

6-25 nks ?k"kZ.kjfgr vkur iFk] ftueas ls ,d dh <ky vfèkd gS vkSj nwljs dh <ky de gS] ¯cnq A ij feyrs gSaA ¯cnq A
ls izR;sd iFk ij ,d&,d iRFkj dks fojkekoLFkk ls uhps ljdk;k tkrk gS (fp=k 6-16)A D;k ;s iRFkj ,d gh le;
ij uhps igqapsaxs \ D;k os ogak ,d gh pky ls igqapsaxs\ O;k[;k dhft,A ;fn θ

1
 = 30°, θ

2
 = 60° vkSj h = 10 m

fn;k gS rks nksuksa iRFkjksa dh pky ,oa muosQ }kjk uhps igqapus eas fy, x, le; D;k gSa \

fp=k 6.15

fp=k 6.16
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6-26 fdlh :{k vkur ry ij j[kk gqvk 1 kg nzO;eku dk xqVdk fdlh 100 N m–1 fLizax fu;rkad okys fLizax ls fn,
x, fp=k 6-17 osQ vuqlkj tqM+k gSA xqVosQ dks fLizax dh fcuk f[akph fLFkfr eas] fojkekoLFkk ls NksM+k tkrk gSA xqVdk
fojkekoLFkk eas vkus ls igys vkur ry ij 10 cm uhps f[kld tkrk gSA xqVosQ vkSj vkur ry osQ eè; ?k"kZ.k xq.kkad
Kkr dhft, A eku yhft, fd fLizax dk nzO;eku mis{k.kh; gS vkSj f?kjuh ?k"kZ.kjfgr gSA

6-27 0.3 kg nzO;eku dk dksbZ cksYV 7 m s–1 dh ,dleku pky ls uhps vk jgh fdlh fYkÝV dh Nr ls fxjrk gSA ;g
fyÝV osQ iQ'kZ ls Vdjkrk gS (fyÝV dh yackbZ = 3 m) vkSj okil ugha ykSVrk gS A VDdj }kjk fdruh Å"ek mRiUu
gqbZ \ ;fn fyÝV fLFkj gksrh rks D;k vkidk mRrj blls fHkUu gksrk\

6-28 200 kg nzO;eku dh dksbZ VªkWyh fdlh ?k"kZ.kjfgr iFk ij 36 km h–1 dh ,dleku pky ls xfreku gSA 20 kg nzO;eku
dk dksbZ cPpk VªkWyh osQ ,d fljs ls nwljs fljs rd (10 m nwj) VªkWyh osQ lkis{k 4 m s–1 dh pky ls VªkWyh dh xfr
dh foijhr fn'kk eas nkSM+rk gS vkSj VªkWyh ls ckgj owQn tkrk gSA VªkWyh dh vafre pky D;k gS \ cPps osQ nkSM+uk vkjaHk
djus osQ le; ls VªkWyh us fdruh nwjh r; dh\

6-29 uhps fn, x, fp=k 6-18 eas fn, x, fLFkfrt ÅtkZ oØksa eas ls dkSu&lk oØ laHkor% nks fcfy;MZ&xsanksa osQ izR;kLFk
la?kê ð dk o.kZu ugha djsxk\ ;gka r xsanksa osQ osQanzksa osQ eè; dh nwjh gS vkSj izR;sd xsan dk v/ZO;kl R gSA

6.30 fojkekoLFkk eas fdlh eqDr U;wVªkWu osQ {k; ij fopkj dhft, n→p + −e

iznf'kZr dhft, fd bl izdkj osQ f}¯iM {k; ls fu;r ÅtkZ dk dksbZ bysDVªkWu vo'; mRlftZr gksuk pkfg,] vkSj blfy,
;g fdlh U;wVªkWu ;k fdlh ukfHkd osQ β- {k; eas izsf{kr lrr ÅtkZ forj.k dk Li"Vhdj.k ugha ns ldrk (fp=k 6.19) A

fp=k 6.17
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[uksV% bl vH;kl dk gy mu dbZ rdks± eas ls ,d gS ftUgsa MCY;q ikWyh }kjk β&{k; osQ {k; mRiknksa eas fdlh rhljs
d.k osQ vfLrRo dk iwokZuqeku djus osQ fy, fn;k x;k FkkA ;g d.k U;wfVªuks osQ uke ls tkuk tkrk gSA vc ge tkurs
gSa fd ;g futh izpØ.k 1/2 (TkSls e–, p ;k n) dk dksbZ d.k gSA ysfdu ;g mnklhu gS ;k nzO;ekujfgr ;k (bysDVªkWu
osQ nzO;eku dh rqyuk eas) bldk nzO;eku vR;f/d de gS vkSj tks nzO; osQ lkFk nqcZyrk ls ijLij fØ;k djrk gSA
U;wVªkWu dh mfpr {k;&izfØ;k bl izdkj gS % n g p + e – + ν ]

fp=k 6.19
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ifjf'k"V 6.1 iSny lSj esa O;; dh xbZ 'kfDr

uhps nh xbZ lkj.kh eas 60 kg nzO;eku osQ o;Ld ekuo }kjk fofHkUu nSfud fozQ;kdykiksa eas O;; dh xbZ 'kfDr (yxHkx) lwphc¼ dh xbZ gS A

lkj.kh 6-4 oqQN fozQ;kdykiksa eas O;; dh xbZ 'kfDr (yxHkx)

^;kfU=kd dk;Z dk vFkZ nSfud cksypky esa izpfyr 'kCn ^dk;Z*
osQ vFkZ ls fHkUu gS A ;fn dksbZ efgyk flj ij Hkkjh cks>k fy,
[kM+h gS rkss og Fkd tk,xh ijarq bl izfØ;k eas efgyk us dksbZ ̂ ;kaf=kd
dk;Z* ugha fd;k gS A bldk vFkZ ;g fcyoqQy ugha gS fd ekuo
}kjk lk/kj.k fØ;kdykiksa eas fd, x, dk;Z dk vkdyu dj ikuk
laHko ugha gS A

fopkj dhft, fd dksbZ O;fDr vpj pky v
0
 ls iSny lSj dj jgk gS A mlosQ }kjk fd, x, ;kaf=kd dk;Z dk vkdyu] dk;Z&ÅtkZ

izes; }kjk ljyrk ls fd;k tk ldrk gS A eku yhft,

(i) xeu ikn (iSny lSj) eas fd;k x;k eq[; dk;Z izR;sd dne osQ lkFk Vkaxksa osQ Roj.k vkSj eanu dk gS (fp=k 6-20 nsf[k,) A
(ii) ok;q izfrjks/ ux.; gS A

(iii) Vkaxksa dks xq#Ro cy osQ fo#¼ mBkus eas fd;k x;k FkksM+k&lk dk;Z ux.; gS A
(iv) xeu ikn (lSj) esa gkFkksa dk fgykuk tks ,d vke ckr gS] u osQ cjkcj gS A

tSlk fd ge fp=k 6-20 esa ns[k ldrs gSa fd izR;sd dne Hkjus eas Vkax fojkekoLFkk ls fdlh pky v = v
0 
 (tks xeu ikn dh pky osQ yxHkx

leku gS) rd ykbZ tkrh gS vkSj fiQj fojkekoLFkk eas ykbZ tkrh gS A

fp=k 6-20 xeu ikn eas fdlh ,d yacs Mx (dne) dk fun'kZu tcfd ,d Vakx i`Foh dh lrg ls vf/dre nwj vkSj nwljh Vakx i`Foh ij
gS vkSj foykser% A

vr% dk;Z&ÅtkZ izes; ls izR;sd yack Mx (dne) Hkjus eas izR;sd Vkax }kjk fd;k x;k dk;Z m
l 
v2

0 
 gksxk A ;gka m

l
 Vkax dk nzO;eku gSA

Vakx dh ekalisf'k;ksa }kjk iSj dks fojkekoLFkk ls pky v
0 
 rd ykus eas O;; dh xbZ ÅtkZ m

l 
v2

0 
@2 gS tcfd iwjd Vakx dh ekalisf'k;ksa }kjk

nwljs iSj dks pky v
0
 ls fojkekoLFkk eas ykus eas O;; dh xbZ vfrfjDr ÅtkZ m

l
v2

0
/2 gS A vr% nksuksa Vakxksa }kjk ,d dne Hkjus eas fd;k x;k

dk;Z gS (fp=k 6-20 dk lko/kuhiwoZd vè;;u djsa)

W
s
 = 2m

l
v2

0
(6.34)

eku yhft, Vkax dk nzO;eku m
l
 = 10 kg vkSj /heh xfr ls ,d ?kaVs esa 10 km dh pky ls nkSM+uk] vFkkZr~ v

0
 = 3 m s–1

 yxHkxA vr%

W
s
 = 180 twy@dne

;fn ge ,d dne eas r; fd, x, iFk dh yackbZ 2 m ysrs gSa rc dksbZ O;fDr 3 m s–1 dh pky ls 1-5 dne izfr lsoaQM Hkjrk gS A bl
izdkj O;; 'kfDr

P = ×180 1 5
twy

dne
dne@lsdaM.

= 270 W

;gk¡ gesa è;ku j[kuk pkfg, fd O;; 'kfDr dk vkdyu okLrfod eku ls dkiQh de gS D;ksafd bl fof/ eas 'kfDr&gkfu osQ fofHkUu dkjdksa]
tSls gkFkksa dk fgyuk] ok;q  izfrjks/ vkfn] dh mis{kk dj nh xbZ gS A blosQ vfrfjDr ,d fnypLi ckr ;g gS fd geus visf{kr fofHkUu cyksa
dks Hkh x.kuk esa dksbZ egÙo ugha fn;k gS A cyksa esas ls eq[;r% ?k"kZ.k cy vkSj 'kjhj dh vU; ekalisf'k;ksa }kjk Vakx ij yxus okys cyksa dk
vkdyu dj ikuk dfBu gS A ?k"kZ.k ;gk¡ ^dksbZ* dk;Z ugha djrk gS vkSj ge dk;Z&ÅtkZ izes; dk iz;ksx djosQ ekalisf'k;ksa }kjk fd, x, ^dk;Z*
osQ vkdyu osQ vR;ar dfBu dk;Z ls ckgj fudy vk, A blh izdkj] ge ifg;s osQ ykHk Hkh ns[k ldrs gSa A ifg;k ekuo dks fcuk fdlh 'kq#vkr
vkSj fojke osQ fufoZ?u xfr iznku djrk gS A

fØ;kdyki 'kfDr (W)

'k;u 75

ean xfr ls lSj 200

lkbfdy pykrs gq, 500

ân; Lian 1-2

dne

nwljh Vkax

igyh Vkax
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