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6

dk;Z] ÅtkZ vkSj 'kfDr

vki tkurs gSa fd oLrq esa xfr yxk, x, cy ls mRiUu gksrh gS vkSj bldk fooj.k U;wVu
osQ xfrfo"k;d fu;eksa }kjk fn;k tkrk gSA vki ;g Hkh tkurs gSa fd cy osQ iz;ksx ls osx
dk ifjek.k ,ao fn'kk oSQls ifjofrZr gksrs gSaA bl ikB esa geus dk;Z vkSj ÅtZk dh ladYiukvksa
dk lekos'k fd;k gSA orZeku lekt dks vusoQ izdkj osQ dk;Z djus osQ fy, cgqr vfèkd
ÅtkZ dh vko';drk gksrh gSA vkfn ekuo dk;Z djus osQ fy, ek¡lisf'k;ksa dh 'kfDr dk
iz;ksx djrk FkkA ckn esa euq"; dh enn osQ fy, i'kqvksa dh ÅtkZ mi;ksx esa ykbZ tkus yxhA
vusd izdkj dh e'khuksa osQ vkfo"dkj osQ lkFk dk;Z djus dh {kerk esa dkiQh o`f¼ gqbZ
gSA gekjh lH;rk dk fodkl dk;Z djus esa mi;ksxh ÅtkZ dh miyCèkrk ij fuHkZj djrk
gSA vr% ÅtkZ vkSj dk;Z bu nksuksa dk gekjh nqfu;k ls xgjk lacaèk gSA bl ikB esa vki dk;Z
vkSj ÅtkZ dk vFkZ le>sxsaA

mijksDr foospu ls ge ;g fu"d"kZ fudky ldrs gSa fd u, lkèkuksa osQ iz;ksx ls] vFkkZr~
tSls&tSls ge ekuo ls i'kq vkSj fiQj e'khuksa osQ iz;ksx dh vksj mUeq[k gq,] dk;Z djus dh
nj esa lqèkkj gqvkA dk;Z djus dh nj dks 'kfDr dgrs gSaA

mís';

bl ikB dk vè;;u djus osQ i'pkr~ vki

cy }kjk fd, x, dk;Z dks ifjHkkf"kr dj losaQxs vkSj dk;Z osQ ek=kd crk ik,axs_

fdlh fiaM ij vkjksfir cy }kjk fd, x, dk;Z dh x.kuk dj losaQxs_

dk;Z ÅtkZ izes; dk dFku dj ik,axs;

fdlh ra=k dh 'kfDr dks ifjHkkf"kr dj ik,axs_

fdlh nzO;eku osQ ,d LFkku ls nwljs LFkku ij tkus esa xq#Ro }kjk fd, x, dk;Z dh
x.kuk dj losaQxs;

ÅtkZ osQ vFkZ dks le>k losaQxs_
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xq#Roh; fLFkfrt ÅtkZ vkSj izR;kLFk fLFkfrt ÅtkZ osQ O;atd O;qRiUu dj ik,axs\

fdlh HkkSfrd ra=k osQ fy, ÅtkZ laj{k.k osQ fl¼karksa dks ykxw dj ik,axs vkSj

izR;kLFk la?kV~Vksa esa ÅtkZ ,ao laosx laj{k.k osQ fl¼kUrksa dks ykxw dj ik,axsA

6.1 dk;Z

dk;Z 'kCn dk vFkZ vyx&vyx O;fDr;ksa osQ fy, vyx&vyx gksrk gSA tc vki vè;;u
djrs gSa rks vki ekufld dk;Z djrs gSaA tc ,d Jfed Hkou osQ Åijh ryksa ij bZVsa ;k
lhesaV ys tkrk gS rks xq#Ro osQ foijhr 'kkjhfjd dk;Z djrk gSA foKku esa dk;Z dk ,d
fo'ks"k vFkZ gSA dk;Z dk rduhdh vFkZ lnSo lkekU; vFkZ tSlk ugha gksrk gSA dk;Z dks fuEu
Hkk¡fr ifjHkkf"kr fd;k tkrk gSA

ekuk fd fdlh oLrq ij ,d vpj cy F dk;Z djrk gSA ftlosQ dkj.k bl oLrq esa {kSfrt
ry ij ,d lhèkh js[kk dh fn'kk esa foLFkkiu d gksrk gSA (fp=k (6.1)A cy }kjk fd;k x;k
dk;Z cy osQ foLFkkiu dh fn'kk esa ?kVd vkSj foLFkkiu osQ xq.kuiQy osQ cjkcj gksrk gS

;fn cy F foLFkkiu dh fn'kk ls θ dks.k cukrk gS rks foLFkkiu dh fn'kk esa cy dk ?kVd
F cos θ gksrk gSA rc cy }kjk fd;k x;k dk;Z

W = F cosθ.d (6.1)

lfn'k #i esa] fd;k x;k dk;Z fuEu lw=k osQ vuqlkj fn;k tkrk gSA

W = F. d (6.2)

è;ku nsa] ;fn d = 0 rks W = 0 vFkkZr~] pkgs yxk, x, cy dk ifjek.k fdruk Hkh gks ;fn
oLrq esa dksbZ foLFkkiu ugha gksrk gS rks cy }kjk fd;k x;k oqQy dk;Z 'kwU; gksrk gSA bl
ckr ij Hkh è;ku nsa fd ;|fi cy vkSj foLFkkiu nksuksa lfn'k jkf'k;k¡ gSa] dk;Z ,d vfn'k
jkf'k gSA

fØ;kdyki 6.1

eku yhft, vki vkSj vkiosQ fe=k ,d dejs dh nhokj dks f[kldkus dk iz;Ru djrs gSaA
pkgs vki ftruk Hkh cy yxk,a nhokj ugha f[kldrhA bldk vFkZ ;g gqvk fd ,slh fLFkfr
esa yxk, x, cy }kjk fd;k x;k dk;Z 'kwU; gksrk gSA

fp=k-  6.1 : ,d fiaM ij yxk cy F  bls ,d {kSfrt nwjh d osQ cjkcj foLFkkfir djrk gSA cy

foLFkkiu dh fn'kk ls θθθθθ dks.k cukrk gSA
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dk;Z dk ek=kd lehdj.k (6.2) osQ }kjk ifjHkkf"kr fd;k tkrk gSA ;fn vkjksfir cy U;wVu
esa vkSj foLFkkiu ehVj esa O;Dr fd;k tk, rks dk;Z dk (ek=kd) twy gksrk gSA

(cy dh bdkbZ)×(foLFkkiu dh bdkbZ) = U;wVu . ehVj = N m (6.3)

bldks ,d fo'ks"k uke twy fn;k x;k gS vkSj bls J ls O;Dr djrs gSaA

,d twy] ,d U;wVu cy }kjk ,d ehVj foLFkkiu esa fd, x, dk;Z osQ cjkcj gksrk gSA
twy dk;Z dk SI ek=kd gSA

mnkgj.k 6.1 : dk;Z dk foeh; lw=k Kkr dhft,A

gy : W = cy × foLFkkiu

= nzO;eku × Roj.k × foLFkkiu

∴ dk;Z dh foek = [M] × [LT–²] × [L]

= [ML²T–2]

oS|qr ekiuksa esa dk;Z dh bdkbZ fdyksokV ?kaVk (kW h) gSA bldk twy osQ lkFk fuEuor~ lacaèk
gSA

1kW h = 3.6 × 106 J

bldk ge blh ikB esa vU;=k foLrkjiwoZd vè;;u djsaxsA

mnkgj.k 6.2 : ,d oLrq ij 6N dk cy {kSfrt ls 60º dk dks.k cukrs gq, yxk;k x;k gSA
oLrq dks {kSfrt fn'kk esa 2 ehVj f[kldkus esa gq, dk;Z dh x.kuk dhft,A

gy : lehdj.k (6.2) ls ge tkurs gSa fd

W = Fd cosθ = 6×2 × cos 60º = 6×2 × (½) = 6 J

mnkgj.k 6.3 : ,d O;fDr Hkw ry ls 5 kg  vkyw mBkdj 4m dh Å¡pkbZ osQ izFke ry rd
ys tkrk gSA mlosQ }kjk fd, x, dk;Z dh x.kuk dhft,A

gy : D;ksafd vkywvksa dks Åij mBk;k tk jgk gSA vr% O;fDr dks xq#Ro osQ fo#¼ dk;Z
djuk gksrk gSA ge fy[k ldrs gSa

O;fDr }kjk yxk;k x;k cy = mg

= 5 kg× 9.8 m s–²

= 49 N

vr% mlosQ }kjk fd;k x;k dk;Z = 49 × 4 (N m)

    = 196 J
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6.1.1  èkukRed ,oa ½.kkRed dk;Z

tSlk fd vkius ns[kk fd fd;k x;k dk;Z lehdj.k (6.2) }kjk ifjHkkf"kr fd;k tkrk gSA
tgk¡ ij cy vkSj foLFkkiu osQ chp dk dks.k θ Hkh egRoiw.kZ gSA rF; ;g gS fd blosQ
dkj.k ,slh fLFkfr;k¡ mRiUu gksrh gSa tgk¡ ij dk;Z èkukRed vFkok ½.kkRed gks tkrk gSA
uhps fn;s x, mnkgj.kksa ij fopkj dhft,A

fp=k- 6.2 (a) esa dkj  + x fn'kk esa xfr djrh gqbZ fn[kkbZ xbZ gS vkSj ,d cy F mlh fn'kk
esa yxk;k x;k gSA dkj dh pky c<+rh tkrh gSA cy vkSj foLFkkiu nksuksa ,d gh fn'kk esa
dk;Z dj jgs gSa vFkkZr~ θ = 0º blfy, dk;Z

W = Fd cos 0º

= Fd (6.4)

bl n'kk esa dk;Z èkukRed gSA

fp=k- 6.2 (b) esa dkj +x fn'kk esa xfr djrh gS vkSj bls jksdus osQ fy, xfr dh foijhr
fn'kk esa cy F yxk;k x;k gSA vr% bl fLFkfr esa θ = 180º blfy, fd;k x;k dk;Z

W = Fd cos 180º.

= –Fd (6.5)

vr% cy }kjk fd;k x;k dk;Z ½.kkRed gSA okLro esaθ  osQ 90º vkSj 270º osQ chp osQ ekuksa
osQ fy, cy }kjk fd;k x;k dk;Z ½.kkRed gksrk gSA

Åij osQ mnkgj.k ls ge ;g fu"d"kZ fudkyrs gSa%

a) tc ge dkj dk Rofj=k (accelerator) nckrs gSa rks dkj dh xfr dh fn'kk esa cy vkjksfir
gksrk gSA ifj.kkeLo:i dkj dh pky c<+rh gSA fd;k x;k dk;Z èkukRed gksrk gSA

b) tc dkj osQ czsd bLrseky fd, tkrs gSa rks xfr dh foijhr fn'kk esa cy yxrk gSA
dkj dh pky de gksus yxrh gS vkSj varrksxRok ;g #d tkrh gSA bl n'kk esa dk;Z
½.kkRed gksrk gSA

fp=k. 6.2 : ,d {kSfrt lM+d ij pyrh gqbZ dkj a) cy F dkj dh xfr dh fn'kk esa dk;Z djrk
gS rFkk dkj dh xfr esa Roj.k mRiUu gksrk gS  b) cy F  dkj dh xfr dh fn'kk osQ
foijhr dk;Z djrk gS vkSj dkj oqQN nwjh pyus osQ ckn fojke voLFkk esa vk tkrh
gSA

(a) (b)
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c) ;fn cy vkSj foLFkkiu ,d nwljs osQ yEcor gksa] vFkkZr~ θ  = 90º dk dks.k cukrs gSa
rks ,slh n'kk esa cy }kjk dksbZ dk;Z ugha fd;k tkrk gSA

6.1.2  xq#Roh; cy }kjk fd;k x;k dk;Z

fp=k.6.3(a) esa ,d nzO;eku m(Hkkj = mg) dks h Å¡pkbZ rd mBk;k tkrk gS vkSj fp=k 6.3

(b) esa blh nzO;eku dks h nwjh rd gh uhps mrkjk tkrk gSA nksuksa fLFkfr;ksa esa oLrq dk Hkkj
mg gSA vki igys ikB esa ikB esa i<+ pqosQ gSa fd Hkkj ,d cy gSA

fp=k. 6.3 (a) esa xq#Roh; cy mg (tks fd uhps dh vksj yxk gS) osQ foijhr dk;Z fd;k tk
jgk gSA ;gk¡ foLFkkiu Åij dh vksj gS (θ = 180º)] vr%

W = Fd cos 180º    (foLFkkiu ,oa cy dh fn'kk,a foijhr gaSA
blfy, θ = 180°)

= – mgh

fp=k. 6.3(b) esa nzO;eku dks uhps yk;k tk jgk gSA bl fLFkfr esa cy mg vkSj foLFkkiu d

,d gh fn'kk esa gaS (θ = 0º) vr% fd;k x;k dk;Z

W = Fd cos 0º

= + mgh (6.6)

fVIi.kh & Åij izkIr ifj.kkeksa dh O;k[;k djus esa lkoèkkuh cjruh pkfg,A tc fdlh oLrq
dks Åij mBk;k tkrk gS rks xq#Roh; cy }kjk fd;k x;k dk;Z ½.kkRed & ysfdu oLrq
dks Åij mBkus esa O;fDr }kjk fd;k x;k dk;Z èkukRed gSA tc oLrq dks uhps yk;k tkrk

fp=k- 6.3 : a) oLrq dks xq#Roh; cy osQ foijhr Åij mBk;k tk jgk gSA
b) oLrq dks i`Foh dh vksj yk;k tk jgk gSA

(a)

(b)
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gS rks xq#Roh; cy }kjk fd;k x;k dk;Z èkukRed gS ysfdu O;fDr }kjk fd;k x;k dk;Z
½.kkRed gSA bu nksuksa fLFkfr;ksa esa ;g ekuk x;k gS fd oLrq dks fcuk Roj.k osQ LFkkukUrfjr
fd;k tk jgk gSA

ikBxr iz'u 6.1

1. tc ,d d.k o`Ùkkdkj iFk esa pDdj yxkrk gS rks ml ij ,d cy dk;Z djrk gSA
bl cy }kjk d.k ij fd, x, dk;Z dh x.kuk dhft,A

2. fuEukafdr esa ls izR;sd osQ fy, ,d mnkgj.k nsaA tcfd ,d cy }kjk fd;k tk jgk
dk;Z
a) 'kwU; gksA
b) ½.kkRed gksA
c) èkukRed gksA

3. ,d vukt osQ 2 kg osQ FkSys dks 5 ehVj Å¡pkbZ rd mBk;k tkrk gSA
a) mBkus okys cy }kjk fdruk dk;Z fd;k tkrk gS\
b) xq#Roh; cy }kjk fdruk dk;Z fd;k tkrk gS?

4. ,d cy F = (2 î  + 3 ĵ ) N }kjk mRiUu foLFkkiu d  = (– î  + 2 ĵ ) ehVj gSA fd, x,
dk;Z dh x.kuk dhft,A

5. ,d cy F = (5 î  +3 ĵ ) N fdlh oLrq dks d = (3 î  + 4 ĵ ) m nwjh foLFkkfir djrk gSA

a) foLFkkiu dk ifjek.k Kkr djsaA

b) cy dk ifjek.k Kkr djsaA

c) cy }kjk fdruk dk;Z fd;k tkrk gS\

6.2  ifjorhZ cy }kjk fd;k x;k dk;Z

vHkh rd vkius mu izdj.kksa dk vè;;u fd;k gS ftuesa fdlh oLrq ij dk;Z djus okys
cy dk eku vpj gksA ysfdu gks ldrk gS lnSo ,slk u gksA oqQN fLFkfr;ksa esa dk;Z osQ
fy, mÙkjnk;h cy le; osQ lkFk cnyrk jgrk gSA vc ge ,slh fLFkfr ij fopkj djrs
gSa tgk¡ ij cy dk ifjek.k F(x) oLrq dh fLFkfr;ksa x esa ifjorZu osQ lkFk ifjofrZr gksrk
gSA vkb, bl ifjorhZ cy osQ }kjk fd, x, dk;Z dh x.kuk djsaA ;g eku ysrs gSa fd foLFkkiu
esa x

i
 ls x

f
 rd ifjorZu gksrk gSA tgk¡ x

i
 vkSj x

f
  oLrq dh izkjafHkd ,ao vafre fLFkfr;k¡ gSaA
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bl izdkj dh fLFkfr;ksa esa NksVs&NksVs foLFkkiu varjkyksa Δx esa cgqr ls fd, x, dk;ksZa dh
x.kuk dh tkrh gSA njvly Δx bruk de fy;k tkrk gS fd bl varjky esa F(x) dk eku
vpj ekuk tk losQA NksVs foLFkkiuksa Δx esa fd;k x;k dk;Z

ΔW = F(x) Δx
(6.7)

x
i
 rFkk x

f
 osQ chp cy }kjk fd;k x;k oqQy dk;Z lHkh NksVs&NksVs {ks=kiQyksa osQ ;ksx osQ cjkcj

gksrk gSA

W = Σ ΔW

= Σ F (x) Δx (6.8)

iV~Vh dh pkSM+kbZ dks ;kn`fPNd #i ls NksVk cuk;k tk ldrk gS ftlls fd bl izdkj dh
lHkh NksVh&NksVh ifV~V;ksa dk {ks=kiQy ,d lkFk tksM+us ij x

i
 vkSj x

f 
 osQ chp f?kjs {ks=kiQy

osQ cjkcj gksrk gSA bldh xf.krh; vfHkO;fDr bl izdkj dh tkrkh gSA

W = 
lim 0

( )
Δ →

Δ 
x

F x x (6.9)

6.2.1  ,d fLizax }kjk fd;k x;k dk;Z

ifjorhZ cy dk ,d ljy mnkgj.k ,d fLizax }kjk vkjksfir cy gSA vkb, vc ge bl
izdj.k esa] fd, x, dk;Z osQ fy,] ,d O;atd O;qRiUu djsaA

fp=k- 6.5(a) esa ,d gYosQ fLizax] ftldk ,d fljk ,d n`<+ fHkfÙk osQ lkFk tqM+k gS vkSj ftlosQ
nwljs fljs ij m nzO;eku dk ,d CykWd tqM+k gS] dh larqyu voLFkk dks n'kkZ;k x;k gSA
bl O;oLFkk dks ,d fpduh {kSfrt est ij j[kk x;k gSA ge  x-v{k dks {kSfrt fn'kk osQ
vuqfn'k ys ysrs gSaA ekuk nzO;eku m dh fLFkfr x = 0 gSA vc fLizax oQks cká cy F yxkdj

fp=k- 6.4 : ,d ifjorhZ cy F oLrq dks izkjafHkd fLFkfr xi ls vafre fLFkfr xf. rd foLFkkfir
djrk gSA cy dk nwjh osQ lkFk foLFkkiu (;kn`fPNd) lrr oØ }kjk n'kkZ;k x;k gSA ,d
NksVs foLFkkiu esa fd, x, dk;Z dk vafdr eku fp=k (6.4) esa n'kkZ;k x;k {ks=kiQy F(x)ΔΔΔΔΔx
gS] ftls fp=k esa vkPNkfnr {ks=kiQy }kjk n'kkZ;k x;k gSA
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nck;k (;k [khapk) x;kA fLizax osQ izR;kLFkrk xq.kksa osQ dkj.k blesa ,d vkarfjd cy F
s
 mRiUu

gks tk,sxkA ;g cy F
s
 ] x dk eku c<+us osQ lkFk c<+sxk vkSj tc laihMu (;k nSè;Zo`f¼)

dk eku vfèkdre] x = x
m
, gksxk rks bldk eku F gks tk,sxkA

gqd osQ fu;ekuqlkj (tks osQoy x osQ vYi ekukas osQ fy, lR; gS) |F
s
| = kx, tgk¡ k dks fLizzax

fu;rkad dgk tkrk gSA D;ksafd F
s
 dh fn'kk lnSo laihMu (;k nSè;Z o`f¼) osQ foijhr gksrh

gS bldksa ge bl izdkj fy[k ldrs gSA

F = F
s
= – kx (6.10)

vc ge fd, x, dk;Z dk eku Kkr djrs gSa vkSj ;g Hkh tk¡p djrs gSa fd ;g èkukRed
gS ;k ½.kkRedA laihMu dh ?kVuk esa cká cy F vkSj foLFkkiu x nksuksa ckbZa vksj dks gSA vr%
cká cy }kjk fd;k x;k dk;Z èkukRed gSA ysfdu foLFkkiu dh leku fn'kk osQ fy, fLizax
esa mRiUu izR;ku;u cy (restoring force) nkbZa vksj dk;Z djrk gSA vFkkZr~ F vkSj x foijhr fn'kk
esa gSaA fLizax cy }kjk fd;k x;k dk;Z ½.kkRed gSA vki fLizax osQ ekeys esa Lo;a ijh{k.k djosQ
blh fu"d"kZ ij igq¡psxsaA ^^cká cy }kjk fd;k x;k dk;Z èkukRed gS ysfdu fLizax cy

}kjk fd;k x;k dk;Z ½.kkRed gS vkSj bldk ifjek.k (½) 2
mkx  gSA”

,d ljy x.kuk }kjk fd, x, dk;Z osQ fy, ,d O;atd izkIr fd;k tk ldrk gSA x =

0, ij F
s 
= 0, tSls&tSls x c<+rk gS] F

s
 Hkh c<+rk gS vkSj x = x

m 
ij bldk eku F osQ cjkcj

gks tkrk gSA pw¡fd foLFkkiu osQ lkFk cy osQ eku esa ifjorZu js[kh; gSA vr% laihMu (;k

foLrkj) nksuksa fLFkfr;ksa esa vkSlr cy dk eku yxHkx = 
0

2

+⎛ ⎞
⎜ ⎟
⎝ ⎠

Fs
 = 

2

Fs gSA

fp=k. 6.5 : ,d fLizax&nzO;eku fudk; ftldk ,d fljk n`<+rkiwoZd tqM+k gS vkSj nwljs fljs ij ,d
nzO;eku m gSA ;g ra=k ,d fpdus {kSfrt ry ij fLFkr gSA (a) fLizax osQ eqDr fljs dh
fojkekoLFkk x = 0 ij gSA  b) cká cy F yxkdj fLizax dks nck;k tkrk gSA c) cká
cy  F yxkdj fLizax dks [khapk tkrk gSA vfèkre laihMu@nS?;Z  x

m 
 gSA
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cy }kjk fd, x, dk;Z dk ifjek.k W= cy × foLFkkiu

= 
2

Fs  . x,

ysfdu |F
s
| = k | x

m
|

vr% W = 
1

2
k x

m 
× x

m

= 
1

2
k x2

m
(6.11)

fd, x, dk;Z osQ eku dks vkys[ku fofèk }kjk Hkh izkIr fd;k tk ldrk gSA ;g fp=k- 6.6

esa n'kkZ;k x;k gSA

Nk;kafdr f=kHkqt dk {ks=kiQy = 
1

2
 vkèkkj × Å¡pkbZ

W = 
1

2
x

m
 × kx

m

= 
1

2
kx

m
²   (6.12)

;g fo'ys"k.kkRed #i ls izkIr lehdj.k (6.11) osQ gh leku gSA

fØ;kdyki 6.2

fLizax fu;rkad dk eku Kkr djuk

,d fLizax dks ÅèokZèkj yVdk,a tSlk fd fp=k 6.7 (a) esa n'kkZ;k x;k gSA vc fLizax osQ fupys
fljs ij ,d m nzO;eku dk xqVdk tksM+ nsasA ,slk djus ij fLizax oqQN nwjh rd f[kaprh gSA

fp=k. 6.6: fd;k x;k dk;Z ek=kkRed #i ls Nk;k¡fdr fd, x, f=kHkqt osQ {ks=kiQy osQ cjkcj gksrk gSA

x
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bl foLrkj dks ekfi,A eku yhft, ;g fp=k 6-7
(b) esa n'kkZ, vuqlkj B gSA D;ksafd fLizax cy
(izR;ku;u cy) ftldh fn'kk ÅèokZjr% Åij dh
vksj gS] xqVosQ osQ lkE;koLFkk esa Hkkj mg dks larqfyr
djrk gSA vki fLizax fu;rk¡d dk eku bl izdkj izkIr
dj ldrs gSa

F
s

= k.s

;k mg = k.s

vr% k = 
mg

s
(6.13)

mnkgj.k 6.4: ,d 2 fdyksxzke nzO;eku dks ,d gYosQ fLizax ls tksM+k tkrk gS] ftldk fLizax
fu;rk¡d  k =100 Nm–1 gSA fLizax dks 10 cm [khapus esa ckã cy }kjk fd, dk;Z dh x.kuk
dhft,A

gy:

W = 
1

2
kx²

= 
1

2
 × 100 × (0.1)²

= 50 × 0 .01 = 0.5 J

tSlk fd igys crk;k tk pqdk gS] fLizax esa izR;ku;u cy }kjk fd;k x;k dk;Z = – 0.5 J.

ikBxr iz'u 6.2

1. fLizax fu;rkad ifjHkkf"kr dhft,A bldk SI ek=kd fyf[k,A

2. 10 N dk ,d cy] ,d fLizax esa 1 cm f[kapko mRiUu djrk gSA 5 cm f[kapko mRiUu
djus osQ fy, fdrus cy dh vko';drk gksxh\ bl cy }kjk fdruk dk;Z fd;k tk,xk\

6.3  'kfDr (Power)

vki igys gh ,d cy }kjk fd, x, dk;Z dh x.kuk djuk lh[k pqosQ gSaA bu x.kukvksa
esa ;g fopkj ugha fd;k fd ;g dk;Z 1 lsdUM esa fd;k x;k Fkk ;k ,d ?kaVs esaA ysfdu
gekjs nSfud thou esa fdlh dk;Z dks djus esa fy;k x;k le; egRoiw.kZ gSA mnkgj.k osQ

fp=k. 6.8: ,d {kSfrt lrg ij ,d fLizax osQ
lkFk&lkFk 2 kg nzO;eku tksM+k x;k gSA

fp=k. 6.7 : fdlh fLizax dh yEckbZ
esa Hkkj osQ dkj.k o`f¼
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rkSj ij ,d O;fDr ,d Vªd esa lhesaV osQ cksjs yknus esa dbZ ?kaVksa dk le; yxk ldrk
gS tcfd e'khu bl dk;Z dks cgqr de le; eas dj ldrh gSA blfy, dk;Z djus dh
nj tkuuk egRoiw.kZ gSA dk;Z djus dh nj dks 'kfDr dgrs gSaA

;fn Δt le; esa ΔW dk;Z fd;k tkrk gS rks vkSlr 'kfDr dks fuEu izdkj ls ifjHkkf"kr fd;k
tkrk gSA

vkSlr 'kfDr = 
fd;k  x;k d k;Z

dk;Z  dju s esa fy;k  x;k  le;

xf.kr dh Hkk"kk esa ge bldks bl izdkj fy[k ldrs gSa%

P = 
W

t

Δ
Δ (6.14)

;fn dk;Z djus dh nj fu;r ugha gS rks ,slh fLFkfr esa ge rkR{kf.kd 'kfDr (Instantaneous

Power) dks bl izdkj ifjHkkf"kr dj ldrs gSaA

P = limit
t 0Δ →   

Δ  =  Δ  
W dW

t dt
(6.15)

'kfDr dh ifjHkk"kk gesa 'kfDr dk SI ek=kd Kkr djus esa lgk;rk djrh gSA

P = 
Δ
Δ
W

t

= twy/lsosQaM = okV

bl izdkj 'kfDr dk SI ek=kd okV gS ftls W ls n'kkZ;k tkrk gSA

;fn dksbZ vfHkdrkZ 1 lsdaM le; esa 1 twy dk;Z djrk gS rks mldh 'kfDr 1 okV (1W)

gksrh gSA vkSj esxkokV (M W) gSaA 1 kW = (103 W) rFkk 1MW = (106 W)

tsEl okV
(1736–1819)

LdkVySaM ns'k osQ fuoklh] vkfo"dkjd] ;kaf=kd vfHk;ark] tsEl okV]
ok"i batu dh n{krk esa lqèkkj djus osQ fy, [;kfrizkIr gSaA blls
vkS|ksfxd Økafr dk ekxZ iz'kLr gqvkA mUgksaus 'kfDr osQ ek=kd osQ #i
esa v'o 'kfDr dks lekfo"V fd;kA muosQ lEeku esa 'kfDr osQ SI ek=kd
dk uke okV j[kk x;kA

tsEl okV }kjk fd, x, egRoiw.kZ vkfo"dkj gS% ok"ipkfyr jsy dk
batu] nwfj;k¡ ukius osQ fy, nwjn'khZ esa yxk;k tkus okyk ,d layXud (attachment)A
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mnkgj.k 6.5 : 'kfDr dh foek,a Kkr dhft,A

gy : pw¡fd 'kfDr P = 
dk;Z

le;

= cy × 
njw h

le;

∴ P dh foek,a = [nzO;eku] × [Roj.k] × 
[ ]

[ ]

nwjh

le;

= [M] × 2

L

T
  
    

  × 
L

T
  
    

= [ML²T–3]

vkius fctyh osQ feL=kh dks e'khu dh 'kfDr dks v'o 'kfDr osQ #i esa O;Dr djrs lquk
gksxkA ;g ek=kd fczfV'k iz.kkyh osQ vUrxZr iz;ksx esa yk;k tkrk Fkk vkSj la{ksi esa bls hp

fy[kk tkrk gSA ;g 'kfDr dk ,d cM+s ifjek.k okyk ek=kd gSA
1hp = 746 W (6.16)

'kfDr dk ek=kd dk;Z (ÅtkZ) osQ ,d u, ek=kd dks ifjHkkf"kr djus esa iz;ksx fd;k tkrk
gSA ,slk ,d ek=kd fdyksokV ?kaVk (kilowatt hour) gSA bl ek=kd dk iz;ksx lkekU;r;k fo|qr
lacaèkh ekiuksa esa fd;k tkrk gSA

1 fdyksokV ?kaVk (kW h) = 1 kW × 1 h

= 10³ W × 3600s

= 
310 J

1 s  × 3600 s

= 36,00,000 J  = 3.6× 106 J

vFkok 1 kW h = 3.6 MJ (esxk twy) (6.17)

?kj esa [kir gkus okyh fctyh dk ekiu fdykokV ?kaVksa esa fd;k tkrk gSA lkekU; vkneh
dh Hkk"kk esa  1kW h(1 fdyksokV ?kaVk) = ,d bdkbZ fctyh dh [kir

ikBxr iz'u 6.3

1. ,d 100 kg nzO;eku dh oLrq dks 10 lsoaQM esa 8 ehVj dh Å¡pkbZ rd mBk;k tkrk
gSA mBkus okys dh 'kfDr dh x.kuk dhft,A

2. 10 v'o 'kfDr dks fdyks okV esa O;Dr dhft,A
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6.5   dk;Z rFkk xfrt ÅtkZ

vkidks Kkr gS] fd dk;Z djus dh {kerk dks ÅtkZ dgrs gSaA ;fn fdlh esa ÅtkZ gS rks bldk
rkRi;Z ;g gqvk fd mlesa dk;Z djus dh {kerk gSA lM+d ij pyus okyh eksVj xkM+h] bZaèku
(lh-,u-th-] isVªksy] Mhty) dh jklk;fud ÅtkZ dk mi;ksx djrh gSA ;g vius lkeus
vkusokyh oLrq dks oqQN nwjh rd èkosQy ldrh gSA vFkkZr~ ;g dk;Z dj ldrh gSA lHkh
xfr'khy oLrqvksa esa mQtkZ fufgr gksrh gS vkSj bldh lgk;rk ls os fojke voLFkk esa vkus
ls iwoZ dk;Z dj ldrh gSaA bl izdkj dh ÅtkZ dks xfrt ÅtkZ (kinetic energy) dgrs gSaA
xfrt ÅtkZ fdlh oLrq esa mldh xfr osQ dkj.k gksrh gSA

vkb,] ge ,d m nzO;eku dh oLrq ij ljy js[kh; xfr dh fn'kk esa ,d vpj cy F

yxk, tkus dh fLFkfr ij fopkj djrs gSaA ;g cy F ,dleku Roj.k a mRiUu djrk gS]
ftldk F ls lacaèk F = ma }kjk O;Dr fd;k tkrk gSA vc ekuk fd oLrq dh pky le;
t
1
 ij v

1
 vkSj le; t

2 
ij v

2
 gSA bl le; varjky (t

2
 – t

1
 ) esa oLrq s nwjh r; djrh gSA

xfr osQ lehdj.kksa dk iz;ksx djus ij ge fy[k ldrs gSaA
2
2v = 2

1v  + 2as

;k a =    
2 2
2 1–

2s

v v
(6.18)

bl ifj.kke dks U;wVu osQ f}rh; xfr fu;e osQ lkFk la;qDr djus ij ge fy[k ldrs gSa
fd

F = m  ×  
2 2
2 1–

2s

v v

ge tkurs gSa fd cy }kjk fd;k x;k dk;Z
W = Fs

vr% W = m  ×  
2 2
2 1–

2s

v v
s

= 2
2

1

2
mv  – 2

1

1

2
mv

= K
2 
– K

1
(6.19)

tgk¡ K
2
= 2

2

1

2
mv  vkSj K

1
 = 2

1

1

2
mv  Øe'k% oLrq dh vafre ,ao izkjafHkd xfrt ÅtkZ fufnZ"V

djrs gSaA
(K

2
 – K

1
) xfrt ÅtkZ esa ifjorZu gS tks fd cy }kjk fd, x, dk;Z osQ cjkcj gSA

xfrt ÅtkZ ,d vfn'k jkf'k gS (;g nzO;eku ,oa osx osQ oxZ osQ xq.kuiQy ij fuHkZj djrh
gSA blls oqQN vUrj ugha vkrk fd nzO;eku ,oa osx esa dkSu de ;k vfèkd gSA oqQy eku

1

2
m 2v  ls gh xfrt ÅtkZ dk fuèkkZj.k gksrk gSA
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mnkgj.k  6.6 : 4.0 m s–1 osQ izkjafHkd osx ls 10 kg nzO;eku dh ,d oLrq py jgh gSA bl
ij 30 N dk ,d cy 2 lsdUM osQ fy, yxk;k tkrk gSA
i) nks lsoaQM osQ ckn oLrq dk vafre osx D;k gksxk\
ii) bl vofèk esa fdruk dk;Z gks tk,xk\
iii) izkjafHkd xfrt ÅtkZ fdruh gS\
iv) vafre xfrt ÅtkZ fdruh gS?
v) bl vofèk esa oLrq }kjk fdruh nwjh r; dh xbZ\
vi) n'kkZ,a fd fd;k x;k dk;Z xfrt ÅtkZ esa ifjorZu osQ cjkcj gSA
gy :
i) cy (F) = ma

;k a = F/m
= 30/10 = 3 m s–²

vafre osx v
2

= v
1
+ at

= 4 + (3 × 2)
= 10 m s–1

ii) 2 lsoaQM esa r; dh xbZ nwjh

s = ut + 
1

2
at² = (4×2) + 

1

2
 (3×4) = 8 +6  = 14 m

∴ fd;k x;k dk;Z W = F × S
= 30 × 14 = 420  J

iii) izkjafHkd xfrt ÅtkZ

K
1

= 2
1

1
2

mv

= 
1

2
  (10 ×16) = 80 J

iv)  vafre xfrt ÅtkZ

K
2

= 2
2

1

2
mv

= 
1

2
 (10 ×100) = 500  J

v) r; dh xbZ nwjh (tSlh fd Åij x.kuk dh tk pqdh gS) = 14 ehVj
vi) xfrt ÅtkZ esa ifjorZu

K
2
– K

1
= (500 – 80) = 420  J

tks fd fd, x, dk;Z osQ cjkcj gSA

dk;Z&ÅtkZ izes;

^^fdlh oLrq ij yx jgs lHkh cyksa osQ ifj.kkeh cy }kjk fd;k x;k dk;Z oLrq dh
xfrt ÅtkZ esa ifjorZu osQ cjkcj gksrk gSA**
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ikBxr iz'u 6.4

1. D;k fdlh d.k dh xfrt ÅtkZ dk eku ½.kkRed gks ldrk gS\ D;ksa\

2. ,d d.k dh xfrt ÅtkZ esa D;k ifjorZu gksxk ;fn

a) d.k dk osx nks xquk dj fn;k tk,\

b) d.k dk nzO;eku m vkèkk vFkkZr~ m/2 gks tk,\

3. 3.6 J xfrt ÅtkZ ls py jgh dksbZ oLrq 180 N m–1 cy fu;rk¡d osQ ,d fLizax ls la?kV~V
djrh gSA fLizax esa vfèkdre fdruk laihMu gksxk\

4- ,d 1000 kg nzO;eku dh dkj 90 km h–1 dh pky ls tk jgh gSA czsd iz;ksx fd,
tkus ij dkj czsd yxk, x, LFkku ls 15 ehVj nwj tkdj #drh gSA jksèkdksa
(breaks) }kjk yxk;k tkus okyk vkSlr cy fdruk gS\ ;fn dkj czsd yxkus osQ
ckn 25 lsoaQM esa #drh gS rks] jksèkdksa (brakes) dh vkSlr 'kfDr dh x.kuk djsaA

5. ;fn ,d ckã cy fdlh fLizax osQ laihMu esa 375 J dk;Z djrk gS rks fLizax }kjk Loa;
fdruk dk;Z fd;k x;k\

6.6  fLFkfrt ÅtkZ

ge fiNys vuqPNsn esa ;g foospu dj pqosQ gSa fd
xfr'khy oLrq esa ,d ÅtkZ fufgr gksrh gSA bl ÅtkZ
dks xfrt ÅtkZ dk uke fn;k x;k gSA oLrqvksa esa mudh
fLFkfr osQ dkj.k Hkh ,d ÅtkZ gksrh gS ftls fLFkfrt
ÅtkZ dgrs gSaA bldk ,d fpj ifjfpr mnkgj.k
xq#Roh; {ks=k esa oLrq dh xq#Roh; fLFkfrt ÅtkZ gSA
vkb, bl mQtkZ dks le>saA

6.6.1 xq#Roh; {ks=k esa fLFkfrt ÅtkZ

ekuk ,d O;fDr m nzO;eku dh fdlh oLrq dks Hkwry
ls Åij h

1
 Å¡pkbZ ls h

2
 Å¡pkbZ ij ys tkrk gSA ge ;g

Hkh eku ysrs gSa fd xq#Rotfur Roj.k dk eku fu;r
jgrk gSA nzO;eku dks xq#Roh; cy osQ fo#¼ h = (h

2

– h
1
 ) nwjh rd foLFkkfir fd;k x;k gSA bl cy dk

ifjek.k mg gS vkSj ;g ÅèokZèkj uhps dh vksj dk;Z dj jgk gSA blfy, O;fDr }kjk fd;k
x;k dk;Z

      W = cy  × nwjh

=  mgh (6.20)

fp=k. 6.9: m nzO;eku osQ fiaM dks
h

1
 ls h

2
 Å¡pkbZ rd

mBk;k x;k gSA
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;g dk;Z èkukRed gS vkSj nzO;eku m esa ÅtkZ osQ #i esa lafpr gks tkrk gSA fdlh oLrq
dh fndLFkku esa fLFkfr osQ dkj.k] mlesa fufgr ÅtkZ oLrq dh xq#Roh; fLFkfrt ÅtkZ dgykrh
gSA blosQ dkj.k oLrq esa dk;Z djus dh {kerk jgrh gSA ;fn nzO;eku dks eqDr NksM+ fn;k
tk, rks ;g uhps fxjsxk vkSj bl fxjus dh vofèk esa blls oqQN dk;Z fy;k tk ldrk gSA
mnkgj.kr;k ;fn bls f?kjuh ls xqtjrh gqbZ fdlh Mksjh ls ,d nwljs nzO;eku osQ lkFk tksM+
fn;k tk, rks ;g ml nwljs nzO;eku dks Åij mBk ldrh gSA

bl foospuk esa izkjafHkd Å¡pkbZ h
1
 dk p;u ;kn`fPNd gSA egRoiw.kZ fo"k; Å¡pkbZ esa ifjorZu

(h
2
 – h

1
) gSA blfy, ge dgrs gSa fd fnd~LFkku esa fdlh Hkh fcanq dks 'kwU; fLFkfrt ÅtkZ

osQ lanHkZ fcanq osQ #i es pquk tk ldrk gSA lkekU;r% èkjkry ij fLFkr fdlh fcanq dks 'kwU;
fLFkfrt ÅtkZ osQ lanHkZ fcanq osQ #i esa fy;k tk ldrk gSA

mnkgj.k 6.7 : ,d Vªd esa phuh osQ cksjs yns gSa cksjksa lfgr Vªd dk oqQy nzO;eku 100,000

kg gSA Vªd ,d igkM+h ij ?kqekonkj jkLrs ij Åij p<+ jgk gS vkSj 1 ?kaVs esa 700 ehVj
Å¡pkbZ rd tkrk gSA bl dk;Z osQ fy, batu dh vkSlr 'kfDr fdruh gksuh pkfg,\

gy : W = mgh

= (100,000 kg) × (9.8 m s–2 × 700 m)

=  9.8× 7× 107 J

=  68.6 × 107J

          fy;k x;k le; = 1 ?kaVk = 60 × 60 lsoaQM

= 3600 lsoaQM

vkSlr 'kfDr, P = W / t

= 
768.6 10 J

3600 s

×

= 1.91 × 105 W

ge tkurs gSa fd 746 W = 1 hp (v'o 'kfDr)

∴ P = 
51.91 10

746

×
= 2.56 × 10² = 256 hp

mnkgj.k 6.8 :  ty fo|qr mRiknu esa Å¡pkbZ ls fxjrs ikuh }kjk VjckbZu dh ia[kqfM+;ksa dks
?kqekdj fo|qr mRiUu dh tkrh gSA ,d ikoj LVs'ku esa 1000 × 10³ kg ikuh ,d lsd.M
esa 51 ehVj Å¡pkbZ ls fxjrk gSA

i) fxjrs gq, ty }kjk fd, x, dk;Z dh x.kuk dhft,A

ii) vkn'kZ fLFkfr;ksa esa fdruh 'kfDr mRiUu dh tk ldrh gS\
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gy :

i) 'kh"kZ ij ikuh dh fLFkfrt ÅtkZ = mgh

P.E. = (1000 × 10³ kg)  × (9.8 ms–2) × (51 m).

= 9.8 × 51 × 106 J

=  500 × 106 J

ikuh dh fLFkfrt ÅtkZ esa ßkl gksrk gS vkSj ;g Vjckbu dh ia[kqfM+;ksa dks ?kqekus esa iz;ksx
gksrh gSA

W = cy × nwjh

= mg × h

= 1000 × 103 × 9.8 × 51 J

` = 500 × 106 J

= 500 M J

ii) izfr lsoaQM fd;k x;k dk;Z

P = W/t

= 
500 M J

1s

= 500 MW
;gk¡ vkn'kZ fLFkfr;ksa ls rkRi;Z ;g gS fd ?k"kZ.k cyksa osQ dkj.k dksbZ ÅtkZ {k; ugha gksrhA
e'khuksa esa fuf'pr #i ls ÅtkZ ßkl gksrk gSA ;g ßkl de ls de fd, tk ldrs gSa ysfdu
iw.kZ #i ls [kRe ugha fd, tk ldrs gSaA

6.6.2 dekuh (fLizax) dh fLFkfrt ÅtkZ

vc vki ;g le> pqosQ gSa fd fdlh fLizax dks laihfMr djus ;k [khapus osQ fy, ,d
cká cy dh vko';drk gksrh gSA ;s fLFkfr;k¡ fp=k 6.5 esa n'kkbZ xbZ gaSA eku ysa fd fLizax
dk cy fu;rk¡d k gSA bl fLizax dks x nwjh osQ cjkcj laihfMr fd;k tkrk gSA lehdj.k
(6.11) dh lgk;rk ls cká cy }kjk fLizax dks laihfMr djus esa fd;k x;k dk;Z

W = 
1

2
kx²

;g dk;Z fLizax esa izR;kLFk fLFkfrt ÅtkZ osQ #i esa lafpr gks tkrk gSa tc fLizax dks eqDr
fd;k tkrk gS rks ;g >VosQ osQ lkFk ihNs gVrk gS vkSj fLizax esa lafpr izR;kLFk fLFkfrt
ÅtkZ m nzO;eku dh xfrt ÅtkZ esa cny tkrh gSA

6.6.3 ÅtkZ dk laj{k.k

ge vius pkjksa vksj ÅtkZ osQ vusd #i ns[krs gSa] ftuesas ls oqQN gekjs fy, vU; #iksa dh
vis{kk vfèkd tkus igpkus gSaA mnkgj.k osQ fy, fo|qr ÅtkZ] rkih; ÅtkZ] xq#Roh; ÅtkZ]
jklk;fud ÅtkZ vkSj ukfHkdh; ÅtkZ vkfnA bu ÅtkZvksa dk ,d nwljs osQ lkFk fudV lacaèk
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gS D;ksafd buesa ls izR;sd dk vU; #iksa esa ifjorZu laHko gSA ÅtkZ lacaèkh ,d ewyHkwr fu;e
gS% ÅtkZ laj{k.k dk fl¼karA blosQ vuqlkj ^^,d foyfxr fudk; dh oqQy ÅtkZ lnSo
fLFkj jgrh gS**A ÅtkZ dk #i ifjofrZr gks ldrk gSA ;g ,d #i ls nwljs #i esa ifjofrZr

gks ldrh gSA ysfdu fudk; dh iwjh ÅtkZ lnSo
vifjofrZr jgrh gSA ,d foyfxr fudk; esa] ;fn
,d izdkj dh ÅtkZ dk ál gksrk gS rks leku ek=kk
esa nwljs izdkj dh ÅtkZ esa o`f¼ gksrh gSA vr% ÅtkZ
u rks mRiUUk dh tk ldrh gS vkSj u gh bldk
{k; gksrk gSA gekjk czãk.M Hkh ,d foyfxr fudk;
gS D;ksafd blosQ ijs oqQN Hkh ugha gSA blfy, ;g
dgk tkrk gS fd czãkaM dh oqQy ÅtkZ lnSo leku
jgrh gS Hkys gh izR;sd {k.k czãkaM esa vusdksa
ifjorZu gksrs jgrs gSaA ;g cgqr egRo dk fu;e
gSA bl fu;e }kjk foKku esa vusd ubZ [kkstsa gqbZ
gSa vkSj ;g fu;e dHkh xyr ugha ik;k x;kA

,d FkeZy ikoj LVs'ku esa dks;ys dh jklk;fud
ÅtkZ dks fo|qr ÅtkZ esa ifjofrZr fd;k tkrk gSA
fo|qr ÅtkZ e'khuksa dks pykrh gSA bu e'khuksa esa
fo|qr ÅtkZ ;kaf=kd ÅtkZ] izdk'k ÅtkZ vkSj rki ÅtkZ
esa ifjofrZr gksrh gSA

ÅtkZ laj{k.k dk fu;e ftruk ge lksprs gSa mlls vfèkd O;kid gSA ;g cM+s xzgksa vkSj
rkjksa ls ysdj lcls NksVs ukfHkdh; d.kksa osQ fy, ykxw gksrk gSA

(a) eqDr #i ls fxjrs fiaMksa osQ fy, ;kaf=kd ÅtkZ laj{k.kA

D;ksafd bl le; gekjs foospu dk fo"k; ;kaf=kd mQtkZ gS] vkb,] ;kaf=kd ÅtkZ osQ izdj.k
esa ÅtkZ laj{k.k fu;e dh lR;rk dh tk¡p eqDr #i ls fxjrs gq, fiaMksa osQ fy, djsaA

eku ysa fd m nzO;eku dh ,d oLrq dks èkjkry ls h Å¡pkbZ rd mBk;k tkrk gSA fd;k x;k
dk;Z mgh osQ cjkcj gqvk tks fd oLrq esa fLFkfrt ÅtkZ osQ #i esa lafpr gks tkrk gSA vc
bl oLrq dks eqDr #i ls h

1 
nwjh osQ cjkcj ('kh"kZ ls) uhps fxjus fn;k tkrk gSA vc ge

bl oLrq dh ÅtkZ dk eku Kkr djrs gSaA èkjkry ls oLrq dh ÅpkbZ h
2
 = h – h

1
 gS (fp=k

6. 10)A bl fcanq ij fLFkfrt ÅtkZ = mgh
2

tc dksbZ oLrq eqDr #i ls fxjrh gS rks blesa Roj.k mRiUu gksrk gS vkSj bldh xfr c<+rh
gSA ge oLrq osQ h

1
 nwjh fxj tkus ij izkIr osx dh x.kuk lehdj.k

v² = u² + 2gs osQ mi;ksx ls dj ldrs gSaA    (6.21)

tgk¡ s fiaM }kjk pfyr nwjh ,oa u bldk izkjafHkd osx gSA h
1 
nwjh fxjus dh izfØ;k esa u =

0 ,oa s = h
1

fp=k. 6.10 : m nzO;eku dks ìFoh dh lrg
ls h Å¡pkbZ rd mBk;k tkrk
gSA ogk¡ ls ;g nzO;eku eqDr
#i ls fxj dj h

2
 Å¡pkbZ ij

vkrk gSA fcanq P ij oqQy ÅtkZ
mPpre fcanq ij ÅtkZ osQ
cjkcj gSA
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leh- 6-21 ls v² = 2gh
1

fcanq P ij xfrt ÅtkZ gksxh

K.E  = 
1

2
mv²

= 
2

m
 × 2gh

1

= mgh
1

(6.22)

fcanq P ij oqQy ÅtkZ gS

xfrt ÅtkZ + fLFkfrt ÅtkZ = mgh
1
+ mgh

2 
= mgh

1
 + mg (h – h

1
)

= mgh (6.23)

;g vfèkdre Å¡pkbZ ij fLFkfrt ÅtkZ osQ cjkcj gSA vr% oqQy ÅtkZ lajf{kr jgrh gSA

(b) ,d fLizax ls tqM+s gq, nzO;eku osQ nksyu osQ fy, ;kaf=kd ÅtkZ dk laj{k.k

fp=k 6.11 ,d fpdus {kSfrt lery ij fLFkr ,d fLizax dks n'kkZrk gS ftldk ,d fljk
n`<+ nhokj ls tqM+k gS vkSj nwljk fljk lery ij j[ks ,d xqVosQ osQ lkFk tqM+k gSA fLizax
dh foJkar voLFkk esa bldk eqDr fljk x

0
 fLFkfr esa gSA fLizax osQ vuqfn'k ,d m nzO;eku

dk xqVdk v osx ls vkdj bl eqDr fljs ls Vdjkrk gS vkSj bls x
m 
fLFkfr rd laihfMr

dj nsrk gSA ;g vfèkdre laihMu gSA fLFkfr x
0 
ij fLizax&nzO;eku fudk; dh oqQy ÅtkZ

1

2
mv² gS tks fd nzO;eku dh xfrt ÅtkZ gSA fLizax dh fLFkfrt ÅtkZ 'kwU; gSA vfèkdre

laihMu dh fLFkfr esa] fLizax dh fLFkfrt ÅtkZ 21
 

2 mk x  gS vkSj nzO;eku dh xfrt ÅtkZ 'kwU;

gSA vc bl fLFkfr esa oqQy ÅtkZ 21
 

2 mk x  gSA

fp=k. 6.11 : ,d m nzO;eku dk xqVdk {kSfrt ry esa v osx ls xfr'khy gS vkSj ;g ,d fLizax ls
Vdjkrk gSA fLizax esa vfèkdre laihMu x

m 
gSA
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Li"Vr;k 21
 

2 mk x  = 21

2
mv (6.24)

la?kV~V osQ iwoZ (xfrt ÅtkZ + fLFkfrt ÅtkZ) = la?kV~V mijkar (xfrt ÅtkZ + fLFkfrt ÅtkZ)

21

2
mv  + 0 = 0 + 2

m

1

2
kx (6.25)

vFkkZr~ oqQy ÅtkZ lajf{kr jgrh gSA

ukfHkdh; vfHkfØ;kvksa esa nzO;eku&ÅtkZ laj{k.k

ukfHkdh; ÅtkZ vU; ÅtkZvksa ls bl vFkZ esa fHkUu gS fd ;g ÅtkZ osQ fdlh izdkj
osQ #ikUrj.k ls izkIr ugha gksrh gSA blosQ foijhr ;g nzO;eku osQ ÅtkZ esa #ikUrj.k
ls mRiUu gksrh gSA

vr% ukfHkdh; vfHkfØ;kvksa esa nzO;eku laj{k.k ,oa ÅtkZ laj{k.k osQ fl¼kar feydj
nzO;eku & ÅtkZ laj{k.k dk fu;e cukrs gSaA

mnkgj.k 6.9 : ,d 0.5 kg nzO;eku dk xqVdk ,d
fpdus oØ ry ij fiQlyrs gq, 2.5 m  Å¡pkbZ ls
uhps fxjdj ,d {kSfrt ry ij igq¡p tkrk gS (fp=k-
6.12)A ÅtkZ&laj{k.k osQ fl¼kar ij fuEufyf[kr
x.kuk,a djsa

 i) fcanq A ij ÅtkZ vkSj

 ii) fcanq B ij xqVosQ dh pkyA

gy :

i)  A ij fLFkfrt ÅtkZ = mgh

= (0.5) × (9.8) × 2.5  J
= 4.9 × 2.5 J
= 12.25 J

fcanq A ij xfrt ÅtkZ = 0

vr% oqQy ÅtkZ = 12.25 J

ii) fcanq A ij oqQy ÅtkZ fcUnq B ij oqQy ÅtkZ osQ cjkcj gksuh pkfg,A
fcanq A ij oqQy ÅtkZ (fLFkfrt mQtkZ  + xfrt mQtkZ) = 12.25 J

fcaanq B ij oqQy ÅtkZ (fLFkfrt mQtkZ + xfrt mQtkZ) = 
1

2
mv²

D;ksafd fcanq B ij fLFkfrt ÅtkZ 'kwU; gS vkSj oqQYk mQtkZ osQoy xfrt ÅtkZ gSA

fp=k. 6.12 : ,d x qVdk oØ ry ij
fiQlyrk gSA fcanq A  ij oqQy
ÅtkZ (osQoy fLFkfrt)  fcanq B
ij iw.kZ #i ls xfrt ÅtkZ esa
cny tkrh gSA
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vr%
1

2
mv² = 12.25

v² = 
12.25 2

0.5

×

=  12.25 × 4
v² = 49.00
v = 7.0 m s–1

fVIi.kh: ;g ifj.kke xfr osQ lehdj.kksa dh lgk;rk ls Hkh izkIr fd;k tk ldrk gSA

v² = 2
0v  + 2gx

   = 0 + 2 × 9.8 × 2.5
v² = 49
v = 7 m s–1

6.5.4 laj{kh ,ao {k;dkjh (vlaj{kh) cy

(a) laj{kh cy

geus ns[kk fd ,d oLrq ij yxs gq, xq#Roh; cy }kjk
fd;k x;k dk;Z oLrq osQ Hkkj ,ao mlosQ ÅèokZèkj foLFkkiu
osQ xq.kuiQy osQ cjkcj gksrk gSA ;fn fdlh oLrq dks
xq#Roh; cy osQ vèkhu fcanq A ls B dh fLFkfr esa
foLFkkfir fd;k tkrk gS rks fd;k x;k dk;Z bu fcanqvksa
osQ chp ÅèokZèkj nwjh ij fuHkZj djrk gSA ;g A ls B

rd igq¡pus osQ fy, viuk, x, iFk ij fuHkZj ugha djrk
gSA tc dksbZ cy bl fu;e dk ikyu djrk gS rks mls
laj{kh cy dgk tkrk gSA

xq#Roh; cy] izR;kLFk cy vkSj fLFkj oS|qr cy laj{kh
cyksa osQ oqQN mnkgj.k gSaA

,d laj{kh cy dk xq.k ;g gS fd blosQ }kjk fd;k x;k
dk;Z iFk ij fuHkZj ugha djrk gSA fp=k  6.13 (a) esa

W
AB

 (iFk&1 osQ vuqfn'k) = W
AB

 (iFk&2 osQ vuqfn'k)

fp=k. 6.13 (b) oLrq dh nks fLFkfr;ksa dks n'kkZrk gSA oLrq
A ls B rd iFk 1 ls igq¡prh gS vkSj iFk 2 ls okil
A ij vk tkrh gSA ifjHkk"kk osQ vuqlkj ,d laj{kh cy
}kjk iFk 1 dh fn'kk es fd;k x;k dk;Z iFk 2 dh
fn'kk esa fd, x, dk;Z osQ cjkcj vkSj foijhr gksrk gSA

(a)

(b)

fp=k. 6.13 :a) oLrq dks A ls B rd nks
vyx&vyx jkLrksa ls ys
tk;k tkrk gS b) bls iFk 1
ls  A ls B rd ys tk;k
tkrk gS vkSj iFk 2 ls B ls
A rd okil yk;k tkrk
gSA
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W
AB

 (iFk 1 osQ vuqfn'k)= – W
BA

 (iFk 2 osQ vuqfn'k)

vFkok W
AB

 + W
BA

= 0 (6.27)

bl ifj.kke ls laj{kh cy dk ,d fof'k"V xq.k izkIr gksrk gS fd tc dksbZ oLrq ,d cUn
iFk ij pyrh gqbZ okil izkjafHkd fcanq ij ykSV vkrh gS rks laj{kh cy }kjk bl ij fd;k
x;k dk;Z 'kwU; gksrk gSA

(b) vlaj{kh cy
?k"kZ.k dk cy vlaj{kh cy dk ,d vPNk mnkgj.k gSA fp=k 6.14 ,d [kqjnjs {kSfrt ry
dks n'kkZrk gSA ,d m nzO;eku dk xqVdk fcanq A ij v pky ls py jgk gSA lhèkh js[kk esa
oqQN nwj pyus ij ;g xqVdk fcanq B ij #drk gSA fcanq A ij xqVosQ dh xfrt ÅtkZ E =

1

2
mv² FkhA fcanq B ij blesa xfrt ;k fLFkfrt ÅtkZ oqQN Hkh ugha gSA bldh lkjh ÅtkZ O;;

gks xbZ gSA D;k vki tkurs gSa fd ;g ÅtkZ dgka xbZ\ bldk #ikUrj.k gks x;k gSA oLrq
}kjk ?k"kZ.k cyksa osQ fo#¼ dk;Z fd;k x;k ;k nwljs 'kCnksa esa ?k"kZ.k osQ cy us xqVosQ ij
½.kkRed dk;Z fd;kA fudk; dh xfrt ÅtkZ rki ÅtkZ esa #ikUrfjr gks tkrh gSA vc leku
xfrt ÅtkZ ;qDr xqVosQ dks iFk 2 ij A ls B dh vksj pykrs gSaA

;g gks ldrk gS fd ;g fcanq B rd u igq¡p ik,A ;g fcanq B ij igq¡pus ls cgqr igys
gh #d ldrk gSA bldk Li"V vFkZ gqvk fd bl iFk esa oqQN vkSj dk;Z fd, tkus dh
vko';drk gSA vr% ,slh fLFkfr esa fd;k x;k dk;Z iFk ij fuHkZj djrk gSA

ikBxr iz'u 6.5

1. ABC ,d f=kHkqt gS ftlesa AB {kSfrt gS vkSj BC ÅèokZèkj gSA AB = 3 m-, BC = 4 m

vkSj AC=5m gSA ,d 2 kg nzO;eku dk xqVdk A fcanq ij gSA fLFkfrt ÅtkZvksa esa D;k
ifjorZu gksxk ;fn xqVosQ dks

fp=k. 6.14: ,d xqVdk ,d [kqjnjs {kSfrt ry esa ,d ljy js[kh; iFk ij pky v  ls iFk 1 ij
pyrk gS vkSj fcanq B ij fojke voLFkk esa vk tkrk gS b) esa ;g leku pky v ls fLFkfr
A ls pyuk izkjEHk djrk gS ysfdu vc nwljs jkLrs (iFk&2) B ij py dj ij igq¡prk
gSA
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a) A ls B rd ys tk;k tk,A

b) B ls C rd ys tk;k tk,A

c) C ls A ys tk;k tk,A

d) xq#Roh; cy }kjk B ls C rd ys tkus osQ fy,
fdruk dk;Z djuk iM+sxk\ (èkukRed ;k ½.kkRed)?

2. 0.5 kg nzO;eku dh ,d xsan tehu ls 10 ehVj Å¡ps fcUnq
A ij fLFkr gSA dk;Z ÅtkZ fl¼kar dk iz;ksx djrs gq, crykb, fd oLrq
dks eqDr #i ls fxjus dh voLFkk esa

a) fcanq B ij xsan dh pky D;k gksxh?

b) fcanq C ij xsan dh pky D;k gksxh?

c) xq#Roh; cy }kjk xsan dks A ls C fcanq ij ykus esa
fdruk dk;Z fd;k tk,xk\ (èkukRed ;k
½.kkRed)\

3. ,d vkur ry osQ 'kh"kZ ls ,d xqVdk fiQlyrk gSA
ry dh yackbZ BC = 2 m gS vkSj ;g f{kfrt ls 30°

dk dks.k cukrk gSA xqVosQ dk nzO;eku 2 kg gSA fcanq
B ij xqVosQ dh xfrt ÅtkZ 15.6 J gSA vlaj{kh cyksa
osQ dkj.k fdruh fLFkfrt ÅtkZ dk {k; gksrk gS\ ?k"kZ.k
cyksa dk ifjek.k D;k gS\

4. fp=k 6.18 esa ,d lkèkkj.k yksyd osQ xksyd dh ÅtkZ
E vkSj foLFkkiu x osQ fy, nks oØ fn;s x, gSaA dkSu
lk oØ xksyd dh fLFkfrt ÅtkZ dks n'kkZrk gS vkSj D;ksa\

5. tc fdlh fudk; esa vlaj{kh cy dk;Z djrs gSa rks D;k
oqQy ;kaf=kd ÅtkZ fLFkj  jgrh gS\

6.6 izR;kLFk ,oa vizR;kLFk la?kV~V

ge nks fiaMksa osQ fudk; ij fopkj djrs gSa ;g ,d lao`Ùk fudk; gSA lao`Ùk fudk; ls rkRi;Z
;g gS fd bl ij dksbZ ckã cy dk;Z ugha djrk gSA ;g lao`r fudk; nks xsnsa] nks fLizaxksa
;k ,d xsan vkSj ,d fLizax dk gks ldrk gSA tc nks oLrq,a vU;ksU; fØ;k djrh gSa rks bls
la?kV~V dgk tkrk gSA blesa dksbZ ckã cy dk;Z ugha djrk gSA

ge nks fudk;ksa osQ la?kV~V dk izdj.k ysrs gSa vkSj fo'ys"k.k dks ljy cukus osQ fy, lEeq[k
la?kV~V ij fopkj djrs gSaA bl izdkj osQ la?kV~V esa fudk; ,d nwljs osQ osQUnzksa dks feykus
okyh js[kk ;k blosQ lekUrj xfr djrs gSaA ;s la?kV~V nks izdkj osQ gksrs gSaA

fp=k. 6.15

fp=k. 6.16

fp=k. 6.17

fp=k. 6.18
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(i) iw.kZ izR;kLFk la?kV~V: ;fn nks fi.Mksa osQ chp dk;Zdkjh cy laj{kh gksa rks fudk; dh
oqQy xfrt ÅtkZ fu;r jgrh gS vFkkZr~ la?kV~V ls iwoZ xfrt ÅtkZ la?kV~V osQ ckn dh
xfrt ÅtkZ osQ cjkcj jgrh gSA bl izdkj osQ la?kV~Vksa dks iw.kZ izR;kLFk la?kV~V dgk
tkrk gSA

(ii) iw.kZ vizR;kLFk la?kV~V: tc nks la?kV~V djus okys fudk; la?kV~V osQ i'pkr vkil
esa tqM+ tkrs gSa vkSj ,d bdkbZ osQ #i esa pyrs gSa rks bl izdkj osQ la?kV~V dks iw.kZ
vizR;kLFk la?kV~V dgrs gSaA ;g cUnwd ls pyh ml xksyh dh xfr osQ leku gS tks
y{; ls Vdjkdj ml gh esa èkal tkrh gSA

6.6.1 izR;kLFk (lEeq[k) la?kV~V

nks xsans A vkSj B, ftuosQ nzO;eku Øe'k%  m
A
 vkSj m

B
 gS] lEeq[k la?kV~V djrs gSa] fp=k. (6.19)A

ekuk bu xsanksa osQ la?kV~V osQ iwoZ osx v
Ai

 vkSj v
Bi

 vkSj la?kV~V osQ ckn osQ osx v
Af

 vkSj v
Bf

gSA

laosx laj{k.k ,ao xfrt ÅtkZ laj{k.k osQ fu;eksa ls ge ikrs gSa%

laosx laj{k.k osQ fy,

m
A
v

Ai
 + m

B
v

Bi
= m

A
v

Af
 + m

B
v

Bf
(6.28)

xfrt ÅtkZ laj{k.k osQ fy,

1

2
 m

A
2
Aiv  

+ 
1

2
m

Bi
2
Biv  = 

1

2
m

A
2
Afv + 

1

2
m

B
2
Bfv (6.29)

;gk¡ ij osQoy nks vKkr jkf'k;k¡ (la?kV~V osQ ckn osQ osx) gSa vkSj gekjs ikl nks lehdj.k
gSa (6-28) ,ao (6-29)A gy dfBu ugha gS ysfdu yack gSA vr% ge osQoy ifj.kke O;Dr
djrs gSaA

(v
Bf 

– v
Af

) = – (v
Bi 

– v
Ai

) (6.30)

fp=k.6.19 : lEeq[k la?kV~V osQ foU;kl dk izLrqrhdj.k& (a) izR;kLFk la?kV~V; (b) vizR;kLFk la?kV~V
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v
Af

=
 
 B B

A B

2

+
im

m m

v
+  

Ai A B

A B

( – )m m

m m+
v

(6.31)

v
Bf

= – A A

A B

2

+
im

m m

v
+

  
B A B

A B

( – )

)+
im m

(m m

v
(6.32)

vc ge oqQN fo'ks"k fLFkfr;ksa dk foospu djrs gSaA

fLFkfr I : eku ysa la?kV~V djus okyh nks xsanksa osQ nzO;eku leku gSa vFkkZr~& m
A
= m

B
= m

rks lehdj.k (6.31 vkSj 6.32) osQ vuqlkj

v
Af

= v
Bi

(6.33)

vkSj v
Bf

= v
Ai

(6.34)

vFkkZr~ nks leku xsanksa osQ lEeq[k la?kV~V esa la?kV~V osQ i'pkr mudk osx fofue; gks tkrk
gS (vFkkZr~ ,d nwljs ls cny tkrs gSaA)

la?kV~V osQ i'pkr : i) A dk osx B osQ la?kV~V&iwoZ osx osQ leku gSA

  ii) B dk osx A osQ la?kV~V&iwoZ osx osQ leku gS

vc vki fopkj djsa fd ;fn ,d xsan la?kV~V iwoZ fLFkj gS] rks D;k gksxk%

ekuk fd B xsan fojke voLFkk esa gS

 v
Bi

 = 0 rc v
Af

 = 0 vkSj v
Bf 

= v
Ai

la?kV~V osQ i'pkr xsan A fLFkj gks tkrh gS vkSj xsan B xsan A osQ la?kV~V iwoZ osx ls xfr djrh
gSA

blh izdkj xsanksa dh la?kV~V i'pkr xfrt ÅtkZ osQ ckjs esa Hkh leku fu"d"kZ ij igq¡pk tk
ldrk gSA (m

A
 ≠ m

B
) dh fLFkfr esa A dh ÅtkZ esa iw.kZ ;k vkaf'kd {k; dk eku B dh xfrt

ÅtkZ esa o`f¼ osQ cjkcj gksrk gSA ukfHkdh; fj,DVjksa esa U;wVªkWuksa dh xfr de djus esa bu
fl¼karksa dh vge Hkwfedk gSA

fLFkfr II : nwljh jkspd fLFkfr esa tc fd nksuksa d.k vleku nzO;eku osQ gksa

i) ge eku ysrs gSa fd m
B
, m

A
 ls dkiQh cM+k gSA d.k B izkjEHk esa fojke voLFkk esa gS%

m
B
>> m

A
 vkSj v

Bi
= 0

nzO;eku m
B
 dh rqyuk esa m

A 
dks ux.; ekuk tk ldrk gSA lehdj.k (6.31) vkSj (6.32) ls

ge ikrs gSa
v

Af
 ≈ –v

Ai

vkSj v
Bf

 ≈ 0

la?kV~V osQ i'pkr Hkkjh d.k fojke dh voLFkk esa gh jgrk gSA vkSj gYdk d.k vius izkjafHkd
osx ls mYVh fn'kk esa okil ykSVrk gSA

,slk gh gksrk gS tc ,d cPpk xsan dks nhokj ij ekjrk gSA
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bu ifj.kkeksa dk iz;ksx ijek.kq HkkSfrdh esa fd;k tkrk gSA mnkgj.k osQ rkSj ij α – d.k }kjk
Hkkjh ukfHkd] tSls ;wjsfu;e] ij izgkj fd, tkus osQ izdj.k esaA

ikBxr iz'u 6.6

1 nks l[r xsansa ,d nwljs ls Vdjkrh gSa tcfd muesa ls ,d fLFkj gSA D;k laHko gS
fd &
a) la?kV~V osQ ckn nksuksa xsansa fojke voLFkk esa gksa?
b) D;k ;g laHko gS fd la?kV~V osQ ckn muesa ls ,d fLFkj jgs?

2. rhu loZle xsansa A, B, C dk fudk; ,d ljy js[kh;
fLFkfr esa gS tSlk fd fp=k esa n'kkZ;k x;k gSA B vkSj C
tqM+h gqbZ gSa vkSj fojke voLFkk esa gSaA  A xsaan v osx ls
pyrh gqbZ B xsan ls Vdjkrh gSa (lEeq[k la?kV~V)A la?kV~V
i'pkr A, B vkSj C osQ vyx&vyx osx D;k gksaxs\

3. 2 kg nzO;eku dh xsan A, + x fn'kk esa
50 m s–1 osQ osx ls xfr djrh gqbZ –x fn'kk
esa 40m s–1 osQ osx ls vkrh gqbZ 4 kg nzO;eku
dh xsan B ls lEeq[k la?kV~V djrh gSA la?kV~V
osQ ckn A vkSj B osQ osx D;k gSa? la?kV~V izR;kLFk
gSaA

4. ,d 1 kg nzO;eku dh xksyh fojke voLFkk esa j[ks gq, 1 kg nzO;eku osQ ydM+h osQ xqVosQ
ls Vdjkrh gS vkSj mlesa èkal tkrh gSA la?kV~V ls iwoZ xksyh dk osx 90m/s gSA

a) la?kV~V osQ ckn fudk; dk osx D;k gS\

b) la?kV~V ls iwoZ ,ao ckn esa xfrt ÅtkZvksa dh x.kuk dhft,A

c) ;g fdl izdkj dk la?kV~V gS% izR;kLFk ;k vizR;kLFk\

d) la?kV~V esa fdruh ÅtkZ dk {k; gqvk gS\

5.    nks xsanksa osQ chp izR;kLFk la?kV~V esa D;k izR;sd xsan dh xfrt ÅtkZ la?kV~V osQ ckn
ifjofrZr gksrh gS\

 vkius D;k lh[kk

,d fu;r cy }kjk fd;k x;k dk;Z

W = F.d = Fd cosθ

tgk¡ θ, F vkSj d osQ chp dk dks.k gSA dk;Z dk ek=kd twy gSA dk;Z ,d vfn'k jkf'k
gSA

fp=k. 6.21

fp=k. 6.20
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dk;Z dk eku ek=kkRed #i ls F-x osQ xzkiQ osQ chp osQ {ks=kiQy osQ cjkcj gksrk gSA

gqd dk fu;e ikyu djus okys izR;kLFk cy }kjk fd;k x;k dk;Z W =  
1

2
kx² gksrk

gSA tgk¡ k fu;rkad gS (izR;kLFk inkFkZ fLizax ;k rkj osQ fy,) W dk fpg~u fLizax ij
dk;Z djus okys ckã cy osQ fy, èkukRed gS vkSj fLizax osQ izR;ku;u cy }kjk fd,
x, dk;Z osQ fy, ½.kkRed gSA x fLizax dk laihMu ;k f[kapko gSA

k dh bdkbZ U;wVu@ehVj (N m–1) gSA

dk;Z djus dh nj dks 'kfDr dgrs gSaS bldk ek=kd P = W/t = J/s vFkkZr okV W gSA

fdlh fudk; dh ÅtkZ nks #iksa esa fo|eku gksrh gS (i) xfrt ÅtkZ vkSj (ii) fLFkfrt ÅtkZA

v osx ls pyrh gqbZ m nzO;eku dh oLrq dh xfrt ÅtkZ E = 
1

2
mv² gksrh gSA ;g ,d vfn'k

jkf'k gSA

dk;Z&ÅtkZ izes; osQ dFkukuqlkj lHkh cyksa }kjk fd;k x;k dk;Z oLrq dh xfrt ÅtkZ
esa ifjorZu osQ cjkcj gksrk gSA

W = K
f
 – K

i
 = ΔK

,d laj{kh cy }kjk ,d d.k ij fd, x, dk;Z dk eku d.k dh ;kaf=kd ÅtkZ esa
ifjorZu osQ cjkcj gksrk gS vFkkZr~ xfrt ÅtkZ vkSj fLFkfrt ÅtkZ osQ ;ksx esa ifjorZu
osQ cjkcjA nwljs 'kCnksa esa laj{kh cyksa osQ vèkhu ;kaf=kd ÅtkZ vifjofrZr jgrh gSA

Δ E = (E
f 
– E

i
)

P
 + (E

f 
– E

i
)

 k

= (ΔE)
P
 + (ΔE)

k

,d laj{kh cy }kjk fdlh oLrq ij ,d can iFk esa fd;k x;k dk;Z (tcfd oLrq
viuh izkjaafHkd voLFkk esa igq¡p tkrh gS) 'kwU; gksrk gSA

,d laj{kh cy }kjk fd;k x;k dk;Z iFk ij fuHkZj ugha djrk gSA ;g osQoy oLrq dh
izkjafHkd ,oa vafre fLFkfr;ksa ij fuHkZj djrk gSA

,d vlaj{kh cy }kjk oLrq ij fd;k x;k dk;Z oLrq dh xfr osQ iFk ij fuHkZj djrk
gSA iw.kZ ;kaf=kd ÅtkZ lajf{kr ugha jgrhA

,d d.k dh fLFkfrt ÅtkZ ,d laj{kh {ks=k esa mldh fLFkfr osQ dkj.k gksrh gSA

,d laihfMr ;k rus gq, fLizax esa lafpr ÅtkZ izR;kLFk fLFkfrt ÅtkZ dgykrh gSA bldk

eku 
1

2
kx² gksrk gSA tgk¡ k fLizax fu;rkad ,ao x foLFkkiu gSA

i`Foh dh lrg osQ lehi m nzO;eku dh fdlh oLrq esa lafpr ÅtkZ mgh gksrh gSA bls
xq#Roh; fLFkfrt ÅtkZ dgrs gSaA ;gk¡ h ÅèoZ fn'kk esa nzO;eku dh fLFkfr esa ifjorZu
gSA 'kwU; fLFkfrt ÅtkZ dk ry ;kn`fPNd gSA
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,d foyfxr fudk; esa ,d izdkj dh ÅtkZ dk nwljs izdkj dh ÅtkZ esa #ikUrj.k laHko
gSA ysfdu ÅtkZ dks u rks mRiUu fd;k tk ldrk gS vkSj u gh u"V fd;k tk ldrk
gSA oqQy ÅtkZ lnSo vpj jgrh gSA

laosx laj{k.k dk fu;e fdlh Hkh izdkj osQ la?kV~V dh fLFkfr esa ykxw gksrk gSA

izR;kLFk la?kV~V esa xfrt ÅtkZ Hkh lajf{kr jgrh gS tcfd vizR;kLFk la?kV~V esa ,slk
ugha gksrk gSA

ikBkar iz'u

1. ;fn nks d.kksa dh xfrt ÅtkZ leku gks rks D;k muosQ laosx Hkh leu gksaxs\ le>kb,A

2. ,d xfr'khy d.k ,d fojke voLFkk okys d.k ls la?kV~V djrk gSA D;k ;g laHko
gS fd la?kV~V osQ ckn os nksuksa fojke voLFkk esa vk tk,a\

3. D;k fdlh ra=k dh oqQy ;kaf=kd ÅtkZ dk eku fLFkj gks ldrk gS tcfd ra=k esa {k;h
cy yxs gksa\

4. ,d cPpk 20 m s–1 osQ osx ls ,d xsan dks ÅèokZèkjr% Åij dh vksj isaQdrk gSA

(a) fdl fcUnq ij xfrt ÅtkZ vfèkdre gksxh\

(b) fdlh fcanq ij fLFkfrt ÅtkZ vfèkdre gksxh\

5. ,d 20 m s–1 osx ls pyrk gqvk 3 kg nzO;eku dk ,d xqVdk ,d 1200 N m–1 cy
fu;rkad okys fLizax ls la?kV~V djrk gSA fLizax esa mRiUu gq, vfèkre laihMu dk eku
Kkr dhft,A

6. iz'u 5 esa ;fn xqVosQ dh xfrt ÅtkZ fLizax dh izR;kLFk fLFkfrt ÅtkZ ls nks xquh gks
rks fLizax dk laihMu fdruk gksxk\

7. ,d fo|qr cYc dh 'kfDr 60W  gSA 12 ?kaVk izfrfnu osQ fglkc ls 30 fnu esa O;;
gqbZ fo|qr ÅtkZ dk eku Kkr djsaA

8. 1000 kg dh ikuh izfr lsoaQM 120 ehVj dh Å¡pkbZ ls uhps fxjrk gSA bl fxjrs gq,
ikuh ls fo|qr ÅtkZ mRiUu dh tkrh gSA tsujsVj dh 'kfDr dh x.kuk dhft, (ÅtkZ
ßkl 'kwU; ekudj)

9. 1200 kg dh 90 km h–1 pky ls tkrh gqbZ dkj czsd yxkus ij 3 lsdUM esa fojke
dh voLFkk esa vk tkrh gSA xfr eandksa dh vkSlr 'kfDr dh x.kuk dhft,A

10. ,d 400 xzke dh 5 m s–1 osQ osx ls tkrh gqbZ xsan 600 xzke dh fojke voLFkk esa fLFkr
xsan ls izR;kLFk la?kV~V djrh gSA la?kV~V osQ i'pkr xsanksa dh pkyksa dh x.kuk dhft,A

11. ,d 500 m/s osQ osx ls tkrh gq;h 10 xzke dh xksyh ,d 20 kg osQ ydM+h osQ xqVosQ
ls Vdjkdj mlesa èkal tkrh gSA
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(a) la?kV~V osQ ckn xqVosQ dk osx Kkr dhft,A

(b) la?kV~V esa fdruh ÅtkZ dk {k; gksrk gS\

12. 6 kg dh ,d oLrq {kSfrt ry ij fojke dh voLFkk esa gSA oLrq ij ,d 15N dk
{kSfrt cy yxkrkj yxk;k tkrk gSA oLrq 10 lsd.M esa 100 ehVj pyrh gS

(a) yxk;k x;k cy fdruk dk;Z djrk gS?

(b) 10 lsd.M osQ i'pkr CykWd dh xfrt ÅtkZ fdruh gS?

(c) ?k"kZ.k cyksa dk ifjek.k o fn'kk D;k gS (;fn dksbZ gS)\

(d) xfr osQ nkSjku fdruh ÅtkZ dk ßkl gksrk gS\

13. A, B, C vkSj D vèkZxksykdkj mYVs j[ks gq, I;kys esa pkj fcanq gSaA O;kl BC = 50 cm

,d 250g dk d.k fLFkfr A ls fpdus ry ij fiQlyuk 'kq# djrk gSA x.kuk djsa

(a) B lkis{k A fcanq ij fLFkfrt ÅtkZ

(b) fcanq B ij pky (fuEure fcanq)

(c) fcanq D ij xfrt ,ao fLFkfrt ÅtkZ

D;k vki ikrs gSa fd xqVosQ dh ;kaf=kd ÅtkZ lajf{kr
jgrh gS\ D;ksa\

14. ,d fLizax dk cy fu;rkad 400N/m gSA fLizax dks

(a) 6.0 cm [khapus esa fdruk dk;Z djuk iM+sxk\

(b) x = 4.0 cm ls x = 6.0 cm rd [khapus esa] tgk¡ x = 0 fLizax dh f'kfFky voLFkk gSA

15. ,d dkj dk nzO;eku 1000 kg gSA ;g fojke fLFkfr ls 3 lsd.M esa 15 m s–1 dh xfr
izkIr djrh gSA x.kuk djsa%

(a) batu dh vkSlr 'kfDr

(b) dkj ij batu }kjk fd;k x;k dk;Z

ikBxr iz'uksa osQ mÙkj

6.1

1. cy ges'kk d.k dh xfr dh fn'kk osQ yEcor dk;Z djrk gSA vr% cy }kjk fd;k
x;k dk;Z 'kwU; gksxk\

2. (a) fd;k x;k dk;Z 'kwU; gSA (i) tc foLFkkiu 'kwU; gSA (ii) tc cy vkSj foLFkkiu osQ
chp dk dks.k 90º gSA
tc dksbZ nzO;eku {kSfrt ry esa pyrk gS rks xq#Ro }kjk fd;k dk;Z 'kwU; gksrk gSA
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(b) tc ,d oLrq dks ÅèokZèkj Åij dh vksj isaQdk tkrk gS rks xq#Roh; cy }kjk fd;k
x;k dk;Z ½.kkRed gksrk gSA

(c) tc oLrq vkjksfir cy dh fn'kk esa xfr djrh gS rks cy }kjk fd;k x;k dk;Z èkukRed
gksrk gSA

3. (a) W = mgh = 2 × 9.8 × 5 = + 98 J

(b) xq#Ro }kjk fd;k dk;Z = –98 J

4. F = (2 î  + 3 ĵ ) d = (– î  + 2 ĵ )

W = F.d     = (2 î  + 3 ĵ ) . (– î  + 2 ĵ )

–2 + 6 = 4

5. F = (5 î  + 3 ĵ ) d = (3 î  + 4 ĵ )

(a)  | d | = 9 + 16 = 25 = 5 m

(b)  | F | = 25 + 9  = 34  = 5.83 bdkbZ

(c)  W  = F.d = (5 î  + 3 ĵ ) . (3 î  + 4 ĵ )

= 15 + 12 = 27 J

6.2

1. fLizax fu;rkad og izR;ku;u cy gS tks ,d bdkbZ foLFkkiu mRiUu djrk gSA vr%
;g N m–1 esa ekik tkrk gSA

2. k = 
10N

1cm
 = 

10N

1/100m
= 100 N m

pw¡fd F = kx , x = 50 cm foLFkkiu osQ fy, fd;k x;k dk;Z F = 
N

100 (0.5 m)
m

  
    

     = 50 N.

W = 
1

2
kx2 =  

21 100N 5 5
m

2 m 100 100
  × × ×    

      = 1.25 N m = 1.25 J.

6.3

1. P = 
( )100 9.8 8

10

mgh

t s

× ×
= J = 784 W.

2. 10 H.P = (10 × 746) W = 
10 746

1000

×
 kW

      = 7.46 kW
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6.4

1. xfrt ÅtkZ = 
1

2
mv2. ;g dHkh Hkh ½.kkRed ugha gksrh D;ksafd

 (i) m dHkh Hkh ½.kkRed ugha gksrk

(ii) v2 lnSo èkukRed gksrk gSA

2. (a) xfrt ÅtkZ = 
1

2
mv2 = E

tc v dks 2v dj fn;k tkrk gS rks xfrt ÅtkZ 4 xquk vFkkZr~ 4E gks tkrh gSA

(b) tc m, 
2

m
 gks tkrk gS rks E, 

2

E
 gks tkrh gSA

3. fLizax dh fLFkfrt ÅtkZ = 
1

2
kx2 = 3.6 J

∴ x2 = 
2 3.6

k

×
= 

2 3.6

180

×
= 0.04 m

vkSj  x = 0.2 m = 20 cm.

4.  v2 = u2 – 2as, vafre osx 'kwU; gS ,ao izkjfEHkd osx 
90 km

h
 = 25m s–1

∴
2

2

u

s
= a = 

25 25

2 15

×
×  = 20.83 m s–2

F = ma = 1000 × 20.83= 20830 N.

'kfDr = 
W

t
 = 

20830 15

25

×
 = 12498 W

5. cká cy }kjk fd;k x;k dk;Z = 375 J

fLizax }kjk fd;k x;k dk;Z = – 375 J

6.5

1. (a) fLFkfrt ÅtkZ esa dksbZ ifjorZu ugha]

 (b) fLFkfrt ÅtkZ esa ifjorZu = mgh = 2 × 9.8 × 4 = 78.4 J

(c) fLFkfrt ÅtkZ esa ifjorZu = 78.4 J.

(d) – 78.4 J.

2.  (a) fLFkfrt ÅtkZ esa ifjorZu = mgh = 0.5 × 9.8 × 4 = 19.6 J

fcanq B ij xfrt mQtkZ = 
1

2
mv2 = 19.6 J

v2 = 
19.6 2

0.5

×

v2 = 78.4 ⇒ v = 8.85 m s–1
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b)  v = 14 m s–1

(c) mgh = 0.5 × 9.8 × 10 = 49.0 J (/ukRed)

W = +49 J

3. BC = 2ehVj

AC

BC
 = sin30º

AC = BC sin30º

= 2 × 
1

2
 = 1

C ls B rd ifjorZu esa fLFkfrt ÅtkZ esa ifjorZu

= mgh = 2 × 9.8 × 1 = 19.6 J

ysfdu B fcanq ij xfrt ÅtkZ = 15.6 J

ÅtkZ ßkl = 19.6 – 15.6 = 4J

;g ßkl ?k"kZ.k cy osQ dj.k gksrk gSA

4J = F × d = F × 2

  F = 2N

4. tc ,d ljy yksyd dk xksyd vkorZ xfr djrk gS rks x = 0 ij bldh xfrt ÅtkZ
vfèkdre vkSj x = x

m 
ij 'kwU; gksrh gSA

fLFkfrt ÅtkZ x = 0 ij fuEure vkSj x = x
m 
ij vfèkdre gksrh gSA vr% A fLFkfrt ÅtkZ

oØ dks n'kkZrk gSA

5. ughaA

6.6

1. (a) ugha, js[kh; laosx laj{k.k osQ fl¼kar osQ foijhr gSA

(b) gk¡

2.

v
A
 = 0, v

B
 = 0, v

C
 = v

D;ksafd ;gh fLFkfr (i) js[kh; laosx laj{k.k vkSj (ii) oqQy xfrt ÅtkZ laj{k.k dh 'krsa iwjh djrh
gSA

3. v
Af

=
 
 B B

A B

2

+
im

m m

v
+  

Ai A B

A B

( – )m m

m m+
v

= 
( ) ( )2 4 40 50 2

6 6

× × − −
−

→v
A B C
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= 
320 100

6 6
− +

= 
220

6
−

= – 35m s–1.

v
Bf

= – A A

A B

2

+
im

m m

v
+

  
B A B

A B

( – )

)+
im m

(m m

v

= 
( )( )40 4 22 2 50

6 6

− −× ×
+

= 
200 80

6 6
−

= 
120

6
= 20 m s–1.

vr% xsan A, 35 m s–1 osQ osx ls okil gksrh gS vkSj xsan B, 20 m s–1 osQ osx ls vkxs
tkrh gSA

4. (a) 1.76 m s–1.

(b) 81 J and 1.58 J

(c) vizR;kLFk la?kV~V esa

(d) 79.42 J

5. gk¡] ysfdu nksuksa xsanksa dh la?kV~V ls igys ,ao la?kV~V osQ ckn oqQy ÅtkZ leku jgrh
gSA

ikBkar iz'uksa osQ mÙkj

5. 1 m.

6. 0.707 m

7. 21.6 kW

8. 1.2 MW

9. 125 kW

10.
1

4
m s–1, 

19

6
 m s–1
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11. (a) 0.25 m s–1

(b) 1249.4 J

12. (a) 1500 J (b) 1200 J (c) 3 N xfr dh fn'kk osQ foijhr (d) 300 J

13. (a) 0.625 J (b) 5 m s–1 (c) 0.313 J

14. (a) 0.72 J    (b) 0.4 J

15. (a) 37.5 kW (b) 1.25 × 105 J
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