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dk;Z] 'kfDr rFkk ÅtkZ (WORK, POWER & ENERGY) 

———————————————————————————————————  
izLrkouk %  
 

 nSfud thou esa ^dk;Z* 'kCn dk vFkZ HkkSfrdh ds dk;Z ls fHkUu gksrk gSA ;fn ,d dqyh vius flj ij dqN lkeku fy, 

gq, jsyxkM+h igqapus dk bartkj dj jgk gS rks foKku dh Hkk"kk esa og dksbZ dk;Z ugha dj jgk gSA vc ge foKku dh 

Hkk"kk esa dk;Z dk v/;;u djsaxsA  
 

fu;r cy }kjk dk;Z % 
 

 dk;Z dk HkkSfrd vFkZ nSfud thou ls tqM+s dk;Z 'kCn ls iw.kZ fHkUu gSA nSfud thou esa dk;Z ds i;kZ; esgur] Fkdku] 

iz;kl vkfn gksrs gSa] ijUrq HkkSfrdh esa dk;Z dks ifjHkkf"kr djus dk fo'ks"k rjhdk gSA  

 tc dksbZ cy fdlh oLrq dks ftl ij cy dk;Zjr gS] cy dh fn'kk dh yEcor~ fn'kk dks NksM+dj vU; fdlh Hkh 

fn'kk esa foLFkkfir dj ns rks bl cy ds }kjk dk;Z fd;k x;k gSA  

 dk;Z gksus ds fy, fuEu nks 'krks± dh iwfrZ vko';d gS & 

 (i) ,d cy yxkuk vfuok;Z gSA   

 (ii) vkjksfir cy] cy dh yEcor~ fn'kk dks NksM+dj vU; fdlh Hkh fn'kk esa oLrq  

  dks foLFkkfir dj nsaA  

 ekuk fdlh oLrq ij F  cy vkjksfir djus ij og cy dh fn'kk esa S  foLFkkfir gks tkrh gS rks fd;k x;k 

dk;Z  

   W = FS     

 gk¡ykfd foLFkkiu ges'kk cy dh fn'kk esa ugha gksrkA ekuk fu;r cy F  fdlh oLrq ij vkjksfir gS rFkk bl cy }kjk 

oLrq cy dh fn'kk ls  dks.k ij foLFkkfir gks tkrh gS rks fd;k x;k dk;Z cy rFkk foLFkkiu dk fcUnq xq.kuQy 

gksrk gSA  

  W = F . S     

 pwafd dk;Z] cy rFkk foLFkkiu dk fcUnq xq.kuQy gS blhfy, ;g ,d vfn'k jkf'k gSA  

   W = FS cos   

 ;k W = (F cos )S 
 

   W = cy dk foLFkkiu dh fn'kk esa ?kVd × foLFkkiu dk ifjek.k 
 

 vr% dk;Z] cy dk foLFkkiu dh fn'kk esa ?kVd rFkk foLFkkiu dk ifjek.k dk xq.kuQy 

gksrk gSA  

 rFkk  W = F (S cos )  

 ;k dk;Z] foLFkkiu dk cy dh fn'kk esa ?kVd rFkk cy ds ifjek.k dk xq.kuQy gksrk gSA 

 
 

 
      

eq[; fcUnq % 

fLFkfr (i)  

 tc  = 90º rks W = FS cos 90º = 0 

 vr% ;fn oLrq cy dh yEcor~ fn'kk esa foLFkkfir gksrh gS] rks cy }kjk fd;k x;k dk;Z 'kwU; gksrk gSA  

mnkgj.k : 

1. ekuk dksbZ oLrq {kSfrt lrg ij fQly jgh gSA ml ij xq:Ro cy rFkk vfHkyEc 

izfrfØ;k cy }kjk fd;k x;k dk;Z 'kwU; gksxkA D;ksafd nksuksa cy ¼xq:Ro cy] vfHkyEc 

izfrfØ;k cy½ foLFkkiu ds yEcor~ dk;Z dj jgs gSA 

 blh izdkj ;fn dksbZ O;fDr ¼;k dqyh½ flj ij Hkkj ¼;k lkeku½ j[k dj jsYos IysVQkWeZ 

ij tk jgk gS rks mlds }kjk fd;k x;k dk;Z 'kwU; gksxkA ¼mijksDr dkj.k ds vuqlkj½  
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2. ekuk ,d oLrq fu;r pky ls o`Ùk ij xfreku gSA o`Ùkkdkj iFk ds izR;sd fcUnq ij fp=kkuqlkj vfHkdsUnzh; cy rFkk 

foLFkkiu ijLij yEcor~ gS] vr% vfHkdsUnzh; cy }kjk fd;k x;k dk;Z 'kwU; gSA blh izdkj tc dksbZ mixzg o`Ùkh; 

d{kk esa xfr djrk gS rks xq:Rokd"kZ.k cy foLFkkiu ds lnSo yEcor~ jgrk gSA vr% xq:Rokd"kZ.k cy }kjk fd;k x;k 

dk;Z 'kwU; gksrk gSA  

        
 

3. fp=kkuqlkj xfr'khy ljy yksyd ds /kkxs dk ruko lnSo foLFkkiu ds yEcor~ gksrk gSA vr% ruko cy }kjk dk;Z 

'kwU; gksxkA 
 

fLFkfr (ii) :  

 tc S = 0 rks W = 0. 

 ;fn cy yxkus ds i'pkr~ Hkh oLrq foLFkkfir ugha gks rks fd;k x;k dk;Z 'kwU; gksxkA 

 mnkgj.k : 

 ;fn ,d O;fDr fdlh Hkkj dks mBkdj fLFkj [kM+k gks rks dk;Z 'kwU; gksxkA 

fLFkfr (iii) : 

 tc 0º   < 90º [fp=kkuqlkj] rks cos  /kukRed  

vr% W (= FS cos ) /kukRed gksxkA  

 ;fn cy vFkok cy dk ?kVd foLFkkiu dh fn'kk esa gks] rks cy ds }kjk fd;k x;k 

dk;Z /kukRed gksxkA 

S

F

(<90º)

/kukRed dk;Z  

mnkgj.k : 

1.  ?kksM+k xkM+h [khaprs le; ?kksM+s }kjk yxk;k x;k cy rFkk foLFkkiu ,d gh fn'kk esa gksrs gSA vr% ?kksMs ds }kjk fd;k 

x;k dk;Z /kukRed gksrk gSA  

2. Hkkj dks Åij mBkus esa yxk;k x;k cy rFkk foLFkkiu nksuksa Åij dh vksj gksrs gS] vr% Hkkj mBkus okys cy dk dk;Z 

/kukRed gksrk gSA  

3. fLizax dks [khapus esa] f[kpko cy rFkk foLFkkiu ,d gh fn'kk esa gksrs gS vr% f[kpko cy dk dk;Z /kukRed gksrk gSA  

fLFkfr (iv) :  

 tc 90º <   180º (fp=kkuqlkj), rks cos _.kkRed vr% W (= FS cos ) Hkh _.kkRed gksxkA 

 ;fn vkjksfir cy ;k vkjksfir cy ds ?kVd rFkk foLFkkiu dh fn'kk ijLij foijhr gks rks cy ds }kjk fd;k x;k 

dk;Z _.kkRed gksrk gSA 

S

F

( > 90º)

_.kkRed dk;Z  
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mnkgj.k : 

1. xfr'khy okgu esa czsd yxk;s tkus ij] eand cy }kjk fd;k x;k dk;Z _.kkRed gksxkA D;ksafd czsd yxkus ds dkj.k 

mRiUu eand cy dh fn'kk] okgu ds foLFkkiu dh fn'kk ls foijhr gksrh gSA  

2. tc fdlh oLrq dks [kqjnjh lrgij foLFkkfir fd;k tkrk gS rks ?k"kZ.k cy }kjk fd;k x;k dk;Z _.kkRed gksrk gSA 

D;ksafd ?k"kZ.k cy oLrq ds foLFkkiu dh foijhr fn'kk esa dk;Z djrk gSA  

3. tc fdlh oLrq dks Åij mBk;k tkrk gS rks xq:Roh; cy dh fn'kk uhps dh vksj rFkk foLFkkiu Åij dh vksj gksrk 

gSA vr% xq:Roh; cy }kjk fd;k x;k dk;Z _.kkRed gksrk gSA  

 

 

Example 1. fp=k esa pkj fLFkfr;ka fn[kkbZ xbZ gSA izR;sd ckWDl ?k"kZ.kjfgr lrg ij j[kk gS] izR;sd fLFkfr esa ckWDl ij 

leku cy yxkus ij ;g nkfguh vksj 'd' foLFkkfir gks tkrs gSA bl foLFkkiu ds nkSjku cy }kjk ckWDl ij 

fd;s x;s dk;Z dks vf/kdre /kukRed dk;Z ls vf/kdre _.kkRed dk;Z ds Øe esa fyf[k,A ¼O;ofLFkr 

dhft,½ 

  (A)  (B)  (C)  (D)  

Answer : D, C, B, A 

Li"Vhdj.k :  (D)  = 0º, cos  = 1 (vf/kdre eku). vr% fd;k x;k dk;Z vf/kdre  

  (C)  < 90º, cos  /kukRed gS] vr% W /kukRed gksxk  

  (B)  = 90º, cos  'kwU; gS] vr% W = 0  

  (A)  vf/kddks.k gS rks, cos  _.kkRed gksxk vr% W _.kkRed gksxkA 

  
 



 cgq cyksa }kjk fd;k x;k dk;Z  

 ;fn fdlh d.k ij cgqr lkjs cy dk;Zjr gks rks] W = F . S  lehdj.k esa F  dks dqy cy F  ls izfrLFkkfir fd;k 

tk ldrk gSA  

  F  = F 1 + F 2 + F 3 + .....   W = [F ] . S   ........... (i) 

 vr% mijksDr lehdj.k }kjk] ifj.kkeh cy }kjk d.k dks S  foLFkkfir djus esa fd;k x;k dk;Z Kkr fd;k tk ldrk gSA 

  W = F 1 . S  + F 2 . S  + F 3 . S  + ......... ;k W = W1 + W2 + W3 + .......... 

 vr% d.k ij fd;k x;k dqy dk;Z izR;sd cy }kjk d.k ij fd;s x;s vyx&vyx dk;ksZ ds ;ksx ds cjkcj gksrk gSA  

egRoiw.kZ fcUnq : 

1. dk;Z fdlh vUrjky ;k foLFkkiu ds fy, gksrk gS] rkR{kf.kd osx dh rjg rkR{kf.kd dk;Z ugha gksrk gSA 

2. fdlh fuf'pr foLFkkiu ds fy,] cy }kjk fd;k x;k dk;Z xfr ds izdkj ij fuHkZj ugha djrk vFkkZr ;kgs 

;g fu;r osx] fu;r Roj.k ;k eanu ls xfr djsA 

 3.  fdlh fuf'pr foLFkkiu ds fy, dk;Z le; ij fuHkZj ugha djrkA leku foLFkkiu ds fy, dk;Z leku gksxk 

pkgs le; vYi ;k vf/kd gksA 

 4.  ;fn fdlh oLrq ij vusd cy dk;Zjr gks rks fdlh fuf'pr le;kUrjky ds fy, fdlh ,d cy }kjk fd;k 

x;k dk;Z vU; cyksa ij fuHkZj ugha djrkA  

 5.  cy funsZ'k ra=k ij fuHkZj ugha djrkA ysfdu foLFkkiu funsZ'k ra=k ij fuHkZj djrk gS vr% cy }kjk fd;k 

x;k dk;Z funsZ'k ra=k ij fuHkZj djrk gS vFkkZr~ fHkUu&fHkUu funsZ'k ra=kksa esa dk;Z fHkUu&fHkUu gksrk gSA  

 6.  fdlh d.k ;k fudk; dh xfrt ÅtkZ esa ifjorZu dk;Z ds rqY; gksrk gSA  

 7.  dk;Z] fdlh L=kksr ;k drkZ }kjk vkjksfir cy }kjk gksrk gSA  
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dk;Z dh bdkbZ & 

1. dk;Z dh bdkbZ : 

 I.   cgs i}fr esa dk;Z dh bdkbZ vxZ gksrh gSA 

 vxZ % ;fn fdlh oLrq ij 1 Mkbu cy yxkus ls oLrq esa cy dh fn'kk esa ,d lseh- foLFkkiu gks rks cy }kjk fd;k 

x;k dk;Z ,d vxZ gksxkA 

 1 vxZ = 1 Mkbu × 1 lseh = 1 xzk- lseh- lS–2 × 1 lseh = 1 xzk- lseh2 ls-–2  

 uksV- vxZ dks Mkbu lseh Hkh dgrs gSA 

 II.  SI bdkbZ % twy (J) ¼vUrjkZ"Vªh; ek=kd i)fr½ SI i}fr esa dk;Z dk ek=kd twy gS ftls izfl} HkkSfrd foKkuh 

tsEl ilZuy twy (1818–1869) ds uke ij j[kk x;k FkkA  

 twy % ;fn fdlh oLrq ij ,d U;wVu cy yxus ls oLrq esa cy dh fn'kk esa foLFkkiu ,d ehVj gks rks cy }kjk oLrq 

ij fd;k x;k dk;Z ,d twy gksrk gSA  

  1 twy = 1 U;wVu × 1 eh- = 1 fdxzk ×1 eh-/ls-2 × 1 eh- = 1 fdxzk- eh-2 ls-–2  

 uksV & twy dks U;wVu x ehVj Hkh dgk tkrk gSA   

twy rFkk vxZ esa laca/k  

  1 twy = 1 U;wVu × 1 ehVj 

  1 twy = 105 Mkbu × 102 lseh = 107 Mkbu lseh  

  1 twy = 107 vxZ     

  1 vxZ = 10–7 twy 
 

dk;Z dh foek : 

 [dk;Z] = [cy] [nwjh] = [MLT–2] [L] = [ML2] [T–2] 

 dk;Z esa %  nzO;eku dh foek = 1, yEckbZ dh foek = 2, le; dh foek = – 2 

 foeh; lw=k ds vk/kkj ij dk;Z dk ek=kd] fdxzk- eh2 lS–2  

 uksV %& 1 fdxzk x eh-2 ls-–2 = (1 fdxzk eh- ls-–2) eh- = 1 U;wVu x eh- = 1 twy 
 

 
Example 2. ,d n`<+ nhokj dh rjQ ,d izR;kLFk xsan Qsadh tkrh gSA nhokj }kjk xsan ij vkjksfir vfHkyEc izfrfØ;k 

}kjk fd;k x;k dk;Z  

  (A) +ve    (B) – ve   (C*) 'kwU;   (D) buesa ls dksbZ ugha 

Solution :  pwafd cy dk fØ;k fcUnq fLFkj gS vr% vfHkyEc izfrfØ;k }kjk fd;k x;k dk;Z 'kwU; gSA  
 

Example 3. tc ,d O;fä lh<+h;ka p<+rk gS rks vfHkyEc izfrfØ;k }kjk fd;k x;k dk;Z  

  (A) +ve    (B) – ve   (C*) 'kwU;   (D) buesa ls dksbZ ugh  

Solution :  pwafd cy dk fØ;k fcUnq fLFkj gS vr% vfHkyEc izfrfØ;k }kjk fd;k x;k dk;Z 'kwU; gSA  
 

Example 4. tc ,d O;fä nkSM+uk 'kq: djrk gS] rc LFkSfrd ?k"kZ.k cy }kjk fd;k x;k dk;Z _____ gSA 

Solution :  pwafd cy dk fØ;k fcUnq fLFkj gS vr% LFkSfrd ?k"kZ.k cy }kjk fd;k x;k dk;Z 'kwU; gSA  

 

_____________________________________________________
 

fofHkUu okLrfod cyksa }kjk fd;k x;k dk;Z  

(WORK DONE BY VARIOUS REAL FORCES) 

Work done by gravity Force ¼xq:Ro cy }kjk fd;k x;k dk;Z½  
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Example 5. 

10 m/s

10 m/s
(1)

(2)

(3)
(4)

100 m
  

 ,d d.k dk nzO;eku 2 kg gSA ;s leku pky 10 m/s ls pkj fHkUu&fHkUu rjhdksa ls fp=kkuqlkj iz{ksfir fd;k 

tkrk gSA tc d.k /kjkry ij fxjrk gS] ml le; rd xq:Ro }kjk fd;k x;k dk;Z Kkr djksA 

Solution : W =  |S||F|


 cos  = 2000 J gj fLFkfr esa  

 

——————————————————————————————————— 
 

vfHkyEc izfrfØ;k }kjk fd;k x;k dk;Z  (Work done by normal reaction) 

 

Example 6.   20kg A B10kg

100m

F=120N
 

  (i) A ij 100 m foLFkkiu ds nkSjku cy F }kjk fd;k dk;Z Kkr djksA  

  (ii) B ij 100 m foLFkkiu ds nkSjku cy F }kjk fd;k dk;Z Kkr djksA  

  (iii) fn;s x;s foLFkkiu ds fy, vfHkyEc izfrfØ;k }kjk A rFkk B ij fd;k x;k dk;Z Kkr djksA  

  (iv) A rFkk B dh vUr esa xfrt ÅtkZ Kkr djksA  

Solution : (i) (WF)on A  = FS cos  = 120 × 100 × cos 0° = 12000 J    

  (ii) (WF)on B = 0  
 

      F, B ij dk;Z ugh djrk gSA  

  (iii) 
10 kg

B

N

4 m/s
2

   N = 10 × 4 = 40 N 

  

20 kg
A

120 40

 
        

  (WN)on B = 40 × 100 × cos 0°  = 4000 J  

  (WN)on A = 40 × 100 × cos 180° = – 4000 J  

  (iv)  v2 = u2 + 2as    u = 0  

   v2 = 2 × 4 × 100   v = 20 2 m/s   KEA  = 
1

2
 × 20 × 800 = 8000 J  

  KEB = 
1

2
 × 10 × 800 = 4000 J   

 A rFkk B ds fudk; ij vfHkyEc izfrfØ;k }kjk fd;k x;k dk;Z 'kwU; gSA vr% vkUrfjd fØ;k }kjk ,d n`<+ 

fudk; ij fd;k dk;Z 'kwU; gSA  
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Example 7. ,d d.k dks fcUnq A (1, 2) ls B(3, 4) rd vkjksfir cy F  = 2 î  + 3 ĵ  N  }kjk foLFkkfir fd;k tkrk gSA  

F  }kjk d.k dks A ls B rd ys tkus esa fd;k x;k dk;Z Kkr djks \. 

Solution : 
>

A

(1,2)

B

(3,4) 

W = F. S       

  S = (3 – 1) î  + (4 – 2) ĵ  = (2 î  + 3 ĵ ) . (2 î  + 2 ĵ ) = 2 × 2 + 3 × 2 = 10 bdkbZ  

 

——————————————————————————————————— 

ÅtkZ % 
 ifjHkk"kk %  

 fdlh oLrq dh dk;Z djus dh ;k dk;Z dj ldus dh vkarfjd {kerk dks ÅtkZ dgrs gSA tc ge dgrs gS fd ,d 

oLrq ds ikl ÅtkZ gS bldk vFkZ gS fd og dk;Z dj ldrh gSA  

 ÅtkZ dbZ izdkj dh gksrh gS] ;kaf=kd ÅtkZ] /ofu ÅtkZ] Å"ek ÅtkZ] izdk'k ÅtkZ] jklk;fud ÅtkZ] ijek.kq ÅtkZ 

ukfHkdh; ÅtkZ vkfnA 

 izd`fr esa gksus okyh fofHkUu ?kVukvksa esa ÅtkZ ,d :i ls nwljs :i esa :ikarfjr gksrh jgrh gSA  

 

xfrt ÅtkZ %  

 ifjHkk"kk %  

 fdlh oLrq ;k fi.M esa mldh xfr ds dkj.k dk;Z djus dh vkarfjd {kerk dks xfrt ÅtkZ dgrs gSA  

 xfrt ÅtkZ ,d vfn'k jkf'k gSA xfrt ÅtkZ oLrq dh xfr dh voLFkk ls lacaf/kr gksrh gSA fdlh ÅapkbZ ij mM+rs 

gokbZtgkt esa LFkkukUrj.k xfrt ÅtkZ gksrh gS blh izdkj fdlh e'khu ds ?kw.kZu djrs ifg;s esa ?kw.kZu xfrt gksrh gSA  

 ekuk fdlh d.k dk nzO;eku m rFkk ;g pky v eh@ls- ls xfr dj jgk gSA pky v izdk'k dh pky ls cgqr de gS rks 

xfrt ÅtkZ 
21

K mv
2

  

 

xfrt ÅtkZ ls lacaf/kr egRoiw.kZ fcUnq % 

1. nzO;eku m rFkk v2
 ( v.v ) lnSo /kukRed gksrs gSA vr% xfrt ÅtkZ /kukRed vfn'k jkf'k gS vFkkZr~ xfrt ÅtkZ 

_.kkRed ugha gks ldrh gSA  

2. xfrt ÅtkZ funsZ'k ra=k ij fuHkZj djrh gSA  

   K = 
2p

2 m
  rFkk P = 2mK  ;  P = js[kh; laosx 

 pky v oLrq }kjk fdlh Hkh izdkj ls izkIr dh tk ldrh gSA fdlh fudk; ¼d.kksa ;k oLrqvksa dk lewg½ dh xfrt 

ÅtkZ vyx&vyx d.k dh xfrt ÅtkZvksa ds ;ksx ds cjkcj gksrh gSA  

 ekuk fdlh fudk; esa 'n' d.k gS ftuds nzO;eku m1, m2, ......, mn gS] buds osx Øe'k% 1v , 2v , ..... nv , gSA vr% 

fudk; dh dqy xfrt ÅtkZ Ek gksxhA 

   Ek = 
1

2
 m1v1

2 + 
1

2
 m2v2

2 + ......... + 
1

2
mnvn

2  

 ;fn m xzke esa rFkk osx lseh@lSd.M esa gks rks xfrt ÅtkZ dk ekiu vxZ esa gksrk gSA  

 ;fn m fdxzk- esa rFkk osx v eh@ls- esa gks rks xfrt ÅtkZ dk ekiu twy esa gksrk gSA  

 xfrt ÅtkZ dh bdkbZ dk;Z dh bdkbZ ds leku gS ;g dFku lHkh izdkj dh ÅtkZvksa ds fy, lR; gSA vr% ÅtkZ ,oa 

dk;Z ,d nwljs esa :ikUrfjr fd;s tk ldrs gSA  
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fof'k"V xfrt ÅtkZ,sa (K) : 

 

Ø-la- oLrq nzO;eku ¼fdxzk- ½ pky ¼eh-@ls- ½ K ¼twy½

1 ok;q ds d.k 10–26 500  10–21

2 lhekar osx ls fxjrh ikuh dh cwan 3.5 × 10–5 9 1.4 × 10–3

3 10 eh- ÅapkbZ ls fxjrk gqvk iRFkj 1 14 10 2

4 xksyh 5 × 10–5 200 10 3

5 nksM+rk gqvk /kkod 70 10 3.5 × 103

6 dkj 2000 25 6.3 × 105

 
 

xfrt ÅtkZ ,oa laosx esa laca/k % 

 ekuk fdlh oLrq dk nzO;eku m rFkk ;g v osx ls xfr dj jgh gS rks mldk laosx p = mv gSA  

 oLrq dh xfrt ÅtkZ, Ek = 
1

2
mv2  

  Ek = 
1

2m
 (m2v2)    

 ;k Ek = 
2p

2m
  

 ;k p = k2mE  

 

 

Example 8. ;fn oLrq dh xfrt ÅtkZ esa 21% o`f) dj nh tk;s rks oLrq ds laosx ds ifjek.k esa izfr'kr o`f) Kkr 

djksaA  

Solution : Ek2 =
121

100
Ek1   ;k 

1

2
 m v2

2 = 
121

100

1

2
 mv1

2  

  ;k v2 = 
11

10
v1 ;k mv2 = 

11

10
 mv1  

  ;k p2 = 
11

10
p1 ;k 2

1

p

p
 – 1 = 

11

10
 – 1 = 

1

10
 

  ;k 2 1

1

p p

p


 × 100 =  

1

10
 × 100 = 10  vr% laosx ds ifjek.k esa 10% o`f) gksxhA  

 

Example 9.  

   
  fn[kk;k x;k cy 2 s ds fy, dk;Z djrk gS] 10 kg ij 3 s esa F }kjk fd;k x;k dk;Z Kkr djksA   

Solution : w = F . S
 

    w = F . S
 

  cos 0°   w = 10 S

    

  vc 10 = 10 a     a = 1 m/s2   S = 
1

2
at2 = 

1

2
 × 1 × 22 = 2 m   

  w = 10 × 2 = 20 J  

 

Example 10. 2 s ds ckn xfrt ÅtkZ Kkr djksA 

Solution : V = 0 + at   V = 1 × 2 = 2m/s  

    KE
1

2
 × 10 × 22 = 20 J  
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——————————————————————————————————— 

ifjorZu'khy cy }kjk fd;k x;k dk;Z % 

 ;fn cy dk ifjek.k o fn'kk f=kfofe; gks rks bls fLFkfr ds Qyu ds inksa esa O;Dr fd;k tk ldrk gSA ifjorhZ cy 

}kjk oLrq dks vfrlw{e ( ds ) foLFkkfir djus ds fy, cy dks fu;r ekuk tk ldrk gSA  

     dW = F.ds  

 dqy dk;Z vfrlw{e dk;ksZ ds ;ksx ds cjkcj gksrk gSA  

B B

A B

A A

W F.ds (Fcos )ds      

 vk;rkdkj ?kVdksa ds inksa esa, F  = Fx î  + Fy ĵ  + Fz k̂    

     ds  = dx î  + dy ĵ  + dz k̂  

     

x y z

x y z

B B B

A B x y z

A A A

W F dx F dy F dz       

 
 

uksV :  ;fn Fx = f(x), Fy = f(y),  Ft = f(t)   rc cy lajf{kr cy gksrs gSaA    

 

 

Example  11. ,d oLrq dks cy 2ˆ ˆF (3x i 2yj) N   yxkdj fLFkfr lfn'k 1
ˆ ˆr (2i 3j) m   ls 2

ˆ ˆr (4i 6j) m   rd 

foLFkkfir fd;k tkrk gS] bl cy }kjk fd;k x;k dk;Z Kkr djksA 

Solution : 
f

i

r

r
W F dr   = 

2

1

r
2

r

ˆ ˆ ˆ ˆ ˆ(3x i 2yj) (dxi dyj dzk)     

       = 
2

1

r
2

r
(3x dx 2ydy)  = 3 2 (4, 6)

(2, 3)[x y ]  = 83 J Ans. 

———————————————————————————————————   
cy&foLFkkiu oØ ds e/; f?kjk {ks=kQy 

 xzkQh; fof/k esa] cy&foLFkkiu oØ ds e/; f?kjk {ks=kQy dk;Z ds cjkcj gksrk gSA  

     

Fx

/kukRed dk;Z

x  

/kukRed dk;Z

y

Fy

_.kkRed 

Fz

/kukRed dk;Z

z
  

 x-v{k ds Åij dk {ks=kQy /kukRed rFkk x-v{k ds uhps dk {ks=kQy _.kkRed gksrk gSA  

 

 

Example 12. ,d d.k ij vkjksfir cy F = 0.5x + 10 gSA F U;wVu rFkk x eh- esa gS] rks x = 0 ls x = 2 ehVj rd ds 

foLFkkiu ds fy, cy }kjk fd;k x;k dk;Z Kkr djksA  

Solution : vYi foLFkkiu dx  esa fd;k x;k dk;Z dW 

  dW = F  . dx  

  ;k dW = Fdx cos 0º 

   ;k dW = Fdx  [ cos 0º = 1]    
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  dqy dk;Z, W = 
x 2 x 2

x 0 x 0
Fdx

 

 
   (0.5 x + 10)dx 

           = 
x 2 x 2

x 0 x 0
0.5x dx

 

 
  10 dx = 0.5 

x 2
2

x 0

x

2





 + 10 

x 2

x 0

x





 

              = 
0.5

2
  [22 – 02] + 10[2 – 0] = (1 + 20) = 21 twy  

_____________________________________________________

 ifjorZu'khy cy }kjk fd;k x;k dk;Z W = d W F ds    

 
 

Example 13. ,d oLrq dks cy F  = x î  + 2y ĵ  yxkdj fcUnq A(1, 2) ls B(0, 1) rd 

foLFkkfir fd;k tkrk gS rks cy F   }kjk oLrq dks A ls B ys tkus esa fd;k 

x;k dk;Z Kkr djksA   

>
A

(1,2)

B

(0,1) 

Solution : dW = sd.F


 

  dW = (x î  + 2y ĵ ) (dx î  + dy î )  

  dW = 

0

1

x dx  +  

1

2

2y dy     W = – 3.5 J    

 

Example 14. ;fn oLrq ds laosx esa 10% dh o`f) dj nh tk;s rks xfrt ÅtkZ esa izfr'kr o`f) Kkr djksA  

Solution : xfrt ÅtkZ esa izfr'kr o`f) = 21% 

   

2

2
2 1 2 1

1

110 11 E 11 121
mv mv , v v ,

100 10 E 10 100

 
    

 
  

   2 1

1

E E
  100

E


 xfrt Åtk Z e sa izfr'kr o`f)  = 21% 

 

Example 15.  fp=kkuqlkj ,d le; ij fuHkZj cy F = 10 t ,d 10 kg dh oLrq ij vkjksfir 

gSA 2 s esa F }kjk fd;k x;k dk;Z Kkr djksA 10kg
F = 10 t 

t = 0 

 
Solution : dW = sd.F


    dW = 10 t. dx  

  dW = 10 t v dt  .... (1)     dx = vdt  rFkk  10 × 
dv

dt
 = 10 t  

    
v

0
dv  = 

t

0
t dt    v = 

2t

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

  lehdj.k (1) o (2) ls  

  dW = 10 t . 
2t

2

 
  
 

dt   dW = 5t3dt   

 W = 
5

4

2
4

0
t 
 

  = 20 J  
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——————————————————————————————————— 

fLizax cy }kjk fd;k x;k dk;Z (WORK DONE BY SPRING FORCE) 

 

 
 

Example 16.   

 izkjEHk esa fLizax vfoLrkfjr gSA ,d O;fä ,d vpj cy F ls fLiazx dks [khapuk 'kq: djrk gS] rks F }kjk bls  

/khjs&/khjs x nwjh rd [khspus esa fd;k x;k dk;Z Kkr djksA  

Solution : dW  = F  ds  = 
x

0
Kxdx  

   W = 

x
2

0

Kx

2

 
  
 

 =  
2Kx

2
 

 

Example 17.  mijksDr mnkgj.k esa  

  (i) dk;Z dgk¡ x;k \ 

  (ii) fLizax }kjk nhokj ij fd;k x;k dk;Z 'kwU; gS] D;ksa ? 

  (iii) fLizax cy }kjk vkneh ij fd;k x;k dk;Z gS ?  

Solution : (i) ;s fLiazx esa fLFkfrt mtkZ ds :i esa laxzfgr gks x;k gSA  

  (ii) 'kwU;] D;ksafd foLFkkiu 'kwU; gSA  

  (iii) – 21
Kx

2
 

 

Example 18. vkjksfir cy }kjk fLiazx dks /khjs&/khjs x ls 2x foLrkfjr djus esa fd;k x;k dk;Z Kkr djks \ 

Solution :  izkjEHk esa fLizax x ls foLrkfjr gSA    

  

F

LN

x=xx=0

2x

x = 2x

  

  W = F


. sd


  

  W = 
2x

x
Kx.dx    

  W = 

2x
2

x

Kx

2

 
 
  

= 
3

2
 Kx2    

  bls fLFkfrt ÅtkZ ds varj ls Hkh Kkr fd;k tk ldrk gSA  

  i.e., Uf = 
1

2
K (2x)2 = 2kx2      Ui =

1

2
kx2   Uf – Ui =

3

2
 kx2   
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——————————————————————————————————— 

vU; fu;r cyksa }kjk fd;k x;k dk;Z  

(WORK DONE BY OTHER CONSTANT FORCES) 

 
 

Example 19. ,d m nzO;eku ds CykWd dks ,d fpdus] fLFkj  dks.k ds ur ry ds Åijh 

fcUnq ls NksM+k tkrk gSA vfHkyEc izfrfØ;k rFkk xq:Ro ds }kjk CykWd ds uhps 

vkus rd fd;k x;k dk;Z Kkr djksA 

Solution : WN = 0   D;ksfd F   S  

 Wg = F. S = mg . S . cos (90 – )  = mg S sin  = mgh  
tM+or~ 

 
  

Example 20. fupys fcUnq ij CykWd dh pky rFkk bldh xfrt ÅtkZ Kkr djksA 

Solution : V2 = u2 + 2as  

  V2 = 0 + 2(g sin ) 
h

sin
   V2 = 2gh       V = 2gh    

  KE = 
1

2
mv2 = mgh   

 

_____________________________________________________
 

ruko ds }kjk fd;k x;k dk;Z (WORK DONE BY TENSION) 

 
 

Example 21.  ,d isUMqye ds ckWc dks fojkeoLFkk ls lhekUr fLFkfr ls fp=kkuqlkj NksM+rs gS rks A ls B, B ls C vkSj C ls A 

ds nkSjku ruko }kjk fd;k x;k dk;Z Kkr djksA    

            
Solution : 'kwU; D;ksafd FT   dS  gj le;  

 
 

Example 22. mijksDr iz'u esa xq:Ro ds }kjk A ls B rFkk B ls C tkus esa fd;k x;k dk;Z Kkr djksA 

Solution : Wg = F. S = mg S cos   

  Wg = mg( –  cos )   for A to B  

  Wg = – mg ( –  cos )  for B to C  
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Example 23. fudk; fojkekoLFkk ls NksM+k tkrk gSA tc 10 kg dk CykWd /kjkry ij igq¡prk gS rc Kkr djksA 

 
  (i) 10 kg ij xq:Ro ds }kjk fd;k x;k dk;Z   

  (ii) 5 kg ij xq:Ro ds }kjk fd;k x;k dk;Z  

  (iii) ruko }kjk 10 kg ij fd;k x;k dk;Z   

  (iv) 5 kg ij ruko }kjk fd;k x;k dk;Z  

Solution : (i) (Wg)10 kg = 10 g x 2 = 200 J  

  (ii) (Wg)5kg = 5 g × 2 × cos 180° = –100 J  

  (iii) (WT)10 kg = 
200

3
 × 2 × cos 180° = 

400

3


 J  

  (iv) (WT)5 kg = 
200

3
 × 2 × cos 0° =

400

3
J  

 ruko ds }kjk fd;k x;k dqy dk;Z 'kwU; gSA vkUrfjd ruko ds }kjk fd;k x;k dk;Z ¼fudk; esa dk;Zjr 

ruko½ fudk; ij ges'kk 'kwU; gksrk gS ;fn yEckbZ fu;r jgrh gSA  
 

Example 24. fp=kkuqlkj fdlh {k.k fudk; ds A CykWd dk osx VA gS] bl {k.k ij CykWd B dk osx Kkr djksA 

             
Solution : vkUrfjd ruko }kjk fd;k x;k dk;Z 'kwU; gSA    

A

T
T

2T
2T

4T
4T

8T

8T

16T

B XA

XB

< < < <

 
 

    15 T × XB – T × XA = 0   
 

   XA = 15 XB    VA = 15 VB   
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Example 25.  ur dks.k okys ur ry ds Åijh fcUnq ls ,d m nzO;eku dh 

oLrq NksM+h tkrh gS] oLrq rFkk ur ry ds e/; ?k"kZ.k xq.kkad  

( < tan ) gS tc oLrq mij ls uhps igqaprh gS rks vfHkyEc 

izfrfØ;k] xq:Ro rFkk ?k"kZ.k ds }kjk fd;k x;k dk;Z Kkr djksA 

Solution : WN = 0    FN  S  

  Wg = mg  sin   

  Wf = – µmg cos  .  

 

 

Example 26. mijksDr iz'u esa oLrq dh fupys fcUnq ij xfrt ÅtkZ D;k gS\ 

Solution : V2 = u2 + 2as  

  V2 = 2(gsin  – µ g cos ) ()  

   KE = 
1

2
m 2 (g sin  – µg cos )     

           = mg  (sin  – µ cos )   
 

——————————————————————————————————— 

?k"kZ.k ds }kjk fd;k x;k dk;Z  (WORK DONE BY FRICTION) 
 

 
Example 27. fn;s x;s fp=k esa  

   
  (i)  vkjksfir cy }kjk 2m ds foLFkkiu ds nkSjku fd;k x;k dk;Z Kkr djks\.  

  (ii)  A }kjk B ij ?k"kZ.k cy ds }kjk foLFkkiu ds nkSjku fd;k x;k dk;Z Kkr djksA 

Solution :  (i) 100 × 2 × cos 0° = 200 J  

  (ii) fsmax = µmg = 0.5 × 10 g = 50 N  

   ekuk nksuksa lkFk pyrs gSA  

   100 = 20 a  a = 5 m/s2     

   A ij ?k"kZ.k dh tk¡p djksA 

   f = 10 × 5 = 50 N  

   freqd = favailable    ;s nksuksa lkFk pysxsaA 

   vr% (Wf)on B = – 100 J  

   (Wf) on A = 100 J  Net zero  

   vkUrfjd LFkSfrd ?k"kZ.k ds }kjk fd;k x;k 'kwU; gSA  
 

Example 28. fp=kkuqlkj fpdus /kjkry ij j[ks 10 kg ds Iykad dh lrg ij ,d 10 kg nO;eku dh oLrq 10 m/s ls 

iz{ksfir dh tkrh gSA            

      
  (i) tc ?k"kZ.k cy dk;Z djuk can dj ns rc nksuksa CykWd dk osx Kkr djksA  

  (ii) tc A vkSj B dk osx leku gksrk gS budk foLFkkiu Kkr djksA  
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Solution : (i) 10N
10

A 1m/s
2

 10

B 1m/s
2

10N
           

   VA = 10 – 1t   VB = 1t  

   ?k"kZ.k dk;Z djuk can djrk gS tc  

   VA = VB       10 – t = t  

   10 = 2t    t = 5 sec.   
   VB = VA = 5m/s   

   fLFkfr gks tk;sxh    

   

5m/s

5 m/s 

  (ii) SA = 10 × 5 – 
1

2
 × 1 × 52 = 37.5 m  

   SB = 
1

2
 × 1 × 52 = 12.5 m 

   

Example 29. mijksDr iz'u esa A rFkk B ij xfrt ?k"kZ.k }kjk fd;k x;k dk;Z Kkr djksA 

Solution : (WKF)on  A = 10 × 37.5 cos 180°  = – 375 J  

  (WKF)on B  = 10 × 12.5 cos 0  = 125 J  

  A o B fudk; ij xfrt ?k"kZ.k }kjk fd;k x;k dk;Z = – 375 + 125 = – 250 J    

  fudk; ij xfrt ?k"kZ.k }kjk fd;k x;k dk;Z ges'kk _.kkRed gksrk gSA  

  mRiUu m"ek = – (WKF) fudk; ij 

  (WKF) fudk; ij = – (fK × Srelative) = – 10 × 25 = – 250 J   
 

lR; / vlR; : 

Example 30. fdlh oLrq ij xfrt ?k"kZ.k }kjk fd;k dk;Z dHkh 'kwU; ugh gks ldrk gSA  

Answer :  vlR;  
 

Example 31. ,d fudk; ij xfrt ?k"kZ.k }kjk fd;k dk;Z ges'kk _.kkRed gksrk gSA  

Answer :  lR;  
 

——————————————————————————————————— 

Nn~e cy }kjk fd;k x;k dk;Z (WORK DONE BY PSEUDO FORCE) 

 fdlh oLrq dh xfrt mtkZ ra=k ij fuHkZj djrh gS D;ksfd osx ra=k ij fuHkZj jkf'k gSA blfy, Nn~e cy dk dk;Z Hkh 

ysuk gksxkA 
 

 
 

Example 32. ,d 10 kg dk CykWd F = 100 N ds cy ls [khpk tkrk gS A ;s izkjfEHkd fcUnq ls 10 s esa 500 m nwjh r; 

djrk gSA ;s xfr rhu izs{kdks A, B o C ds }kjk fp=kkuqlkj ns[kh tkrh gSA    

   10 sec esa 500 m  
        

  
A

a = 0
v=0

  
B

a=0
10m/s

  
C

u=0
a=10 m/s

2

 
A,B o C }kjk ns[kk x;k F }kjk 10 sec esa fd;k x;k dk;Z Kkr djks&  

 

Solution : A ds lkis{k (WF)on block w.r.t A = 100 × 500 J = 50,000 J 

  B ds lkis{k (WF)on block w.r.t B = 100 [500 – 10 × 10]  = 40,000 J 

  C ds lkis{k (WF)on block w.r.t C = 100 [500 – 500] = 0  
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——————————————————————————————————— 
 

vkUrfjd cy }kjk fd;k x;k dk;Z (WORK DONE BY INTERNAL FORCE) 

 FAB = – FBA    i.e., vkUrfjd cyksa dk ;ksx 'kwU; gSA  

 ijUrq ;s vko';d ugh gS fd vkUrfjd cyksa ds }kjk fd;k x;k dk;Z 'kwU; gksA vkarfjd dk;Z djus ds fy, fudk; ds 

e/; t:j {kj.k rFkk iquZHkj.k gksxkA n`< fi.M dh fLFkfr esa vkUrfjd cy }kjk fd;k x;k dk;Z 'kwU; gksrk gSA  
 

dk;Z ÅtkZ izes; (Work-Energy Theorem) :  

 dk;Z ÅtkZ izes; ds vuqlkj fdlh d.k ij lHkh cyksa }kjk fd;k x;k dk;Z d.k dh xfrt ÅtkZ esa ifjorZu ds cjkcj 

gksrk gSA  

  WC + WNC + WPS = K 

 tgka, WC = lHkh laj{kh cyksa }kjk fd;k x;k dk;Z 

  WNC = lHkh vlaj{kh cyksa }kjk fd;k x;k dk;Z 

  WPS = Nn~e cy ¼;k vkHkklh cy½ }kjk fd;k x;k dk;ZA 
 

dk;Z ÅtkZ izes; dk la'kksf/kr :i (Modified Form of Work-Energy Theorem) : 
 ge tkurs gS fd fLFkfrt ÅtkZ laj{kh cyksa ls lacaf/kr gksrh gSA vr% WC = U 

 dk;Z ÅtkZ izes; ds vuqlkj   WNC + WPS = K + U   

     WNC + WPS = E   
 

 

Example 33. ,d m nzO;eku dh oLrq dks h Å¡pkbZ ls NksMk tkrk gS rFkk ;s /kjkry ls gh  pky ls Vdjkrh gSA izfrjks/kh 

cy }kjk fd;k x;k dk;Z gSA 

Solution : vfUre o izkjfEHkd fLFkfr;ksa dks rFkk lkjs cyksa dks igpkuksaA 

 Wg + Wok;q izfrjks/k + WvkUrfjd cy = K     

 mgh + Wok;q izfrjks/k  + 0 = 
1

2
m  

2

gh   – 0  

  Wok;q izfrjks/k  =  
mgh

2
  

 
 

Example 34. tc jLlh {kSfrt gS] rc ,d  yEckbZ ds ljy yksyd ds ckWc dks NksMk tkrk 

gS] fupys fcUnq ij bldh pky Kkr djksaA 

Solution : Wg + WT = K        

  mg + 0 = 
1

2
mu2 – 0  

  u = 2g  
B

u



A
O

 
 

Example 35. ,d CykWd dks urry ds Åij fp=kkuqlkj u pky nh tkrh gSA 

x




u

µ

 
  dk;Z ÅtkZ izess; dk mi;ksx djrs gq;s tc CykWd :d tkrk gS rks x Kkr djksaA  

Solution : Wg + Wf + WN = K  

  – mg x sin  – µ mgx cos  + 0 = 0 – 
1

2
mu2   

  x = 
2u

2g(sin cos )  
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Example 36. M1 rFkk M2 (M2 > M1) nzO;eku fojkeoLFkk ls NksMs tkrs gS&  

M1 M2
 

  dk;Z ÅtkZ izes; dk mi;ksx djrs gq;s tc ;s x nwjh pyrs gS budk osx Kkr djks&   
 

Solution : (Wall F)
fudk;

  = (K)
fudk;

 

 

  (Wg)sys + (WT)sys  = (K)sys    as (WT)sys = 0    
 

  M2gx – M1gx  =
1

2
 (M1 + M2)V2 – 0   ........... (1)    

  V = 2 1

1 2

2(M –M )gx

M M
 

 

Example 37. mijksDr iz'u esa CykWd dk Roj.k Kkr djks\  

Solution : (M2g – M1g) = 
1

2
  (M1 + M2) 2v

dv

dx
 [lehdj.k (1) dk vodyu djus ij]  

      2 1

1 2

M M
g

M M

 
 

 
 = 

dv
v

dx
= a   

 
 

Example 38. h Å¡pkbZ dh ehukj ls ,d iRFkj dks izkjfEHkd osx u ls iz{ksfir fd;k tkrk gS] 

dqN le; i'pkr iRFkj /kjkry  ij fxj tkrk gSA /kjkry ls Vdjkrs le; 

bldh pky Kkr djksaA 

Solution : Wall forces = K         

 Wg = K   

 mgh = 
1

2
mv2 –

1

2
 mu2  

 v =  2u 2gh  

u >

 

 

——————————————————————————————————— 

'kfDr (Power) : 

 dk;Z djus dh nj dks 'kfDr dgrs gSA  

 tc fdlh dk;Z dks iw.kZ djus esa yxk le; ¼vFkkZr~ dk;Z fdruk 'kh?kz fd;k x;k gS½ egRoiw.kZ gksrk gS] rks ;g dk;Z 

djus okys dÙkkZ dh 'kfDr n'kkZrk gS ¼;k iznf'kZr djrk gS½A 

 fdlh drkZ }kjk iznku vkSlr 'kfDr (P ;k pav)  P  ;k pav = 
W

t
 tgka W, t le; esa fd;k x;k dk;Z gSA  

 'kfDr nks vfn'k jkf'k;ksa dk;Z rFkk le; dk vuqikr gS vr% ;g ,d vfn'k jkf'k gSA ;fn fn;s x;s dk;Z dks djus esa 

vf/kd le; yxrk gS rks 'kfDr de gksxhA ;fn dt le;karjky esa izkIr 'kfDr P gks] rks
F dS

P
dt


  = 

dS
F

dt
  = F  . v  

 fcUnq xq.kuQy dh ifjHkk"kk ls P FVcos  tgka , F  rFkk V  ds e/; vYi dks.k gSA ;g rkR{kf.kd 'kfDr gSA ;g 

/kukRed, _.kkRed ;k 'kwU; gks ldrh gSA   
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Example 39. fdlh jLlh ds ,d fljs ij ,d CykWd ca/kk gS rFkk ,d leku o`Ùkh; xfr dj jgk gSA jLlh }kjk CykWd ij 

vkjksfir cy }kjk izkIr 'kfDr D;k gksxh&_.kkRed] /kukRed ;k 'kwU;\ 

Answer : 'kwU; 

Li"Vhdj.k F  rFkk  v  ijLij yEcor~ gSA   'kfDr = F . v  = Fv cos 90º = 'kwU;.  
 

——————————————————————————————————— 

 'kfDr dh bdkbZ (Unit of Power) : 

 ,dkad le; esa fd;k x;k ,dkad dk;Z] ,dkad 'kfDr ds rqY; gksrk gSA  

 tc dk;Z twy esa rFkk le; t lSd.M esa gks] rks 'kfDr dh bdkbZ twy izfr lSd.M gksrh gS] bls ge okWV dgrs gSA  

 1 okWV = 1 twy/lSd.M = 107 vxZ/lSd.M rFkk 1 okWV = 
1 1 .

1

U; wVu eh

lsd.M
 = 1 U;w- eh- ls-–1 .  

 'kfDr dk foeh; lw=k 

  ['kfDr] = 
[ ]

[ ]

dk;Z

le;
 = 

2 2[ML T ]

[T]



 = [ML2 T–3]  

 'kfDr esa] nzO;eku dh foek  = 1,   yEckbZ dh foek = 2,    le; dh foek = – 3 

Ø-la- ekuoh; fØ;k;sa 'kfDr (W) 

1 fny dh /kM+du 1.2 

2 lksuk 83 

3 cSBuk 120 

4 dkj esa cSBuk 140 

5 iSny pyuk (4.8 fdeh-@?kaVk) 265 

6 lkbZfdy pykuk (15 fdeh-@?kaVk) 410 

7 Vsful [ksyuk 440 

8 rSjuk  (Nkrh dh rjQ ls, 1.6 fdeh-@?kaVk) 475 

9 ifg;s okys twrksa ij pyuk 535 

10 lhf<+;k¡ p<+uk (,d feuV esa 116 lh<+h) 685 

11 lkbZfdy pykuk (21.3 fdeh-@?kaVk) 700 

12 ckWLdsV ckWy [ksyuk 800 

13 V~;wc ykbZV 40 

14 ia[kk 60 

  

 
 

Example 40. ,d {kSfrt lrg ij ,d CykWd {kSfrt cy 50 N ds izHkko esa fu;r osx 1 m/s ls pyrk gSA ?k"kZ.k rFkk cká% 

cy dh 'kfDr D;k gSA  

      
Solution :  

 
pwafd a = 0 i.e. fk = 50 N       

  Pext = 50 × 1 = 50 W 

  Pf = –50 × 1= –50 W 
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——————————————————————————————————— 

  'kfDr nh x;h ÅtkZ dh nj Hkh gksrh gSA  

 dqy 'kfDr = P1 + P2 + P3 ............. 

 Pnet = 1dW

dt
 + 2dW

dt
 ......   

  Pnet = 1 2dW dW ..........

dt

  
 
 

 

 Pnet = 
dK

dt
     Wall = K  

  xfrt ÅtkZ esa ifjorZu dh nj Hkh 'kfDr gSA  

 

 

Example 41.  ,d iRFkj dks {kSfrt ls  dks.k ij fdlh osx ls iz{ksfir fd;k tkrk gS rks Kkr djks&  

  (i)  t le; ds nkSjku xq:Ro dh vkSlr 'kfDrA  

  (ii) le; t ds nkSjku xq:Roh; cy ds dkj.k rkR{kf.kd 'kfDr tgkW ij t mM~M;u dky gSA  

  (iii) vkSlr 'kfDr dc 'kwU; gS \  

  (iv) Pinst  dc 'kwU; gS \  

  (v) Pinst dc _.kkRed gS \  

  (vi) Pinst dc /kukRed gS \  

Solution : (i) <P> = 
w

T
 = – 

mgh

t
 = –

21
mg usin t gt

2

t

 
  

   

       <P> = 
gt

mg usin
2

 
  

 
 

  (ii) rkR{kf.kd 'kfDr  

       P = F v   

        = (–mg ĵ ) [ucos î  + (usin – gt) ĵ )]= –mg(usin  – gt) 

v

h


u
 

  (iii) 
gt

usin
2
     t = 

2usin

g


, i.e. mM~M;u dky  

  (iv) tc F  rFkk V  yEcor~ gS vFkkZr~  t = 
usin

g


 ij] tks fd mPpre fcUnq gSA  

  (v) vk/kkj ls mPpre fcUnq rd  

  (vi) mPpre fcUnq ls vk/kkj rd  
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——————————————————————————————————— 

fLFkfrt ÅtkZ  

 ÅtkZ : ;s dk;Z djus dh vkUrfjd {kerk gSA  

 xfrt ÅtkZ : ;s xfr ds dkj.k dk;Z dj ldus dh vkarfjd {kerk gksrh gSA 

 fLFkfrt ÅtkZ : fdlh fudk; dk foU;kl fo'ks"k ds dkj.k dk;Z djus dh vkUrfjd {kerk dks fLFkfrt ÅtkZ dgrs gSaA  

 mnkgj.k : xq:Roh; fLFkfrt ÅtkZ] fLizax fLFkfrt ÅtkZ bR;kfnA 

 

fLFkfrt ÅtkZ (Potential Energy) : 

 ifjHkk"kk :  

 fdlh fudk; dk foU;kl fo'ks"k ds dkj.k dk;Z djus dh vkUrfjd {kerk dks fLFkfrt ÅtkZ dgrs gSaA  

 fdlh oLrq dks funsZ'k fcUnq ls nh xbZ fLFkfr rd foLFkkfir djus esa laj{kh cy }kjk fd;s x;s dk;Z dk _.kkRed eku 

ml fLFkfr esa oLrq dh fLFkfrt ÅtkZ ds rqY; gksrk gSA  

 vr% laj{kh cy {ks=k esa  

  
2 2

1 1

U r

U r
dU F dr     i.e., 

2

1

r

2 1
r

U U F dr W       

 tgka rd laHko gks ge funsZ'k ry vuUr   ij ekurs gSA vkSj ogka fLFkfrt ÅtkZ 'kwU; ekurs gSA  

 vr% ;fn r1 =   rFkk U1 = 0 gks rks 

  
r

U F dr W


      

 (a)  xq:Roh; fLFkfrt ÅtkZ  

  U = mgh  

  m nzO;eku ds ,d d.k ds fy;s tks fd funsZf'kr Lrj ls h Å¡pkbZ ij gSA  
 

 
 

Example 42  ,d ,dleku Å/okZ/kj M nzO;eku o yEckbZ dh NM dh fLFkfrt mtkZ Kkr djksa  



M

 
Solution :  dU = dm gh 

x

dx

M

 
U

0 0

M
dU dx gx

 
  

 
    U =  

Mg

2
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——————————————————————————————————— 

 (b)  fLizax fLFkfrt ÅtkZ   

  U = 21
Kx

2
 

  tgka x lkekU; yEckbZ ls yEckbZ esa ifjorZu gSA  

 

Note :  xq:Roh; fLFkfrt ÅtkZ _.kkRed, /kukRed ;k 'kwU; gks ldrh gS ijUrq fLizax fLFkfrt ÅtkZ ges'kk /kukRed gksrh gSA  

 

Example 43.  fn;s x;s fp=k esa ,d m = 5kg nzO;eku rFkk = 1m dh NM+ ,d fljs ij 

dhyfdr gSA NM dks /khjs&/khjs >qdh gqbZ voLFkk rd ykus esa vkjksfir cy 

}kjk fd;k x;k dk;Z Kkr djksaA 

Solution :  WALL = K  dk;Z ÅtkZ izesa; }kjk 

 x =
2

 – 
2

 cos 60° = 
1

4
 m = 0.25 m 

 
x yN N g FappW W W W K       (

x yN NW W 0  ) 

   0 – mg(0.25) + WFapp = 0 – 0     

   K = 0 pwafd /khjs&/khjs ykrs gSA 

   WFapp = 5 × 9.8 × 0.25 

  ;s ns[kk tk ldrk gS fd WFapp = mgh = 5 × 9.8 × 0.25 J. 



=60°

Fapp

m=5kg

 = 1m 

 



Fapp

mg

x

Ny

Nx

 
 

Example 44.  fp=kkuqlkj nh x;h fLFkfr esa M nzO;eku o  yEckbZ dh ,dleku NM j[kh gSA NM dh fLFkfrt ÅtkZ Kkr 

djksaA  

     
U = O

M, 



    
      

 

Solution : 

U = O

M, 

xsin 

dx
x



 

  dU = dm.g.h   

  dU  = 

0

M
 dx . g . x sin   

   U =  
Mgsin

2


 

  /;ku ns fd NM dk nzO;eku dsUnz /kjkry ls sin
2

 
 

 
 Åpk¡bZ ij gSA 
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Example 45.     

  ,d M nzO;eku dh tathj fp=kkuqlkj v)Zxksys ij j[kh gSA tathj dh fLFkfrt ÅtkZ Kkr djksaA  

Solution : 

Rd

R
d



M

Rsin

U = 0

    

  ge tkurs gS fd 
arc

Radius
 =   

    vo;o dh yEckbZ =  Rd     dm = 
M

d
/ 2




 = 
2M

d


 

  vc dU = dmgh = 
2M

d
 

 
 

(g)(R sin)   

     

U

0

dU  = 
2M


 Rg

/ 2

0

sin



 d    U = 
2MgR


 

/ 2

0
cos


   

    U = Mg 
2R 

 
 

   [/;ku ns fd 
2R 

 
 

 nzO;eku dsUnz dh Å¡pkbZ gS] 

 

Example 46.  ,d ,dleku Bksl xksyk ftldk nzO;eku M rFkk f=kT;k R gS] {kSfrt lrg ij j[kk gS&  

     

M,R

 
  Bksl xksys dh fLFkfrt ÅtkZ Kkr djkas & 

Solution :  U = Mghcm  

  lefer oLrq gsrq nzO;eku dsUnz oLrq ds T;kferh; dsUnz ij gksrk gSA  

    U = MgR  
 

Example 47. CykWd dks xfr djkus ij xq:Ro ds }kjk fd;k x;k dk;Z Kkr djksa   

M

M

U = 0A

B

h

 
  (i) A ls B rd   (ii) B ls A rd   (iii) Kkr djksa UA – UB  (iv) Kkr djksa UB – UA  

Solution : (Wg)A to B =  – mgh  
  (Wg)B to A = mgh  
  UA – UB = – mgh  
  UB – UA = mgh  
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———————————————————————————————————  
 ;s dgk tk ldrk gSA  
 Wg = – U  

 xq:Ro ds }kjk fd;k x;k dk;Z fLFkfrt ÅtkZ eas ifjorZu ds _.kkRed ds cjkcj gksrk gSA  

 i.e.,  Wg = – [Uf – Ui]   Wg = Ui – Uf  

 egRoiw.kZ rF; % 

1. fLFkfrt ÅtkZ dsoy laj{kh cyksa ls lacaf/kr gksrh gSA ;g vlaj{kh cyksa ls lacaf/kr ugha gksrhA 

2.  fLFkfrt ÅtkZ /kukRed] _.kkRed gks ldrh gS rFkk ;g funsZ'k ra=k dh fLFkfr ij fuHkZj djrh gSA  

3.  fLFkfrt ÅtkZ funsZ'k ra=k ij fuHkZj djrh gS ysfdu fLFkfrt ÅtkZ esa ifjorZu funsZ'k ra=k ij fuHkZj ugha djrkA  

4.  fLFkfrt ÅtkZ fdlh d.k dh ugha cfYd fdlh fudk; dh gksrh gSA  

5. fLFkfrt ÅtkZ fLFkfr dk Qyu gksrk gS ysfdu iFk ij fuHkZj ugha djrhA 

 fLizax cy ds }kjk fd;k x;k dk;Z  

  

U = 0

k

  

U = 0

x = 0 x = x

U = 1/2 kx
2

 
 

 mijksDrkuqlkj  WSP = – U                                      

   WSPF = – U ;  WSPF = Ui – UF ;  WSPF = 0 – 
1

2
 kx2 = – 

1

2
kx2   

 
Example 48.   

  

M,L

[kqVh

 



        
  tathj ds fupys fljs dks /khjs&/khjs mBkdj [kwaVh ij j[kus ds nkSjku cká cy }kjk fd;k x;k dk;Z Kkr djks\ 

Solution :  

  

M,L

[kqVh

 



              izkjEHk esa Ui = – Mg  
L

2
 

   Uf = – Mg  
L

4
 

   Wg = Ui – Uf = (–Mg 
L

2
) – (–Mg 

L

4
) = – Mg 

L

4
  

  dk;Z ÅtkZ izes; ls, Wg + Wext = K = 0    Wext = – Wg = Mg 
L

4
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Example 49. mijksDr mnkgj.k esa e/; tksM dks /khjs ls [kwaVh ij VkWxus ds nkSjku cká cy }kjk fd;k x;k dk;Z Kkr 

djksA  

Solution :  

 

Ui = – Mg
L

2
;   

  Uf = 
M L

g
2 8

  
  
  

 – 
M L

g
2 4

 
 
 

      

    Wext = Uf – Ui  = 
5

MgL
16

 

 

 

Example 50  

K = 100 N/m

x=0 x=0.1 x=0.2
C B A

    

  A ls B rFkk B ls C ds nkSjku fLizax cy }kjk fd;k x;k dk;Z Kkr djksaA x = 0 izkdf̀rd yEckbZ dh fLFkfr gSA 

Solution : (Wspring)AB = Ui – Uf = 
1

2
 K (0.2)2 – 

1

2
 K(0.1)2   

    (Wspring)AB = 
3

2
J  

  blh rjg   (Wspring)BC = 
1

2
J   

 

 

Example 51 (a) m nzO;eku dks A ls C rd rhu fofHkUu iFkksa ls ys tkrs gSA 

 (i) ABC   

 (ii) ADC   

 (iii) AC  

 rhuksa fLFkfr;ksa esa xq:Ro ds }kjk fd;k x;k dk;Z Kkr djksaA 

 (b) nzO;eku dks A ls C rd rhu fofHkUu iFkksa ls ys tkrs gSA 

 vkjksfir cy {kSfrt gS ?k"kZ.k cy ds }kjk fd;k x;k dk;Z Kkr djksaA 

 (i) ABC  

 (ii) ADC  

 (iii) AC 

 
 

 

Solution : (a)  (i) –mgh (ii) –mgh (iii) –mgh 

  (b) (i) WABC = –mg (a+b)    

   (ii) WADC = –mg (a+b)     

   (iii) WAC = –mg ( 2 2a b ) 
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———————————————————————————————————   

laj{kh cy (CONSERVATIVE FORCES) %  

 
 fdlh cy dks laj{kh cy dgrs gS] ;fn fdlh oLrq dks xkfr djkus es cy ds }kjk ;k fo:) fd;k x;k dk;Z 

 (a) dsoy vkjfEHkd ,oa vafre fLFkfr ij gh fuHkZj djrk gS iFk ij fuHkZj ugha djrk gSA  

 (b) vafre ,oa vkjfEHkd fLFkfr;ksa ds e/; iFk dh izd`fr ij fuHkZj ugha djrk gSA  

 mijksDr fp=kkuqlkj ekuk m nzO;eku dh oLrq dks Å/okZ/kj h Å¡pkbZ rd mBk;k tkrk gS rks fd;k x;k dk;Z mgh gSA 

;fn oLrq dks fp=k (b) esa n'kkZ;s iFk ds vuqlkj ys tk;s rks {kSfrt xfr ds nkSjku dk;Z 'kwU; gksrk gS ysfdu m/okZ/kj 

Hkkx okys iFk ls ys tkus ij dk;Z dk eku mgh izkIr gksrk gSA  

 vc oLrq dks fp=k (C) esa n'kkZ;s ,sfPNd iFk ls ys tkrs gS ;fn ge lEiw.kZ iFk dks lw{e {kSfrt rFkk m/okZ/kj Hkkxksa esa 

foHkkftr dj nsa rks {ksfrt Hkkxksa esa fd;k x;k dk;Z 'kwU; gksrk gS rFkk m/okZ/kj Hkkxksa dks tksM+us ij fd;k x;k dk;Z 

iqu% mgh izkIr gksrk gSA  

 vr% fdlh oLrq dks xq:Rokd"kZ.k ds fo:) Åij mBkus esa fd;k x;k dk;Z iFk ij fuHkZj ugha djrk gSA  

 ;g oLrq dh izkjfEHkd rFkk vfUre fLFkfr ij fuHkZj djrk gSA vr% xq:Ro cy ,d laj{kh cy gksrk gSA  
 

 laj{kh cy ds mnkgj.k % 

 (i) xq:Rokd"kZ.k cy dsoy i`Foh ds dkj.k gh ugha gksrk] bldk O;kid :i lkoZf=kd xq:Rokd"kZ.k cy ds fu;e ls 

izkIr gksrk gSA ;g laj{kh cy gksrk gSA  

 (ii) fdlh f[kaph gqbZ ;k laihfM+r fLizax esa fLizax cy laj{kh cy gksrk gSA  

 (iii) nks vkos'kksa ds e/; yxus okyk fLFkj oS|qr cy laj{kh cy gksrk gSA  

 (iv) nks pqEcdh; /kzqoksa ds e/; yxus okyk pqEcdh; cy laj{kh cy gksrk gSA  

 nks oLrqvksa ds dsUnzksa dks tksM+us okyh js[kk ds vuqfn'k yxus okyk cy dsUnzh; cy dgykrk gSA xqRokd"kZ.k cy rFkk 

fLFkj oS|qr cy dsUnzh; cy gksrs gSA dsUnzh; cy lnSo laj{kh cy gksrs gSA  
 

 laj{kh cyksa ds xq.k % 

 (i) laj{kh cy ds }kjk ;k laj{kh cy ds fo:) fd;k x;k dk;Z dsoy oLrq dh vfUre rFkk izkjfEHkd fLFkfr ij 

fuHkZj djrk gSA 

 (ii) laj{kh cy ds }kjk ;k laj{kh cy ds fo:) fd;k x;k dk;Z oLrq dh izkjfEHkd rFkk vfUre fLFkfr;ksa ds e/; 

r; fd;s x;s iFk dh izd`fr ij fuHkZj ugha djrk gSA  

    ;fn fdlh oLrq dks] oLrq dh izkjfEHkd fLFkfr ls vfUre fLFkfr rd ys tkus esa cy }kjk fd;k x;k dk;Z iFk 

ij fuHkZj ugha djs rks cy laj{kh gksrk gSA  

 (iii) laj{kh cy }kjk ;k laj{kh cy ds fo:) cUn iFk ds vuqfn'k fd;k x;k dk;Z 'kwU; gksrk gSA  

  ;fn fdlh oLrq dks cUn iFk ds vuqfn'k ys tkus esa cy }kjk fd;k x;k dk;Z 'kwU; gS rks cy laj{kh gksrk gSA 

vU;Fkk cy vlaj{kh gksrk gSA  

   fLFkfrt ÅtkZ laj{kh cy vFkok laj{kh cy {ks=k ls lacaf/kr gksrh gSA  

 (iv) laj{kh cy }kjk fd;s x;s dk;Z dh iqu% izkfIr laHko gSA  

  dk;Z dh iqu% izkfIr laj{kh cy dk egRoiw.kZ rF; gSA  
 

 vlaj{kh cy % 

 ;fn fdlh oLrq ij cy ds }kjk vFkok cy ds fo:) fd;k x;k dk;Z vkjfEHkd fLFkfr ,oa vafre fLFkfr ds e/; iFk 

ij fuHkZj djrk gS rks cy vlaj{kh gksrk gSA  

 ?k"kZ.k cy vlaj{kh cy gksrs gSA ?k"kZ.k cy ds }kjk fd;k x;k dk;Z iFk dh yEckbZ ij fuHkZj djrk gSA ;g vafre ,oa 

vkjfEHkd fLFkfr;ksa ij fuHkZj ugha djrk gSA ,d iw.kZ ifjØek esa ?k"kZ.k cy ds }kjk fd;k x;k dk;Z 'kwU; ugha gksrk gSA  
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 vlaj{kh cy ds mnkgj.k % osx ij fuHkZj cy tSls ok;q izfrjks/k] ';ku cy] rFkk pqEcdh; cy vkfnA  

Ø-la- laj{kh cy vlaj{kh cy

1 dk;Z iFk ij fuHkZj ugha djrkA dk;Z iFk ij fuHkZj djrk gSA

2 can iFk esa dk;Z 'kwU; gksrk gSA can iFk esa dk;Z 'kwU; ugha gksrk gSA 

3 dsUnzh; cy gksrs gSA 
osx ij fuHkZj djrk gS rFkk voeanu izd̀fr ds 

cyA

4

tc fdlh fudk; ij dsoy laj{kh cy dk;Zjr gks rks 

fudk; dh xfrt ÅtkZ vFkok fLFkfrt ÅtkZ ifjofrZr gks 

ldrh gS fdUrq budk ;ksx vFkkZr~ fudk; dh ;kaf=kd 

ÅtkZ vifjofrZr jgrh gSA 

vlaj{kh cy ds }kjk fd;k x;k dk;Z 

lkekU;r;k Å"ek ÅtkZ esa ifjofrZr gksdj 

;kaf=kd ÅtkZ esa deh djrk gSA 

5 fd;s x;s dk;Z dh iqu% izkfIr laHko gSA fd;s x;s dk;Z dh iqu% izkfIr lEHko ugha gSA 

 
 

 
 

Example 52. fp=kkuqlkj a rFkk b fcUnq rhu iFkksa }kjk tqM+s gSA fdlh d.k ij F cy yxkdj iznf'kZr izR;sd iFk dh fn'kk 

ds vuqfn'k ys tk;k tkrk gS rks D;k nh xbZ lwpuk ds vk/kkj ij cy ' F ' laj{kh gSA  

      
 

Answer : ugha 

dkj.k :  laj{kh cy ds fy,] can iFk esa fd;k x;k dk;Z 'kwU; gksuk vko';d gSA  
 

Example 53. ,d d.k dks fcUnq A (0, 0) ls fcUnq B(2, 3) rd foLFkkfir djus esa cy F  = x î  + y ĵ  }kjk fd;k x;k dk;Z 

Kkr djksa  

Solution : dW = F .ds = (x î  + y ĵ ).(dx î  + dy ĵ ) 

  W = 
2

0
xdx  + 

3

0
ydy   = 

2
2

0

x

2

 
 
  

 + 

3
2

0

y

2

 
 
  

 = 
13

2
 bdkbZ  

lR; ;k vlR;  

Example 54. ,d valj{kh cy }kjk fd;k x;k dk;Z nks fofHkUu iFkksa ds vuqfn'k ges'kk fHkUu gksxkA  

Answer : vlR;  
 

Example 55. vlaj{kh cy ds }kjk fd;k x;k dk;Z nks fofHkUu iFkksa ds vuqfn'k fHkUu gks ldrk gSA  

Answer : lR;  
 

Example 56. vlaj{kh cy ds }kjk fd;k x;k dk;Z lHkh laHko iFkksa ds vuqfn'k leku ugh gks ldrk gSA  

Answer : lR;  
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Example 57. ,d d.k dks fcUnq O(0, 0) ls fcUnq C(2, 2) rd foLFkkfir djus esa cy F  =  x î  + xy ĵ  ds }kjk fd;k x;k 

dk;Z Kkr djksaA  

Solution : dW  =  

2

0

xdx  + 

2

0

xydy     

  Kkr fd;k tk ldrk gSA Kkr ugh fd;k tk ldrk gS 

     tc rd x, y ds inksa esa Kkr ugh gks  

     ;k iFk dh lehdj.k Kkr ugh gks  
 

Example 58. mijksDr mnkgj.k esa O ls C ds nkSjku F  }kjk fd;k x;k dk;Z Kkr djksa ;fn iFk fp=kkuqlkj fn;k gksa&  

 
Solution : OAC   OA + AC  

  OA  ds fy, y = 0    dy = 0  

   OAdW   = 

2

0

xdx  + 0    WOA = 2 J   

  AC ds fy;s   x = 2        dx = 0  

  ACdW  = 0 + 2 
2

0
ydy     WAC = 4J 

   WOAC = WOA + WAC = 2 + 4 = 6J 

  (ii) OBC       OB + BC  

  OB ds fy, x = 0   dx = 0   WOB = O 

  BC ds fy, y = 2   dy = 0  

     dW  =  xdx   W = 

2
2

0

x

2

 
 
  

 = 2     WOAC    WOBC 

  pwafd cy vlaj{kh gSA  

  (iii)  WOC  ds fy, dW = xdy + xydx  

   OC ds fy,  x = y   dx = dy  

   dW = 
2

0
xdx  + 

2
2

0
y dy   W = 

14

3
 unit  

 

Example 59. fn;s x;s iFkksa ds vuqfn'k fcUnq O ls C rd foLFkkfir djus esa cy F  = y î  + x ĵ  ds }kjk fd;k x;k Kkr 

djksaA Kkr djks fd ;s cy laj{kh gS ;k vlaj{kh gSA  

 
Solution : (i)  OAC   OA + AC 

   OA ds fy;s   y = 0  dy = 0  

    dW = 0  WOA =  0  

   AC ds fy;s   x = 2  dx = 0  

   dW  = 

3

0

dy    W = 6 J     WOAC = 6 bdkbZ  
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  (ii)  OBC  OB + BC  

   OB ds fy;s    x = 0  dx = 0    dW = 0  

   BC ds fy;s   y = 3  dy = 0  

   dW  =  
2

0
3dx   W = 6 bdkbZ   WOBC = 6 bdkbZ  

  (iii)  OC  OC ds fy;s  y = 
3

2
x   dy = 

3

2
dx  

     dW  = 

2

0

3
xdx

2  + 

2

0

3
xdx

2     dW  = 3

2

2

0

x dx     WOC = 6 bdkbZ  

 mijksDr cy laj{kh yx jgk gS ij ge fuf'pr rkSj ij ;s ugh dg ldrs tc rd ges blds iFk dh 

tkudkjh ugh gSA ijUrq fQj Hkh ge bldk lekdyu dj ldrs gSA  

  nqckjk gekjs ikl gS  dw = xdy + ydx  & xdy + ydx fy[kk tk ldrk gS dxy  

     dW  = xyd   W = 
2,3

0,0
dxy  = 

2,3

0,0
xy    = 6J 

 

  mijksDr dk lekdyu djus ds fy;s iFk dh tkudkjh gksuk t:jh ugh gS vr% mijksDr F laj{kh gSA  
 

———————————————————————————————————  

fLFkfrt ÅtkZ rFkk laj{kh cy (POTENTIAL ENERGY AND CONSERVATIVE FORCE) 

 FS = –  U/  s,  

 vFkkZr~ foLFkkiu 'dr' dh fn'kk esa fn;s x;s fcUnq ij cy lfn'k F, nh xbZ fn'kk ds lkis{k fLFkfrt ÅtkZ U ds vodyu 

ds foijhr fpUg ds cjkcj gksrk gSA vkaf'kd vodyu /s dk vuqiz;ksx ,d fuf'pr fn'kk ds lkis{k vodyu ds fy, 

djrs gSA  

 vr% Qyu U ds x, y, z ds lkis{k foijhr fpUg ds vkaf'kd vodyu izkIr gksus ij] gesa cy lfn'k F ds i, j rFkk k  

,dkad lfn'k ij iz{ksi Øe'k% Fx, Fy rFkk Fz izkIr gksrs gSA bl izdkj] vklkuh ls lfn'k izkIr dj ldrs gSA  

F = Fxi + Fyj + Fzk, ;k tc laj{kh cy /kukRed dk;Z djrs gS rks fLFkfrt ÅtkZ ?kVrh gSA 

  dU = – dw  

  dU = – F.ds 

  dU = – (Fx î  + Fy ĵ  + Fz k̂ ) .(dx î  + dy ĵ  + dz k̂ ) 

  dU = – Fxdx – Fydy – Fzdz  
 

 ;fn y rFkk z fu;r gks rks] dy = 0 dz = 0  

  dU = – Fxdx  

   Fx = –
dU

dx
 ;fn y o z fu;r gks rks 

  Fx = 
U

x




 

 blh rjg Fy = 
u

y




;  Fz = 

u

z




 

  F = – 
U U U

x y z

   
  

   
i j k . 

 dks"Bd ds vUnj izkIr jkf'k dks <ky ;k xzsM U ;k U ls iznf'kZr djrs gSA ge U dk iz;ksx djsaxs ftldk iz;ksx 

ljy gksxk tgk¡ ij ¼uscyk½ lkadsfrd lfn'k dks crkrk gSA  

   = 
x y z

  
 

  
i j k  
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 fLFkfrt ÅtkZ oØ (Potential Energy curve) :  

 (a) fdlh d.k dh fLFkfrt ÅtkZ vkSj d.k ds cy {ks=k ds dsUnz ls foLFkkiu ds e/; oØ fLFkfrt ÅtkZ oØ dgykrk 

gSA 

 
 (b) xzkQ ls] fofHkUu fLFkfr;ksa ij d.k dh xfr dh nj Kkr dh tk ldrh gSA  

 (c) d.k ij cy  F(x) = – 
dU

dx
     

Case-I : x dk eku c<+kus ij, ;fn U dk eku c<+rk gS rks cy (–) ve x fn'kk esa gksrk gS vFkkZr~ vkd"kZ.k cyA 

Case-II : x dk eku c<+kus ij] ;fn U esa deh gksrh gS rks cy (+)ve x fn'kk esa gksxk vFkkZr~ izfrd"kZ.k cyA 
 

 

Example 60. fLizax dh fLFkfrt ÅtkZ U =
1

2
kx2 ls nh x;h gS, tgkW x fLizax es foLrkj gS] bl fLFkfrt ÅtkZ ls lEcfU/kr  

cy Kkr djksaA  

Solution :  Fx =
u

x




 = – kx  Fy = 0   Fz = 0.  

 

Example 61. eqDr {ks=k esa ,d d.k dh fLFkfrt ÅtkZ U = x2 + y2 gS \ bl fLFkfrt ÅtkZ ls lEcfU/kr cy Kkr djksa A 

Solution :  Fx = 
u

x




= – [2x + 0] = –2x  

   Fy =
u

y




 = – (2y + 0) = –2y 

   F  = – 2x î  – 2y ĵ  
 

Example 62. fn;s x;s cy F  = – 2x î  – 2y ĵ  dh fLFkfrt ÅtkZ Kkr djksaA   

Solution :  dU = – dW 

   dU  =  ˆ ˆ ˆ ˆ( 2xi 2yj) (dxi dyj)       dU  = 2xdx 2ydy   

    U = x2 + y2 + C 

 

Example 63. cy F = y î  + x ĵ  dh fLFkfrt ÅtkZ Kkr djksaA 

Solution :  dU = – dW 

   dU = – (y î  + x ĵ ) . (dx î  + dy ĵ ) 

   dU = ydx xdy      dU   = dxy   U = – xy + c 

 

Example 64. fLFkfrt ÅtkZ U = – xy ds fy;s cy Kkr djksaA   

Solution :  F  = –
U Uˆ ˆi j
x y

  
 

  
  F  = – 

( xy) ( xy)ˆ ˆi j
y y

    
 

  
 

   F  = y î  + x ĵ  vr% fiNys mnkgj.k dks tkWprs gq;s  
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——————————————————————————————————— 

,d d.k dh lkE;oLFkk  

d.k dh fofHkUu fLFkfr   

 lkE;oLFkk dh fLFkfr % ;fn fdlh oLrq ij dk;Zjr ckg~; cyksa dk dqy ;ksx 'kwU; gks rks oLrq lkE;oLFkk esa gksrh gSA  

 lkE;oLFkk ds fy, 
dU

dx
 = 0.  fLFkfrt ÅtkZ oØ esa fcUnq P, Q, R rFkk S lkE; fcUnq dgykrs gSA  

 lkE;oLFkk ds izdkj : 

 

 LFkk;h lkE;oLFkk : tc fdlh d.k dks lkE;oLFkk ls vYi foLFkkfir djus ij oLrq ij dk;Zjr ifj.kkeh cy ;fn oLrq 

dks iqu% lkE;oLFkk esa ys vkrk gS rks bls LFkk;h lkE;koLFkk dgrs gSA  

 vko';d 'krZ :  – 
dU

dx
= 0,  vFkkZr~ 

2

2

d U

dx
 = +ve (U;wure fLFkfrt ÅtkZ ) 

 vLFkk;h lkE;oLFkk : fdlh d.k dks lkE;oLFkk ls vYi foLFkkfir djus ij oLrq ij tks ifj.kkeh cy yxrk gS] ;fn 

oLrq dks foLFkkiu ds vuqfn'k ys tkus dk iz;kl djrk gS o oLrq lkE;oLFkk ls nwj pyh tkrh gS rks bls vLFkk;h 

lkE;koLFkk dgrs gSA 

 'krZ : –
dU

dx
 = 0 vf/kdre fLFkfrt ÅtkZ vFkkZr~ = 

2

2

d U

dx
 = – ve 

 mnklhu lkE;oLFkk : mnklhu lkE;oLFkk dh fLFkfr esa fLFkfrt ÅtkZ fu;r jgrh gSA lkE;oLFkk ls oLrq dks foLFkkfir 

djus ij Hkh oLrq ij dksbZ ifj.kkeh cy ugha yxrk gS o oLrq foLFkkfir djus ij Hkh lkE;oLFkk dh fLFkfr esa gh jgrh 

gS rks ;g fLFkfr mnklhu lkE;koLFkk dh fLFkfr dgykrh gSA    

 ,d d.k lkE;koLFkk esa gS ;fn d.k dk Roj.k 'kwU; gSA pwafd Roj.k ra=k ij fuHkZj jkf'k gS vr% lkE;koLFkk izs{kd dh 

xfr ij Hkh fuHkZj djrh gSA  

 

 

Example 65.  nks v.kqvksa ds e/; fLFkfrt ÅtkZ, U(x) dh muds e/; nwjh ij fuHkZjrk fuEu gS U(x) = 
12

a

x
–

6

b

x
, tgk¡ a rFkk 

b /kukRed fu;rkad gS rFkk x v.kqvksa ds e/; nwjh gS] rks fudk; LFkk;h lkE;oLFkk esa gksxk tc & 

   (A) x = 0   (B) x = 
a

2b
   (C) x = 

1/ 6
2a

b

 
 
 

  (D) x = 
11a

5b

 
 
 

  

Solution :  (C) fn;k gS, U(x) = 
12

a

x
 – 

6

b

x
 

   ge tkurs gS  F = – 
du

dx
 = (–12) a x–13 – (–6b) x–7 = 0   

   ;k 
7

6b

x


 = 

13

12a

x
 ;k x6 = 12a/6b = 2a/b  ;k x = 

1/ 6
2a

b

 
 
 

  

   
2

2

d U

dx
 = +ve  at x = 

1/ 6
2a

b
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Example 66. (A) 

u = 0

   (B)   

   (C)    (D)    

   (E) 
  

 (F)   

   mijksDr fLFkfr;ksa esa fdlesa lkE;oLFkk ugh gSA  

Solution :  (F) D;ksfd pUnzek ges'kk Rofjr gSA ;s vfHkdsUnzh; Roj.k j[krk gS ;k ;s gj le; osx cnyrk jgrk gSA  

Example 67. E

G

   

   lkE;oLFkk dh fLFkfr;kW Kkr djksa rFkk crkvksa ;s dkSulh lkE;koLFkk gS&LFkk;h] vLFkk;h ;k mnklhuA  

Solution :  B, D, F ij cy 'kwU; gS vr% ;gkW lkE;oLFkk gksxh  

   lkE;oLFkk dk izdkj Kkr djus ds fy;s bls FkksMk lk foLFkkfir dj nsA  

   B ij LFkk;h lkE;oLFkk gSA  

   D ij vLFkk;h lkE;oLFkk gS rFkk F ij mnklhu lkE;oLFkk gSA  
 

Example 68. E

G

U

  

   lkE;oLFkk fcUnq Kkr djksa rFkk mudh izd`fr ds ckjs eas crkvksaA  

Solution :  C, E, F lkE;oLFkk fcUnq gS D;ksfd F = 
U

x




  tc U - x oØ dk <ky 'kwU; gS rc F 'kwU; gSA  

   utnhdh fcUnqvksa ds <ky }kjk LFkkf;Ro dks tk¡pksa  

   ;fn ge nkW;h vkSj pyrs gS] rks <ky /kukRed gksuk pkfg;s LFkk;h lkE;oLFkk ds fy;s rFkk bldk foijhrA 

lw{e :i esa ;s igkMh rFkk [kM~Ms dh rjg ls gSA 
 

——————————————————————————————————— 

;kaf=kd ÅtkZ (MECHANICAL ENERGY) : 

 ifjHkk"kk : fdlh oLrq vFkok fudk; dh fLFkfrt ÅtkZ ,oa xfrt ÅtkZ dk ;ksx] fudk; dh dqy ;kaf=kd ÅtkZ ¼E½ 

dgykrk gSA E = K + U 

 ;kaf=kd ÅtkZ ls lacaf/kr egRoiw.kZ rF; : 

 1. ;g vfn'k jkf'k gS bldh foek [ML2T–2] rFkk SI bdkbZ twy gSA  

 2. ;kaf=kd ÅtkZ funsZ'k ra=k ij fuHkZj djrh gSA  

 3. ,d oLrq fcuk xfrt ÅtkZ ;k fcuk fLFkfrt ÅtkZ j[ks ;kaf=kd ÅtkZ j[k ldrh gSA ijUrq ;fn fdlh oLrq dh 

xfrt ÅtkZ o fLFkfrt ÅtkZ 'kwU; gS rks mldh ;kaf=kd ÅtkZ Hkh 'kwU; gksxh ijUrq bldk foifjr lR; Hkh gks ldrk 

gS vksj vlR; HkhA ysfdu ;fn fdlh oLrq dh ;kaf=kd ÅtkZ (E = 0) 'kwU; gS] rks xfrt ÅtkZ ,oa fLFkfrt ÅtkZ esa 

ls dksbZ Hkh 'kwU; gks ldrk gS ;k fLFkfrt ÅtkZ _.kkRed gks ldrh gS vkSj xfrt ÅtkZ /kukRed gks ldrh gSA 

vr% KE + PE = 0 
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 4. ;kaf=kd ÅtkZ E = K + U, vFkkZr~ E – U = K, pwafd K ges'kk /kukRed gksrh gSA blfy, E – U  0 vr% fdlh {ks=k 

esa mifLFkr d.k ds fy, E  U gksrk gSA  

 5. ;kaf=kd ÅtkZ E = K + U, K ges'kk /kukRed gksrh gS] vr% ;fn 'U' Hkh /kukRed gS rks 'E' Hkh /kukRed gksxhA ;fn 

'U' _.kkRed gS rks ;kaf=kd ÅtkZ] K > |U| ds fy, /kukRed rFkk K < |U| ds fy, _.kkRed gksxhA vFkkZr~ fdlh 

oLrq ;k fudk; dh ;kaf=kd ÅtkZ dk _.kkRed gksus dk vFkZ gS fLFkfrt ÅtkZ _.kkRed gksxh rFkk bldk 

ifjek.k xfrt ÅtkZ ls vf/kd gksxkA bl voLFkk dks fudk; dh c) ¼caf/kr½ voLFkk dgrs gSA  

  mnkgj.k % fdlh ijek.kq dk bysDVªkWu ;k xzg ds pkjksa vksj ?kwerk gqvk mixzg caf/kr voLFkk esa gksrs gSA  
 

 
 

Example 69. fn;s x;s fp=k esa ,d fLizax nzO;eku fudk; fn[kk;k x;k gSA 500 g 

nzO;eku ds NksVs CykWd dks ,d {ksfrt fLçax ds fo:) 5.0 cm rd 

nck;k tkrk gSA fLçax {kSfrt voLFkk esa ,d fljs ls tM+or~ gSA fLçax 

dk cy fu;rkad 500 N/m gSA tc bldks NksM+k tkrk gS rks CykWd 

{kSfrt :i ls rc rd xfr djrk gS tc rd ;g fLçax dks ugha NksM+ 

nsaA 4 m uhps /kjkry ij ;g dgk¡ Vdjk;sxk ? 
 

Solution :  tc CykWd dks NksM+k tkrk gS rks ;g {kSfrt fn'kk esa fLçax dks NksM+rs le; V pky ls xfr djrk gSA  

   ÅtkZ laj{k.k ls 
1

2
kx2  = 

1

2
mv2 

   V2 = 
2kx

m
   V = 

2kx

m
    mM~M;u dky t = 

2H

g
 

   vr% fLçax ds fljs ls {kSfrt fn'kk esa r; dh xbZ nwjh = V × t  = 
2kx

m
 × 

2H

g
  

   =
2500 (0.05)

0.5


 × 

2 4

10


 = 2 m vr% ;g fLçax ds eqDr fljs ls {kSfrt fn'kk esa 2 m nwjh ij fxjsxkA 

 

Example 70. m nzO;eku dh n`<+ oLrq nks fpdus M nzO;eku ds xqVdksa ij 

H Åpk¡bZ ij fp=kkuqlkj j[kh gqbZ gSA xqVds ?k"kZ.kjfgr ry ij 

fLFkjkoLFkk esa gSA oLrq dks NksM+us ij ;g uhps dh rjQ xfr 

djrh gS rFkk bu xqVdks dks ,d fljs ij nckrh gSA tc oLrq 

tehu ls h Åpk¡bZ ij gks rks ml le; ;s xqVds ,d nwljs ls 

fdl osx ls nwj tk,saxsA 

 

   (A) 
2mg(H h)

m 2M




 (B) 

2mg(H h)

2m M




 (C) 

8mg(H h)

m 2M




 (D) 

8mg(H h)

2m M




 

Solution :  ekuk xqVds rFkk n`<+ oLrq dh pky Øe'k% V rFkk  gS  

    ur ry ca/ku ls  

   V cos 45º =  cos 45º  

    V =       ...(i) 

   ÅtkZ laj{k.k ls]   

   mg(H – h) = 2 21
MV

2

 
 
 

 + 21
m

2
   ...(ii) 

 

   lehdj.k (i) rFkk (ii) ls  V = 
2mg(H h)

m 2M




 

     ,d nwljs ls nwj gksus dk osx = 2 × V = 
8mg(H h)

m 2M




 vr% mÙkj (C) gSA 
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   oSdfYid %   =  NM+ dh yEckbZ  

   x + y = 
2

  ;   
dx

dt
 + 

dy

dt
 = 0  

    xqVds dh pky = NM+ dh pky   

   fLFkfrt ÅtkZ esa deh = xfrt ÅtkZ esa o`f)    

   mg (H – h) = 
1

2
 m V2 + 

1

2
 MV2  + 

1

2
 MV2   

    V = 
2mg(H h)

2M m




    2V = 

8mg(H h)

2M m




 

 

 

Example 71. m nzO;eku dk ,d CykWd {kSfrt lh/kh iVfj;ksa ij vc (tehu ds lkis{k) pky ls xfr'khy jsyxkM+h esa fLFkr 

 ?k"kZ.k jfgr est ij fp=kkuqlkj fLFkjkoLFkk esa j[kk gSA jsyxkM+h dh fn'kk esa pyrk gqvk ;k=kh bl CykWd ij 

 dqy {kSfrt cy F, t le; ds fy, vkjksfir djrk gS rks      

     

Ground

( )/kjkry

Train

( )jsyxkM+h

S1

S  
(i) jsyxkM+h esa fLFkr ;k=kh ds lkis{k CykWd dh vfUre pky D;k gksxh \ 

(ii) tehu ij jsyxkM+h ls ckgj [kM+s gq, ;k=kh ds lkis{k CykWd dh pky D;k gksxh \ 

(iii) jsyxkM+h eas fLFkr vkneh ds lkis{k CykWd dh xfrt ÅtkZ esa fdruk ifjorZu gksxk \  

(iv) /kjkry ij [kM+s ;k=kh ds lkis{k CykWd dh xfrt ÅtkZ esa fdruk ifjorZu gksxk \ 

(v) F, m rFkk t ds inksa esa jsyxkM+h esa fLFkr ;k=kh ds lkis{k bl CykWd dks cy fdruk foLFkkfir djsxk ?  

(vi) /kjkry ij fLFkr ;k=kh ds lkis{k CykWd es fdruk foLFkkiu gksxk \ 

(vii) cy }kjk izR;sd ds fy, fd;k x;k dk;Z fdruk gksxk \ 

(viii) fd;s x;s dk;Z dh çR;sd ;k=kh ds fy, xfrt ÅtkZ ls rqyuk djksA 

(ix) bl ifj.kke ls vki D;k fu"d"kZ fudky ldrs gS \ 

Ans.  (i) a1 = F/m, vr% v1 = a1t = Ft/m.   (ii) vr% osxksa dks tksM+us ij, v = vc + v1 = vc + Ft/m  

 (iii) K1 = m(v1)2/2 =  F2t2/2m   (iv) K = m (vc + v1)2/2 – mvc
2/2   

(v) s1 ds fy, a1t2/2 = Ft2/2m  (vi) s1 + vct  

(vii) Wg = F [Vc t + 
21 Ft

2 m
]  ,  Wt = F [

1

2

F

m
t2 ]  

(viii) W o W1 rFkk K o K1 dh rqyuk djus ij ;s leku çkIr gksrs gSA   

 (ix) dk;Z ÅtkZ& çes; xfr'khy çs{kd ds fy, Hkh ykxw gksrh gSA   

Sol. (i) jsyxkM+h esa O;fDr ds lkis{k  

  v1 = at = 
Ft

m
 

 (ii) /kjkry ij [kMs O;fDr ds lkis{k 

  v = vc + v1 = vc + 
Ft

m
 

 (iii) jsyxkM+h  esa csBs O;fDr ds vuqlkj  

  K1 =
1

2
 mv1

2 = 
2 2F t

2m
 

 (iv) /kjkry ij [kMs O;fDr ds vuqlkj  

  K = 
1

2
m. 

2

2

c c

Ft 1
v mv

m 2
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 (v) S1 =
1

2
 a1t2 =

2Ft

2m
 . 

 (vi) /kjkry ij [kMs O;fDr ds vuqlkj  

  S = vct +
1

2

F

m
 t2 =  

2Ft

2m
+ vct. 

 (vii) jsyxkM+h esa csBs O;fDr ds vuqlkj F }kjk fd;k x;k dk;Z  = Fs1 = 
2 2F t

2m
 

 /kjkry ij [kMs O;fDr ds vuqlkj  

 }kjk fd;k x;k dk;Z = F.s 

   = 
2

c

Ft
F v t

2m

 
 

 
. 

 (viii) rqyuk djus ij Wg = Kg   

 vkSj   Wc = Kc . 

 
 (ix) xfreku ra=kks esa Hkh dk;Z mtkZ izes; ykxw gksrh gSA  

 

Example 72. ,d d.k dh xfr ,d ry esa fp=kkuqlkj dks.k ij >qds gq, bdkbZ lfn'k  ˆ ˆp,q  ds lkFk (p, q) funsZ'kkad 

  ds vykfEcd leqPp; }kjk iznf'kZr dh tkrh gSA ;fn d.k dk nzO;eku m gS rks bldh xfrt ÅtkZ nh tkrh 

  gS 
• dx
x

dt

 
 

 
        [Olympiad (Stage-1) 2017] 

 
 

p̂  

 

q̂   

  (A) 
1

m
2

(
2•

p  + 
2•

q  + 
• •
pq  cos )   (B) 

1
m

2
(

2•
p  + 

2•
q  – 

• •
pq (1 – sin )  

  (C) 
1

m
2

(
2•

p  + 
2•

q  + 2
• •
pq  cos )   (D) 

1
m

2
(

2•
p  + 

2•
q  + 

• •
pq  cot ) 

Ans. (C)  
Sol. 

 

 

p̂  

q̂    
 ˆ ˆr (PP qq)   

 
dr dp dq

ˆ ˆv p q
dt dt dt

    

 
2 2

dp dq
v v 2pqcos

dt dt

   
       

   
 

 K.E. =  2 21
m p q 2pqcos

2
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