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 Marked Questions can be used as Revision Questions. 

 fpfUgr iz'u nksgjkus ;ksX; iz'u gSA 
 

PART - I : SUBJECTIVE QUESTIONS 

Hkkx - I : fo"k;kRed iz'u ¼SUBJECTIVE QUESTIONS½ 
 

Section (A) : Work done by constant force   fu;r cy }kjk fd;k x;k dk;Z 
A-1. A block of mass m is pulled on a rough horizontal surface which has a friction coefficient  A horizontal 

force F is applied which is capable of moving the body uniformly with speed v. Find the work done on 
the block in time t by (a) weight of the block, (b) Normal reaction by surface on the block, (c) friction, (d) 
F. 

 m nzO;eku ds ,d CykWd dks ?k"kZ.k xq.kkad okys {kSfrt ry ij [khapk tkrk gSA ,d {kSfrt cy F yxk;k tkrk gS 
tks CykWd dks fu;r pky v ls pyk ldrk gSA t le; esa CykWd ij fuEu cyksa }kjk fd;k x;k dk;Z Kkr djksA  
(a) CykWd ds Hkkj }kjk (b) CykWd ij yxus okys vfHkyEc izfrfØ;k cy }kjk (c) ?k"kZ.k }kjk (d) F }kjkA 

Ans. (a) zero (b) zero (c) –mgvt  (d) mgvt 

 (a) 'kwU; (b) 'kwU; (c) –mgvt  (d) mgvt 

Sol.  

 f = mg = F 

 Displacement foLFkkiu = vt 

 (a) Wmg = mg × vt cos90º = 0 
 (b) WN = N × vt cos90º = 0 

 (c) Wf = –mgvt 

 (d) WF = Fvt = mgvt. 
 

A-2. A gardener pulls a lawn roller along the ground through a distance of 20 m. If he applies a force of  
20 kg wt in a direction inclined at 60º to the ground, find the work done by him. (Take g = 10 m/s2) 

 ,d ekyh tehu ij ,d jksyj dks 20 m [khaprk gSA ;fn og tehu ls 60° dks.k ij 20 kg wt cy yxkrk gS rks 
mlds }kjk fd;k x;k dk;Z Kkr djksA (g = 10 m/s2 ysaA) 

 Ans.  2000 J 

Sol.  
 WF = Fs cos60º 

      = 200 × 20 × 
1

2
J 

      = 2000 J. 
 

A-3. Calculate the work done against gravity by a coolie in carrying a load of mass 10 kg on his head when 
he moves uniformly a distance of 5 m in the (i) horizontal direction (ii) upwards vertical direction.  

 (Take g = 10 m/s2) 

 flj ij 10 kg nzO;eku dk Hkkj mBk;s gq;s ,d dqyh }kjk xq:Ro ds fo:) fd;k x;k] dk;Z Kkr djks tcfd og 
fu;r pky ls 5 m pyrk gSA (i) {kSfrt fn'kk esa] (ii) Å/okZ/kj fn'kk esaA (g = 10 m/s2) 

 Ans.  (i) Zero 'kwU;  (ii) 500J 
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Sol. (i) Work done by coolie when he moves horizontally = N.S. cos 
2


= 0 

 (i) tc dqyh {kSfrt pyrk gS] rks mlds }kjk fd;k x;k dk;Z = N.S. cos 
2


= 0 

   
 (ii) Work done against gravity in carrying load through  5m = mgh 

 (ii) Hkkj 5m mBkus esa xq:Ro ds fo:) fd;k x;k dk;Z  

  = 10 × 10 × 5 
  = 500 J  Ans. 
 
 
A-4. A block of mass 500 g slides down on a rough incline plane of inclination 53° with a uniform speed. 

Find the work done against the friction as the block slides through 2 m. [g = 10 m/s2]   

 500 xzke nzO;eku dk ,d xqVdk 53° <ky ds [kqjnjs urry ij ,d leku pky ls uhps fQlyrk gSA ;fn xqVdk  
2 m fQlyrk gS rks ?k"kZ.k ds fo:) fd;k x;k dk;Z Kkr dhft;sA [g = 10 m/s2] 

Ans.  8 J   
Sol.  

   

 m = 500 g =
1

2
 kg  

 mg sin  = fk    

 Wfk = (mg sin ) (2)  =
1

2

 
 
 

  (10) 
4

5
  × 2 = 8 J  

 
A-5. A block of mass 20 kg is slowly slid up on a smooth incline of inclination 53° by a person. Calculate the 

work done by the person in moving the block through a distance of 4 m, if the driving force is (a) parallel 
to the incline and (b) in the horizontal direction. [g = 10 m/s2] 

 20 kg nzO;eku dk ,d xqVdk 53° <yku okys fpdus urry ij ,d O;fDr }kjk Åij /khjs&/khjs f[kldk;k tkrk gSA 
xqVds dks 4 m nwjh ls f[kldkus esa O;fDr }kjk fd;s x;s dk;Z dh x.kuk djks ;fn vkjksfir cy [g = 10 m/s2] 

 (a) urry ds lekUrj gS (b) {kSfrt fn'kk esa gSA  
 Ans.  (a) 640 J (b) 640J  

Sol.   

 W1 = (mg sin )4  

 = (20 × 10 ×
4

5
 ) (4) = 640 J 

 
2FW  +

ravGW   = K = 0 

   
 

2FW  – (mg sin ) (4)  = 0  

 W2 =
2

FW   = 4 mg sin  = 640 J  
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Section (B) : Work done by A variable force ifjorZu'khy cy }kjk fd;k x;k dk;Z 
 

B-1. A particle moves along the x-axis from x = 0 to x = 5 m under the influence of a force F(in N) given by  
F = 3x2 – 2x + 7. Calculate the work done by this force. 

 ,d d.k cy F (N esa½ = 3x2 – 2x + 7 ds v/khu] x-v{k ds vuqfn'k x = 0 ls x = 5 rd xfr djrk gSA bl cy }kjk 
fd;k x;k dk;Z Kkr djksA  

Ans. 135 J. 

Sol. W = 
5

2

0

Fdx (3x 2x 7)dx      = 135 J. 

 
B-2.# Adjacent figure shows the force-displacement graph of a moving body, what is the work done by this 

force in displacing body from x = 0 to x = 35 m ? 

 laxr fp=k ,d xfr'khy oLrq dk cy foLFkkiu xzkQ iznf'kZr djrk gS] oLrq dks x = 0 ls x = 35 eh- rd foLFkkfir 
djus esa cy }kjk fd;k x;k dk;Z D;k gS \ 
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5
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o
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N

)

Displacement (m)

cy
 (

N
)

foLFkkiu (m)  

 Ans. 
575

2
J = 287.5 J 

Sol. W = Area under given graph from x = 0 to x = 35m 

 W = x = 0 ls  x = 35m rd oØ ls f?kjk {ks=kQy  

  = 
1

2
× (20 + 40) × 10 – 

1

2
 × 5 × 5 = 

575

2
J.    

 

B-3.# A 10 kg mass moves along x-axis. Its acceleration as function of its position is shown in the figure. 
What is the total work done on the mass by the force as the mass moves from x = 0 to x = 8 cm? 

 ,d 10 fdxzk nzO;eku x-v{k ds vuqfn'k xfr djrk gSA bldh fLFkfr ds Qyu ds :i esa bldk Roj.k fp=k esa 
fn[kk;k x;k gSA tc nzO;eku x = 0 ls x = 8 lseh rd pyrk gS rks cy }kjk nzO;eku ij fd;k x;k dqy dk;Z 
fdruk gS\ 

20–
15–
10–
5 –

0 2 4 6 8 x(cm)

a
 (

c
m

/s
e

c
)

2

 
 Ans. 8 × 10–2 J 

Sol. Work done fd;k x;k dk;Z = m × (area under the graph xzkQ ls f?kjk {ks=kQy) 

       = 10 × 
1

2
× 20 × 8 × 10–4 J 

      = 8 × 10–2 J.    
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B-4. A chain of length  and mass m is slowly pulled at constant speed up over the edge of a table by a force 
parallel to the surface of the table. Assuming that there is no friction between the table and chain, 
calculate the work done by force till the chain reaches to the horizontal surface of the table.  

 izkjEHk esa  yEckbZ o m nzO;eku dh ,d psu Vscy dh ,d dkSj ls Åij dh vksj lrg ds lekukUrj ,d cy 
yxkdkj fu;r pky ls /khjs&/khjs [khaph tkrh gSA Vscy o psu ds e/; ?k"kZ.k vuqifLFkr ekurs gq;s cy }kjk fd;k x;k 
dk;Z Kkr dhft;s tc rd fd psu est dh {kSfrt lrg ij igq¡prh gSA 

Ans. 
mg

2
 

Sol. F at any moment fdlh Hkh {k.k ij  F 

  
  

 = 
( x)

mg


 

 W = 
0

mg( x)
dx


  

 =
mg

2
 . 

Section (C) : Work Energy Theorem  dk;Z ÅtkZ izes;  

C-1.# Figure shows a particle sliding on a frictionless track which terminates in a straight horizontal section. If 
the particle starts slipping from the point A, how far away from the track will the particle hit the ground ? 

 fp=k esa ,d d.k ,d ?k"kZ.k jfgr iFk tks ,d lh/ks {kSfrt Hkkx esa lekIr gks tkrk gS ij fQly jgk gSA ;fn d.k A 

ls fQlyuk izkjEHk djs rks ;g d.k /kjkry ij iFk ls fdruh nwj lrg ij fxjsxk \ 

1.0m

A

0.5m
 

      
Ans. At a horizontal distance of 1 m from the end of the track. 

  iFk ds Nksj ls 1 m {kSfrt nwjh ijA 

Sol. (mg)1 – mg/2 = mv2 /2, v = g  

 d = v 2h/ g   = g   
2(0.5)

g
 = 1 m  

 
 

C-2. In a ballistics demonstration, a police officer fires a bullet of mass 50.0 g with speed 200 m s–1 on soft 
plywood of thickness 2.00 cm. The bullet emerges with only 10% of its initial kinetic energy. What is the 
emergent speed of the bullet ? 

 ,d iqfyl vQlj] 50.0 g nzO;eku dh ,d xksyh 200 m s–1 ds osx ls 2.00 cm eksVs ydM+h ds xqVds ij ekjrk gSA 
xksyh] izkjfEHkd xfrt ÅtkZ dh 10% xfrt ÅtkZ ds lkFk ckgj fudyrh gSA ckgj fudyus ij xksyh dh pky D;k 
gS \ 

Ans. vf =  20 10 = 63.2 ms–1  

Sol.  Kf = 0.1 Ki 

  
1

2
mv2 = 0.1 ×

1

2
 mu2 

  v2 = 0.1 × (200)2  v = 20 10  m/s. 
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C-3. It is well known that a raindrop or a small pebble falls under the influence of the downward gravitational 
force and the opposing resistive force. The resistive force is known to be proportional to the speed of 
the drop. Consider a drop or small pebble of 1 g falling (from rest) from a cliff of height 1.00 km. It hits 
the ground with a speed of 50.0 m s–1. What is the work done by the unknown resistive force? 

 ;g Kkr gS fd o"kkZ dh ,d NksVh cwan i`Foh ds xq:Rokd"kZ.k cy o izfrjks/kh cy ds v/khu uhps fxjrh gSA izfrjks/kh cy 
cwan dh pky ds lekuqikrh gksrk gSA 1.00 km dh Å¡pkbZ ls fojkekoLFkk ls fxjrh gq;h 1 g nzO;eku dh ,d NksVh cwan 
dks ysaA ;g /kjkry ls 50.0 m/s dh pky ls Vdjkrh gSA vKkr izfrjks/kh cy }kjk fd;k x;k dk;Z D;k gksxk \ 

Ans. 
35

4
–  J = – 8.75 J 

Sol. Using work energy theorem, dk;Z ÅtkZ izes; ls  
  Wg + WR = K 

  WR = K – Wg 

 =  
1

2
× 10–3 × 502 – 10–3 × 10 × 1000 

 = – 35

4
J.  

 

C-4. A bullet of mass 20 g is fired from a rifle with a velocity of 800 ms–1. After passing through a mud wall 
100 cm thick, velocity drops to 100 m s-1. What is the average resistance of the wall ? (Neglect friction 
due to air and work of gravity) 

 20 g dh ,d xksyh dks ,d fiLrkSy ls 800 m/s ds osx ls nkxk tkrk gSA 100 cm eksVh nhokj ls xqtjus ds ckn 
bldk osx 100 m/s jg tkrk gSA gok ds izfrjks/k o xq:Ro }kjk dk;Z dks ux.; ekurs gq;s nhokj dk vkSlr izfrjks/k 
Kkr dhft;sA 

Ans. F = 6300 N 

Sol. Work done by resistive force izfrjks/kh cy }kjk fd;k x;k dk;Z = WR = K 

 = 
1

2
 × 20 × 10–3 (1002 – 8002) 

 = – 6300 J 

 So, average resistive force vr% vkSlr izfrjks/kh cy <R> =
6300J

1m
= 6300 N. 

 

C-5. A force of 1000 N acts on a particle parallel to its direction of motion which is horizontal. Its velocity 
increases from 1 m s–1 to 10 m s–1, when the force acts through a distance of 4 metre. Calculate the 
mass of the particle. Given : a force of 10 Newton is necessary for overcoming friction. 

 ,d d.k ij bldh xfr dh fn'kk tks fd {kSfrt gS] ds vuqfn'k 1000 N dk ,d cy yxk;k tkrk gSA tc cy 4 m 

dh nwjh rd dk;Zjr jgrk gS rks bldk osx 1 m/s–1 ls 10 ms–1 gks tkrk gSA d.k dk nzO;eku Kkr dhft;sA fn;k 
x;k gS % ?k"kZ.k cy ds fo:) pyus esa U;wure 10 N cy dh vko';drk gksrh gSA 

Ans. 80 kg 

Sol. By work energy theorem, dk;Z ÅtkZ izes; ls  
  WF  + Wf = K 

  1000 × 4 – 10 × 4 =
1

2
 m(102 – 12) 

  m = 80 kg. 
 

C-6. A rigid body of mass 5 kg initially at rest is moved by a horizontal force of 20 N on a frictionless table. 
Calculate the work done by the force on the body in 10 second and prove that this equals the change in 
kinetic energy of the body. 

 izkjEHk esa fLFkj] 5 kg æO;eku ds ,d n`<+ fi.M dks 20 N dk {kSfrt cy yxkdkj ,d ?k"kZ.k jfgr est ij pyk;k 
tkrk gSA 10 sec esa cy }kjk fd;k x;k dk;Z Kkr dhft;s o fl) dhft;s fd ;g] fi.M dh xfrt ÅtkZ esa ifjorZu 
ds cjkcj gSA 

Ans. 4000 J 
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Sol. Work done by the force cy }kjk fd;k x;k dk;Z = F ds   = F × 
1

2
at2 

 = F × 
1

2
 × 

F

m
× t2 

 = 
2 2F t

2m
 =  

2 220 10

2 5




= 4000 J 

 Now vc  K 
1

2
= m(v2 – u2) 

       = 
1

2
m (2as) = m ×

F

m
 ×

1

2
× 

F

m
× t2  

       = 
2 2F t

2m
 = 4000 J 

  WF = K. 
 
C-7. A rigid body of mass 2 kg initially at rest moves under the action of an applied horizontal force of 7 N on 

a table with coefficient of kinetic friction = 0.1. Calculate the 

 izkjEHk esa fLFkj] 2 kg æO;eku dh ,d n`<+ oLrq dks 7N dk {kSfrt cy yxkdj 0.1 xfrd ?k"kZ.k xq.kkad okyh est ij 
pyk;k tkrk gsA Kkr dhft;sA 

 (a) work done by the applied force on the body in 10 s. 

 vkjksfir cy }kjk 10 s esa fd;k x;k dk;Z  
 (b) work done by friction on the body in 10 s. 

 ?k"kZ.k cy }kjk 10 s esa fd;k x;k dk;Z  

 (c) work done by the net force on the body in 10 s. 

 oLrq ij ifj.kkeh cy }kjk 10 s esa fd;k x;k dk;Z  
 (d) change in kinetic energy of the body in 10 s. 

 10 s esa oLrq dh xfrt ÅtkZ esa ifjorZu 

Ans. (a) 875 Joule (b) –250 joule (c) 625 joule. (d) 625 joule,  
Change in kinetic energy of the body is equal to the work done by the net force in 10 second. This is in 
accordance with work-energy theorem. 

 (a) 875 twy (b) –250 twy (c) 625 twy. (d) 625 twy,  

oLrq dh xfrt ÅtkZ esa ifjorZu 10 lSd.M esa dqy cy }kjk fd;s x;s dk;Z ds cjkcj gS (dk;Z ÅtkZ çes; ds 
vuqlkj)  

Sol.  

 (a)  F – f = ma  a =
F f

m


  = 

7 0.1 2 10

2

  
 = 2.5 m/s2 

   S = 
1

2
at2 =

1

2
  × 2.5 × 100 = 125 m 

  WF = F × s = 7 × 125 = 875 J. 
 (b) Wf = –0.1 × 2 × 10 × 125 J = – 250 J 
 (c) WTotal = (875 – 250) = 625 J 

 (d) K = Wtotal = 625 J. 
 

 

C-8. A block of mass m moving at a speed v compresses a spring through a distance x before its speed 
becomes one fourth. Find the spring constant of the spring.   

 v pky ls xfr'khy] m nzO;eku dk ,d xqVdk bldh pky ,d pkSFkkbZ gksus ls igys fLizax dks x nwjh ls nckrk gSA 
fLizax dk fLizax fu;rkad Kkr dhft;sA  

Ans.  
2

2

15mv

16x
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Sol. WS = K 

  
1

2
kx2 = 

1

2
m (v2 –

2v

16
 )  k =

2

2

15mv

16x
 .    

 
C-9.# Consider the situation shown in figure. Initially the spring is undeformed when the system is released 

from rest. Assuming no friction in the pulley, find the maximum elongation of the spring. 

 

 
 fp=k esa nh xbZ fLFkfr ij fopkj dhft;sA izkjEHk esa fLizax [khaph gqbZ ugha gS] tc fudk; fojke ls NksM+k tkrk gSA 

f?kjuh esa ?k"kZ.k ugha gS ;g ekurs gq;s fLizax dk vf/kdre foLrkj Kkr dhft;sA      

Ans.  4mg/k 

Sol. U = –K 

 
1

2
kx2 – 2mgx = 0  

  x =
4mg

k
 . 

 

 

C-10.# A rigid body of mass 0.3 kg is taken slowly up an inclined plane of length 10 m and height 5 m 
(assuming the applied force to be parallel to the inclined plane), and then allowed to slide down to the 
bottom again. The co-efficient of friction between the body and the plane is 0.15. Using g = 9.8 m/s2 find 
the 

Fixed

0.3kg

µ = 0.15

 

 0.3 kg nzO;eku dh ,d n`<+ oLrq dks 10 m yEcs o 5m Å¡ps ur ry ij /khjs&/khjs ys tk;k tkrk gSS ¼ekusa fd 
vkjksfir cy ur ry ds lekUrj gS½ vkSj fQj uhps fQlyus ds fy;s NksM+ fn;k tkrk gSA ur ry o oLrq ds chp 
?k"kZ.k xq.kkad 0.15 gSA g = 9.8 m/s2 dk iz;ksx djrs gq, Kkr dhft;s& 

 

0 . 3 k g 

µ = 0.15 

fLFkj 
 

 (a) work done by the gravitational force over the round trip. 
 (b) work done by the applied force over the upward journey  
 (c) work done by frictional force over the round trip. 
 (d) kinetic energy of the body at the end of the trip? 

 (a) iw.kZ pØ esa xq:Rok"kZ.k cy }kjk fd;k x;k dk;Z 
 (b) ur ry ij Åij dh vksj tkus esa vkjksfir cy }kjk fd;k x;k dk;Z  
 (c) iw.kZ pØ esa ?k"kZ.k cy }kjk fd;k x;k dk;ZA 
 (d) pØ ds vUr esa oLrq dh xfrt ÅtkZA (g = 9.8 ysa) 
Ans. (a) Since the gravitational force is a conservative force therefore the work done in round trip is zero. 

 pwafd xq:Rod"kZ.k cy laj{kh cy gSA blfy, ,d iw.kZ pØ esa fd;k x;k dk;Z 'kwU; gSA 

 (b) wF = (9.8) (0.3) (1/2) (1 + 0.15 3  ) (10) J  18.519J   

 (c) – 0.15 × 0.3 × 9.8 ×  ( 3 /2) × 20 J    – 7.638 J  

 (d) 0.3 × 9.8 × (10/2) (1 – 0.15 × 3 )     10.880  J  
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Sol. (a) Since, gravitational force is conservative, So, work done by it in round trip is zero. 

       pwafd xq:Rod"kZ.k cy laj{kh cy gSA blfy, ,d iw.kZ pØ esa fd;k x;k dk;Z 'kwU; gSA 

 (b) sin = 
5

10
 = 

1

2
 

  
  

   = 30º 

 WF = mg(sin +  cos) ×  

 = 0.3 × 9.8  
1 3

0.15  10
2 2

 
    

 
= 18.519 J 

 (c) Wf = –f.s 

 = –mg cos (2) 

 = – 2mg cos = – 2 × 0.15 × 0.3 × 9.8 × 10 × 
3

2
 = –7.638 J. 

 (d) By W.E.T, dk;Z ÅtkZ izes; }kjk  
  Kf – Ki = WF + Wf + Wg 

  Kf = (18.519 – 7.638)J = 10.880 J. 
 
 

C-11. A block of mass 200 g is moving with a speed of 4 m/s at the highest point in a closed circular tube of 
radius 10 cm kept fixed in a vertical plane. The cross-section of the tube is such that the block just fits in 
it. The block makes several oscillations inside the tube and finally stops at the lowest point. Find the 
work done by the tube on the block during the process. (g = 10 m/s2)  

 200 xzke nzO;eku dk ,d xqVdk] Å/okZ/kj ry esa tM+or~ cUn 10 lseh- f=kT;k dh o`Ùkkdkj uyh esa mPpre fcUnq ij  

4 eh-@ls- dh pky ls ?kqek;k tkrk gSA uyh dk vuqizLFk dkV ,slk gS fd xqVdk blesa iwjk lek tkrk gSa xqVdk uyh 
ds vUnj dbZ lkjs nksyu djrk gS o vUr esa fuEure fcUnq ij fojkekoLFkk esa vk tkrk gSA bl izfØ;k ds nkSjku uyh 
}kjk xqVds ij fd;k x;k dk;Z Kkr dhft;sA (g = 10 m/s2) 

Ans.    – 2 J 

Sol. WTube + Wg = K 

  WTube = K – Wg = 0 – 
1

2
mu2 – mg(2R)  

  – 
1

2
× 0.2 × 42 – 0.2 × 10 × 2 × 0.1  

  – 1.6 – 0.4 = – 2 J. 
 

C-12. A block having mass 500 g slides on a rough horizontal table, if the friction coefficient between block 
and table is 0.2 and initial speed of the block is 60 cm/s. Then calculate : 

 (i) Work done by frictional force in bringing the block to rest. 
 (ii) How far does the block move before coming to rest. (g = 10 m/s2) 

 ,d 500 xzke nzO;eku dk xqVdk ,d [kqjnjh {kSfrt est ij fQlyrk gS] ;fn xqVds rFkk est ds e/; ?k"kZ.k xq.kkad 
0.2 gks rFkk xqVds dh izkjfEHkd pky 60 cm/s gks rks Kkr dhft,A  

 (i) xqVds dks fojke esa ykus ds nkSjku ?k"kZ.k cy ds }kjk fd;k x;k dk;ZA  
 (ii) fojke esa vkus ls igys xqVds }kjk pyh xbZ nwjhA (g = 10 m/s2) 

Ans.  (i) –0.09 J  (ii) 9 cm 
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Sol. (i) Wf = K = 0  – 1

2
  m u2  

 = – 1

2

500

1000

 
 
 

(0.6)2   

 =  – 1

2
 ×

1

2
  ×

36

100
  J 

 = –0.09 J 

 (ii) – 0.09 = kmg × s  

    
9

100
=  

2

10
×

1

2
  × 10 × s 

 s = 9 cm 
 

Section (D) : Potential energy and mechanical energy conservation  

    fLFkfrt ÅtkZ ,oa ;kaf=kd ÅtkZ laj{k.k 
D-1. A projectile is fired from the top of a 40 m high cliff with an initial speed of 50 m/s at an unknown angle. 

Find its speed when it hits the ground. (g = 10 m/s2) 

 ,d iz{ksI; 40 eh- Åaph ehukj ls 50 eh-@ls- dh izkjfEHkd pky ls vKkr dks.k ij Qsadk tkrk gSA tc ;g lrg ij 
Vdjkrk gS rc bldh pky Kkr djksA  (g = 10 m/s2) 

Ans. 10 33 m/s 

Sol.  K = –U 

  
1

2
m(v2 –  u2) = mgH 

  v2 = u2 + 2gH 
 = (50)2 + 2 × 10 × 40 

  v =  10 33 m/s.  
 

 

D-2. Calculate the velocity of the bob of a simple pendulum at its mean position if it is able to rise to a 
vertical height of 10 cm. Given : g = 980 cm s–2. 

 ,d ljy yksyd ds ckWc dk ek/; fLFkfr esa osx Kkr dhft;s ;fn ;g 10 cm dh Å/okZ/kj Å¡pkbZ rd tkus esa l{ke 
gksA (fn;k x;k gS : g = 980 cm s–2) 

Ans.  
7

5
m s–1  = 1.40 m s–1  

Sol. 
1

2
mv2 = mgh 

 v = 2gh  = 2 980 10   cm/s 

 = 140 cm/s = 1.4 m/s. 
 
D-3.# The bob of a pendulum is released from a horizontal position A as shown in figure. If the length of the 

pendulum is 2 m, what is the speed with which the bob arrives at the lowermost point B, given that it 
dissipated 10% of its initial potential energy w.r.t. B point against air resistance?  (g = 10 m/s2) 

 fp=k esa n'kkZ;s vuqlkj {kSfrt voLFkk A ls yksyd dh ckWc dks NksM+k tkrk gSA ;fn yksyd dh yEckbZ 2 m gS rks ckWc] 
fuEure fcUnq B ij fdl osx ls igq¡psxhA fn;k x;k gS fd ok;q izfrjks/k ds fo:) bldh izkjfEHkd fLFkfrt ÅtkZ dk 
10% O;; gks tkrk gSA (g = 10 m/s2) 
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Ans. 6 m s–1 . 

Sol. Wg + WR = K 

  mgl – 0.1 mg =
1

2
 mv2 

  v =  1.8g  =  1.8 10 2   = 6 m/s–1. 

 
D-4.# The heavier block in an Atwood machine has a mass twice that of the lighter one. The tension in the 

string is 16.0 N when the system is set into motion. Find the decrease in the gravitational potential 
energy during the first second after the system is released from rest. 

 ,d ,VoqM e'khu esa Hkkjh xqVds dk nzO;eku gYds okys dk nqxquk gSA tc fudk; xfr'khy gS rks Mksjh esa ruko  
16.0 N gSA tc fudk; fojke ls NksM+k tkrk gS rks izFke lsd.M ds nkSjku xq:Roh; fLFkfrt ÅtkZ esa deh Kkr 
dhft;sA  

///////////////////////

m1 m2

Atwood Machine  
     
Ans.   2 g = 19.6 J 

Sol. Let ekuk m1 = 2m2 

  a = 1 2

1 2

(m m )
g

(m m )




= 2

2

m

3m
g = g/3 

 So, distance travelled by each block vr% izR;sd CykWd }kjk r; nwjh  = 
1

2
at2 = g/6 

 Also rFkk T = 1 2

1 2

2m m g

m m
 = 24m g

3
 = 16  m2 = 

12

g
 

 Hence, loss in gravitation P.E. during first second vr% izFke lsd.M ds nkSjku xq:Roh; fLFkfrt mtkZ eas deh  

 = (m1 – m2)gh 

 = (2m2 – m2) g × 
g

6
 =  

12 g
g

g 6
  = 2g.   

 

 
D-5.# A 1 kg block situated on a rough inclined plane is connected to a spring of spring constant 100 N m–1 as 

shown in figure. The block is released from rest with the spring in the unstretched position. The block 
moves 10 cm along the incline before coming to rest. Find the coefficient of friction between the block 
and the incline assume that the spring has negligible mass and the pulley is frictionless.  
Take g = 10 ms–2. 

 ,d [kqjnjs ur ry ij j[kk 1 kg dk ,d CykWd fp=kkuqlkj 100 N m–1 fLizax fu;rkad dh ,d fLizax ls tqM+k gqvk 
gSA fLizax vfoLrkfjr voLFkk esa gS] vc CykWd dks NksM+k tkrk gSA fLFkj voLFkk esa vkus ls igys CykWd] ur ry ij 
10 cm pyrk gSA f?kjuh dks ?k"kZ.kjfgr ysrs gq;s o fLizax dk nzO;eku ux.; ekurs gq;s ur ry o CykWd ds chp ?k"kZ.k 
xq.kkad Kkr dhft;sA ¼g = 10 m/s–2 ysa½ 

1 kg

37º
Fixed
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Ans. 
1

8
 

Sol.  Ws + Wg + Wf = K 

  
1

2
 kx2 + mgx sin37º – mg cos37º × x = 0 

  
1

2
  × 100 × (0.1)2 + 1 × 10 × 0.1 × 

3

5
–  × 1 × 10 × 

4

5
 × 0.1 

   =  
1

8
. 

 

Section (E) : Power 'kfDr  

E-1. An elevator of mass 500 kg is to be lifted up at a constant velocity of 0.4 m s–1. What should be the 
minimum horse power of the motor to be used? (Take g = 10 m s–2 and 1 hp = 750 watts). 

 500 fdxzk dh ,d fy¶V dks 0.4 ms–1 ds fu;r osx ls Åij mBkuk gSA U;wure fdrus v'o'kfDr dh eksVj dh 
vko';drk gksxhA (g = 10 ms–2 o 1 v'o'kfDr (hP) = 750 okWV ysa½ 

Ans. 
8

3
hp v'o'kfDr 

Sol. P = F.v = mgv = 500 × 10 × 0.4 W 
   = 2000 W 

   = 
2000

750
hp = 

8

3
hp. 

 

E-2. A lift is designed to carry a load of 4000 kg in 10 seconds through 10 floors of a building averaging 6 
metre per floor . Calculate the horse power of the lift. (Take g = 10 m s–2 and 1 hp = 750 watts). 

 ,d fy¶V] 4000 fdxzk ds Hkkj dks 10 eaftyk bekjr ¼izR;sd eafty 6m Å¡pkbZ dh½ ij 10 lsd.M esa ys tkus ds 
fy, cuk;h tkrh gSA fy¶V dh v'o'kfDr Kkr dhft;sA (g = 10 ms–2 o 1 hP = 750 okWV ysa½ 

Ans. 320 hp v'o'kfDr  

Sol. P = 
mgH

t
 = 

4000 10 60

10

 
w = 24000 W 

  = 
24000

750
hp = 320 hp. 

 

E-3. A labourer lifts 100 stones to a height of 6 metre in two minute. If mass of each stone be one kilogram, 
calculate the average power. Given : g = 10 m s–2. 

 ,d etnwj 100 iRFkjksa dks nks feuV esa 6 ehVj dh Å¡pkbZ rd ys tkrk gSA ;fn izR;sd iRFkj dk nzO;eku ,d 
fdyksxzke gks rks vkSlr 'kfDr Kkr dhft;sA fn;k x;k gS g = 10 m/s2. 

Ans. 50 W 

Sol. Average power vkSlr 'kfDr  =
mgh

t
  = 

100 1 10 6

2 60

  


 = 50 W. 

 

 
E-4. The power of a pump motor is 2 kilowatt. How much water per minute can it raise to a height of  

10 metre? Given : g = 10 m s–2. 

 ,d iEi eksVj dh 'kfDr 2 fdyks okWV gSA ;g] 10 eh- dh Å¡pkbZ rd izfr feuV fdruk ikuh p<+k ldrh gS\  
 fn;k gS : g = 10 m s–2. 

Ans. 1200 kg 

Sol. Power 'kfDr P =
mgh

t
 

  m = 
Pt

gh
 = 

32 10 60

10 10

 


kg = 1200 kg.  
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E-5. An engine develops 10 kW of power. How much time will it take to lift a mass of 200 kg through a height 
of 40 m? Given : g = 10 ms–2. 

 ,d batu 10 kW dh 'kfDr mRiUu djrk gSA ;g 200 fdxzk nzO;eku dks 40 m mBkus esa fdruk le; ysxk\ (fn;k gS  
g = 10 ms–2) 

Ans. 8 second lSd.M   

Sol. P = 
mgh

t
    t =

mgh

P
  =

200 10 40

10 1000

 


 sec. = 8 second. 

 

Section (F) : Conservative and nonconservative forces and equilibrium 

          laj{kh ,oa vlaj{kh cy rFkk lkE;koLFkk 
F-1.# A force F = x2y2i + x2y2j (N) acts on a particle which moves in the XY plane.   

 cy F = x2y2i + x2y2j (N), X–Y ry esa xfr'khy d.k ij vkjksfir gS  

 
 

 (a) Determine F is conservative or not and  

 Kkr djks fd F laj{kh gS ;k ugha rFkk 
 (b) find the work done by F as it moves the particle from A to C (fig.) along each of the paths ABC, 

ADC, and AC.     

 d.k }kjk A ls C rd (fp=k) iFkksa  ABC, ADC rFkk  AC ds vuqfn'k xfr djus ds fy, cy F }kjk fd;s x;s dk;Z dh 
x.kuk djksA 

Ans.  (a) No ugh   (b) WABC = WADC  =
5a

3
  (J), WAC =

52a

5
 (J) ] 

Sol. (a) w = F.ds  

 = 2 2 2 2ˆ ˆ ˆ ˆ(x y i x y j).(dxi dyj)   

 = 2 2 2 2(x y dx x y dy)  

 which is not a perfect integral and hence cannot be integrated without knowing y = f(x) or x = f(y). So, 

work done by F   depends on path. So, it is non–conservative force. 

 ;s ;g ,d iw.kZ lekdyu ugh gS] vr% fcuk y = f(x) ;k x = f(y) dks tkus bldk lekdyu ugh gks ldrk gSS vr% F  

}kjk fd;k x;k dk;Z iFk ij fuHkZj djrk gS blhfy;s ;s vlaj{kh cy gSA  

 (b) While moving along AB, y = 0 and along BC, x = a. 

    AB ds vuqfn'k tkus ij  y = 0 rFkk BC ds vuqfn'k  x = a. 

  WABC = 
a a

2 2 2 2

0 0

x y dx x y dy   

           = 0 + a2 × 
3a

3
 =

5a

3
  

 While moving along AD, x = 0 and along DC, y = a 

 AD ds vuqfn'k xfr djrs le; x = 0 rFkk DC ds vuqfn'k y = a 

 So vr%  WADC = 
a a

2 2 2 2

0 0

x y dx x y dy  = 0 + a2 . 
3a

3
 = 

5a

5
 

 Along AC ds vuqfn'k  x = y 

 So vr%  WAC = 
a a

2 2 2 2

0 0

x y dx x y dy   

         = 
a a

2 2 2 2

0 0

x x dx y y dy   = 
52a

5
.   
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F-2. Calculate  the  forces  F(y) associated  with the following one-dimensional potential energies:  

 fuEu ,d foeh; fLFkfrt ÅtkZvksa ds laxr cyksa F(y) dh x.kuk djks :   

 (a)  U =  – y    (b)  U = ay3 – by2   (c)  U = U0 sin y    

Ans.   (a)  F = – dU

dy
 = (b)  F = – dU

dy
 = 3ay2 + 2by ;  (c) F = –  

dU

dy
= – U0cosy  

Sol. (a) F(y) = 
dU

dy
  =  

 (b) F(y) = 
dU

dy
  = – 3ay2 + 2by 

 (c) F(y) = 
dU

dy
  =  –U0 cos y. 

 
F-3. The potential energy function of a particle in a region of space is given as : 
   U = (2x2 + 3y3 + 2z) J  
 Here x, y and z are in metres. Find the force acting on the particle at point P(1m, 2m, 3m). 

 ,d d.k ds fy, vkdk'k esa fLFkfrt ÅtkZ dk Qyu U = (2x2 + 3y3 + 2z) J ls fn;k tkrk gS 
 ;gka x, y rFkk z ehVj esa gSA fcUnq P(1m, 2m, 3m) ij d.k ij dk;Zjr cy Kkr djksA 

Ans. ˆ ˆ ˆF (4i 36j 2k)N     

Sol.  U2 = (2x2 + 3y3 + 2z) 

  
U U Uˆ ˆ ˆF i j k
x y z

   
       

 

 = – 2ˆ ˆ ˆ(4xi 9y j 2k) N   

 So, (1,2,3)
ˆ ˆ ˆF (4i 36j 2k) N     . 

 
F-4. Force acting on a particle in a conservative force field is : 

 laj{kh cy {ks=k esa d.k ij dk;Zjr cy fuEu gS & 

 (i) ˆ ˆF (2i 3j)    (ii) ˆ ˆF (2xi 2yj)   

 (iii) ˆ ˆF (yi xj)   

 Find the potential energy function, if it is zero at origin. 

 fLFkfrt ÅtkZ Qyu Kkr djks ;fn ewy fcUnq ij ;g 'kwU; gSA  

Ans. (i) U(x, y, z) = (–2x – 3y)   
 (ii) U(x, y, z) = – (x2 + y2)  
 (iii) U(x, y, z) = – xy. 

Sol. U = –
(x,y,z)

0

F.ds  

 (i)  U = –
(x,y)

0

ˆ ˆ ˆ ˆ(2i 3 j).(dxi dyj)    

  U = 

yx

0 0

2dx 3dy
 

   
 
   = -(2x + 3y) 

 (ii) U = –
(x,y)

0

ˆ ˆ ˆ ˆ(2xi 2yj).(dxi dyj)  = –
yx

0 0

2xdx 2ydy    = -(x2 + y2) . 

 (iii) U = –
x,y

0

ˆ ˆ ˆ ˆ(yi xj).(dxi dyj)   

         = – 

(x,y)

0

(ydx xdy) = – xy. 
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F-5.# The potential energy function for a particle executing linear simple harmonic motion is given by U(x) = 
1

2
 

kx2, where k is the force constant. For k = 0.5 N m–1, the graph of U(x) versus x is shown in figure. 
Show that a particle of total energy 1 J moving under this potential ‘turns back’ when it reaches x = ± 
2m. 

 ljy vkorZxfr djrs gq, ,d d.k dk fLFkfrt ÅtkZ Qyu U(x) = 
1

2
 kx2 }kjk fn;k tkrk gS] tgk¡ K cy fu;rkad 

gSA K = 0.5 Nm–1 ds fy,] U(x) o x ds chp xzkQ n'kkZ;k x;k gSaA fl) dhft;s fd 1 J dqy ÅtkZ okyk rFkk bl 
foHko ds v/khu xfr djus okyk ,d d.k x = + 2m ij igq¡pus ds ckn eqM+ tk;sxkA 

 
 

Sol. At x = 0, total energy is in form of K.E. since U = 0 

 x = 0 ij] lEiw.kZ mTkkZ xfrt mtkZ ds :i esa gS vr% U = 0 

 and it turns back when its K.E. = 0 

 vkSj ;s rc eqMrk gS tc K.E. = 0 

 So, total energy is in form of P.E. 

 vr% lkjh mtkZ fLFkfrt mtkZ ds :i esa gSA  
  U = –K 

  
1

2
kx2 = 1 

  x2 = 1 × 2 × 2 

  x = ± 2m Ans. 
 

PART - II : ONLY ONE OPTION CORRECT TYPE 
 

Hkkx - II : dsoy ,d lgh fodYi çdkj (ONLY ONE OPTION CORRECT TYPE) 

Section (A) : Work done by constant force fu;r cy }kjk fd;k x;k dk;Z 
A-1. A rigid body of mass m is moving in a circle of radius r with a constant speed v. The force on the body 

2mv

r
 is  and is directed towards the centre. What is the work done by this force in moving the body 

over half the cirumference of the circle. 

 m nzO;eku dh ,d n`<+ oLrq r f=kT;k ds o`Ùk esa fu;r pky v ls xfr dj jgh gSA oLrq ij vkjksfir cy 
2mv

r
 gS rFkk 

bldh fn'kk dsUnz dh vksj gSA o`Ùk dh vk/kh ifj/kh ij pyus rd bl cy }kjk fd;k x;k dk;Z gS & 

 (A) 
2

2

mv

r
  (B*) Zero   'kwU;  (C) 

2

2

mv

r
   (D) 

2

2

r

mv


 

Sol. Force is perpendicular to displacement hence work done is zero 

 cy foLFkkiu ds yEcor~ gS vr% fd;k x;k dk;Z 'kwU; gSA  
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A-2. If the unit of force and length each be increased by four times, then the unit of work is increased by   

 ;fn cy o yEckbZ dh bdkbZ dks pkj xquk dj fn;k tk;s rks dk;Z dh bdkbZ c<+ tkrh gS & 

 (A*) 16 times  (B) 8 times  (C) 2 times  (D) 4 times  

 (A*) 16 xquk  (B) 8 xquk  (C) 2 xquk  (D) 4 xquk 

Sol. Joule twy  = (NewtonU;wVu) (Metre ehVj) = 
4Newton 4Metre

4 4
  = 

Joule

16
 

 Hence vr%  1 Joule = 16 joule  (Joule is new unit of force twy cy dh u;h bdkbZ gS) 
 

A-3. A man pushes wall and fails to displace it. He does 

 ,d vkneh nhokj dks /kDdk nsrk gS o bls foLFkkfir djus esa vlQy jgrk gSA og djrk gS & 

 (A) Negative work    (B) Positive but not maximum work  
 (C*) No work at all    (D) Maximum work 

 (A) _.kkRed dk;Z    (B) /kukRed fdUrq vf/kdre dk;Z ugha 
 (C*) fcydqy dk;Z ugha    (D) vf/kdre dk;Z   
Sol. W = (force cy) (displacement foLFkkiu) = (force cy) (zero 'kwU;) = 0 
 

A-4. A rigid body moves a distance of 10 m along a straight line under the action of a force of 5 N. If the 
work done by this force on the body is 25 joules, the angle which the force makes with the direction of 
motion of the body is 

 ,d n`<+ oLrq 5N cy ds v/khu ,d ljy js[kk ds vuqfn'k 10 m nwjh r; djrh gSA ;fn bl cy }kjk oLrq ij fd;k 
x;k dk;Z 25 twy gS rks oLrq dh xfr dh fn'kk ds lkFk cy }kjk cuk;k x;k dks.k gS & 

 (A) 0º    (B) 30º   (C*) 60º   (D) 90º   

Sol. 25 = 5 × 10 × cos so  = 60º 
 

A-5. A rigid body of mass m kg is lifted uniform velocity by a man to a height of one metre in 30 sec. Another 
man lifts the same mass with uniform velocity to the same height in 60 sec. The work done on the body 
against gravitation by them are in ratio 

 ,d vkneh m fdxzk- dh oLrq dks 30 lsd.M esa ,d ehVj dh Å¡pkbZ rd ,d leku osx ls mBkrk gSA nwljk vkneh 
leku nzO;eku dks ,dleku osx ls leku Å¡pkbZ rd 60 lsd.M esa mBkrk gSA buds }kjk xq:Ro ds fo:) fd;s x;s 
dk;ksZ dk vuqikr gS & 

 (A) 1 : 2   (B*) 1 : 1  (C) 2 : 1   (D) 4 : 1 
Sol. work done by first man + work done by gravity = 0  ...(i) 

 igys vkneh }kjk fd;k x;k dk;Z + xq:Ro }kjk fd;k x;k dk;Z = 0  ...(i) 

 work done by second man + work done by gravity = 0 ...(ii) 

 nwljs vkneh }kjk fd;k x;k dk;Z + xq:Ro }kjk fd;k x;k dk;Z  = 0 ...(ii) 

 Ratio of work done by them muds }kjk fd;s x;s dk;Z dk vuqikr = 1 : 1  

 

A-6. A particle moves from position 1
ˆ ˆ ˆr 3i 2j 6k     to position 2

ˆ ˆ ˆr 14i 13j 9k     under the action of force  

ˆ ˆ ˆ4i j 3k N  . The work done  by this force will be 

 ,d d.k] cy ˆ ˆ ˆ4i j 3k N   ds v/khu fLFkfr 1
ˆ ˆ ˆr 3i 2j 6k     ls fLFkfr 2

ˆ ˆ ˆr 14i 13j 9k    rd xfr djrk gSA 

 bl cy  }kjk fd;k x;k dk;Z gksxk & 

 (A*) 100 J  (B) 50 J   (C) 200 J  (D) 75 J  

Sol. W = 2 1(r – r )   = 100 J 
 

A-7. A ball is released from the top of a tower. The ratio of work done by force of gravity in first, second and 
 third second of the motion of the ball is 

 ,d Vkoj ls ,d xsan NksM+h tkrh gSA xsan dh xfr ds nkSjku izFke] f}rh; o r`rh; lsd.M esa xq:Roh; cy }kjk fd;s 
 dk;Z dk vuqikr gS & 

 (A) 1 : 2 : 3  (B) 1 : 4 : 9  (C*) 1 : 3 : 5  (D) 1 : 5 : 3  

mailto:contact@resonance.ac.in
http://www.resonance.ac.in/reso/results/jee-main-2014.aspx


Work, Power & Energy  
 

 

Reg. & Corp. Office : CG Tower, A-46 & 52, IPIA, Near City Mall, Jhalawar Road, Kota (Raj.) - 324005 

Website : www.resonance.ac.in | E-mail : contact@resonance.ac.in 
ADVWP - 16 

Toll Free : 1800 258 5555 | CIN : U80302RJ2007PLC024029 
 

Sol. S1 = 
1

2
 g 12 , s2 = 

1

2
 g 22 , S3 = 

1

2
  g 32  

 S2 – S1 = 
1

2
  g 3, S3 –S2 = 

1

2
 g 5  

 W1 = (mg) S1,  W2 = (mg) (S2 – S1) , W3 = (mg) (S3 – S2) 
 W1 : W2 : W3 = 1 : 3 : 5  
 

 
A-8.# A block of mass m is suspended by a light thread from an elevator. The elevator is accelerating upward 
 with uniform acceleration a. The work done by tension on the block during t seconds is (u = 0) : 

 m nzO;eku dk ,d CykWd ,d gYdh Mksjh }kjk ,d fy¶V esa yVdk gqvk gSA fy¶V ,d leku Roj.k 'a' ls Åij dh 
 vksj tk jgh gSA ruko }kjk t lsd.M esa CykWd ij fd;k x;k dk;Z gS (u = 0) & 

 

 (A*)  
m

2
 (g + a) at2 (B) 

m

2
 (g – a)at2  (B) 

m

2
 gat2  (D) 0 

Sol. T = mg + ma,  S = 
1

2
at2  

 WT = T × S 

 = 
2m(g a)at

2


 

 

A-9. Work done by force of kinetic friction on the system. 

 xfrd ?k"kZ.k cy }kjk fudk; ij fd;k x;k dk;Z & 

 (A) must be zero     (B) must be positive 
 (C*) must be negative    (D) None of these 

 (A) 'kwU; gksxk     (B) /kukRed gksxk 
 (C*) _.kkRed gksxk     (D) buesa ls dksbZ ugha 
Sol. This can be explained by two blocks problem. 

 bls nks CykWd fudk; ls le>k;k tk ldrk gSA 
 

Section (B) : Work done by A variable force ifjorZu'khy cy }kjk fd;k x;k dk;Z   
B-1. Two springs have their force constant as k1 and k2(k1 > k2). When they are stretched individually by the 
 same constant  force up to equilibrium -  

 nks fLçaxksa ds cy fu;rkad k1 o k2(k1 > k2) gSA tc os leku cy }kjk Lora=k :i ls [khaps tkrs gS  rks bl cy }kjk 
 lkE;koLFkk rd   

 (A) No work is done by this force in case of both the springs  

 nksuksa fLçax ds fy, bl cy }kjk dksbZ dk;Z ugha fd;k tkrkA 

 (B) Equal work is done by this force in case of both the springs 

 nksuksa fLçax ds fy, bl cy }kjk leku dk;Z fd;k tkrk gS  
 (C*) More work is done by this force in case of second spring  

 f}rh; fLçax ds fy, bl cy }kjk  vf/kd dk;Z fd;k tkrk gSA 

 (D) More work is done by this force in case of first spring  

 çFke fLçax ds fy, bl cy }kjk vf/kd dk;Z fd;k tkrk gSA 

Sol. F = K1x1 , x1 = 
1

F

K
 , W1 = 

1

2
 K1 x1

2  =  
2

1

F

2K
  

 similarly blh rjg W2 = 
2

2

F

2K
 since pwafd  K1 > K2 , W1 < W2  
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B-2. A rigid body is acted upon by a horizontal variable force which is inversely proportional to the distance 
covered from its initial position ‘s’. The work done by this force will be proportional to : 

 ,d oLrq ij {kSfrt ifjorhZ cy ¼tks bldh izkjfEHkd fLFkfr ls r; dh xbZ nwjh ‘s’ ds O;qRØekuqikrh gSA½ }kjk dk;Z 
fd;k tkrk gS rks fd;k x;k dk;Z lekuqikrh gksxk & 

 (A) s   (B) s2          (C) s    (D*) None of these buesa ls 
dksbZ ugha   

Sol. WF = 
K

ds
S

 
 
   = K In s + C   Ans : (D) 

 

B-3. The work done by the frictional force on a surface in drawing a circle of radius r on the surface by a 
pencil of negligible mass with a normal pressing force N (coefficient of friction µk) is : 

 ,d lkekU; ncko cy N ds lkFk ux.; nzO;eku dh ,d isfUly }kjk lrg (?k"kZ.k xq.kkad k) ij  r  f=kT;k dk o`Ùk 
[khapus esa ?k"kZ.k cy }kjk lrg ij fd;k x;k dk;Z gS & 

 (A) 4r2 K N  (B) –2r2 K N  (C) –2r K N  (D*) zero  'kwU;  

Sol. Displacement of surface point (where force acts) = 0 hence W = 0  

 lrg fcUnq dk foLFkkiu (tc cy dk;Z djrk gS) = 0 vr% W = 0  
 

Section (C) : Work Energy Theorem  dk;Z] ÅtkZ çes;  

C-1. The kinetic energy of a body of mass 2 kg and momentum of 2 Ns is 

 2 kg nzO;eku o 2 Ns laosx dh oLrq dh xfrt ÅtkZ gS & 

 (A*) 1 J   (B) 2J    (C) 3 J   (D) 4 J 

Sol. KE =  
2P

2m
 = 1 

 
C-2. A particle of mass m at rest is acted upon by (only) force F for a time t. Its kinetic energy after an 

 interval t is  : 

 m nzO;eku dk ,d d.k fojke ij gS bl ij t le; ds fy, dsoy F cy dk;Z djrk gSA t le;kUrjky ds ckn 
bldh xfrt ÅtkZ gS % 

 (A) 
2 2F t

m
   (B*) 

2 2F t

2m
   (C) 

2 2F t

3m
  (D) 

F t

2m
  

Sol. a = 
F

m
 ,   S = 2F

t
m

 
 
 

  ,  WF = FS = F 
2Ft

2m

 
 
 

  

 

C-3.# A particle is projected horizontally from a height h. Taking g to be constant every where, kinetic energy 
E of the particle with respect to time t is correctly shown in (Neglect air resistance) 

 ,d d.k h Å¡pkbZ ls {kSfrtr% iz{ksfir fd;k tkrk gSA ,d fu;r {kSfrt osx d.k dks fn;k tkrk gSA g dks izR;sd 
LFkku ij fu;r ysrs gq, le; t ds lkis{k xfrt ÅtkZ E n'kkZbZ tkrh gS & 

 (A*) 

 

 (B)   (C) 

 

 (D)  

Sol. h = 
1

2
 gt2,   W = mgh = mg 

2gt

2
, W = Kf – Ki  

  
2 2mg t

2
= Kf –  

1

2
mu2,  Kf =  

1

2
mu2 + 

2 2mg t

2
  

 Hence vr%   Ans. is (A) 
 

 

 

C-4. If v, p and E denote the megnitude of velocity, momentum and kinetic energy of the particle, then : 

 ;fn v, p o E ,d d.k ds osx ds ifjek.k] laosx o xfrt ÅtkZ dks iznf'kZr djrs gSa rks & 

 (A*) p = dE/dv  (B) p = dE/dt  (C) p = dv/dt (D) None of these bueas ls dksbZ ugha 
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Sol. E = 
1

2
  mV2,   

dE

dV
= mV = p 

 

 

 

C-5. A body moving at 2 m/s can be stopped over a distance x. If its kinetic energy is doubled, how long will 
it go before coming to rest, if the retarding force remains unchanged ? 

 2 m/s ls xfr'khy ,d oLrq x nwjh esa jksdh tk ldrh gSA ;fn bldh xfrt ÅtkZ nqxquh dj nh tk;s rks ;g fojke 
esa vkus ls igys fdruh nwjh r; djsxh] ;fn eand cy vifjofrZr jgrk gS \ 

 (A) x   (B*) 2x   (C) 4x   (D) 8x 

Sol. –F x = 0 –  
1

2
m (2)2  and rFkk  – FS = 0 – 2 21

m (2)
2

 
  

 

 So vr%  
S

x
= 2,  S = 2x 

 

 

C-6. A retarding force is applied to stop a train. The train stops after 80 m. If the speed is doubled, then the 
distance travelled when same retarding force is applied is 

 ,d Vªsu ds jksdus ds fy, ,d eand cy yxk;k tkrk gSA Vªsu 80 eh- pyus ds ckn :d tkrh gSA ;fn pky dks 
nqxquk dj fn;k tk;s rks leku eand cy yxkus ij :dus ls igys Vªsu }kjk r; dh x;h nwjh gksxh & 

 (A) The same   (B) Doubled  (C) Halved  (D*) Four times 

 (A) vifjofrZr  (B) nqxquh  (C) vk/kh   (D*) pkj xquk 

Sol. F 80 = 
1

2
 mV2,  FS = 

1

2
 m (2V)2  

 So vr%  
s

80
 = 4 , S = 4 (80) 

 

C-7. A particle moves in a straight line with retardation proportional to its displacement. Its loss of kinetic 
energy for any displacement x is proportional to 

 ,d d.k ,d ljy js[kk esa xfr djrk gS ftldk eanu foLFkkiu ds lekuqikrh gSA fdlh Hkh foLFkkiu x ds fy, 
bldh xfrt ÅtkZ esa {k; lekuqikrh gS & 

 (A*) x2   (B) ex   (C) x   (D) logex   

Sol. V
dV

dx
 = – Kx, 

v x
2 2

u 0

V Kx–
2 2

   
   

   
 

 V2 – u2 = –  Kx2  

 
1

2
 mu2 – 

1

2
 mV2 =  

1

2
mK x2   Loss gkfu  x2    

 

C-8.# A block weighing 10 N travles down a smooth curved track AB joined to a rough horizontal surface 
(figure). The rough surface has a friction coefficient of 0.20 with the block. If the block starts slipping on 
the track from a point 1.0 m above the horizontal surface, the distance it will move on the rough surface 
is : 

 ,d 10 N Hkkj dk xqVdk fpdus oØh; iFk AB tks [kqjnjh {kSfrt lrg ¼fp=k esa½ ls tqM+k gS ij uhps xfr djrk gSA 
[kqjnjh lrg dk ?k"kZ.k xq.kkad xqVds ds lkFk 0.20 gSA ;fn xqVdk {kSfrt lrg ls 1.0 eh- ÅapkbZ ls iFk ij fQlyuk 
izkjEHk djs rks ;g [kqjnjh lrg ij fdruh nwjh rd pysxk \ 

1.0m

A

B Rough ( )[kqjnjk  
     
 (A*) 5.0 m  (B) 10.0 m  (C) 15.0 m  (D) 20.0 m 
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Sol. WG + Wf  = 0 – 0 
 10 × 1 + Wf = 0 

 10 – mg x = 0 
 10 = (.2) (10) x,   x = 5 m 
 

C-9. A small mass slides down an inclined plane of inclination  with the horizontal. The co-efficient of 

friction is  = 0 x where x is the distance through which the mass slides down and 0 is a constant. 
Then the distance covered by the mass before it stops is: 

 ,d NksVk nzO;eku {kSfrt ls  dks.k cukus okys urry ij uhps fQlyrk gSA ?k"kZ.k xq.kkad  = 0 x gS tgk¡ x og nwjh 
gS ftruk nzO;eku uhps fQlyrk gS ,oa 0 ,d fu;rkad gSA:dus ls igys nzO;eku }kjk r; dh xbZ nwjh gS % 

 (A*) 
0

2


tan   (B) 

0

4


tan   (C) 

0

1

2 
tan   (D) 

0

1


tan 

Sol. (mg sin ) x – 
x

0

mg cos   dx = 0  

 sin  x = o  cos  
x

0

x dx  

 x tan   = 0

2x

2
,  x =  

0

2 tan


  

 
C-10.# A toy car of mass 5 kg starts from rest and moves up a ramp under the influence of force F (F is applied 

in the direction of velocity) plotted against displacement x. The maximum height attained is given by  
(g = 10 m/s2)  

 cy F ¼F osx dh fn'kk esa vkjksfir gS½ ds izHkko esa ,d 5 fdxzk- dh f[kykSuk dkj fojkekoLFkk ls ,d jSEi ij p<+rh gS] 
cy dk foLFkkiu x ds lkFk ifjorZu xzkQ esa fn[kk;k x;k gSA izkIr dh xbZ vf/kdre Å¡pkbZ gS (g = 10 m/s2)  & 

x=11mx=0

ymax

  
    
 (A) ymax = 20 m  (B) ymax = 15 m  (C*) ymax = 11 m  (D) ymax = 5 m 

Sol. A = area under the curve oØ }kjk f?kjk {ks=kQy  =  
v 2

0

dv mv
m v dx

dx 2
  

 
100 11

2


 = 

2mv

2
 = mgymax  

  ymax = 11 m 
 
C-11 A body of 5 kg mass is raised vertically to a height of 10 m by a force of 120 N. Find the final velocity of 

the body : 

 5 Kg nzO;eku dh ,d oLrq 120 N ds cy }kjk 10 eh- Å¡pkbZ rd Å/okZ/kj mBkbZ tkrh gSA oLrq dk vafre osx  Kkr 
djksA 

 (A*)  280 m/s  (B) 200  m/s  (C) 20 m/s  (D) None of these 

Sol. 120 – 50 = 5a    a = 14m/s ,  
  v2 = 02 + 2 (14) (10) 

    v = 280 m/s  

Alter. by work energy theorem :  dk;Z&ÅtkZ izes; }kjk   
  WG + WF = K 
 – 5 × 10 × 10 + 120 × 10 =  (5) v2   

  v = 280  m/s. 
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C-12. The ratio of work done by the internal forces of a car in order to change its speed from 0 to V and from 
V to 2V is (Assume that the car moves on a horizontal road) -    

 ,d dkj dh pky 0 ls V rFkk V ls 2V djus esa dkj ds vkUrfjd cyksa }kjk fd;s x, dk;ks± dk vuqikr gS %  
¼;g ekfu;s fd dkj {kSfrt lM+d ij pyrh gSA½ -    

 (A)  1   (B) 1/2   (C*) 1/3   (D) 1/4 
Sol. (C) 
 Work done in changing speed from 0 to V is  
 pky 0 ls V djus esa dk;Z  

  W1 =  
1

2
mV2 

 work done in changing the speed from V to 2V is   
 pky V ls 2V djus esa dk;Z  

  W2 = 
1

2
 m (2V)2  –  

1

2
mV2 =  

1

2
3 mV2 

  1

2

W

W
 = 

1

3
   

C-13. A body of mass 4 kg moves under the action of a force  2ˆ ˆF 4i 12t j N  , where t is the time in second. 

The initial velocity of the particle is   1ˆ ˆ ˆ2i j 2k ms  . If the force is applied for 1 s, work done is : 

 ,d 4 kg dh oLrq ,d cy  2ˆ ˆF 4i 12t j N   ds vUrxZr xfr djrh gS, tgk¡ t le; lsd.M+ esa gSA d.k dk 

izkjfEHkx osx   1ˆ ˆ ˆ2i j 2k ms   gSA ;fn cy 1 s ds fy, yxk;k x;k gS, rks fd;k x;k dk;Z gS : 

 (A) 4 J   (B) 8 J   (C) 12 J   (D*) 16 J 

Sol. Fdt p   

 
1

f i

0

ˆ ˆ(4i 12t)dt m(v v )    

  
1

3

f i0

12ˆ ˆ4i t j 4(v v )
3

    

  f
ˆ ˆ ˆ ˆ ˆi j v (2i j 2k)      

  f
ˆ ˆ ˆv 3i 2j 2k    

  fv 9 4 4 17     

  iv 4 1 4 3     

  K.E = 
1

4(17 9)
2

  = 2 × 8 = 16 J 

Section (D) : Mechanical Energy conservation  ;kaf=kd ÅtkZ laj{k.k   

D-1. The negative of the work done by the conservative internal forces on a system equals the change in its 
 (A) total energy  (B) kinetic energy (C*) potential energy (D) none of these 

 fudk; ij laj{kh vkUrfjd cyksa ds }kjk fd;s x;s dk;Z dk _.kkRed fdlesa ifjorZu ds cjkcj gS & 
 (A) dqy ÅtkZ  (B) xfrt ÅtkZ   (C*) fLFkfrt ÅtkZ (D) buesa ls dksbZ ugha  
Sol. Follows from definition ifjHkk"kk ls  
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D-2. A body is dropped from a certain height. When it loses U amount of its energy it acquires a velocity ‘v’. 
The mass of the body is : 

 ,d oLrq fdlh fuf'pr Å¡pkbZ ls fxjkbZ tkrh gSA tc ;g bldh ÅtkZ dh U ek=kk {k; dj nsrh gS rks v osx izkIr 
dj ysrh gSA oLrq dk nzO;eku gS & 

 (A*) 2U/v2  (B) 2v/U2  (C) 2v/U  (D) U2/2v 

Sol. Ui + 0 = Uf + 
1

2
 mv2  

 Ui  – Uf = 
1

2
 mv2  

 U =  
1

2
mv2  

 m = 
2

2U

v
 

 
D-3. A stone is projected vertically up with a velocity u, reaches upto a maximum height h. When it is at a 

height of 3h/4 from the ground, the ratio of KE and PE at that point is : (consider PE = 0 at the point of 
projection)   

 ,d iRFkj u osx ls Åij dh vksj iz{ksfir fd;k tkrk gS ;g vf/kdre h Å¡pkbZ rd igq¡prk gSA tc ;g lrg ls 
3h/4 Å¡pkbZ ij gS rks bl fcUnq ij KE o PE dk vuqikr gS % ¼iz{ksi.k fcUnq ij PE = 0 ekusa½  

 (A) 1 : 1   (B) 1 : 2   (C*) 1 : 3  (D) 3 : 1 

Sol. 
1

2
 mu2 = mgh, u2 = 2gh  ....(i) 

 mg 
3h

4

 
 
 

+ K.E.  = mgh 

 K.E. = 
mgh

4
 

 
K.E.

P.E.
 = 

mgh/ 4

3mgh/ 4
  = 

1

3
 

 
D-4. Two springs A and B (kA = 2kB) are stretched by applying forces of equal magnitudes at the four ends. If 

the energy stored in A is E, then in B is (assume equilibrium): 

 nks fLizax A o B (kA = 2kB) ds pkjksa fljksa ij leku ifjek.k ds cy vkjksfir djds [khaps tkrs gSA ;fn A esa laxzghr 
ÅtkZ E gS rks B esa lafpr ÅtkZ¼lkE;koLFkk esa½ gksxh % 

 (A) E/2   (B*) 2E   (C) E   (D) E/4 

Sol. WF + WS = 0,   WF – U = 0 ,  WF = U = E 

 E = 
1

2
 KA xA

2 , FxA =  
1

2
KA xA

2  

  
A

2F

K
= xA ,  

A

2F

K
 = 

A

2E

K
  ,  KA = 

22F

E
   ...(i) 

 similarly  blh izdkj  KB = 
2

B

2F

E
 ,  KA = 2KB      

22F

E
= 

2

B

2F
2

E

 
 
 

 

  EB = 2E 
 Alter : 
 F = KA xA = KBxB  

 EA =  
1

2
KA xA

2  EB =  
1

2
 KB xB

2  

 

2

A A A

B B B

E K x

E K x

  
   
  

, 
2

A

B

E 1 1
2

E 2 2
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D-5. When a spring is stretched by 2 cm, it stores 100 J of energy. If it is stretched further by 2 cm, the 
stored energy will be increased by 

 tc ,d fLçax 2 cm ls [khaph tkrh gS] ;g  100 J ÅtkZ laxzghr djrh gSA ;fn bldks 2 cm ls vkSj [khapk tk;s rks] 
laxzfgr ÅtkZ fdrus ls c<+sxh &  

 (A) 100 J  (B) 200 J  (C*) 300 J  (D) 400 J  

Sol. 100 =  
1

2
K(2cm)2 , E = 

1

2
 K(4cm)2  

 so vr% 
E

100
  = 4 , E = 400 J 

  E – 100 = 300 J 
 
D-6.#  A block of mass m is attached to two unstretched springs of spring constants k1 and k2 as shown in 

figure. The block is displaced towards right through a distance x and is released. Find the speed of the 
block as it passes through the mean position shown.  

 m nzO;eku dk ,d xqVdk fLizax fu;rkad K1 o K2 ds nks fcuk f[kaps (rus) gq, fLizaxksa ls fp=k esa fn[kk;sa vuqlkj tqM+k 
gSA xqVdk nka;h vksj x nwjh ls foLFkkfir djds NksM+ fn;k tkrk gSA xqVdk tc ek/; fLFkfr ls xqtjrk gS rks bldh 
pky Kkr dhft;sA  

 
     

 (A*) 1 2k k
x

m


  (B) 1 2

1 2

k k

m(k k )
 x (C) 

2 2

1 2

2 2

1 2

k k

m(k k )
 x (D) 

3 3

1 2

3 3

1 2

k k

m(k k )
 

Sol.  
1

2
 K2 x2 +  

1

2
K1x2 =  

1

2
mv2  

 v = 1 2K K

m


 x 

 
D-7.# A wedge of mass M fitted with a spring of stiffness ‘k’ is kept on a smooth horizontal surface. A rod of 

mass m is kept on the wedge as shown in the figure. System is in equilibrium and at rest Assuming that 
all surfaces are smooth, the potential energy stored in the spring is : 

 ,d fpduh {kSfrt lrg ij j[kk M nzO;eku dk ,d ost K fLizax fu;rkad (Stiffness) ds fLizax ls tqM+k gSA fp=k esa 
fn[kk;sa vuqlkj m nzO;eku dh NM+ ost ij j[kh gSA fudk; lkE;koLFkk esa gS rFkk fojke esa Hkh gSA lHkh lrgksa dks 
fpduh ekurs gq, fLizax esa laxzghr fLFkfr ÅtkZ gS % 

 
 

 (A) 
2 2mg tan

2K


  (B) 

2 2m gtan

2K


   (C*) 

2 2 2m g tan

2K


 (D) 

2 2 2m g tan

K


 

Sol. For m, N cos  = mg  

 For M , N sin  = kx 

 sovr% tan  = 
Kx

mg
 

 so vr%
1

2
Kx2 = 

2(mgtan )

2K
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D-8. A body of mass m dropped from a certain height strikes a light vertical fixed spring of stiffness k. The 

height of its fall before touching the spring if the maximum compression of the spring is equal to 
3mg

k
 

is : 

 m nzO;eku dh ,d oLrq fuf'pr Å¡pkbZ ls fxjkbZ tkrh gS rFkk ;g fLizax fu;rkad (Stiffness) K ds ,d Å/okZ/kj 
fLFkr gYds fLizax ls Vdjkrh gSA fLizax dks Nwus ls igys blds fxjus dh ÅapkbZ D;k gksxh] ;fn fLizax dk vf/kdre 

laihMu 
3mg

k
 ds cjkcj gS% 

 (A*) 
3mg

2k
  (B) 

2mg

k
  (C) 

3mg

4K
   (D) 

mg

4K
  

Sol. mg (h +
3mg

K
 ) =  K 

2
3mg

K

 
 
 

 

 
D-9. A running man has half the kinetic energy of that of a boy of half of his mass. The man speeds up by  

1 m/s so as to have same kinetic energy as that of the boy. The original speed of the man will be 

 ,d nkSM+rs gq;s O;fDr dh xfrt ÅtkZ mlls vk/ks nzO;eku ds yM+ds dh xfrt ÅtkZ dh vk/kh gSA O;fDr viuh pky 
1 m/s ls c<+rk gS rks mldh xfrt ÅtkZ yM+ds dh xfrt ÅtkZ ds cjkcj gks tkrh gSA O;fDr dh ewy pky gksxh& 

 (A) 2 m/s  (B) ( 2  – 1)m/s (C*)  
1

( 2 1)
m/s (D) 

1

2
m/s 

Sol. 2 21 1 1
(2m)u mv

2 2 2

   
 

 .... (i) 

 
1

2
 (2m) (u + 1)2 =

1

2
mv2 ....(ii) 

 From (i) and (ii)   (i) o (ii) ls  u =  
1

2 1
 

 

D-10. Two equal masses are attached to the two ends of a spring of spring constant k. The masses are pulled 
out symmetrically to stretch the spring by a length x over its natural length. The work done by the spring 
on each mass during the above streching is 

 fLçax fu;rkad k ds ,d fLçax ds nksuksa Nksj ij nks leku nzO;eku tqM+s gSA nksuksa nzO;ekuksa dks lefer :i ls bl 
izdkj [khapk tkrk gS rkfd fLçax dks lefer :i ls bldh izkÑfrd yEckbZ ls x nwjh rd foLrkfjr gks tk;sA çR;sd 
nzO;eku ij fLçax }kjk fd;k x;k dk;Z [khapus ds nkSjku gS &   

 (A) 
1

2
kx2  (B) – 

1

2
kx2  (C) 

1

4
 kx2  (D*) – 1

4
 kx2 

Sol. W1 = work done by spring on first mass  igys nzO;eku ij fLizax }kjk fd;k x;k dk;Z  

 W2 = work done by spring on second mass  nwljs nzO;eku ij fLizax }kjk fd;k x;k dk;Z  

 W1 = W2 = W (say) 
 W1 + W2 =  Ui – Uf  

 2W = 0 –  
1

2
Kx2  

 W =   – 
2Kx

4
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D-11. A rod of length 1m and mass 0.5 kg hinged at one end, is initially hanging vertical. The other end is now 
raised slowly until it makes an angle 60º with the vertical. The required work is :(use g = 10 m/s2)  

 1m yEckbZ o 0.5 fdxzk nzO;eku dh ,d NM+ ,d fljs ij dhyfdr dh tkrh gS] izkjEHk esa Å/okZ/kj yVd jgh gSA 
nwljk fljk /khjs ls Åij mBk;k tkrk gS tc rd fd ;g Å/okZ/kj ls 60º dk dks.k u cuk;s rks vko';d dk;Z gS  
(g = 10 m/s2)  

 (A)  
5

2
J   (B*) 

5

4
 J  (C)  

17

8
J  (D) 

5 3

4
J 

Sol. Wa + Wc = K = 0, Wa – mg – cos60
2 2

  
 

  = 0 

 Wa =  
mg

4
 = (0.5) (10) 

1

4

 
 
 

  = 
5

4
 J. 

 
D-12. A block of mass 250 g is kept (does not sticks to spring) on a vertical spring of spring constant 100 N/m 

fixed from below (block is in equilibrium). The spring is now compressed to have a length 10 cm shorter 
than its natural length and the system is released from this position. How high does the block rise from 
this position? Take g = 10 m/s2.  

 ,d 250 xzke nzO;eku dk xqVdk ,d Å/okZ/kj fLizax ij lkE;koLFkk esa j[kk gS ¼;g fLizax ls tqM+k gqvk ugha gS½ 
ftldk fLizax fu;rkad 100 N/m gS ,oa fLizax fupys fljs ls tM+or~ gSA vc bldks lEihfMr djus ij bldh yEckbZ 
okLrfod yEckbZ ls 10 lseh- NksVh gks tkrh gS ,oa fudk; bl fLFkfr ls NksM+k tkrk gSA  rks xqVdk bl voLFkk ls 
fdruk Å¡pk mBrk gSA ¼fn;k gS g = 10 eh-/ls-2½ 

 (A*) 20 cm   (B) 30 cm   (C) 40 cm   (D) 50 cm  

Sol. 

2
1 10

(100)
2 100

 
 
 

 =
250 H

(10)
1000 100

   
   
   

 , H = 20 cm. 

 

Section (E) : Power 'kfDr 

E-1. A car of mass ‘m’ is driven with a constant acceleration ‘a’ along a straight level road against a constant 
external resistive force ‘R’. When the velocity of the car is ‘V’, the  rate at which the engine of the car is 
doing work will be 

 m nzO;eku dh ,d dkj ,d lh/ks ry esa lM+d ds vuqfn'k ,d fu;r ckg~; izfrjks/kh cy R ds fo:) a Roj.k ls 
pykbZ tkrh gSA tc dkj dk osx V gS rks og nj D;k gksxh ftl ij dkj dk batu dk;Z dj jgk gS & 

 (A) RV   (B) maV  (C*) (R + ma)V  (D) (ma – R)V 
Sol. F – R = ma, F = R + ma,  
 P = Fv = (R + ma)v 
 
E-2. The average power required to lift a 100 kg mass through a height of 50 metres in approximately 50 

seconds would be 

 100 Kg nzO;eku dks 50 ehVj Å¡pkbZ rd yxHkx 50 lsd.M esa mBkus ds fy, vko';d vkSlr 'kfDr gksxh & 

 (A) 50 J/s  (B) 5000 J/s  (C) 100 J/s  (D*) 980 J/s  

Sol. Average power vkSlr 'kfDr  =  
100 9.8 50

50

 
= 980 J/s 

 
E-3. A block of mass m is moving with a constant acceleration 'a' on a rough horizontal plane. If the 

coefficient of friction between the block and plane is µ.The power delivered by the external agent at a 
time t from the beginning is equal to : 

 nzO;eku m dk ,d xqVdk [kqjnjs {kSfrt ry ij fu;r Roj.k a ls py jgk gSA ;fn xqVds ,oa ry ds e/; ?k"kZ.k 
xq.kkad µ gSA izkjEHk ls t le; ckn ckg~; dkjd }kjk nh xbZ 'kfDr cjkcj gS & 

 (A) ma2t  (B) µmgat  (C) µm(a + µg) gt (D*) m(a + µg) at 

Sol. V = 0 + at, F –  mg = ma ,  F = mg + ma, 

 P = (mg + ma) at 
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E-4. A particle moves with a velocity v  = (5 î  – 3 ĵ  + 6 k̂ ) m/s under the influence of a constant force  

F  = (10 î  + 10 ĵ  + 20 k̂ )N. The instantaneous power applied to the particle is : 

 ,d d.k osx v  = (5 î  – 3 ĵ  + 6 k̂ ) eh-/ls- ls ,d fu;r cy F  = (10 î  + 10 ĵ  + 20 k̂ )N ds izHkko esa xfr djrk 

gSA d.k ij vkjksfir rkR{kf.kd 'kfDr gS & 

 (A) 200 J/s  (B) 40 J/s  (C*) 140 J/s  (D) 170 J/s 

Sol. P = F.v = 50 – 30 + 120 = 140 J/s 
 
E-5. A man M1 of mass 80 kg runs up a staircase in 15 s. Another man M2 also of mass 80 kg runs up the 

stair case in 20 s. The ratio of the power developed by them (P1 / P2) will be : 

 80 fdxzk- nzO;eku dk ,d O;fDr M1 ,d lh<+h ij 15 lsd.M esa p<+rk gSA nwljk O;fDr M2 og Hkh 80 fdxzk- dk 
mlh lh<+h ij 20 lsd.M esa p<+rk gSA muds }kjk [kpZ dh xbZ 'kfDr dk vuqikr (P1 / P2) gksxk & 

 (A) 1   (B*) 4/3   (C) 16/9 (D) None of the above buesa ls dksbZ ugha 
Sol. P1 = 80 gh/15 , P2 = 80 gh/20 

  1

2

P

P
=

20

15
=

4

3
  

 
E-6.# Power versus time graph for a given force is given below. Work done by the force upto time  

t( t0).   
 ,d fn;s x;s cy ds fy, 'kfDr&le; xzkQ uhps fn;k x;k gSA le; t ( t0)  rd cy }kjk fd;k x;k dk;Z &  

 
 (A) First decreases then increases  (B) First increases then decreases 
 (C*) Always increases    (D) Always decreases   
 (A) igys ?kVrk gS fQj c<+rk gSA    (B) igys c<+rk gS fQj ?kVrk gSA  

 (C*) lnSo c<+rk gSA     (D) lnSo ?kVrk gSA   
Sol. The work done by force from time t = 0 to t = t sec. is given by shaded area in graph below. 
 Hence as t increases, this area increases.  
 cy }kjk le; t = 0 ls t = t sec. rd fd;k x;k dk;Z xzkQ ds uhps Nk;kafdr {ks=kQy }kjk fn;k tkrk gSA  
 vr% tSls&tSls t c<+rk gS rks ;g {ks=kQy Hkh c<+rk gSA   

 
  Work done by force keeps on increasing.  
  cy }kjk fd;k dk;Z lnSo c<+rk gSA  

 
E-7. An engine pumps up 1000 kg of coal from a mine 100 m deep in 50 sec. The pump is running with 

diesel and efficiency of diesel engine is 25%. Then its power consumption will be (g = 10m/sec2):  

 ,d bZtu 1000 fdxzk- dks;ys dks 100 eh- xgjh [knku ls 50 lSd.M esa [khprk gSA ;g bZaatu Mhty pfyr gS rFkk 
Mhty baZtu dh n{krk 25% gS ] rks blesa O;f;r 'kfDr gksxh & 

 (A) 10 kW  (B*) 80 kW  (C) 20 kW  (D) 24 kW 
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Sol. P = 
d

dt
 (mgh) 

 Pact =  
1000 10 100

50

 
  

 Pact = 20000 W  

 Pconsumption = 
2000

0.25
W = 80 kW. 

 

Section (F) : Conservative & nonconservative forces and equilibrium 

  laj{kh ,oa vlaj{kh cy rFkk lkE;koLFkk 

F-1. The potential energy of a particle in a field is  U =
2

a b

rr
  ,  where a and b are constant.  The value of r 

in terms of a and b where force on the particle is zero will be : 

 ,d {ks=k esa ,d d.k dh fLFkfrt ÅtkZ U =
2

a b

rr
   gS] tgka a o b fu;rkad gSA a o b ds inksa esa r dk eku] tgka 

d.k ij cy 'kwU; gS] gksxk & 

 (A) 
a

b
   (B) 

b

a
    (C*) 

2a

b
   (D) 

2b

a
  

Sol. 
du

dr
 = 0,  –

3 2

2a b

r r
   = 0, r = 

2a

b
 

 

F-2.# Potential energy v/s displacement curve for one dimensional conservative field is shown. Force at A, B 
and C is respectively. 

C 

 
 ,d foeh; laj{kh {ks=k ds fy, fLFkfrt ÅtkZ rFkk foLFkkiu oØ n'kkZ;k x;k gSA A o B ij cy gS Øe'k% &  

C 

 
 (A) Zero, Positive, Positive    (B*) Positive, Zero, Negative 
 (C) Negative, Zero, Positive   (D) Negative, Zero, Negative  

 (A) /kukRed, /kukRed    (B*) /kukRed, _.kkRed 

 (C) _.kkRed, /kukRed    (D) _.kkRed, _.kkRed  

Sol. 
x A x B

dU dU
ve, ve

dx dx 

     

 So, FA = positive /kukRed  , FB = negative _.kkRed  
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F-3.# For the path PQR in a conservative force field (fig.), the amount of work done in  carrying a body from P 
to Q & from Q to R are 5 J & 2 J respectively . The work done in carrying the body from P to R will be - 

 laj{kh cy {ks=k esa iznf'kZr iFk PQR ds fy, ,d oLrq dks fp=kkuqlkj P ls Q rd rFkk Q ls R rd ys tkus esa fd;s 
x, dk;Z dh ek=kk 5 J rFkk 2 J gS rks oLrq dks P ls R rd ys tkus es fd;s x;s dk;Z dh ek=kk gksxh  - 

 
 

 (A*) 7 J   (B) 3 J    (C) 21J   (D) zero 'kwU; 

Sol. WC
      =    WC     +     WC = 5 + 2 = 7 

 P  R   P  Q      Q  R 
 

F-4. The potential energy for a force field F  is given by U(x, y) = sin (x + y). The force acting on the particle 

of mass m at 0,
4

 
 
 

 is  

 F  cy {ks=k ds fy, fLFkfrt ÅtkZ U(x, y) = sin (x + y) ls nh tkrh gSA m nzO;eku ds d.k ij fcUnq 0,
4

 
 
 

 ij 

vkjksfir cy gksxk &       

 (A*) 1   (B) 2    (C) 
1

2
   (D) 0 

Sol. 
U

x




 = cos (x + y),   

  
U

y




= cos (x + y) 

 F  = – cos (x + y) î – cos (x + y) ĵ  

    = – cos (0 + 
4


) î  – cos (0 +

4


) ĵ  

 |F | = 1 
 
F-5. A particle is taken from point A to point B under the influence of a force. Now it is taken back from B to 

A and it is observed that the work done in taking the particle from A to B is not equal to the work done in 
taking it from B to A. If Wnc and Wc is the work done by non-conservative forces and conservative forces 

present in the system respectively, U is the change in potential energy, k is the change in kinetic 
energy, then choose the incorrect option. 

 ,d d.k dks fdlh cy esa fcUnq  A ls fcUnq  B rd ys tk;k tkrk gSA rRi'pkr~ bldks iqu% fcUnq B ls A rd yk;k 
tkrk gS rFkk ;g çsf{kr fd;k tkrk gS fd d.k dks A ls B rd ys tkus esa fd;k x;k dk;Z B ls A rd ys tkus esa 
fd;s x;s dk;Z ds cjkcj ugha gSA ;fn Wnc rFkk Wc Øe'k% fudk; esa mifLFkr vlaj{kh rFkk laj{kh cyksa }kjk fd;k 
x;k dk;Z gS ] U fLFkfrt ÅtkZ esa ifjorZu, k xfrt ÅtkZ esa ifjorZu gks rks xyr fodYi pqfu,A 

 (A) Wnc – U = k (B) Wc = – U  (C) Wnc + Wc = k (D*) Wnc – U = –k 

Sol. From work energy theorem dk;Z mtkZ izes; ls  
 WC + WnC = K, WC = – U, WnC – U = K  
 
F-6. The potential energy of a system of two particles is given by U(x) = a/x2 – b/x. Find the minimum 

potential energy of the system, where x is the distance of separation and a, b are positive constants.  

 nks d.kksa ds fudk; dh fLFkfrt ÅtkZ U(x) = a/x2 – b/x }kjk nh tkrh gSA fudk; dh U;wure fLFkfrt ÅtkZ Kkr 
dhft;s] tgka x muds vyxko dh nwjh gS] a o b /kukRed fu;rkad gSA  

 (A*) 
2b

4a
   (B) 

2b

4a
   (C) 

2a

b
   (D) – 2a

b
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Sol. U(x) = a/x2 – b/x  , a > 0, b > 0 

 dU/dx =  
3

–2a
x

+ 
b

x  = 0   
2a

b
 = x 

 d2U/dx2 =
4

6a

x
 –

3

2b

x
 =

4

4

6a b

16a

 – 
3

3

2b b

8a


 > 0  

  U is min. at    x =
2a

b
 & min. value of U is  

  U fuEure gS  x =
2a

b
  ij vkSj U dk fuEure eku gS  

  Umin. = 
2

2

a b

4a
– 

b b

2a
 = – 

2b

4a
 

 
F-7. Which of the following graphs is correct for kinetic energy (E) and potential energy (U) (with height (h) 

measured from the ground) for a particle thrown vertically upward from a horizontal ground (h << RE 
and U = 0 at h = 0) 

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

 fdlh d.k tks dh {kSfrt /kjkry ls Å/okZ/kj Åij dh vksj iz{ksfir fd;k x;k gS fd Å¡pkbZ h ij fLFkfrt ÅtkZ (U) 

rFkk xfrt ÅtkZ (E) gS rks lgh oØ pqfu, (h << RE vkSj h = 0 ij U = 0)  &  

 (A*)

U

E

ÅapkbZ

Å
t
kZ

  (B) 
U

E

ÅapkbZ

Å
t
kZ

 (C) 

U

E

ÅapkbZ

Å
t
kZ

  (D) 
U

E

ÅapkbZ

Å
t
kZ

 

Sol. K.E. + P.E. = positive constant C /kukRed fu;rkad  
 E + U = C, E + mgh = C, E = – mgh + C 

 and rFkk  U = mgh,   

 So, answer vr% mRrj  (A) gSA 
 
F-8.# The force acting on a body moving along x-axis varies with the position of the particle as shown in the 

figure. 

 x-v{k ds vuqfn'k xfr'khy oLrq ij vkjksfir cy rFkk d.k dh fLFkfr ds e/; fp=k çnf'kZr gS rks  

 
     
 The body is in stable equilibrium at 
 (A) x = x1  (B*) x = x2   (C) both x1 and x2 (D) neither x1 nor x2  

 oLrq fdl fLFkfr ij LFkk;h lkE;koLFkk esa gksxh & 

 (A) x = x1  (B*) x = x2   (C) nksauks x1 vkSj x2 ij  (D) u rks x1 u gh x2  ij 
Sol. At x = x2, as x increases, F acts along negative x-direction. 

 x = x2 ij] tSls&tSls x c<rk gS] F _.kkRed x-v{k ds vuqfn'k dk;Z djrk gSA  
 So, answer vr% mRrj (C) gSA 
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F-9.# The potential energy of a system is represented in the first figure, the force acting on the system will be 
represented by 

 fp=k esa ,d fudk; dh fLFkfrt ÅtkZ rFkk nwjh ds e/; oØ çnf'kZr gS rks fudk; ij vkjksfir cy fuEu esa ls fdl 
oØ }kjk çnf'kZr gksxk & 

 

 (A)  (B)  (C*) 
x

F(x)

a

 (D) x

F(x)

a  

Sol. 
dU

dx
 = positive constant /kukRed fu;rkad  

 For x < a, F = negative constant and for x > a, F = 0 

 x < a ds fy,, F = _.kkRed fu;rkad rFkk x > a ds fy,, F = 0 

 so, ans. vr% mRrj  (C) gSA 
 

PART - III : MATCH THE COLUMN 

Hkkx - III : dkWye dks lqesfyr dhft, (MATCH THE COLUMN ) 
 

1.# A block A of mass m kg lies on block B of mass m kg. B in turn lies on smooth horizontal plane. The 

coefficient of friction between A and B is . Both the blocks are initially at rest. A horizontal force F is 
applied to lower block B at t = 0 such that there is relative motion between A and B. In the duration from 
t = 0 second till the lower block B undergoes a displacement of magnitude L, match the statements in 
column-I with results in column-II.    

 m kg nzO;eku dk CykWd A, nzO;eku m kg  ds CykWd B ij j[kk gSA CykWd B fpdus {kSfrt lrg ij j[kk gSA A rFkk 
B ds chp ?k"kZ.k xq.kkad  gSA nksuksa CykWd izkjEHk esa fojke ij gSaA fupys CykWd B ij t = 0 ij {kSfrt cy F bl izdkj 
yxk;k tkrk gS fd A rFkk B ds chp dksbZ lkisf{kd xfr gSA t = 0 ls] fupys CykWd B ds foLFkkiu dk ifjek.k L gksus 
ds vUrjky esa] LrEHk -I esa fn;s x;s dFkuksa dks LrEHk-II esa fn;s x;s ifj.kkeksa ls lqesfyr dhft,A  

 

  Column-I      Column-II 

 (A) Work done by friction force on block A is   (p) positive 
 (B) Work done by friction force on block B is   (q) negative 

 (C) Work done by friction on block A plus    (r) less than mgL in magnitude 
      work done by friction on block B is 

 (D) Work done by force F on block B is    (s) equal to mgL in magnitude 

  LrEHk-I        LrEHk-II 

 (A) CykWd A ij ?k"kZ.k cy }kjk fd;k x;k dk;Z  (p) /kukRed gSA 
 (B) CykWd B ij ?k"kZ.k cy }kjk fd;k x;k dk;Z  (q) _.kkRed gSA 
 (C) CykWd A ij ?k"kZ.k }kjk fd;k x;k dk;Z $   (r) ifjek.k esa mgL ls de gSA 
    CykWd B ij ?k"kZ.k }kjk fd;k x;k dk;Z 
 (D) cy F }kjk CykWd B ij fd;k x;k dk;Z    (s) ifjek.k esa mgL ds cjkcj gSA 
Ans.  (A) p, r  (B) q, s  (C) q, r  (D) p 
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Sol. The displacement of A shall be less than displacement L of  block B. 

 Hence work done by friction on block A is positive and its magnitude is less than mgL. 

 And the work done by friction on block B is negative and its magnitude is equal to mgL. 

 Therefore workdone by friction on block A plus on block B is negative  its magnitude is less than mgL. 

 Work done by F is positive. Since F>mg, magnitude of work done by F shall be more than  mgL. 

 A dk foLFkkiu CykWd B ds foLFkkiu L ls de gksxkA CykWd A ij ?k"kZ.k }kjk fd;k x;k dk;Z /kukRed gS vkSj bldk 
ifjek.k µmgL ls de gSA CykWd B ij ?k"kZ.k }kjk fd;k x;k dk;Z _.kkRed gS vkSj bldk ifjek.k µmgL ds cjkcj 
gSA blfy;s ¼CykWd A + CykWd B½ ij ?k"kZ.k }kjk fd;k x;k dk;Z _.kkRed gSA bldk ifjek.k µmgL ls de gSA  

 F }kjk fd;k dk;Z /kukRed gSA pwafd F > µmg , F }kjk fd;k x;k dk;Z dk ifjek.k µmgL ls vf/kd gksxk  
 
2.# A block of mass m lies on wedge of mass M. The wedge in turn lies on smooth horizontal surface. 

Friction is absent everywhere. The wedge block system is released from rest. All situation given in 
column-I are to be estimated in duration the block undergoes a vertical displacement 'h' starting from 
rest (assume the block to be still on the wedge). Match the statement in column-I with the results in 
column-II. (g is acceleration due to gravity)     

 ,d CykWd ftldk nzO;eku m gS] ,d ost ftldk nzO;eku M gS ij j[kk gSA ost ,d fpduh {kSfrt lrg ij j[kk 
gSA ?k"kZ.k gj txg vuqifLFkr gSA ost&CykWd fudk; dks fojke ls eqä fd;k tkrk gSA dkWye-I esa nh xbZ lHkh 
fLFkfr;k¡ CykWd (tks fd fojke fLFkfr ls izkjEHk gksrk gS) ds Å/okZ/kj foLFkkiu h ds nkSjku izsf{kr dh xbZ gS ¼;g ekfu, 
fd CykWd vc Hkh ost ij gh jgrk gS½ dkWye-I esa fn, x, dFkuksa dks muds laxr ifj.kke ds lkFk LrEHk-II esa lqesfyr 
dfj,A (g xq:Ro ds dkj.k Roj.k) 

 
 

   Column I      Column II  
 (A)  Work done by normal reaction acting    (p) positive 
  on the block is  
 (B) Work done by normal reaction (exerted    (q) negative 
  by block) acting on wedge is 
 (C) The sum of work done by normal reaction    (r) zero 
  on block and work done by normal  
  reaction (exerted by block) on wedge is 
 (D) Net work done by all forces on block is   (s) less than mgh in magnitude 

   LrEHk I            LrEHk II 

 (A)  CykWd ij vfHkyEc cy }kjk fd;k x;k     (p) /kukRed 

  dk;Z gS 
 (B) vfHkyEc cy ¼CykWd }kjk vkjksfir½ }kjk     (q) _.kkRed 

  ost ij fd;k x;k dk;Z 
 (C) vfHkyEc cy ¼CykWd }kjk vkjksfir½ }kjk CykWd    (r) 'kwU; 

  ij fd;s dk;Z  rFkk ost ij vfHkyEc cy ¼CykWd }kjk 
  vkjksfir½ }kjk fd;s dk;ksZ dk ;ksx gksxk 
 (D) CykWd ij vkjksfir lHkh cyksa }kjk fd;k     (s) ifjek.k esa mgh ls de gksxk 
  x;k ifj.kkeh dk;Z gSA 

Ans.  (A) q, s (B) p, s  (C) r, s  (D) p, s 
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Sol. (A) The FBD of block is  
 Angle between velocity of block and normal  
 reaction on block is obtuse  

  work by normal reaction on block is negative. 

  
 As the block fall by vertical distance h,     
 from work energy Theorem  
 Work done by mg + work done by N = KE of block 

  |work done by N| = mgh – 1/2 mv2  

   1/2 mv2 < mgh 

  |work done by N| < mgh 
 (B) Work done by normal reaction on wedge is positive  
 Since loss in PE of block = K.E. of wedge + K.E. of block  
 Work done by normal reaction on wedge = KE of wedge. 

  Work done by N < mgh. 
 (C) Net work done by normal reaction on block and wedge is zero. 
 (D) Net work done by all forces on block is positive, because its kinetic energy has increased. 
 Also KE of block < mgh 

  Net work done on block = final KE of block < mgh. 

Sol. (A) CykWd dk FBD  

 CykWd ds osx rFkk CykWd ij vfHkyEc cy 

 ds e/; dks.k vf/kd dks.k gksxkA 

  
  vr% CykWd ij vfHkyEc cy }kjk fd;k dk;Z _.kkRed gksxkA  

 D;ksfd CykWd Å/okZ/kj nwjh h fxjrk gS vr% dk;Z ÅtkZ izes; ls     

 mg }kjk fd;k dk;Z + N }kjk fd;k dk;Z = CykWd dh xfrt ÅtkZ 

  | N }kjk fd;k dk;Z
 
| = mgh – 1

2
 mv2  

  
1

2
 mv2 < mgh 

  |N }kjk fd;k dk;Z
 
| < mgh 

 (B) vfHkyEc cy }kjk ost ij fd;k dk;Z /kukRed gS 
 pwafd CykWd dh fLFkfrt ÅtkZ esa gkfu = ost dh xfrt ÅtkZ + CykWd dh xfrt ÅtkZ  
 vkSj vfHkyEc cy }kjk ost ij fd;k dk;Z = ost dh xfrt ÅtkZ 
  N }kjk fd;k dk;Z < mgh. 

 (C) vfHkyEc cy }kjk CykWd rFkk ost ij fd;k ifj.kkeh dk;Z 'kwU; gSA 

 (D) lHkh cyks }kjk d.k ij fd;k x;k dk;Z /kukRed gS D;ksafd bldh xfrt ÅtkZ c<+ pqdh gSA 
 rFkk Cykd dh xfrt ÅtkZ < mgh 

  CykWd ij ifj.kkeh dk;Z = CykWd dh vfUre xfrt ÅtkZ < mgh. 
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 Marked Questions can be used as Revision Questions. 

 fpfUgr iz'u nksgjkus ;ksX; iz'u gSA 
 

PART - I : ONLY ONE OPTION CORRECT TYPE  

Hkkx-I : dsoy ,d lgh fodYi çdkj (ONLY ONE OPTION CORRECT TYPE) 
 

Section (A) : Work done by constant force   fu;r cy }kjk fd;k x;k dk;Z 
1.# As shown in figure a body of mass 1 kg  is shifted from A to D slowly on inclined planes by applying a 

force parallel to incline plane, such that the block is always in contact with the plane surfaces. 
Neglecting the jerk experienced at points C and B, total work done by the force is : 

 fp=kkuqlkj ,d 1kg nzO;eku dk ,d fi.M ur ry ij fcUnq A ls D rd ] ,d cy dks urry ds lekUrj /khjs&/khjs 
vkjksfir dj bl izdkj foLFkkfir fd;k tkrk gS fd CykWd ges'kk lery lrg ds lEidZ esa jgrk gSA  C rFkk B ij 
eglwl gksus okys gYds >Vds dks ux.; ekurs gq,] cy }kjk fd;k x;k dqy dk;Z gksxk & –  

        
 (A*) 90 J  (B) 56 J  (C) 180 J  (D) 0 J 

Sol.  Work done : dk;Z %  

  = Mgh1 + Mgh2 + Mgh3 + µ1 Mg1 + µ2 Mg2 + µ3Mg3 

  = Mg (h1 + h2 + h3) + Mg (µ11 + µ22 + µ33)   
  = Mg (8 + 0.2 + 0.4 + 0.4) = 90J 
 

2. A small block of mass m is kept on a rough inclined surface of inclination  fixed in a elevator. The 
elevator goes down with a uniform velocity v and the block does not slide on the wedge. The work done 
by the force of friction on the block with respect to ground in time t will be:  

 ,d fy¶V esa fLFkr urry ftldk >qdko  gS dh [kqjnjh lrg ij m nzO;eku dk CykWd j[kk gSA fy¶V fu;r osx v 

ls uhps dh vksj xfr djrh gS rFkk CYkkWd (urry ij)  uhps dh vksj ugha fQlyrk gS rks t le; esa ?k"kZ.k cy }kjk 
CYkkWd ij fd;k x;k dk;Z tehu ds lkis{k gksxk & 

 (A) zero  'kwU;  (B) –mgvt cos2 (C*) –mgvt sin2  (D) mgvt sin2 
Sol. f = frictional force ?k"kZ.k cy  = mg sin   

 Displacement of point of application in t second = vt () 

 t lSd.M esa fØ;k fcUnq dk foLFkkiu = vt () 

  Wf = [(mg sin ) sin (180–] (vt) = –mgvt sin2    
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Section (B) : Work done by A variable force ifjorZu'khy cy }kjk fd;k x;k dk;Z 

3. A force F =  ˆ ˆ3t i 5 j N acts on a body due to which its position varies as s  =  2 ˆ ˆ2t i 5 j . Work done 

by this force in first two seconds is:   

 ,d oLrq ij cy F =  ˆ ˆ3t i 5 j N yx jgk gS ftlds dkj.k bldh fLFkfr  s =  2 ˆ ˆ2t i 5 j  dh rjg cnyrh gSa bl 

cy }kjk izkjfEHkd 2s esa fd;k x;k dk;Z gksxk & 

 (A) 23 J   (B*) 32 J  (C) zero 'kwU;   (D) can't be obtained Kkr ugh 
dj ldrs  

Sol. W = F .ds
 
  = ˆ ˆ(3t i 5 j)  . (4t dt î ) = 

2

2

0

12t dt = 

2
3

0
12 t

3

 
 

 = 32 J   

 
4. A block attached to a spring, pulled by a constant horizontal force, is kept on a smooth surface as 

shown in the figure. Initially, the spring is in the natural state. Then the maximum positive work that the 
applied force F can do is : [Given that spring does not break]    

 fp=kkuqlkj fpduh {kSfrt lrg ij j[kk CykWd fLçax ls tqM+k gSA bl CykWd dks fu;r {kSfrt cy }kjk [khapk tkrk gSA 
;fn fLçax çkjEHk esa bldh lkekU; fLFkfr esa gS rks vkjksfir cy F }kjk fd;k x;k vf/kdre /kukRed dk;Z gS : [fn;k 
gS : fLizax VwVrh ugha gS] 

 
      

 (A) 
2F

K
   (B*) 

22F

K
   (C)    (D) 

2F

2K
  

Sol. (B)  Applying work energy theorem on block 

 CykWd ij dk;Z ÅtkZ çes; yxkus ij 

 
   
 WF + WS = 0 

 F– 
1

2
k2 = 0   = 

2F

k
  or ;k work done  vr% dk;Z =  F = 

22F

k
 

 

SECTION (C) : WORK ENERGY THEOREM  dk;Z ÅtkZ izes;  
5. A block of mass m is placed inside a smooth hollow cylinder of radius R whose axis is kept horizontally. 

Initially system was at rest. Now cylinder is given constant acceleration 2 g in the horizontal direction by 
external agent. The maximum angular displacement of the block with the vertical is:   

 ,d fpdus [kks[kys csyu esa m nzO;eku dk CykWd j[kk gS] csyu dh f=kT;k R vkSj bldh v{k {kSfrt gSA fudk; çkjEHk 
esa fojkekoLFkk esa gSA ckádÙkkZ }kjk csyu dks {kSfrt fn'kk esa 2 g fu;r Roj.k vkjksfir fd;k tkrk gS] CykWd dk 
Å/okZ/kj ls vf/kdre dks.kh; foLFkkiu gksxk &  

 
      

 (A*) 2 tan–1 2  (B) tan–1 2  (C) tan–1 1  (D) tan–1 
1

2
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Sol. P = pseudo force Nne cy  = m2g () 

 wP + wG + wN = K 

 (m2g) (R sin ) – (mg) (R – R cos ) + 0 = 0 

 2 sin  = 1 – cos   

 tan 
2

 
 
 

 = 2,  = 2 tan–1 2 

 
6.# A small particle slides along a track with elevated ends and a flat central part, as shown in figure. The 

flat part has a length 3m. the curved portions of the track are frictionless, but for the flat part the 
coefficient of kinetic friction is µ = 0.2. The particle is released at point A, which is at a height h = 1.5 m 
above the flat part of the track. The position where the particle finally come to rest is: 

 ,d d.k fn, x, iFk ij fQly jgk gS] fp=k esa bl iFk ds mBs gq, Hkkx rFkk lery dsfUnz; Hkkx n'kkZ;s x;s gSA 
lery Hkkx dh yEckbZ 3 eh- gSA mBs gq, oØh; Hkkx ?k"kZ.k jfgr gSA lery Hkkx dk xfrd ?k"kZ.k xq.kkad µ = 0.2 gSA 
d.k dks /kjkry ls h = 1.5 eh- Å¡pkbZ ij fLFkr fcUnq A ls eqDr fd;k tkrk gS rks d.k dgka ij fojke fLFkfr esa 
vk;sxk  : 

3.0m

h

A

 
 (A) left to mid point of the flat part  (B) right to the mid point of the flat part 
 (C*) Mid point of the flat part   (D) None of these 

 (A) lery Hkkx ds e/; fcUnq ds cka;h vksj  (B) lery Hkkx ds e/; fcUnq ds nka;h vksj 

 (C*) lery Hkkx ds e/; fcUnq ij   (D) mijksDr esa ls dksbZ ugha 
Sol. WG – Wf = 0, mgh = mg  

 h =   

 h = (0.2)   = 
1.5

0.2
 

  = 7.5 m = (3 + 3 + 1.5)m  
 

7. A car of mass m starts moving so that its velocity varies according to the law v =  s , where  is a 

constant, and s is the distance covered. The total work performed by all the forces which are acting on 
the car during the first t seconds after the beginning of motion is  

 ,d m nzO;eku dh dkj fojkekoLFkk ls xfr çkjEHk djrh gS rFkk bldk osx v =  s , lEcU/k ds vuqlkj ifjofrZr 
gksrk gS tgk¡  ,d fu;rkad gS rFkk s r; dh xbZ nwjh gSA oLrq ds xfr çkjEHk djus ds izFke t le; ckn oLrq ij 
vkjksfir lHkh cyksa }kjk fd;k x;k dk;Z gS &  

 (A*) m4 t2/8  (B) m2 t4/8  (C) m4 t2/4  (D) m2 t4/4 

Sol. v =  s  

 
ds

s
dt

  ,

s t

0 0

ds
dt

s
      

  2 s = t 

 s  = t/2   ....(1) 

 W = workdone by all the forces = K  

 W = lHkh cyksa }kjk fd;k x;k dk;Z = K  

 = 
1

2
 mv2 =

1

2
  m 2s =

1

2
 m2 

2 2t

4
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8. The graph between E  and 
1

p
 is (E = kinetic energy and p = momentum)   

 E  rFkk 
1

p
 ds e/; oØ gS & (E = xfrt ÅtkZ rFkk  p = laosx)  

 (A)  (B)   (C*)
 

  (D)  

Sol. E = 
2p

2m
, ( E)

1

P

 
 
 

   = 
1

2m
 = constant fu;r  

 Rectangular hyperbola vk;rkdkj vfrijoy; (C) 
 

 
9.# A 10 kg small block is pulled in the vertical plane along a frictionless surface in the form of an arc of a 

circle of radius 10 m. The applied force is of 200 N as shown in the figure. If the block started from rest 
at A, the speed at B would be: (g = 10 m/s2)  

 10 kg nzO;eku ds CykWd dks Å/okZ/kj ry esa 10 m f=kT;k ds o`Ùkkdkj pki dh ?k"kZ.kjfgr lrg ds vuqfn'k fp=kkuqlkj 
[khapk tkrk gSA fp=k esa vkjksfir cy 200 N gSA ;fn CykWd A fcUnq ls fLFkjkoLFkk ls çkjEHk gksrk gks rks B fcUnq ij 
pky gksxh (g = 10 m/s2)  

 
       

 (A)  3 m/s  (B*) 10 3  m/s  (C)  100 3 m/s  (D) None of these  buesa ls dksbZ 
ugha 

Sol. System is block & string. Applying work energy theorem on system 

 CykWd rFkk jLlh fudk; gS] fudk; ij dk;Z mtkZ izes; }kjk  

 (200)10 – 10g(R – R cos60º) =1/2 (10)v2   

       
 2(200 – 10 × 5) = v2 

 v = 300 =10 3  m/s  

 
10. The spring block system lies on a smooth horizontal surface. The free end of the spring is being pulled 

towards right with constant speed v0 = 2m/s. At t = 0 sec, the spring of constant k = 100 N/cm is 
unstretched and the block has a speed 1 m/s to left. The maximum extension of the spring is  

 ,d fLizax xqVdk fudk; ,d fpduh {kSfrt lrg ij j[kk gSA fLizax dk eqDr fljk nk;ha vksj fu;r pky v0 = 2m/s 

ls [khapk tkrk gSA  t = 0 sec, ij fLizax fu;rkad k = 100 N/cm dh fLizax fcuk f[kaph gS ,oa xqVds dh pky 1 m/s 

cka;h vksj gSA fLizax dk vf/kdre foLrkj gSA     

 
 (A) 2 cm  (B) 4 cm  (C*) 6 cm  (D) 8 cm 
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Sol. (C) In the frame (inertial w.r.t earth) of free end of spring, the initial velocity of block is 3 m/s to left and 
the spring unstretched .  

 fLizax ds eqDr fljs ds ra=k esa ¼i`Foh ds lkis{k tM+Roh;½] xqVds dk izkjfEHkd osx 3 m/s cka;h vksj gS o fLizax fcuk 
[khapk gSA  

 

 

3m/s
 
4kg

 
4kg

i zkj fEHkd  v oLFkk

v f/kd r e 
foLr kj  v oLFkk

A   
 Applying conservation of energy between initial and maximum extension state.   

 izkjfEHkd o vf/kdre foLrkj dh voLFkk esa ÅtkZ laj{k.k djus ij   

 
1

2
mv2 =

1

2
 kA2   or A =  

m

k
v = 

4
3

10000
  = 6cm.  

 

Section (D) : Potential energy and mechanical energy conservation  

fLFkfrt ÅtkZ ,oa ;kaf=kd ÅtkZ laj{k.k 

11. The potential energy of a particle of mass m free to move along x-axis is given by U=
1

2
kx2 

for x < 0 and U = 0 for x  0 (x denotes the x-coordinate of the particle and k is a positive constant). If 

the total mechanical energy of the particle is E, then its speed at x = – 2E

k
  is 

 xfr ds fy, Lora=k m nzO;eku ds d.k dh x-v{k ds vuqfn'k x < 0 ds fy, fLFkfrt ÅtkZ U=
1

2
kx2 gS rFkk  

x  0 ds fy, U = 0 gSA (tgka x, d.k dk x-funsZ'kkad gS rFkk k /kukRed fu;rkad gS) ;fn d.k dh dqy ;kaf=kd ÅtkZ 

E gks rks x = – 2E

k
 ij bldh pky gksxhA  

 (A*) zero 'kwU;  (B) 
2E

m
  (C) 

E

m
   (D) 

E

2m
 

Sol. (A) From conservation of energy ÅtkZ laj{k.k ls  

  K.E. + P.E. = E  or ;k K.E. = E – 1

2
  kx2  

  K.E. at x = – 2E

k
  is 

   E – 1

2
 k 

2E

k

 
 
 

 = 0 

  The speed of particle at x = – 2E

k
  is zero. 

  x = – 2E

k
ij d.k dh pky 'kwU; gSA   
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Section (E) : Power  'kfDr  
12. Force acting on a particle moving in a straight line varies with the velocity v of the particle as  

F = 
K

v
, where K is a constant. The work done by this force in time t is   

 ,d ljy js[kk esa xfr'khy ,d d.k ij dk;Zjr cy osx v ds lkFk F =
K

v
 , ds vuqlkj ifjofrZr gksrk gS] tgk¡ K ,d 

fu;rkad gSA le; t esa bl cy }kjk fd;k x;k dk;Z gS -  

 (A) 
2

K

v
 t  (B) 2Kt   (C*) Kt   (D) 

2

2Kt

v
 

Sol. It can be observed that power delivered to particle by force F is  -  

  P = Fv = K. 

 The power is constant. Hence work done by force in time t is -  

  W = Pt = Kt   

Sol. ;g izsf{kr fd;k tk ldrk gS fd cy F }kjk d.k dks nh xbZ 'kfDr gS -  

  P = Fv = K. 

 'kfDr fu;r gSA vr% le; t esa cy }kjk fd;k x;k dk;Z gS -  

  W = Pt = Kt   

 

Section (F) : conservative & nonconservative forces and Equilibrium 

          laj{kh ,oa vlaj{kh cy rFkk lkE;koLFkk 

13. A force ˆ ˆF K(y i x j)     where K is a positive constant, acts on a particle moving in the x-y plane. 

Starting from the origin, the particle is taken along the positive x-axis to the point (a,0) and then parallel 

to the y-axis to the point (a,a). The total work done by the force F  on the particle is  

 ,d d.k tks x-y ry esa xfr dj jgk gS ml ij cy ˆ ˆF K(y i x j)    dk;Z djrk gS ;gk¡ K /kukRed fu;rkad gSA 

ewy fcUnq ls vkjEHk djrs gq;s d.k dks igys x v{k dh /kukRed fn'kk esa fcUnq (a, 0) rd rFkk fQj y v{k ds lekUrj 

fcUnq (a, a) rd ys tk;k tkrk gS rks cy F }kjk fd;k x;k dqy dk;Z gksxk &  

 (A) –2Ka2  (B) 2Ka2  (C*) –Ka2  (D) Ka2  

Sol. (C) 

  dW  =F . ds  where tgk¡  ds =  
ˆdxi + ˆdyj   

 and vkSj        F = – K ( ˆyi  + ˆxj ) 

       dW = – K ( ydx + xdy)= – K d (xy) 

         W =  
(a, a)

(0, 0)
dW  = – K  

(a, a)

(0, 0)
d(xy) = – K [xy] 

(a, a)

(0, 0)
 

         W  = – Ka2  
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14._ In the figure shown below masses of blocks A and B are 3 kg and 6 kg respectively. The force 

constants of springs S1 and S2 are 160 N/m and 40 N/m respectively. Length of the light string 

connecting the blocks is 8 m. The system is released from rest with the springs at their natural lengths. 

The maximum elongation of spring S1 will be :     

 uhps n'kkZ;s x;s fp=k esa CykWdksa A rFkk B ds nzO;eku Øe'k% 3 kg rFkk 6 kg gSA fLiazxksa S1 rFkk S2 ds cy fu;rkad 

Øe'k% 160 N/m rFkk 40 N/m gSA gYdh jLlh ls tqMs+ CykWd dh yEckbZ 8 m gSA fudk; dks mudh izkÎÑfrd yEckbZ;ksa 

ij fLiazxksa ds lkFk fojke ls NksM+k tkrk gS] fLiazx S1 dh vf/kdre o`f) gksxh & 

 

S1 

S2

A 

B 

 

 (A*) 0.294 m  (B) 0.490 m  (C) 0.588 m   (D) 0.882 m 

Sol. 

 

 

3 6 

k1 k2 

 

 6g(x) – 3g(x) = 2 2
2 1

1 1
k x k x

2 2
  

 6g = (k1 + k2)x 

 
6 9.8 3 9.8

200 100

 
   

 u2 = 0.294m 

 

PART - II : NUMERICAL VALUE  

Hkkx - II : la[;kRed eku (NUMERICAL VALUE) 

SECTION (A) : WORK DONE BY CONSTANT FORCE   fu;r cy }kjk fd;k x;k dk;Z 
1.# A small block of mass 20 kg rests on a bigger block of mass 30 kg, which lies on a smooth horizontal 

plane. Initially the whole system is at rest. The coefficient of friction between the blocks is 0.5.  
A horizontal force F = 50 N is applied on the lower block. Find the work done (in J) by frictional force on 
upper block in t = 2sec. 

 20 kg æO;eku dk NksVk xqVdk 30 kg æO;eku ds cM+s xqVds ij j[kk gS rFkk ;g ,d fpdus {kSfrt ry ij j[kk gSA 
izkjEHk esa lEiw.kZ fudk; fojke esa gSA xqVdksa ds e/; ?k"kZ.k xq.kkad 0.5 gSA uhps okys CykWd ij ,d {kSfrt cy  
F = 50 N dk cy vkjksfir djrs gSa rks t = 2sec. esa Åij okys CykWd ij ?k"kZ.k cy }kjk fd;k x;k dk;Z ¼twy esa½ 
Kkr djks\ 
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Ans. 40.00    
Sol. (a) Assume 20 kg and 30 kg block to move together  

  a = 
50

50
  = 1 m/s2 

    

   
   

  frictional force on 20 kg block is   
  f = 20 × 1 = 20 N 

 The maximum value of frictional force is   fmax =  
1

2
× 200 = 100 N   

 
 Hence no slipping is occurring.  

  The value of frictional force is f = 20 N.   
 Distance travelled in t = 2 seconds.  

  S = 
1

2
 × 1 × 4 = 2m. 

 Work done by frictional force on upper block is  
  Wfri =  20 × 2 = 40 J Ans. 
 Work done by frictional force on lower block is = – 20 × 2 = – 40 J Ans.  

gy % (a) ekuk 20 kg rFkk 30 kg CykWd lkFk&lkFk xfr djsaxs  

  a =  
50

50
 = 1 m/s2 

   

    
   

  20 kg ds CykWd ij ?k"kZ.k cy  

  f = 20 × 1 = 20 N 

 ?k"kZ.k cy dk vf/kdre eku   fmax =
1

2
 × 200 = 100 N  

 vr% nksuksa ds e/; lkis{k xfr ughs gksxh   

   ?k"kZ.k cy dk eku f = 20 N gS  
 t = 2 sec. esa r; dh xbZ nwjh  

  S =
1

2
  × 1 × 4 = 2m. 

 Åij okys CykWd ij ?k"kZ.k cy }kjk fd;k x;k dk;Z   

  Wfri =  20 × 2 = 40 J 

 uhps okys CykWd ij ?k"kZ.k }kjk fd;k x;k dk;Z = – 20 × 2 = – 40 J.   

 

SECTION (B) : WORK DONE BY A VARIABLE FORCE ifjorZu'khy cy }kjk fd;k x;k dk;Z 
2. A uniform chain of length  and mass m overhangs on a rough horizontal table with its 3/4 part on the 

table. The friction coefficient between the table and the chain is µ. Find the magnitude of work (in 

joules) done by the friction during the period the chain slips off the table (take  = 0.2, g = 10m/s2,  
L = 2m, m = 16 kg).  

 yEckbZ  o nzO;eku m dh ,d le:i tathj ,d [kqjnjh {kSfrt est ds Åij ls yVd jgh gS bldk rhu pkSFkkbZ 
Hkkx est ds Åij gSA est o tathj ds e/; ?k"kZ.k xq.kkad µ gSA tathj }kjk est ls fQlyus ds nkSjku ?k"kZ.k }kjk 
fd;s x;s dk;Z dk ifjek.k ¼twy esa½ Kkr djksA ( = 0.2, g = 10m/s2, L = 2m, m = 16 kg dk iz;ksx djks)  

Ans.  18.00 
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Sol. fK =  
m

 ( – x)g 

       

 W = 

4
x

m( – x)g–


 dx  

  

 W = 
mg

× 4

2[( x) ]

2


 

 = –  
mg

2


× 

29

16
  = – 

9 mg

32


 

 

SECTION (C) : WORK ENERGY THEOREM  dk;Z ÅtkZ izes;  
3.# The system as shown in the figure is released from rest. The pulley, spring and string are ideal & 

friction is absent everywhere. If speed of 5 kg block when 2 kg block leaves the contact with ground is  

2 x m/s, then value of x is : (spring constant k = 40 N/m & g = 10 m/s2)  

 fp=k esa fn;s x;s fudk; dks fojkekoLFkk ls NksM+k tkrk gSA f?kjuh] fLiazx rFkk Mksjh vkn'kZ gS rFkk izR;sd txg ?k"kZ.k 

vuqifLFkr gSA tc 2 kg dk CykWd lrg ls laidZ NksM+rk gS rc 5 kg CykWd dh pky ;fn2 x  m/s gS rks x dk eku 
gksxkA (fLiazx fu;rakd k = 40 N/m & g = 10 m/s2) 

 
       
Ans. 02.00 
Sol. (2) 
 F.B.D of 2 kg block 

  
 When 2 kg block just leaves the contact 

 tc 2 kg dk CykWd laidZ NksM+rk gS \ 

  N = 0 
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 Kx + 0 = 20  x =  
20

40
= 

1

2
 m 

 Applying WET for the whole system 

 lEiw.kZ fudk; ij dk;Z ÅtkZ izes; yxkus ij  

 wg + wsf = k 

  50 ×
1

2
 – 1

2
  (40) 

2
1

0
2

    
   

  =
1

2
  (5) [V2 – 0]  V  = 2 2 m/s 

 
4.# A small block slides along a path that is without friction until the block reaches the section L = 3m, 

which begins at height h = 3m on a flat incline of angle 37°, as shown. In that section, the coefficient of 

kinetic friction is 0.50. The block passes through point A with a speed of 136  m/s. Find the speed (in 

m/s) of the block as it passes through point B where the friction ends, (Take g = 10 m/s2) 

 fp=kkuqlkj ,d NksVk fi.M iFk ds vuqfn'k fcuk ?k"kZ.k ds xfr djrk gS] tc rd fd ;g L = 3m okys Hkkx ij u 
igaqpsA tks h = 3m ls çkjEHk gksrk gS rFkk bldk ur~ Hkkx {kSfrt ls 37° dk dks.k cukrk gSA bl Hkkx dk ?k"kZ.k 

xq.kkad 0.50 gSA fi.M fcUnq  A ij pky 136  m/s ls xqtjrk gSA fi.M tc fcUnq B ij igq¡prk gS rc bldh pky 
(m/s) Kkr djksa] B fcUnq og gS] tgk¡ ?k"kZ.k [kRe gks tkrk gSA (g = 10 m/s2 yhft,) 

   
Ans. 04.00 
Sol. Applying work-energy theorem between A and B. 

 A rFkk B e/; dk;Z mtkZ izes; ls   

   

3m

3m

37°

 

 
1

2
mVB

2 – 1

2
 mVA

2 = Wgravity + Wfriction  

 
1

2
mVB

2 – 
1

2
mVA

2 = Wxq:Ro + W?k"kZ.k 

 
1

2
mVB

2 – 
1

2
m (136) = – mg(3 + 3 sin 37°) – µmg cos 37º x 3 

  
2
BV

2
 – 136

2
  = – 48 – 12   VB = 4 m/s  
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5.# As shown in the figure a person is pulling a mass ' m '  from ground on a fixed rough hemispherical 
surface upto the top of the hemisphere with the help of a light inextensible string. Find the work done (in 

Joules) by tension in the string on mass m if radius of hemisphere is R and friction coefficient is . 

Assume that the block is pulled with negligible velocity (take  = 0.1, m = 1kg, g = 10m/s2, R = 1m). 

 çnf'kZr fp=k esa ,d vkneh ' m ' nzO;eku dks /kjkry ls tM+or~ [kqjnjh v/kZxksyh; lrg ds mPPkre fcUnq rd 
vfoLrkfjr gYdh jLlh dh lgk;rk ls [khaprk gSA ;fn v/kZxksys dh f=kT;k R rFkk ?k"kZ.k xq.kkad  gks rks jLlh ds 
ruko }kjk m nzO;eku ij fd;k x;k dk;Z ¼twy esa½ Kkr djksA ekuk CykWd dks ux.; osx ls [kahapk tkrk gSA  

( = 0.1, m = 1kg, g = 10m/s2, R = 1m dk iz;ksx djks). 

 
      
  
Ans. 11.00 
Sol. Work energy Theorem on “m”   
 dk;Z mtkZ izes; “m” ij  

   
 WG + N + WT + Wf  =K  

 – mg R + O + WT –  

2

0

( mgsin )



  R d = 0  

  WT = mgR ( + 1) 
 
6. Two blocks of masses m1 and m2 are connected by a spring of stiffness k. The coefficient of friction 

between the blocks and the surface is µ. Find the minimum constant horizontal force F (in Newton) to 
be applied to m1 in order to slide the mass m2. (Initally spring is in its natural length).  

(Take m1 = 3 kg, m2 = 5kg, g = 10 m/s2,  = 0.2)    

 nks CykWd ftuds nzO;eku  m1 rFkk  m2 gS k fu;rkad dh fLçax ls tqM+s gq, gSA CykWdksa rFkk lrg ds chp ?k"kZ.k xq.kkad 
µ gSA  m1 ij vkjksfir U;wure fu;r {kSfrt cy F ¼U;wVu esa½ Kkr djks ftlls dh nzO;eku m2 fQly tk, ¼izkjEHk esa 
fLizax izkdf̀rd yEckbZ esa gSaA(m1 = 3 kg, m2 = 5kg, g = 10 m/s2,  = 0.2 dk iz;ksx djks) 

Ans. 11.00   
Sol.  

   
  WF + WSp + Wfric = K 

  Fx  – 
1

2
 Kx2  –  m1g x = 0 &  Kx = m2g  

  F –  
1

2
m2g – m1g = 0 

  F = m1g + 2m g

2
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7.# All springs, string and pulley shown in figure are light. Initially when both the springs were in their 
natural state, the system was released from rest. The maximum displacement of block m is 

5mg
x

k

   
 

. Calculate x. 

çnf'kZr fp=k esa lHkh fLçax] jLlh rFkk f?kjuh gYdh gSA çkjEHk tc lHkh fLçax lkekU; yEckbZ esa gSA rc fudk; dks 

fLFkjkoLFkk ls NksM+k tkrk gSA CykWd m dk vf/kdre foLFkkiu
5mg

x
k

   
 

 gS rks x Kkr djksA 

Ans. 02.00 

Sol. 

2 2
1 2x 1 x

mgx k k 0
2 5 2 5

        
   

 

  
10mg

x
k

  

8. As shown in the figure a spring fixed at the bottom end of an incline plane of inclination 37°. A block of 
mass 4 kg starts slipping down the incline from a point 4.6 m away from the spring. The block 
compresses the spring by 40 cm, stops momentarily and then rebounds through a distance of 3 m up 

the incline. If the spring constant of the spring is
310 x

8
 N/m, then value of x is. Take g = 10 m/s2. 

 fp=k esa 37° <ky ds [kqjnjs urry ds fupys fljs ij ,d fLizax tM+or~ gSA 4 fdxzk nzO;eku dk ,d NksVk xqVdk 
urry ij fLizax ls 4.6 eh- nwj ls fQlyuk izkjEHk djrk gSA xqVdk fLizax dks 40 lseh- nckrk gS] ,d {k.k ds fy;s 

:drk gS ,oa rRi'pkr~ urry ij 3 m nwj rd okil tkrk gS ;fn fLizax dk fLizax fu;rkad 
310 x

8
 N/m gks rks x 

dk eku Kkr djksa fn;k gS g = 10 eh-/ls-2 

 
     

Ans.  09.00   
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Sol.  

  
 Work energy theorem (Between A & C)  
 dk;Z mtkZ izes; ls (A vkSj C ds e/;)  

  Wf + WG + Wsp = K  

  mg cos  (5 + 3) + mg 2 sin   = 0  

   = 
2

8
 tan 37o  

  = 
3

16
 

  work energy theorem (bet. A  & B)     
  dk;Z mtkZ izes;  (A vkSj B ds e/;)   

  Wsp + WG  + Wf = K  

  mg 5 sin 37o –  mg 5 cos  – 
1

2
K (0.4)2 = 0  

  (4 × 10)  
3 3 4

5 (5)
5 16 5

    
= 

1

2
 × 

16

100
K 

  K = 9000/ 8 N/m  so vr%  x = 9 
 

 
9. In the figure shown, a spring of spring constant K is fixed at one end and the other end is attached to 

the mass ‘m’. The coefficient of friction between block and the inclined plane is ‘’. The block is 
released when the spring is in its natural length. Find the maximum speed of the block during the 

motion. ( = 45°,  =0.2, m= 20 kg, k = 10 N/m, g = 10m/s2)  

 n'kkZ;s x, fp=k esa fLizax fu;rkad K dh ,d fLizax ,d fljs ij tM+or~ gS o nwljk fljk nzO;eku ‘m’ ls tqM+k gSA 
xqVds o ur ry ds e/; ?k"kZ.k xq.kkad ‘’ gSA tc fLizax bldh izkÑfrd yEckbZ esa gS rc xqVdk NksM+k tkrk gSA xfr 
ds nkSjku xqVds dh vf/kdre pky Kkr djksA ( = 45°,  =0.2, m= 20 kg, k = 10 N/m, g = 10m/s2 dk iz;ksx 
djks) 

 
           
Ans.  08.00 
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Sol.   

        
 The speed is maximum when acceleration is least  
 Let displacement of block is x0 when the speed of block is maximum.  
 At equilibrium, applying Newton’s law to the block along the incline  
 pky vf/kdre gS tc Roj.k U;wure gSA tc xqVds dh pky vf/kdre gS rc ekuk xqVds dk foLFkkiu x0 gSA  
 lkE;koLFkk ij ur ry ds vuqfn'k xqVds ij U;wVu dk fu;e yxkus ij  

    mg sin  = µmg cos  + kx0  ..................(1)   
 Applying work energy theorem to block between initial and final position is  
 izkjfEHkd o vfUre fLFkfr ds e/; xqVds ij dk;Z ÅtkZ izes; yxkus ij  

  Kf = Ki + mg x0 sin  – 
1

2
 kx0

2  – µ mg x0 cos   ...........(2) 

 Solving (1) and (2) we get,      (1)  o  (2)  dks gy djus ij  

  Vmax = (sin – µ cos) g 
m

k
 

 
10.# As shown in the figure, there is no friction between the horizontal surface and the lower block (M = 3 

kg) but friction coefficient between both the blocks is 0.2. Both the blocks move together with initial 
speed V towards the spring, compresses it and due to the force exerted by the spring, moves in the 
reverse direction of the initial motion. What can be the maximum value of V (in cm/s) so that during the 
motion, there is no slipping between the blocks (use g = 10 m/s2).        

 fn[kk;s x;s fp=k esa uhps okys fi.M (M = 3 kg) vkSj {kSfrt lrg ds chp ?k"kZ.k ugha gS ijUrq nksuksa xqVdksa ds e/; 
?k"kZ.k xq.kkad 0.2 gSA nksuksa fi.M izkjfEHkd osx V ls ,d lkFk fLizax dh vksj xfreku gSa vkSj fLizax dks nckrs gS vkSj 
fLçax }kjk yxk;s x;s cy ds dkj.k çkjfEHkd xfr ds foijhr fn'kk esa xfreku gksrs gSA V (cm/s esa) dk vf/kdre eku 
D;k gks ldrk gS rkfd xfr ds nkSjku fi.Mksa ds chp fQlyu u gksA (g = 10 m/s2 yhft,A) 

 
Ans. 20.00 
Sol. Maximum chance of slipping occurs when spring is maximum compressed. At this moment, as force 

exerted by the spring is maximum, acceleration of the system is maximum. Hence maximum friction 
force is required at this moment. 

 By W/E theorem 

  
1

2
 (M + m) V2 = 

1

2
 Kxm

2       xm =
2(M m)V

K


  

 Now for upper block  am = mkx

M m
 

 force on upper block is provided by the friction force. Therefore mg  mkx .m

M m
 

 For limiting value  V = g 
M m

k


 

 using values Vmaximum = 20 cm/s 
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gy. vf/kdre fQlyu dh fLFkfr rc mRiUu gksrh gS tc fLizax vf/kdre lEihfMr gksrh gSA bl {k.k fLaizx }kjk vkjk sfir 
cy  
vf/kdre gS rFkk fudk; dk Roj.k Hkh vf/kdre gSA vr% bl fLFkfr esa vko';d ?k"kZ.k cy vf/kdre gSA  

 dk;Z mtkZ izes; ls  

  
1

2
 (M + m) V2 =  

1

2
Kxm

2      xm = 
2(M m)V

K


 

 Åijh CykWd ds fy,  am = mkx

M m
 

 Åijh CykWd ij cy] ?k"kZ.k cy }kjk fn;k tkrk gSA  

 vr% mg  mkx .m

M m
 

 lhekar eku ds fy, V = g
M m

k


  

 ekuksa ds iz;ksx ls  V
vf/kdre

 = 20 cm/s   

 

11.# One end of a spring of natural length  and spring constant k is fixed at the ground and the other is 

fitted with a smooth ring of mass m which is allowed to slide on a horizontal rod fixed at a height  
(figure). Initially, the spring makes an angle of  with the vertical when the system is released from rest. 

If the speed of the ring when the spring becomes vertical is (2 / 3) 
k

m
  m/s then find the value of 

angle  (in degree): 

 izkd`frd yEckbZ  o fLizax fu;rkad K ds fLizax dk ,d fljk lrg ij tM+or~ gS ,oa nwljk m nzO;eku dh ,d 
fpduh oy; ls tqM+k gS tks  Å¡pkbZ ij fLFkr ,d {kSfrt NM+ ¼fp=k esa½ ij fQlyus ds fy;s LorU=k gSA izkjEHk esa 
fLizax Å/okZ/kj ds lkFk  dks.k cukrh gS tc fudk; fojke ls NksM+k tkrk gSA tc fLizax Å/okZ/kj gks tkrh gS rc oy; 

dh pky (2 / 3) 
k

m
 m/s gS  rks dks.k   ¼fMxzh esa½ dk eku Kkr dhft;sA  

 
     
Ans.  53.00  

Sol. 
1

2
mv2 =  

1

2
kx2  

 
1

2
m   

k

m

2
2

3

 
 
 

=  
1

2
kx2     

  

  x =
2

3
  = 

cos
 –   

 cos  = 
3

5
    = 53º 
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SECTION (E) : POWER  'kfDr  
12. A particle of mass 'M' is moved rectilinearly under constant power P0. At some instant after the start, its 

speed is v and at a later instant, the speed is 2v. Neglecting friction, distance travelled (in m) by the 
particle as its speed increases from v to 2v is 7x. Find x (take P0 = 4 watt, M = 12 kg, v = 3m/s):  

 'M'  nzO;eku dk ,d d.k P0 fu;r 'kfDr ds vUrxZr ljy js[kh; xfr dj jgk gSA çkjEHk gksus ds dqN le; i'pkr~ 
bldh pky v gS rFkk blds dqN le; i'pkr~ pky 2v gSA ?k"kZ.k dks ux.; ekfu,A tc bldh pky v ls 2v rd 
c<+rh gS] rc d.k }kjk r; dh xbZ nwjh 7x ¼ehVj esa½ gS rks x D;k gksxk ( P0 = 4 watt, M = 12 kg, v = 3m/s dk 
iz;ksx djks)&      

Ans. 27 
Sol.  P0 = Fv 

   0

dv
Mv v P

dx

   
 

 

 

2v x

2
0

v 0

M v dv P dx  
3

0

7Mv
x

3P
    

 
13.# A block of mass m = 2kg is pulled along a rough horizontal surface by applying a constant force at an 

angle  = tan–1 2 with the horizontal as shown in the figure. The friction coefficient between the block 

and the surface is  = 0.5. If the block travels at a uniform velocity v = 5 m/s then calculate the average 
power (Watt) of the applied force. (Take acceleration due to gravity g = 10 m/s2)   

 m = 2kg  nzO;eku dk CykWd {kSfrt [kqjnjh lrg ds vuqfn'k CykWd ij {kSfrt ls  = tan–1 2dks.k ij fu;r cy 
vkjksfir djds fp=kkuqlkj [khpka tkrk gSA CykWd rFkk lrg ds e/; ?k"kZ.k xq.kkad  = 0.5gSA ;fn CykWd fu;r osx  
v = 5 m/s ls xfr'khy gks rks vkjksfir cy }kjk nh xbZ vkSlr 'kfDr ¼okWV esa½ Kkr djksa (xq:Ro ds dkj.k Roj.k  
g = 10m/s2 ekuks) 

 
Ans. 25.00 

Sol. F cos  = N  

 N =mg – F sin  

 F = 
mg

cos sin


 

 

 P = F v cos = 
mgvcos

cos sin

 
   

 

          = 
mgv

1 tan


  

 = 25 W 

 
SECTION (D & F) : POTENTIAL ENERGY AND MECHANICAL ENERGY CONSERVATION   CONSERVATIVE & 

NONCONSERVATIVE FORCES AND EQUILIBRIUM 

fLFkfrt ÅtkZ ,oa ;kaf=kd ÅtkZ laj{k.k laj{kh ,oa vlaj{kh cy rFkk lkE;koLFkk 
 

14. A particle of mass 2 kg is subjected to a two dimensional  conservative force given by,  

 Fx = 2
 
x + 2

 
y,  Fy = 2

 
x  y2. (x, y in m and F in N). If  the particle  has  kinetic  energy of 8/3 J  at point 

(2,3), find the speed  (in m/s) of the  particle when it reaches (1, 2).  
 [15JP110979] 

 2 kg nzO;eku dk d.k f}foeh; laj{kh cyksa Fx = 2
 
x + 2

 
y, Fy = 2

 
x  y2. (x, y eh0 esa rFkk F U;wVu esa gS) ds 

vUrxZr xfr'khy gSA ;fn d.k dh fcUnq (2,3) ij xfrt ÅtkZ (8/3) J  gks rks fcUnq (1, 2) ij d.k dh pky (m/s esa ) 
Kkr djksA  

Ans. 02.00 
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Sol. F = Fx î + Fy ĵ     

 F . dr = – du 

  x y
ˆ ˆF i F j  .  ˆ ˆdxi dyj = – du  

 Fx dx + Fy dy = – du 
  – du = (– 2x + 2y) dx + (2x – y2)dy 
 = – 2x dx  + 2(y dx + x dy) – y2 dy 

 u(x, y) =  x2 – 2(xy) +  
3y

3
 + C 

 U (2, 3) = 4 – 12 + 9 + C = 1 + C 
 

 
8

3
 + 1 + C= (K.E) + [1 – 4 + 

8

3
 +C]  

 Kinetic energy  xfrt ÅtkZ  = 4 J 

 
1

2
 (2)v= 4     v =   2m\s 

 

 

PART - III : ONE OR MORE THAN ONE OPTIONS CORRECT TYPE 

Hkkx - III : ,d ;k ,d ls vf/kd lgh fodYi çdkj 
SECTION (A) : WORK DONE BY CONSTANT FORCE   fu;r cy }kjk fd;k x;k dk;Z 
1. No work is done by a force on an object if 

 cy }kjk fdlh oLrq ij dksbZ dk;Z ugha fd;k tkrk gS ;fn & 

 (A*) the force is always perpendicular to its velocity 

 cy ges'kk osx ds yEcor~ gksrk gSA 

 (B) the force is always perpendicular to its acceleration 

 cy ges'kk Roj.k ds yEcor~ gksrk gSA 

 (C*) the object has no motion but the point of application of the force moves on the object 

 oLrq fLFkj gS ysfdu oLrq ij vkjksfir cy dk fØ;k fcUnq (point of application) oLrq ij xfr djrk gSA 

 (D*) the object moves in such a way that the point (of the body) of application of the force remains fixed. 

 oLrq bl çdkj xfr djrh gS fd cy dk fØ;k fcUnq ¼oLrq dk½ fLFkj jgrk gSA  

Sol. dWF =F.ds  , if F   perpendicular to ds  then  

 dWF =F.ds  , ;fn F , dsds yEcor~ gS rks  

 dWF = 0, ds   is displacement of point of application of force, v  =
ds

dt
 . 

 dWF = 0, ds   cy ds fØ;k fcUnq dk foLFkkiu gS  v = 
ds

dt
. 

 (A), (C), (D) are true. lR; gSA 
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2. In the figure shown, there is no friction between B and ground and  = 2/3 between A and B. 

 iznf'kZr fp=k esa CykWd B rFkk tehu ds e/; dksbZ ?k"kZ.k ugha gS rFkk CykWd A rFkk CykWd B ds e/; ?k"kZ.k xq.kkad  = 2/3  

gS rks 

A

B

M

2M F   Mg=
 

 

 (A*) The net work done on block A with respect to B is zero 

 CykWd B ds lkis{k A ij fd;k x;k dqy dk;Z 'kwU; gSA 

 (B*) The net work done on block A with respect to ground for a displacement ‘S’ is 
3

MgS
 

 tehu ds lkis{k CykWd A ij fd;k x;k dqy dk;Z foLFkkiu 'S' ds nkSjku
3

MgS
  gSA 

 (C*) The net work done on block B with respect to ground for a displacement ‘S’ is 2

3

MgS
 

 tehu ds lkis{k CykWd B ij fd;k x;k dqy dk;Z foLFkkiu 'S' ds nkSjku 
2

3

MgS
 gSA 

 (D*) The work done by friction with respect to ground on A and B is equal and opposite in sign. 

 tehu ds lkis{k CykWd A rFkk B ij ?k"kZ.k cy }kjk fd;k x;k dk;Z cjkcj rFkk foijhr fpUg dk gSA 

Sol. (A, B, C, D) 

 For the situation A and B move together and force of friction between A and B is  
3

F
 i.e. 

3

Mg
. Since A and 

B move together. 

 Net force acting on A = 
3

Mg
.   

 Net force on B = 
2

3 3
 

Mg Mg
Mg  

 

M

2M F Mg



 
 Since displacement is same. 

Sol. (A, B, C, D) 

 A rFkk B ds lkFk pyus dh fLFkfr esa ] rFkk A ,oa B ds e/; ?k"kZ.k cy 
3

F

3

  
 

Mg
  gS  

 pqfd A vkSj B ,d lkFk xfr djrs gS  

 blfy, A ij dqy cy =
3

Mg
 . 

 

M

2M F Mg



   

 B ij dqy cy = 
2

3 3
 

Mg Mg
Mg  
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SECTION (B) : WORK DONE BY A VARIABLE FORCE ifjorZu'khy }kjk fd;k x;k dk;Z 
SECTION (C) : WORK ENERGY THEOREM  dk;Z ÅtkZ izes;  
3. A body of constant mass m  = 1 kg moves under variable force F as shown. If at t = 0, S = 0 and 

velocity of the body is 20 m/s and the force is always along direction of velocity, then choose the 

incorrect options 

 fu;r nzO;eku m  = 1 kg dh oLrq fp=kkuqlkj ifjorhZ cy F ds dkj.k xfr'khy gSA ;fn t = 0 ij  S = 0 rFkk oLrq 

dk osx  20 m/s gSA ,oa cy ges'kk osx dh fn'kk esa gks rks xyr fodYiksa dks pqfu;s %     

 
     
 (A*) velocity of the particle will increase upto S = 2m and then decrease. 
 (B) the final velocity at S = 6 m is 10 m/s 

 (C*) the final velocity at S = 6 m is 4 5 m/s 

 (D*) the acceleration is constant up to S = 2m and then it is negative. 

 (A*) S = 2m rd d.k dk osx c<sxk rRi'pkr~ ?kVsxkA 

 (B) S = 6 m ij vfUre osx 10 m/s gSA 

 (C*) S = 6 m ij vfUre osx 4 5 m/s gSA 

 (D*) S = 2m rd d.k dk Roj.k fu;r gS rRi'pkr~ _.kkRed gSA 

Sol. velocity will continuously increase osx yxkrkj c<+sxk 
  1/2 m (v2 – u2) =  KE = work done  fd;k x;k dk;Z 
  1/2 × 1.(v2 – 20) = Area {ks=kQy = 40 

  v = 10 m/s 
 
4. A block of mass ' m ' is attached to one end of a massless spring of spring constant ' k '. The other end 

of the spring is fixed to a wall. The block can move on a horizontal rough surface. The coefficient of 

friction between the block and the surface is . The block is released when the spring has a 

compression 
2 mg

k


 of then choose the incorrect option(s): 

 ' m ' nzO;eku dk ,d xqVdk fLizax fu;rkad ' k ' dh ,d nzO;ekughu fLizax ds ,d fljs ls tqM+k gSA fLizax dk nwljk 
fljk ,d nhokj ij tM+or gSA xqVdk ,d {kSfrt [kqjnjh lrg ij py ldrk gSA xqVds o lrg ds e/; ?k"kZ.k 

xq.kkad gSA xqVdk NksM+k tkrk gS tc fLizax dk lEihM+u 
2 mg

k


  gS] rks xyr fodYi pqfu,A   

 
      

 (A) The maximum speed of the block is  g
m

k
 

 (B*) The maximum speed of the block is  g
m

k
  

 (C*) The block will have velocity towards left during its motion. 
 (D*) The extension in the spring at the instant the velocity of block become zero for the first time after 

being released is 
mg

k
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 (A) xqVds dh vf/kdre pky  g 
m

k
 gSA 

 (B*) xqVds dh vf/kdre pky 2 g 
m

k
 gSA  

 (C*) xfr ds nkSjku xqVds dk osx ck¡;ha vksj gksxk 

 (D*) NksMus ds ckn og {k.k tc xqVds dk osx igyh ckj 'kwU; gksxk rc] fLizax esa foLRkkj
mg

k


 gSA 

Sol. (i) Velocity will be maximum when net force = 0.  
  osx vf/kdre gksxk tc ifj.kkeh cy = 0   

    

 k.x = N =  mg    x = 
mg

k


 

 dk;Z ÅtkZ izes; ls Ws + Wf = K 

 
2 2

1 2 mg 1 mg mg
k k mg

2 k 2 k k

           
   

 = 
1

2
mv2 

 On solving gy djus ij, 

  v = 
m

g
k

 . 

 
(ii) When the particle have velocity equal to zero, then let extension in spring be ' x '.   
 tc d.k dk osx 'kwU; gS rks ekuk fLizax esa foLrkj  ' x ' gSA  

 
1

2
 k 

2
2 mg

k

 
 
 

=  mg 
2 mg

x
k

  
 

+
1

2
 k x2 

 2 
2 2 2m g

k


= 2 

2 2 2m g

k


+ x  mg +

1

2
 k x2    x 

2 mg
x

k

   
 = 0 

 x = 0 (at natural length) or x = 
2 mg

k


 when compression in spring is 

2 mg

k


  i.e. initially    

 x = 0 (izkÑfrd yEckbZ ij) ;k x = 
2 mg

k


 tc fLiazx esa laihMu  

2 mg

k


  vFkkZr~ izkjEHk esa  

 So at natural length, velocity is zero and spring force is also zero. The block will not return or have 
velocity towards left.    

 blfy, izkÑfrd yEckbZ ij osx 'kwU; gSA fLizax cy Hkh 'kwU; gSA xqVdk okil ugha ykSVsxk vkSj bldk osx cka;h vksj 
gSA 

 
5. The kinetic energy of a particle continuously increases with time 

 ,d d.k dh xfrt ÅtkZ es le; ds lkFk yxkrkj o`f) gks jgh gS rks 
 (A) the resultant force on the particle must be parallel to the velocity at all instants. 

 gj le; d.k ij ifj.kkeh cy osx ds lekUrj gksuk pkfg,A 

 (B*) the resultant force on the particle must be at an angle less than 90° with the velocity all the time 

 gj le; d.k ij ifj.kkeh cy osx ds lkFk  90° ls de dks.k ij gksuk pkfg,A 

 (C) its height above the ground level must continuously decrease 

 d.k dh /kjkry ls Å¡pkbZ yxkrkj ?kVuh pkfg;sA   

 (D*) the magnitude of its linear momentum is increasing continuously 

 d.k ds js[kh; laosx dk ifjek.k yxkrkj c<sxkA  
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Sol. dWF = F .ds
 

 = dk > 0   F . ds
 

 cos > 0  

  0 <  < 90º 

 p = 2m(K.E.)  , K.E.   so blfy,  p  . 

 
6. A man applying a force F upon a stretched spring is stationary in a compartment moving with constant 

speed v. The compartment covers a distance L in some time t.   

 fu;r pky v ls xfr dj jgh ,d xkM+h esa fLFkj [kM+k O;fDr [khaph gqbZ fLFkj fLizax ij fu;r cy F yxk jgk gSA 
fdlh le; t ij xkM+h nwjh L r; djrh gSA      

 
 (A*) The man acting with force F on spring does the work w = – FL. 
 (B*) The total work performed by man on the (compartment + spring) with respect to ground is zero. 
 (C*) The work done by friction acting on man with respect to ground is, w = – FL. 
 (D) The total work done by man with respect to ground is, w = – FL. 

 (A*) fLizax ij dk;Zjr cy F ds lkFk O;fDr w = – FL dk;Z djrk gSA  
 (B*) /kjkry ds lkis{k ¼xkM+h + fLizax½ ij O;fDr }kjk fd;k x;k dqy dk;Z 'kwU; gksxkA 

 (C*) /kjkry ds lkis{k O;fDr ij dk;Zjr ?k"kZ.kcy }kjk fd;k x;k dk;Z w = – FL gksxkA 

 (D) /kjkry ds lkis{k O;fDr }kjk fd;k x;k dqy dk;Z w = – FL gSA 

Sol. The man acting with force F on spring does the work w = – FL and work done by friction acting on car 
exerted by man w = FL 

 total work done by man is zero. 

 fLizax ij cy F ds }kjk fd;k x;k dk;Z w = – FL rFkk O;fDr }kjk xkM+h ij dk;Zjr ?k"kZ.k cy }kjk fd;k x;k dk;Z  

w = FL 

  O;fDr ij dqy fd;k x;k dk;Z  

 

7.# A block of mass 2 kg is hanging over a smooth and light pulley through a light string. The other end of 

the string is pulled by a constant force F = 40 N. At t = 0 the system is at rest as shown. Then in the 

time interval from t = 0 to t = 
2

10
 seconds, pick up the correct statement (s) : (g = 10 m/s2)  

 ,d 2 kg nzO;eku dk CykWd] ,d fpduh rFkk gYdh f?kjuh ds }kjk gYdh jLlh ls yVdk gqvk gSA jLlh dk nwljk 

fljk fu;r cy F = 40 N ls [khapk tkrk gSA t = 0 ij fudk; fp=kkuqlkj fojkekoLFkk esa gSA rc t = 0 ls t =
2

10
  

lSd.M le;kUrjky ds fy;s lgh dFkuksa dk p;u dhft;sA (g = 10 m/s2) 

2kg F=40N 
 

 (A*) tension in the string is 40 N   (B) work done by gravity is – 20 J 

 (C*) work done by tension on block is 80J (D) None of these 

 (A*) jLlh esa ruko 40 N gSA   (B) xq:Ro }kjk fd;k x;k dk;Z – 20 J gSA  

 (C*) ruko }kjk CykWd ij fd;k x;k dk;Z 80 J gSA (D) buesa ls dksbZ ugh 
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Sol. Acceleration of block is (CykWd dk Roj.k) = 10 m/s2   

  displacement  (foLFkkiu) s =
1

2
at2 = 

1

2
 × 10 × 

4

10
 = 2m  

 Tension in the string is 40 N 
 Work done by gravity is  

 jLlh esa ruko 40 N gSA     

 xq:Ro }kjk fd;k dk;Z– 20 × 2 = – 40 J    

  
 and work done by tension is  

 ruko }kjk fd;k dk;Z 
  40 × 2 = 80 J 
 
8. One end of a light spring of spring constant k is fixed to a wall and the other end is tied to a block 

placed on a smooth horizontal surface. In a displacement, the work done by the spring is 
1

2
 kx2. The 

possible cases are 

 ,d fLçax dk ,d fljk nhokj ls tqM+k gS rFkk nwljk fljk ,d CykWd ls tqM+k gS tks fpduh {kSfrt lrg ij j[kk gSA 

fLçax dk cy fu;rkad k gSA CykWd dks foLFkkfir djus esa fLçax }kjk fd;k x;k dk;Z 
1

2
kx2 gS rks laHkkfor fodYi gS&  

 (A*) the spring was initially compressed by a distance x and was finally in its natural length  

 çkjEHk es fLçax x nwjh rd lEihfM+r Fkh rFkk vfUre fLFkfr esa ;g okLrfod yEckbZ esa FkhA  

 (B*) it was initially stretched by a distance x and finally was in its natural length 

 çkjEHk esa fLçax x nwjh rd [khaph gqbZ Fkh rFkk vfUre fLFkfr esa ;g okLrfod yEckbZ esa FkhA  

 (C) it was initially in its natural length and finally in a compressed position 

 çkjEHk esa fLçax okLrfod yEckbZ esa Fkh rFkk vfUre fLFkfr esa lEihfM+r FkhA  

 (D) it was initially in its natural length and finally in a stretched position 

 çkjEHk esa fLçax okLrfod yEckbZ esa Fkh rFkk vfUre fLFkfr esa [khaph gqbZ FkhA 

Sol. WS = Ui – Uf, 
1

2
 kx2 = Ui – Uf 

 Uf = 0  Ui = 
1

2
kx2 =  

1

2
k(–x)2 

  spring was either compressed or stratched initially by a distance x.  

  fLizax izkjEHk esa ;k rks x lEihfMr Fkh ;k x f[kph gqbZ FkhA 
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SECTION (E) : POWER  'kfDr  
9.# Two bodies of mass m1 and m2 (m2 > m1) are connected by a light inextensible string which passes 

through a smooth fixed pulley as shown. Then choose the correct option(s)  

 
 (A*) The instantaneous power delivered by an external agent to pull m1 with constant velocity v is (m2 – 

m1)gv  
(B) The instantaneous power delivered by an external agent to pull m1 with constant velocity v is (m2 + 
m1)gv 

 (C*) The instantaneous power delivered by an external agent to pull m1 with constant acceleration a at 
any instant t, starting from rest, is  [m2(g + a) – m1 (g – a)] at  

 (D) The instantaneous power delivered by an external agent to pull m1 with constant acceleration a at 
any instant t, starting from rest, is  [m2(g + a) + m1 (g – a)] at  

 m1 rFkk m2 (m2 > m1) nzO;eku dh nks oLrq,sa ,d vforkU; gYdh jLlh }kjk tqMh gqbZ gS] tks ,d fpduh tMor 
f?kjuh ls xqtjrh gS rks lgh fodYiksa dk p;u djksA  

 
 (A*)  m1 nzO;eku dks fdlh ckâ; dkjd }kjk fu;r osx v ls [khapus ds fy, nh xbZ rkR{kf.kd 'kfDr (m2 – m1)gv 

gSA  
 (B)  m1 nzO;eku dks fdlh ckâ; dkjd }kjk fu;r osx v ls [khapus ds fy, nh xbZ  rkR{kf.kd 'kfDr (m2 + m1)gv 

gSA  
 (C*) fojkekoLFkk ls  m1 nzO;eku dks fdlh ckâ; dkjd }kjk fu;r Roj.k a ls [khapus ds fy, fdlh le; t ij nh 

xbZ rkR{kf.kd 'kfDr [m2(g + a) – m1 (g – a)]at  gSA  

 (D) fojkekoLFkk ls m1 nzO;eku dks fdlh ckâ; dkjd }kjk fu;r Roj.k a ls [khapus ds fy, fdlh le; t ij nh xbZ 
rkR{kf.kd 'kfDr [m2(g + a) + m1 (g – a)]at  gSA  

Ans.  (a)  (m2–m1)gv 
 (b) [m2(g + a) – m1 (g – a)] at 

Sol. (a)  P = extF  . V   

 Where V  is the vel. of point of application  
 tgk¡ V  ml fcUnq dk osx gS] tgk¡ cy yxk;k x;k gSA  

  Fext + m1g = T &  m2g =T
  Fext = m2g – m1g 
   =(m2–m1) g 
  P = (m2–m1) g v     Ans. 
 (b) Fext + m1g – T = m1a    
  T–m2g = m2a 
  _____________________________ 

  Fext = (m1+ m2) a +  (m2–m1)g  
  = m2(g+a) – m1(g – a) 

 
   P = (Fext) (0 + at)  
  = {m2(g+a) – m1 (g – a)} at    Ans.   
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SECTION (D & F) : POTENTIAL ENERGY AND MECHANICAL ENERGY CONSERVATION  

fLFkfrt ÅtkZ ,oa ;kaf=kd ÅtkZ laj{k.k 
CONSERVATIVE & NONCONSERVATIVE FORCES AND EQUILIBRIUM 

laj{kh ,oa vlaj{kh cy rFkk lkE;koLFkk 
10.# The given plot shows the variation of U, the potential energy of interaction between two particles with 

the distance separating them is r. Then which of the following statements is / are correct. :  

 fuEufyf[kr oØ ,d nwljs ls r nwjh ij fLFkr nks d.kksa ds e/; vUrfØ;k fLFkfrt ÅtkZ U dk nwjh r ds lkFk ifjorZu 
çnf'kZr djrk gS rks : fuEu es ls dkSuls@dkSulk dFku lR; gS \  

                
 (A) B and D are equilibrium points B rFkk D lkE;koLFkk fcUnq gSA 

 (B*) C is a point of stable equilibrium fcUnq C LFkk;h lkE;koLFkk esa gSA 

 (C) The force of interaction between the two particles is attractive between points C and D and 
repulsive between points D and E on the curve. 

 oØ ij fcUnq C rFkk D ds e/; nks d.kksa ds chp vUr%fØ;k cy vkd"kZ.k cy gS rFkk fcUnq D rFkk E ds e/; vUr%fØ;k 
cy çfrd"kZ.k cy gSA 

 (D*) The force of interaction between the particles is repulsive between points E and F on the curve. 

 oØ ij fLFkr fcUnq E rFkk F ds e/; d.kks ds chp vUr%fØ;k cy çfrd"kZ.k cy gSA 

Sol. At point 'C', the potential energy is minimum, hence it is a point of stable equilibrium. 
 Also, from E to F, the slope is negative i.e.,    

 fcUnq 'C' ij fLFkfrt ÅtkZ U;wure gS vr% ;g fcUnq LFkk;h lkE;koLFkk esa gSA  

 E ls F rd <ky _.kkRed gS] vFkkrZ~  

  F = – dU
0

dr
   F is +ve so repulsive  F /kukRed gS vr% izfrd"khZ gSA  

 Hence, the force of interaction between the particles is repulsive between points E and F.   

 vr% fcUnq E o F ds e/; d.kksa ds e/; cy izfrd"kZ.k cy gSA    

 
11. A single conservative force F(x) acts on a particle that moves along the x-axis. The graph of the 

potential energy with x is given. At x = 5m, the particle has a kinetic energy of 50J and its potential 
energy is related to position 'x' as U = 15+(x–3)2 Joule, where x is in meter.   

 ,d d.k ij ,d laj{kh cy  F(x) dk;Zjr gS ftlls ;g x- v{k ds vuqfn'k xfr djrk gSA x ds lkFk fLFkfrt ÅtkZ 
dk xzkQ fp=kkuqlkj n'kkZ;k x;k gSSA x = 5m  ij d.k dh xfrt ÅtkZ 50J gS rFkk bldh fLFkfrt ÅtkZ fLFkfr 'x' ds 
lkFk U = 15+(x–3)2 twy ds vuqlkj lEcfU/kr gSA tgk¡ x ehVj esa gS  
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 (A*)  The mechanical energy of system is 69 J. 
 (B)  The mechanical energy of system is 19J. 
 (C)  At x = 3, the kinetic energy of particle is minimum  
 (D*) The maximum value of kinetic energy is 54 J.  

 (A*) fudk; dh ;kaf=kd ÅtkZ 69 J gSA  
 (B)  fudk; dh ;kaf=kd ÅtkZ 19 J gSA  
 (C)  x = 3, ij d.k dh xfrt ÅtkZ U;wure gS  

 (D*) xfrt ÅtkZ dk vf/kdre~ eku 54 J gSA   
Sol. (A,D) 
 At x = 5m,  KE = 50J 
   PE = 15+ (5 – 3)2  = 19 J 
 Mechanical energy = 69 J 

 ;kaf=kd ÅtkZ = 69 J 

 KEmax  = Total Energy  dqy ÅtkZ – PEmini 

  = 69 – 15 
  = 54 J 
 
12. A body of mass 1.0 kg moves in X-Y plane under the influence of a conservative force. Its potential 

energy is given by U = 2x + 3y where (x, y) denote the coordinates of the body. The body is at rest at 

(2, –4) initially. All the quantities have SI units. Therefore, the body     

 (A) moves along a parabolic path  (B*) moves with a constant acceleration  

(C*) never crosses the X axis   (D*) has a speed of 2 13  m/s at time t = 2s. 

1.0 kg nzO;eku dh oLrq X-Y ry esa lajf{kr cy ds izHkko esa xfr djrh gSA bldh fLFkfrt ÅtkZ U = 2x + 3y }kjk 

nh tkrh gSA tgk¡ (x, y) oLrq ds funsZ'kkad dks crkrs gSA izkjEHk esa oLrq (2, –4) ij fojke ij gSA lHkh jkf'k;k¡ SI 

i)fr esa gSA oLrq &  

 (A) ,d ijoy; iFk ij xfr djrh gSA   (B) fu;r Roj.k ds lkFk xfr djrh gSA  

(C) X-v{k dks dHkh ugha ikj djrh gSA  (D) t = 2s le; ij 2 13 m/s pky j[krh gSA  
Ans. (BCD)  

Sol. F = ˆ ˆ–2i – 3j  

 ˆ ˆa –2i – 3j  

 (b) correct 

 (d) v 2 4 9 2 13    

 

PART - IV : COMPREHENSION 
 

Hkkx - IV : vuqPNsn (COMPREHENSION) 

 
Comprehension 1 :       
 A block having mass 4 kg is pushed down along an inclined plane of inclination 53° with a force of 40 N 

acting parallel to the incline. It is found that the block moves on the incline with an acceleration of 10 
m/s2. The initial velocity of block is zero (take g = 10m/s2).  

 4.0 Kg nzO;eku dk ,d xqVdk 53° <yku okys ur ry ij] urry ds lekUrj dk;Z dj jgs 40 N ds ,d cy }kjk 
uhps dh vksj /kdsyk tkrk gS ;g ik;k tkrk gS fd xqVdk urry ij 10 m/s2 ds Roj.k ls pyrk gSA xqVds dk 
izkjfEHkd osx 'kwU; gSA  ( fn;k gS g = 10m/s2) 

 
1. Find the work done by the applied force in the 2 seconds from starting of motion,  

 xfr ds izkjEHk ls 2 lsd.M esa vkjksfir cy }kjk fd;k x;k dk;Z Kkr djks  

 (A*) 800 J  (B) –800 J  (C) 640 J  (D) –640 J 
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2.  Find the work done by the weight of the block in the 2 seconds from starting of motion,  

 xfr ds izkjEHk ls 2 lsd.M esa xqVds ds Hkkj }kjk fd;k x;k dk;Z Kkr djks 
 (A) 800 J  (B) –800 J  (C*) 640 J  (D) –640 J 
 
3. Find the work done  by the frictional force acting on the block in the 2 seconds from starting of motion .  

 xfr ds izkjEHk ls 2 lsd.M esa xqVds ij dk;Zjr ?k"kZ.k cy }kjk fd;k x;k dk;Z Kkr djks   

 (A) 800 J  (B) –800 J  (C) 640 J  (D*) –640 J 
Sol.  

  
 fK  =   mg cos 53º,  
 40 – fK + mg sin  53º = 4 (10)   
 

 fK = mg sin 53º  

 Displacement in 1 sec  1 ls- esa foLFkkiu S = 0 + 1/2 (10) (2)2   

 S = 20 m 
  WF = 40 × 20 = 800 J,   
 Wgrav = 40 × 4/5 × 20 = 640 J  

 
KFW  = – 640 J 

 
Comprehension # 2     
 Ram and Ali are two friends. Both work in a factory. Ali uses a camel to transport the load within the 

factory. 
 Due to low salary & degradation in health of camel, Ali becomes worried and meets his friend Ram and 

discusses his problem. Ram collected some data & with some assumptions concluded the following. 

 vuqPNsn # 2 

 jke ,oa vyh cpiu ls iDds fe=k gSaA vc nksuksa ,d gh dkj[kkus esa dke djrs gSaA vyh dkj[kkus esa Hkkj dks <+ksus ds 
fy, Å¡V dk bLrseky djrk gSA fuEu osru rFkk Å¡V ds LokLF; esa fxjkoV ls vyh fpfUrr gksrk gS rFkk vius fe=k 
jke ls feyrk gS rFkk viuh leL;k ij ckr djrk gSA jke dqN dYiukvksa lfgr dqN vkWdM+s bdV~Bk djrk gS rFkk 
fuEu fu"d"kZ fudkyrk gSA 

 
(i) The load used in each trip is 1000 kg and has friction coefficient k = 0.1 and s = 0.2. 

 izR;sd ckjh esa iz;qä Hkkj 1000 fdxzk- gS rFkk ?k"kZd xq.kkad k = 0.1 rFkk s = 0.2 gSaA 

(ii) Mass of camel is 500 kg. 

 Å¡V dk nzO;eku 500 fdxzk- gSA 

(iii) Load is accelerated for first 50 m with constant acceleration, then it is pulled at a constant speed of 
5m/s for 2 km and at last stopped with constant retardation in 50 m. (String used for pulling load is 
almost horizontal). 

 Hkkj izFke 50 eh- rd ,d leku Roj.k ls Rofjr gksrk gS] mlds ckn 2 fdeh- rd fu;r osx 5 eh-@ls- ls [khapk tkrk 
gS rFkk vUr esa 50 eh- esa fu;r eanu ls :drk gSA (Hkkj [khpusa esa iz;qDr jLlh yxHkx {kSfrt jgrh gSA) 
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4. Sign of work done by the camel on the load during parts of motion, accelerated motion, uniform motion 
and retarted motion respectively are: 

 xfr ds fofHkUu Hkkxks % Øe'k% Rofjr xfr] ,d leku xfr rFkk eafnr xfr esa Å¡V }kjk Hkkj ij fd;s x;s dk;Z dk 
fpUg gS & 

 (A*) +ve, + ve, +ve (B) +ve, +ve, – ve (C) +ve, zero, – ve (D) +ve, zero, +ve 

 (A*) +ve, + ve, +ve (B) +ve, +ve, – ve (C) +ve, 'kwU;, – ve (D) +ve, 'kwU;, +ve 

Sol. (A) WCL + Wf = KE  WCL = KE – Wf 
 (a) During accelerated motion negative work is done against friction and there is also change is kinetic 

energy. Hence net work needed is +ve.  
 (b) During uniform motion work is done against friction only and that is +ve.  
 (c) During retarded motion, the load has to be stopped in exactly 50 metres. If only friction is considered 

then the load stops in 12.5 metres which is less than where it has to stop. 
 Hence the camel has to apply some force so that the load stops in 50m (>12.5 m). Therefore the work 

done in this case is also +ve. 
 (a) Rofjr xfr ds nkSjku ?k"kZ.k ds fo:) _.kkRed dk;Z gksrk gS rFkk ;g xfrt ÅtkZ esa ifjorZu ds cjkcj Hkh gksrk 

gS vr% dqy dk;Z vko';d :i esa +ve gksxkA  
 (b) ,d leku xfr ds nkSjku dsoy ?k"kZ.k ds fo:) dk;Z gksxk vkSj ;g +ve gksxkA 

 (c) eafnr xfr ds nkSjku] Hkkj Bhd 50 ehVj nwjh esa :d tk;sxkA ;fn dsoy ?k"kZ.k dks ekus rks Hkkj 12.5 eh- nwjh esa 
:d tk;sxk ;g nwjh] tgk¡ ;g :dsxk mlls de gSA vr% Å¡V Hkkj dks 50 eh- (>12.5 eh-) nwjh esa jksdus ds fy, dqN 
cy vkSj yxk;sxkA vr% bu fLFkfr;ksa esa fd;k x;k dk;Z +ve gSA  

 
5. The ratio of magnitude of work done by camel on the load during accelerated motion to retarded motion 

is :  

 Rofjr xfr rFkk eafnr xfr ds nkSjku Å¡V }kjk Hkkj ij fd;s x;s dk;Z ds ifjek.kksa dk vuqikr gS & 

 (A) 3 : 5   (B) 2.2 : 1  (C) 1 : 1  (D*) 5 : 3 

Sol. WCL|accelerated motion = KE – Wfriction  where WCL  is work done by camel on load. 
 

 WCL|Rofjr xfr = KE – W
?k"kZ.k

 tgk¡ WCL Å¡V }kjk Hkkj ij fd;k x;k dk;Z gSA  

 = 2
k

1
mv 0 mg.50

2

       
 

 = 21
1000 5 0.1 10 1000 50

2
       = 

125
1000

2

 
  

 

  similarly,    WCL|retardation = KE – Wfriction 

  blh çdkj ,  W
eanu

 = KE – W
?k"kZ.k 

 

  21
0 mv

2

   
 – [k mg.50] = 

75
1000

2

 
  

 

  CL accelerated   motion

CL retarded  motion

W |

W |
 

CL

CL

W |

W |
Rofjr xfr

eafnr xfr

  

 =
125

75
  = 

5

3
   5 : 3 

 
6. Maximum power transmitted by the camel to load is:  

 Å¡V }kjk Hkkj dks lapfjr egÙke 'kfä gS & 

 (A*) 6250 J/s  (B) 5000 J/s  (C) 105 J/s  (D) 1250 J/s 
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Sol. Maximum power = Fmax × V 
 Maximum force applied by camel is during the accelerated motion.  

  
 We have  V2 – U2 = 2as 
   25 = 02 + 2.a.50 
   a = 0.25 m/s2 ; for accelerated motion 

  FC – f = ma 

  FC = mg + ma = 0.1×1000×10+1000×2.5 
      = 1000 + 250 = 1250 N 
 This is the critical point just before the point where it attains maximum velocity of almost 5 m/s. 
 Hence maximum power at this point is = 1250 × 5 = 6250 J/s. 

Sol. vf/kdre 'kfDr = Fmax × V   

 Rofjr xfr ds nkSjku Å¡V vf/kdre cy yxk,xk 

  
 ge tkurs gS  V2 – U2 = 2as 

   25 = 02 + 2.a.50 

   a = 0.25 m/s2 ;   Rofjr xfr ds fy, 

  FC – f = ma 

  FC = mg + ma = 0.1×1000×10+1000×2.5 
      = 1000 + 250 = 1250 N 

 ;g ØkfUrd fcUnq gS] bl fcUnq ls igys vf/kdre osx 5 m/s gSA  
 vr% bl fcUnq ij vf/kdre 'kfDr = 1250 × 5 = 6250 J/s.  

 
Comprehension # 3     
 In the figure the variation of potential energy of a particle of mass m = 2kg is represented w.r.t. its  

x-coordinate. The particle moves under the effect of this conservative force along the x-axis.   

 fp=k esa m = 2kg ds d.k dh fLFkfrt ÅtkZ dk funsZ'kkad x-ds lkFk ifjorZu fp=k esa iznf'kZr gSA laj{kh cy ds izHkko 
esa d.k x-fn'kk esa xfr dj jgk gSA 

   

-15

12

-5 5

10

20

15

U(in J)

X (in metre)
-10 102

 
7. If the particle is released at the origin then : 
 (A) it will move towards positive x-axis. 
 (B*) it will move towards negative x-axis.  
 (C) it will remain stationary at the origin. 
 (D) its subsequent motion cannot be decided due to lack of information.  
 ;fn d.k dks ewy fcUnq ls NksM+k tk, rks  
 (A) ;g /kukRed x-fn'kk esa xfr djsxk  
 (B*) ;g _.kkRed x-fn'kk esa xfr djsxk  
 (C) ;g ewy fcUnq ij fLFkj jgsxk  

 (D) bldh vkxs dh xfr lwpuk dh deh ds dkj.k ugha crkbZ tk ldrh  
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Sol.  If the particle is released at the origin, it will try to go in the direction of force. Here
du

dx
 is positive and 

hence force is negative, as a result it will move towards – ve x-axis. 

 ;fn d.k dks ewy fcUnq ls NksMk tkrk gS] rks ;s cy dh fn'kk esa tkus dk iz;kl djsxkA ;gkW  
du

dx
 /kukRed gS vr% 

cy _.kkRed gS] ifjek.kLo:i ;s – ve x-v{k dh rjQ xfr djsxkA  
 

8. If the particle is released at x = 2 +  where   0 (it is positive) then its maximum speed in 
subsequent motion will be :   

 ;fn d.k dks x = 2 +  ls NksM+k tk;s tgk¡   0 ¼;g /kukRed gS½ gks rks bldh xfr ds nkSjku vf/kdre pky gksxh   

 (A)  10 m/s  (B*) 5 m/s  (C) 5 2   (D) 7.5 m/s 

Sol. When the particle is released at x = 2 +  it will reach the point of least possible potential energy  
(–15 J) where it will have maximum kinetic energy.  

 tc d.k x = 2 +   ls NksM+k tkrk gS] ;g U;wure laHko fLFkfrt ÅtkZ ds fcUnq (–15 J) ij igqap tk;sxkA tgk¡ 
bldh xfrt ÅtkZ vf/kdre gksxhA 

  2
max

1
mv

2
 = 25  vmax = 5 m/s 

 
9. x = – 5 m and x = 10 m positions of the particle are respectively of  
 (A) neutral and stable equilibrium.  (B) neutral and unstable equilibrium. 
 (C) unstable and stable equilibrium.  (D*) stable and unstable equilibrium. 

 x = – 5m rFkk x =  10 m ij d.k dh fLFkfr;k¡ Øe'k% gSa &  
 (A) mnklhu rFkk LFkk;h lkE;koLFkk    (B) mnklhu rFkk vLFkk;h lkE;koLFkk  

 (C) vLFkk;h rFkk LFkk;h lkE;koLFkk    (D*) LFkk;h rFkk vLFkk;h lkE;koLFkk  
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 Marked Questions can be used as Revision Questions. 

 fpfUgr iz'u nksgjkus ;ksX; iz'u gSA 
* Marked Questions may have more than one correct option. 

* fpfUgr iz'u ,d ls vf/kd lgh fodYi okys iz'u gS - 
 

PART - I : JEE (ADVANCED) / IIT-JEE PROBLEMS (PREVIOUS YEARS) 
 

Hkkx - I : JEE (ADVANCED) / IIT-JEE ¼fiNys o"kksZ½ ds iz'u 
 

1.# A block (B) is attached to two unstretched springs S1 and S2 with spring constants k and 4 k, 

respectively (see figure ). The other ends are attached to identical supports M1 and M2 not attached to 

the walls. The springs and supports have negligible mass. There is no friction anywhere. The block B is 

displaced towards wall 1 by a small distance x (figure ) and released. The block returns and moves a 

maximum distance y towards wall 2. Displacements x and y are measured with respect to the 

equilibrium position of the block B. The ratio y/x is      

 Figure : 

 nks vrkfur dekuh (unstretched springs) S1 rFkk S2 ftudk dekuh fLFkjkad Øe'k% k rFkk 4 k gS, dks ,d CykWd B 

ls tksM+k x;k gS (fp=k  ns[ksa)A dekuh ds nwljs fljksa dks vk/kkj M1 rFkk M2 ls tksM+k x;k gS] tks nhokj ls ugha tqM+s 

gSaA dekuh rFkk vk/kkj dk nzO;eku ux.; (negligible) gSA dgha Hkh dksbZ ?k"kZ.k ugha gSA CykWd B dks nhokj 1 dh rjQ 

,d vYi nwjh x rd (fp=k ) foLFkkfir djds NksM+ fn;k tkrk gSA CykWd okfil vkrk gS rFkk nhokj 2 dh vksj 

vf/kdre nwjh  y rd tkrk gSA x rFkk y dks CykWd B dh lkE;koLFkk (equilibrium) ls ekik tkrk gSA vuqikr y/x dk 

eku gS               [JEE 2008, 3/163] 

 fp=k : 

     

 (A) 4   (B) 2   (C*) 
1

2
   (D) 

1

4
 

Sol.  

  
 As springs and supports (m1 and m2) are having negligible mass. Whenever springs pull the massless 

supports, springs will be in natural length. At maximum compression, velocity of B will be zero.  
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 pwafd fLizax o lgk;dks (m1 o m2) ds ux.; nzO;eku gSA tc dHkh Hkh fLizax mUgs [khaprh gS rks izkd`frd yEckbZ esa 

gksxh] vf/kdre laihMu ij B dk osx 'kwU; gksxk  

 
 And by energy conservation.    vkSj ÅtkZ laj{k.k ls  

 
2

1
 (4K) y2 =

2

1
Kx2    

2

1

x

y
  Ans. (C) 

 

2. The work done on a particle of mass m by a force, K

   3 / 2 3 / 2
2 2 2 2

x yˆ ˆi j
x y x y

 
 
   

  (K being a 

constant of appropriate dimensions), when the particle is taken from the point (a, 0) to the point (0, a) 

along a circular path of radius a about the origin in the x-y plane is :  [JEE 2013 ; 4/60] 

 ,d cy
   3 / 2 3 / 2

2 2 2 2

x yˆ ˆi j
x y x y

 
 
   

 (K ,d mfpr foek dk fLFkjkad gS), ,d m nzO;eku ds d.k dks 

(a,0) fcUnq ls (0,a) fcUnq rd ,d a f=kT;k ds o`Ùkh; iFk ij ys tkrk gS] ftldk dsUnz x–y ry dk ewy fcUnq gSA 

bl cy }kjk fd;k x;k dk;Z fuEu gS :  

 (A) 
2K

a


   (B) 

K

a


  (C) 

K

2a


  (D*) 0 

Ans. (D) 

 

Sol. suppose x = r cos  

  y = r sin  

 force on particle is  3

K ˆ ˆr cos i r sin j
r

    

 force is in radial direction so work done by this force along given path (circle) is zero.  

Hindi. ekuk fd x = r cos  

  y = r sin  

 d.k ij cy  3

K ˆ ˆr cos i r sin j
r

    gS 

 cy f=kT; fn'kk esa gS vr% fn;s x;s o`Ùkh; iFk ds vuqfn'k bl cy }kjk fd;k x;k dk;Z 'kwU; gSA  
 

3. A particle of mass 0.2 kg is moving in one dimension under a force that delivers a constant power  

0.5 W to the particle. If the initial speed (in ms–1) of the particle is zero, the speed (in ms–1) after 5s is : 

 ,d 0.2 kg nzO;eku dk d.k ,d cy ds vUrxZr] tks fd ,d fu;r 'kfDr 0.5 W d.k dks nsrk gS] ,d fn'kk esa 

xfr'khy gSA ;fn d.k dh izkjafHkd xfr 'kwU; gS rc 5 s ckn bldh xfr (ms–1 esa) gksxk : [JEE-2013 ; 4/60] 

Ans.  5 

Sol. E = P.t = 0.5W × 5s = 2.5 J = 1/2 mv2   v = 5 m/s  
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4. Consider an elliptically shaped rail PQ in the vertical plane with OP = 3m and OQ= 4m. A block of mass 

1kg is pulled along the rail from P to Q with a force of 18 N, Which is always parallel to line PQ (see the 

figure given). Assuming no frictional losses, the kinetic energy of the block when it reaches Q is (n × 10) 

joules. The value of n is (take acceleration due to gravity = 10 ms–2) 

 fp=k esa fn[kkbZ xbZ ,d nh?kZ oÙ̀kkdkj iVjh (rail) PQ Å/oZ ry esa fLFkr gS rFkk nwfj;k¡ OP = 3 m rFkk OQ= 4 m gSaA 

1 kg nzO;eku ds ,d xqVds dks iVjh ij P ls Q  rd 18 N cy ls [khapk tkrk gS( cy dh fn'kk lnSo js[kk PQ  ds 

lekraj gS ¼fp=k nsf[k;s½A ?k"kZ.k ds dkj.k gksus okyh {kfr dks ux.; ekurs gq, xqVds ds fcanq Q  ij igq¡pus ij mldh 

xfr ÅtkZ (n×10) twy gSA n dk eku gS ¼xq:Roh; Roj.k dk eku = 10ms–2½%    
[JEE (Advanced)-2014 ; P-1, 3/60] WPE 

 
 

Ans. 5 

Sol. WF + Wg = Kf – Ki 

 18 × 5 + 1g (– 4) = Kf 

 90 - 40 = Kf 

 Kf = 50J = 5×10J  

 

5*.  A particle of mass m is initially at rest at the origin. It is subjected to a force and starts moving along the 

x-axis. Its kinetic energy K changes with time as dK/dt = t where  is a positive constant of appropriate 

dimensions. Which of the following statements is (are) true?  [JEE (Advanced) 2018 ; P-2, 4/60, –2] 

  (A) The force applied on the particle is constant   

(B) The speed of the particle is proportional to time  

(C) The distance of the particle from the origin increases linearly with time   

(D) The force is conservative  

 nzO;eku (mass) m dk ,d d.k 'kq:vkr esa ewy fcanq (origin) ij fojkekoLFkk esa gSA d.k ij ,d cy yxkus ls og 

x-v{k ij pyus yxrk gS vkSj d.k dh xfrt mtkZ (kinetic energy) K, le; ds lkFk dK/dt = t ds vuqlkj 

ifjofrZr gksrh gS] tgk¡  ,d mfpr foekvksa okyk /kukRed fu;rkad (positive constant) gSA fuEufyf[kr dFkuksa esa 

ls dkSu lk ¼ls½ lgh gS ¼gSa½ \      

  (A) d.k ij yxk;k x;k cy fu;r (constant)  gS 

(B) d.k dh pky le; ds lekuqikfrd (proportional) gS 

(C) d.k dh ewy fcanq ls r; dh x;h nwjh] le; ds lkFk js[kh; rjhds ls (linearly) c<+rh gS 

(D) cy laj{kh (conservative) gS 
Ans. (ABD) 

Sol. 
dv

mv
dt

 = 
dk

dt
 = t v dv = 

m


 t dt 

 
2v

2
 = 

m

 2t

2
    v   t 

 
dv

dt
 = constant  fu;r  F = constant fu;r 

 
dx

dt
   t    x   t2 
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6. A particle is moved along a path AB–BC–CD–DE–EF–FA, as shown in figure in presence of a force 

 ĵx2îyF 


N, where x and y are in meter and  = –1 Nm–1. The work done on the particle by this 

force F


will be ____ joule 

 ,d d.k dks cy  ĵx2îyF 


N, tgk¡ x vkSj y dk eku ehVj esa gS rFkk  = –1 Nm–1 gS] dh mifLFkfr esa  

AB–BC–CD–DE–EF–FA iFk ij fp=kkuqlkj pyk;k tkrk gSA cy F


 }kjk d.k ij fd;s x;s dk;Z dk ifjek.k 

____ twy (joule) gksxkA      [JEE (Advanced) 2019 ; P-1, 3/62] 

    

x 

y 

B 

C 

A 

D 

E F 

1.0 

0.5 

0 0.5 1.0 

 

Ans. 0.75 

Sol. dW = rd.F


 

 dW = ydx + 2xdy 

 AB, y = 1 constant dy = 0  WA B =  
1

0
dx1.ydx  

 B  C, x = 1 constnat dx = 0 WB  C = 2.1   
5.0

1
5.02dy  

 C  D, y = 0.5 dy = 0   WC  D = 
5.0

1

ydx  = 
4

dx
2

1
.

5.0

1


   

 D  E, x = 0.5 dx = 0  WDE =  
0

5.0

dy
2

1
.2xdy2  

 E  F, y = 0, dy = 0,   WEF = 0   

 F  A, x = 0, dx = 0,   WFA = 0 

  

  W = 
4

3

24








  –  

  +3/4J = 0.75J 
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7. A block of mass 2M is attached to a massless spring with spring–constant k. This block is connected to 

two other blocks of masses M and 2M using two massless pulleys and strings. The accelerations of the 

blocks are a1, a2 and a3 as shown in the figure. The system is released from rest with the spring in its 

unstretched state. The maximum extension of the spring is x0. Which of the following option(s) is/are 

correct ? [g is the acceleration due to gravity. Neglect friction]     [JEE (Advanced) 2019 ; P-2, 4/62, –1] 

 2M æO;eku dk ,d xqVdk ,d Hkkjghu fLizax] ftldk fLizax fu;rkad k gS] ls lEc) gSA ;g xqVdk nks vU; M vkSj 2M 

æO;eku ds xqVdksa ls nks Hkkjghu iqfy;ksa ,oa Mksfj;ksa }kjk tqM+k gSA xqVdksa dk Roj.k a1, a2 vkSj a3 gS tSlk fd fp=k esa 

n'kkZ;k x;k gSA bl fudk; dks fLFkj rFkk fLizax dh vforkU; (unstretched) voLFkk ls NksM+k tkrk gSA fLizax dk 

vf/kdre f[kapko (extension) x0 gSA fuEufyf[kr dFkuksa esa ls dkSu lk¼ls½ lgh gS¼gSa½ ?[g  xq:Roh; Roj.k gSA ?k"kZ.k 

mis{k.kh; gS] 
 2M 

a1 

a2 

a3 

2M 

M 

 

 (1) At an extension of 
4

x0 of the spring, the magnitude of acceleration of the block connected to the 

spring is 
10

g3
 

 (2) x0 = 
k

Mg4
 

 (3) When spring achieves an extension of 
2

x0  for the first time, the speed of the block connected to the 

spring is 
k5

M
g3  

 (4) a2 – a1 = a1 – a3 

(A) tc fLizax dk f[kapko 
4

x0  gS rc fLizax ls tqM+s gq, xqVds ds Roj.k dk ifjek.k 
10

g3
 gksrk gSA 

 (B) x0 = 
k

Mg4
 

 (C) tc fLizax dk f[kapko igyh ckj 
2

x0  gksrk gS rc fLizax ls tqM+s gq, xqVds dh xfr dk eku 
k5

M
g3  gksrk gSA 

 (D) a2 – a1 = a1 – a3 

Ans. (4) 
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Sol.  

 

 2M 
a1 

a2 

a3 

2M 

M 

 
 2a1 = a2 + a3 

 a1 – a3 = a2 – a1 

 for other options use m equivalent 

 vU; fodYi ds fy, rqY; m dk iz;ksx djrs gSA 

 m 

2m 

meq 

 

 

3

m4

mm2

)m)(m2(2

'g

T



  

 
3

m8

'g

T2
   

 meq. = 
 

3

m8

m2m

m2m4



 

 

2m 

8m/3 

 

 0
2
0 x

3

mg8
kx

2

1
  

 
k3

mg16
x0   

 
m14

k3

2

x

3

m8
m2

k

2

x

2

x
vV 000

max

2

x0



  = 

k21

32
g   

 
m42

kx3

m14

k3

4

x

4

x
a 0020

4

x0
  = 

21

g8
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PART - II : JEE (MAIN) / AIEEE PROBLEMS  (PREVIOUS YEARS) 

Hkkx - II : JEE (MAIN) / AIEEE ¼fiNys o"kksZ½ ds iz'u 

1. At time t = 0s a particle starts moving along the x-axis. If its kinetic energy increases uniformly with time 

‘t’, the net force acting on it must be proportional to :   

 le; t = 0s ij ,d d.k x-v{k ij xfr izkjEHk djrk gSA ;fn mldh xfrt ÅtkZ le; ‘t’ ds lkFk ,d leku :i 

ls c< jgh gS] rc ml ij dk;Z'khy ifj.kkeh cy blds lekuqikrh gS: [AIEEE 2011 (11-05-2011), 3/120, –1] 

 (1) constant fLFkjkad  (2) t   (3*) 
1

t
  (4) t    

Ans. (3)       

 

Sol. K.E. = ct 

 
1

2
mv2 = ct 

 

2P

2m
 = ct 

 P = 2ctm  

 F = 
dP

dt
 = 2cm

1

2
  ×

1

t
  

 . 
1

F
t

  

 

2. When a rubber-band is stretched by a distance x, it exerts a restoring force of magnitude F = ax + bx2 

where a and b are constants. The work done in stretching the unstretched rubber-band by L is :  

 (1) aL2 + bL3  (2) 
1

2
 (aL2 + bL3)  (3*) 

2 3aL bL

2 3
   (4) 

2 31 aL bL

2 2 3

 
 

 
  

 tc ,d jcM+ ds NYys dks x nwjh rd [khapk tkrk gS ; rc ifjek.k F = ax + bx2 dk ,d izR;u;u cy yxrk gS 

tgk¡ a ,oa b fLFkjkad gSaA fcuk rkfur jcM+'  ds NYys dks L ls foLrkfjr djus esa fd;k x;k dk;Z gS :  

         [JEE (Main) - 2014, 3/120, –1] 

 (1) aL2 + bL3  (2) 
1

2
 (aL2 + bL3)  (3*) 

2 3aL bL

2 3
   (4) 

2 31 aL bL

2 2 3

 
 

 
  

Ans. (3) 

Sol. Work done is streching the rubber band 

 jcj cS.M dks [khpus esa fd;k x;k dk;Z  

 W= 
L

2

0
(ax bx )dx = 

2 3aL bL

2 3
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3. A point particle of mass m, moves along the uniformly rough track PQR as shown in the figure. The 

coefficient of friction, between the particle and the rough track equals . The particle is released, from 

rest, from the point P and it comes to rest at a point R. The energies, lost by the ball, over the parts, PQ 

and QR, of the track, are equal to each other, and no energy is lost when particle changes direction 

from PQ to QR.        [JEE (Main) 2016; 4/120, – 1] 

 The values of the coefficient of friction and the distance x(= QR), are, respectively close to : 

 m nzO;eku dk ,d fcanq d.k ,d [kqjnjs iFk PQR  (fp=k nsf[k;s) ij py jgk gSA d.k vkSj iFk ds chp ?k"kZ.k xq.kkad 

gSA d.k P ls NksM+s tkus ds ckn R ij igqWp dj :d tkrk gSA iFk ds Hkkx PQ vkSj QR ij pyus esa d.k }kjk 

[kpZ dh xbZ ÅtkZ,W cjkcj gSaA PQ ls QR ij gksus okys fn'kk cnyko esa dksbZ ÅtkZ [kpZ ugha gksrhA 

 rc  vkSj nwjh x(= QR) ds eku yxHkx gSa Øe'k % 

   

 

30º 

{kS frt lrg Q 

h = 2 m 

P 

R 

 

30º 

Horizontal 
Surface 

Q 

h = 2 m 

P 

R 

 
 (1) 0.2 and 3.5 m (2*) 0.29 and 3.5 m (3) 0.29 and 6.5 m (4) 0.2 and 6.5 m 

 (1) 0.2 vkSj 3.5 m (2*) 0.29 vkSj 3.5 m (3) 0.29 vkSj 6.5 m (4) 0.2 vkSj 6.5 m 

Ans. (2) 

Sol.   

 

h 

P 


R

x h/tan 

Q 

 

 Given that fn;k x;k gS 








tan

mgh
mgh

tan

mgh
 

 2

tan
1

tan

2 





 
  = 0.29 

 x = 32
tan

h



 = 3.5 m 
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4. A person trying to lose weight by burning fat lifts a mass of 10 kg upto a height of 1 m 1000 times. 

Assume that the potential energy lost each time he lowers the mass is dissipated. How much fat will he 

use up considering the work done only when the weight is lifted up ? Fat supplies 3.8 × 107 J of energy 

per kg which is converted to mechanical energy with a 20% efficiency rate. Take g = 9.8 ms–2  

 ,d HkjksÙkksyd Hkkj dks igys Åij vkSj fQj uhps rd ykrk gSA ;g ekuk tkrk gS fd flQZ Hkkj dks Åij ys tkus esa 

dk;Z gksrk gS vkSj uhps ykus esa fLFkfrt ÅtkZ dk ál gksrk gSaA 'kjhj dh olk ÅtkZ nsrh gS tks ;kaf=kdh; ÅtkZ esa 

cnyrh gSA eku ysa fd olk }kjk nh xbZ ÅtkZ 3.8 × 107 J izfr kg Hkkj gS] rFkk bldk ek=k 20% ;kaf=kdh; ÅtkZ esa 

cnyrk gSA vc ;fn ,d HkjksÙkksyd 10 kg ds Hkkj dks 1000 ckj 1 m dh ÅWpkbZ rd Åij vkSj uhps djrk gS rc 

mlds 'kjhj ls olk dk {k; gS : (g = 9.8 ms–2 ysa) a    [JEE (Main) 2016; 4/120, – 1] 

 (1) 6.45 × 10–3 kg  (2) 9.89 × 10–3 kg (3*) 12.89 × 10–3 kg (4) 2.45 × 10–3 kg 

Ans. (3) 

Sol. Let m mass of fat is used. 

 ekuk olk dk m nzO;eku iz;qDr gqvk gSA 

 m(3.8 × 107) 1/5 = 10(9.8)(1) (1000) 

 m = 3108.3

58.9




= 12.89 × 10–3 kg 

 

5. A time dependent force F = 6t acts on a particle of mass 1kg. If the particle starts from rest, the work 

done by the force during the first 1 sec. will be :     [JEE (Main) 2017; 4/120, –1] 

1kg nzO;eku dk ,d d.k ,d le; ij fuHkZj (time dependent) cy F = 6t dk vuqHko djrk gSA ;fn d.k 

fojkekoLFkk ls pyrk gS rks igys 1 lSd.M esa cy }kjk fd;k x;k dk;Z gksxkA 

 (1) 18 J   (2*) 4.5 J  (3) 22 J   (4) 9 J 

Ans. (2) 

Sol.  

 F = 6t 
 

 a = 
1

t6

m

F
  = 6t 

 
dt

dv
 = 6t 

 dv = 6tdt 

  
v

0

v

0

tdt6dv  

 v = 

1

0

2

2

t
6












 = 3 

 W = KE = KF – Ki  = 
2

1
(1)(3)2 = 4.5 J 

 

6. A body of mass m = 10–2 kg is moving in a medium and experiences a frictional force F = –kv2. Its initial 

speed is v0 = 10 ms–1. If after 10 s, its energy is 2

0

1
mv

8
, the value of  k will be :    

 m = 10–2 kg nzO;eku dk ,d fi.M ,d ek/;e essa xfr dj jgk gS vkSj ,d ?k"kZ.k cy F = –kv2 dk vuqHko djrk gSA 

fi.M dk izkjfEHkd osx v0 = 10 ms–1 gSa ;fn 10 s ds ckn mldh ÅtkZ 2

0

1
mv

8
 gS rks k dk eku gksxkA  

[JEE (Main) 2017; 4/120, –1] 
 (1) 10–1Kg m–1s–1 (2) 10–3Kg m–1  (3) 10–3Kg s–1   (4*) 10–4Kg m–1 

Ans. (4) 
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Sol. F = –Kv2 

 2dv
m kv

dt
   

 

0

v t
2

v 0

k
v dv dt

m

     

 After 10s, i'pkr~, KE = 2 2

0

1 1
mv mv

2 8
     v = 0v

2
 

 
0

0

v / 2

v

1 k
t

v m

     
 

 
0 0

2 1 k
t

v v m

 
  

 
  k = 

2

0

m 10

v t 10 10






 

  

 k = 10–4 kg m–1 

 

7. A particle moves in one dimension from rest under the influence of a force that varies with the distance 

travelled by the particle as shown in the figure. The kinetic energy of the particle after it has travelled 

3m is : 

 ,d d.k ,d cy ds izHkko esa fojke voLFkk ls xfr izkjEHk djrk gSA cy] d.k }kjk pyh nwjh ds vuqlkj bl izdkj 

ifjofrZr gksrk gS tSlk fd fp=k esa n'kkZ;k x;k gSA 3m nwjh pyus ds ckn d.k dh xfrt ÅtkZ gS : 

[JEE (Main) 2019; 4/120, –1] 

 

3 

2 

2 3 x 1 

1 

Force 
(in N 

Distance
(in m) 

 

3 

2 

2 3 x1 

1 

cy 

 (in N 

nwjh  
(in m) 

 
 (1) 5 J   (2) 4 J   (3) 2.5 J  (4) 6.5 J  

Ans. (4) 

Sol. W = kf – Kf 

 W = 2 × 2 + 1/2 × (2 + 3) × 1 = kf = 4 + 2.5 = 6.5 J 

8. A uniform cable of mass 'M' and length 'L' is placed on a horizontal surface such that its 

th

n

1








part is 

hanging below the edge of the surface. To lift the hanging part of the cable upto the surface, the work 

done should be : 

 nzO;eku 'M' rFkk yEckbZ 'L' dh ,d ,dleku dscy ,d {kSfrt lery ij bl rjg j[kh gS fd bldh 
th

n

1








 yEckbZ 

dk fgLlk lery dh dksj ls uhps yVdk gSA bl yVds gq, dscy ds fgLls dks lery rd Åij [khapus ds fy, 

fd;k x;k dk;Z gksxk %     [JEE (Main) 2019_09-04-2019_Shift-1] 

 (1) 
2n

MgL2
  (2) 

2n

MgL
  (3) 

2n2

MgL
  (4) nMgL  

Ans. (3) 
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Sol. Ui = g
2

1

n

L

n

M








  

 Uf = 















n

L
g

n

M
  

 W = Uf – Ui = 
2n2

MgL
 

 

Force 

(L/n)  (L/n)  

 
9. A 60 HP electric motor lifts an elevator having a maximum total load capacity of 2000 kg. If the frictional 

force on the elevator is 4000 N, the speed of the elevator at full load is close to :  

(1 HP = 746 W, g = 10 ms–2)    [JEE-Main-2020, 07 January; 4/100, –1] 

 vf/kdre 2000 kg dh dqy Hkkj {kerk okys ,d ,yhosVj dks 60 HP okyk ,d eksVj Åij dh vksj mBkrk gSA ;fn 

,yhosVj ij yxus okyk ?k"kZ.k cy 4000 N gks] rks iwjh {kerk ls Hkjs gq, ,yhosVj dh xfr fuEu esa ls fdlds 

fudVre gS : (1 HP = 746 W, g = 10 ms–2)  

 (1) 1.5 ms–1    (2) 1.9 ms–1     (3) 2.0 ms–1    (4) 1.7 ms–1 

Ans. (2) 

Sol. 4000 × V + mg × V = P 

 
200004000

74660




 = V 

 V = 1.86 m/s. 9.1  m/s. 

 

10. A particle (m = 1 kg) slides down a frictionless track (AOC) starting from rest at a point A(height 2m). 

After reaching C, the particle continues to move freely in air as a projectile. When it reaching its highest 

point P(height 1m), the kinetic energy of the particle (in J) is : (Figure drawn is schematic and not to 

scale; take g = 10 ms–2) …… . 
 fp=k esa fn[kk, x;s ?k"kZ.kjfgr iFk AOC ij 1 kg nzO;eku dk ,d d.k fcUnq A (Å¡pkbZ 2 ehVj) ls fojkekoLFkk ls 

'kq: gksdj uhps dh vksj fQlyrk gSA fcUnq C ij igq¡pus ds ckn ;g ,d iz{ksI; (projectile) dh rjg gok esa pyrs 

jgrk gSA tc ;g vius mPpre fcUnq P(Å¡pkbZ 1ehVj) ij ig¡qpsxk] rks bldh xfrt ÅtkZ (J esa) dk eku gksxk : 

(fn[kk;k x;k fp=k lkadsfrd gS; g dk eku 10 ms–2 ysa) …… .   [JEE-Main-2020, 07 January; 4/100] 

A 

2m 

O 

C 

Height P 

 

Ans. 10 

Sol. KE = PE1 – PE2 = mgh1 – mgh2 

 = 1 × 10 × 2 – 1 × 10 × 1 = 10J 
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11. An elevator in a building can carry a maximum of 10 persons, with the average mass of each person 

being 68 kg. The mass of the elevator itself is 920 kg and it moves with a constant speed of 3 m/s.  The 

frictional force opposing the motion is 6000 N. If the elevator is moving up with its full capacity, the 

power delivered by the motor to the elevator (g = 10 m/s2) must be at least : 

 ,d bekjr esa yxs gq, ,yhosVj esa vkSlr nzO;eku 68 kg ds vf/kdre 10 O;fDr tk ldrs gSA [kkyh ,yhosVj dk 

nzO;eku 920 kg gS vkSj ;g 3 m/s xfr ls pyrk gSA ,yhosVj ij yxus okyk ?k"kZ.k cy 6000 N gSA ;fn ,yhosVj 

viuh vf/kdre {kerk rd Hkjk gqvk Åij dks mB jgk gks rks bldks pykus okys eksVj }kjk nh tkus okyh U;wUre 

'kfDr dk eku gS % (g = 10 m/s2)     [JEE-Main-2020, 07 January; 4/100, –1] 

 (1) 62360 W  (2) 56300 W  (3) 48000 W  (4) 66000 W 

Ans. (4) 

Sol. Net force on motor will be 

 Fm = [920 + 68(10)]g + 6000 

      = 22000 N 

So, required power for motor  

  Pm = mF . v  

       = 22000 x 3 

       = 66000 watt 

Sol. eksVj ij ifj.kkeh cy gksxk  

 Fm = [920 + 68(10)]g + 6000 

      = 22000 N 

vr% eksVj dh vko';d 'kfDr  

  Pm = mF . v  

       = 22000 x 3 

       = 66000 watt 

 

12. Consider a force ĵyîxF 


. The work done by this force in moving a particle from point A(1, 0) to 

B(0, 1) along the line segment is : 

 (All quantities are in SI units) 

 vkidks ,d cy ĵyîxF 


 fn;k x;k gSA ,d d.k dks fcUnq A(1, 0) ls fcUnq B(0, 1) rd fp=k esa fn[kk;h x;h 

js[kk ij ys tkus esa bl cy }kjk fd;k x;k dk;Z gksxk:  (lHkh jkf'k;k¡ SI esa nh x;h gSaA) 

        [JEE-Main-2020, 09 January; 4/100, –1] 

 

 (1)  
2

1
   (2) 

2

3
   (3) 2   (4) 1 

Ans. (4) 

Sol.  sd.FW


 

      = )ĵdyîdx(.)ĵyîx(   

      =  
1

0

0

1

ydyxdx = 

1

0

2
0

1

2

2

y

2

x
  = 














 
2

1

2

1
0  = 1J 
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 Marked Questions can be used as Revision Questions. 

 fpfUgr iz'u nksgjkus ;ksX; iz'u gSA 
 

SUBJECTIVE QUESTIONS  

fo"k;kRed iz'u ¼SUBJECTIVE QUESTIONS½ 

 
1. A block of mass ' m ' is pushed against a spring of spring constant ' k ' fixed at one end to a wall. The 

block can slide on a frictionless table as shown in the figure. The natural length of the spring is L0 and it 
is compressed to one-fourth of natural length and the block is released. Find its velocity as a function of 
its distance (x) from the wall and maximum velocity of the block. The block is not attached to the spring. 

nzO;eku ' m ' dk ,d xqVdk fLizax fu;rkad ' k ' ds fLizax ftldk ,d fljk ,d nhokj ij fLFkr gS ds fo:) /kdsyk 
tkrk gSA xqVdk ?k"kZ.kjfgr est ij fp=kkuqlkj fQly ldrk gSA fLizax dh izkÑfrd yEckbZ L0 gS ,oa ;g izkÑfrd 
yEckbZ dh ,d pkSFkkbZ rd lEihfM+r fd;k tkrk gS ,oa xqVdk NksM+ fn;k tkrk gSA bldk osx nhokj ls nwjh (x) ds 
lkFk Qyu ds :i esa ,oa vf/kdre osx crkvksa \ xqVdk fLizax ls tqM+k gqvk ugha gSA  

]  
   

Ans. v =  
2

20
0

3 Lk
L x

m 4

      
   

  when tc x< L0  ; vmax =
03 L

4

k

m
  when tc  x  L0 

 

Solution:  
1

2
 k

2

03 L

4

 
 
 

  =
1

2
  mv2 +

1

2
 k (L0  x)2   when  tc x < L0 

  v =  
2

20
0

3 Lk
L x

m 4

      
   

  

 when tc x  L0

2

03L1
K

2 4

 
 
 

   = 
1

2
mv2   v = 03L k

4 m
 

 which is also the maximum speed of the block. Thus, vmax = 03 L

4

k

m
  

 tks fd CykWd dh vf/kdre pky Hkh gSA blfy, vmax =
03 L

4

k

m
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2. A block of mass m rests on a rough horizontal plane having coefficient of kinetic friction µk and 
coefficient of static friction µs. The spring is in its natural length, when a constant force of magnitude  

P =  k5 mg

4


starts acting on the block. The spring force F is a function of extension x as F = kx3. 

(Where k is spring constant)      

 nzO;eku m dk ,d xqVdk ,d [kqjnjs {kSfrt ry ij j[kk gS] ftldk xfrd ?k"kZ.k xq.kkad µk o LFkSfrd ?k"kZ.k xq.kkad 

µs gSA fLizax bldh izkÑfrd yEckbZ esa gS] tc ,d fu;r cy P = k5 mg

4


 ifjek.k dk xqVds ij yxuk izkjEHk 

gksrk gSA fLizax dk cy F blds foLrkj x dk ,d Qyu F = kx3  gS (tgk¡ k fLizax fu;rkad gS)  

 
 

 (a)  Comment on the relation between µs and µk for the motion to start. 
            (b) Find the maximum extension in the spring (Assume the force P is sufficient to make the block 

move).        

 (a)  xfr ds izkjEHk gksus ds fy, µs o µk esa laca/k ij fVIi.kh djksA  

            (b) fLizax esa vf/kdre foLrkj Kkr djks ¼;g ekfu;s fd cy P xqVds dks pykus ds fy, i;kZIr gSA)  

Ans. (a) 5k > 4s ; (b)  x =  

1/ 3

Kmg

K

 
 
 

 

Sol. (a)  For motion to start     xfr izkjEHk gksus ds fy,  

  k5 mg

4


 > smg  or    5k > 4s  

 (b)  

   
 At the final position of the block extension in spring is maximum and the speed of the block is  

v = 0. Hence the net work done in taking the block from initial to final position  

 W = work done by P + work done by spring force F + work done by friction = K = 0   
 

 xqVds dh vfUre fLFkfr ij fLizax esa foLrkj vf/kdre gS ,oa xqVds dh pky v = 0 gSA vr% xqVds dks izkjfEHkd ls 
vfUre fLFkfr rd ys tkus esa fd;k x;k dqy dk;Z  

 

 W =  P }kjk fd;k x;k dk;Z + fLizax cy F }kjk fd;k x;k dk;Z + ?k"kZ.k }kjk fd;k x;k dk;Z  = K = 0  

 = Px –
x

3

0

Kx . dx – µkmgx = k5 mg

4


.x – 

4kx

4
–kmgx = 0   

 solving we get  gy djus ij  x =  

1/ 3

Kmg

K
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3. A particle of mass m = 1 kg lying on x-axis experiences a force given by law  

      F


= x (3x – 2)  î Newton,  

 
 where x is the x-coordinate of the particle in meters.      
 (a) Locate the points on x-axis where the particle is in equilibrium. 
 (b) Draw the graph of variation of force F (y-axis) with x-coordinate of the particle (x-axis).  

 Hence or otherwise indicate at which positions the particle is in stable or unstable  
  equilibrium. 
 (c) What is the minimum speed to be imparted to the particle placed at x = 4 meters such  

 that it reaches the origin.    

 ,d d.k dk nzO;eku m = 1 kg gS ;g x-v{k ij j[kk gS rc cy F


 = x (3x – 2) î  U;wVu vuqHko djrk gSA   

 tgk¡ x d.k dk x-funsZ'kkad ehVj esa gSA       

      
 (a) x-v{k ij os fcUnq crkb;s tgk¡ d.k lkE;koLFkk esa gSA  
 (b) cy F (y-v{k) dk d.k ds x-funsZ'kkad (x-v{k) ds lkFk xzkQ [khapksA  
  vr% ;g crkb;s fdu fLFkfr;ksa esa d.k LFkk;h ;k vLFkk;h lkE;koLFkk esa gSA  

 (c) x = 4 ehVj ij j[ks d.k dks fdruh U;wure pky nh tk;s rkfd ;g ewy fcUnq rd igq¡psA  

Ans. (a)  x = 0 and rFkk x =
2

3
 m  

 (b)   

  The particle is in stable equilibrium at x = 0 metre and unstable equilibrium at x =
2

3
 metre  

  x = 0 ij d.k LFkk;h lkE;koLFkk esa o x =
2

3
 ehVj ij vLFkk;h lkE;koLFkk esa gSA  

 (c) v = 
2600

27
m/s 

Sol. (a)  The particle is at equilibrium when F = 0   

  tc F = 0 gks rks d.k lkE;oLFkk esa gksrk gSA    

   x (3x – 2) = 0  

   x = 0 and x = 
2

3
m   

  d.k x = 0 o x = 
2

3
 ij lkE;koLFkk esa gSA   
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(b)   

  The particle is in stable equilibrium at x = 0 metre and unstable equilibrium at x =
2

3
 metre 

  Since at  pwafd x = 0 ij   
dF

0
dx

    

2

2

d U
0

dx
 and at  vkSj x =

2

3
 m ij

dF
0

dx
     

2

2

d U
0

dx


   

  x = 0 ij d.k LFkk;h lkE;koLFkk esa o x =
2

3
 ehVj ij vLFkk;h lkE;koLFkk esa gSA  

(c)  The minimum speed imparted to the particle should be such that it just reaches x =
2

3
  from 

there on it shall automatically reach x = 0   

 d.k dk nh xbZ U;wure pky bl izdkj gksuh pkfg, rkfd ;g Bhd x = 
2

3
 ij igq¡ps ogk¡ ls ;g x =

2

3
 0 

rd Lor% igq¡p tk;sxkA   

  
1

2
 mv2 = –  

2 / 3

4

Fdx = – 

2 / 3

4

x(3x 2) dx


  =
1300

27
  or ;k    v =

2600

27
 m/s 

 
4. A ring of mass ' m ' can slide along a fixed rough vertical rod as shown in fig. The ring is connected by a 

spring of spring constant k =
4mg

R
 where 2 R is the natural length of spring. The other end of spring is 

fixed to the ground at point A at a horizontal distance of 2 R from the base of the rod. If the ring is 

released from a height of 3R/2 & it reaches the ground with a speed 3gR , find co-efficient of friction 

between the rod & ring.     

 nzO;eku ' m ' dh ,d oy; fp=kkuqlkj ,d tM+Ro [kqjnjh Å/okZ/kj NM+ ds vuqfn'k fQly ldrh gSA oy; fLizax 

fu;rkad k =
4mg

R
 ds ,d fLizax ls tqM+h gS tgk¡ 2 R fLizax dh izkÑfrd yEckbZ gSA fLizax dk nwljk fljk /kjkry 

ij fcUnq A ij NM+ ds vk/kkj ls 2 R nwjh ij tqM+k gSA ;fn oy; /kjkry ls 3R/2 Å¡pkbZ ls NksM+h tkrh gS ,oa ;g 

oy; /kjkry ij 3gR  pky ls igq¡prh gSA NM+ o oy; ds e/; ?k"kZ.k xq.kkad Kkr djksA  

 
      

Ans. 
1

8 (3 4 n 2)
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Sol. Using work energy thoerem,  dk;Z ÅtkZ izes; ls  

  Wf +

2
3R 1 4mg R

mg
2 2 k 2

     
  

  =
1

2
 m  23gR  

 Wf =
1

2
  mgR  

     

   f = N (as kinetic friction)     (xfrd ?k"kZ.k)   

 Wf  =  f dx =   Fs cos  d x  ( x = 2 R tan  ;  dx = 2 R sec2  d) 

 Fs = k 2 R(sec  1)    

 Wf =   k 2 R (sec  1) cos  2 R sec2  d 

 Wf  = 4 R2 k

0

0


 (sec2  sec ) d   0 = tan 1 (3/4) 

 = 4 R2 k  
0

0
tan n (sec tan )


     = –4R2k [tan 0  ln (sec 0 + tan 

0
)] = 

mgR

2
  

  4 R2 k 
3 5 3

n
4 4 4

     
  

 = R2 k [3  4 ln 2] = 
mg R

2
 

   = 
mg

2 Rk (3 4 n2)
 =  

1

8 (3 4 n 2)
 Ans.   

 
 
5. A block of mass m1 is kept over another block of mass m2 and the system rests on a horizontal surface 

(as shown in figure). A constant horizontal force 2F acting on the lower block produces an acceleration  

1 2

F

(m m )
 in the system, the two blocks always move together. (a) Find the coefficient of kinetic 

friction between the bigger block and the horizontal surface. (b) Find the frictional force acting on the 
smaller block. (c) Find the work done by the force of friction on the smaller block by the bigger block 
during a displacement x of the system.        

fp=kkuqlkj m1 nzO;eku dk ,d xqVdk m2 nzO;eku ds ,d nwljs xqVds ij j[kk gS ,oa fudk; {kSfrt lrg ij j[kk 

gSA ,d {kSfrt cy 2F fupys xqVds ij dk;Zjr gS ,oa fudk; esa 
1 2

F

(m m )
 dk Roj.k mRiUu djrk gS] nksuksa xqVds 

lnSo ,d lkFk xfr djrs gSA  (a) cM+s xqVds o {kSfrt lrg ds e/; xfrt ?k"kZ.k xq.kkad Kkr dhft;sA (b) NksVs xqVds 
ij dk;Zjr ?k"kZ.k cy Kkr dhft;sA (c) fudk; ds foLFkkiu x ds fy;s cM+s xqVds }kjk NksVs xqVds ij ?k"kZ.k cy }kjk 
fd;k x;k dk;Z Kkr dhft;sA  

 
      

Ans.  (a) 

1 2

F

(m m )g
  (b) 1

1 2

m F

(m m )
  (c) 1

1 2

m Fx

(m m )
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Solution :  a = 

1 2

F

(m m )
 f1 = m1a = m1 

1 2

F

(m m )
  Ans. of (b)   

    
 2F – f1 – f2 = m2a 
 
 – f2 = – 2F + f1 + m2a = m1a + m2a – 2F  

 – f2 = (m2 + m1)  

1 2

F

(m m )
– 2F = F – 2F = – F   f2 = – F 

  
 2F – K (m2 + m1)g  =  (m2 + m1)a 

 2F – (m2 + m1) 

1 2

F

(m m )
 = µK (m2 + m1)g    

1 2

F

(m m )g
= K  Ans. of (a)   

 W = work done by friction force on smaller block  NksVs xqVds ij ?k"kZ.k cy }kjk fd;k x;k dk;Z   

 = f1x =  1

2 1

m F

(m m )
x        Ans of (c)  

 
6. A box having mass 400 kg is to be slowly slide through 10 m on a horizontal straight track having 

friction coefficient 0.2 with the box. (a) Find the work done by the person pulling the box with a rope at 

an angle  with the horizontal. (b) Find the work when the person has chosen a value of  which 
ensures him the minimum magnitude of the force. [g = 10 m/s2]   

 ,d 400 kg nzO;eku dk lUnwd /khjs&/khjs {kSfrt lh/ks iFk ij 10 m ljdk;k tkrk gS ftldk lUnwd ds lkFk ?k"kZ.k 
fu;rkad 0.2 gSA [g = 10 m/s2] 

 (a) {kSfrt ds lkFk  dks.k cuk jgh ,d jLlh ls lUnwd dks [khap jgs O;fDr }kjk fd;k x;k dk;Z Kkr djksA  
 (b) dk;Z Kkr djks tc O;fDr  dk ,slk eku pqurk gS fd mls U;wure ifjek.k dk cy yxkuk iM+sA 

Ans.  (a)  
40000

J
5 tan 

 (b) 7692.31 J  7690 J 

Sol.  

 mg = N + F sin  .......(1) 

 N = F cos  .......(2) 

  mg = F cos  + F sin   

 F = 
mg

cos sin


   

 .......(3) 

 WF =
μ mgcos (10)
cos  μsin


  

  =  
40000

5 tan 
  Ans.  

 F is min. if D = cos  +  sin  is maximum and its maximum value is
21     
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 F U;wure gS ;fn D = cos  +  sin   vf/kdre gS rFkk bldk vf/kdre eku 21    gSA 

 Fmin. =  

2

2

mg 1

1

  
 

=   
2

mg

1



 
 

 
minFW =  

2

mg

1



  2

10

1 
 

  = 0.2, mg = 4000 Nt 

 
minFW  = 

2 2

(0.2)(4000)10

( 1 (0.2) )
   

  = 
2

400 20

( 1 0.04)




= 
8000

1.04
 = 7692.307 J Ans. 

 
7. A small bead ‘B’ of mass m is free to slide on a fixed smooth vertical wire, as indicated in the diagram. 

One end of a light elastic string, of unstreched length a and force constant 2mg/a is attached to B. The 
string passes through a smooth fixed ring R and the other end of the string is attached to the fixed point 
A, AR being horizontal. The point O on the wire is at same horizontal level as R and AR = RO = a. 

 m nzO;eku dk NksVk eksrh ‘B’ çnf'kZr fp=k esa fLFkr Å/okZ/kj fpdus rkj ij fQlyus ds fy, LorU=k gSA vfoLrkfjr 
yEckbZ a rFkk cy fu;rkad 2mg/a dh gYdh çR;kLFk jLlh dk ,d fljk B ls tqM+k gqvk gSA jLlh tM+or~ fpduh 
oy; R ls ikfjr gksrh gqbZ nwljs fljs ls fLFkj fcUnq A ls ca/kh gqbZ gSA AR {kSfrt gSA rkj ij fcUnq O fcUnq R ds 
leku {kSfrt Lrj ij bl çdkj gS fd AR = RO = a 

 (i) In the equilibrium position, find OB. 

      lkE;koLFkk fLFkfr esa  OB Kkr djksA 

 (ii)   The bead B is raised to a point  C of the wire above O, where OC = a  and is released from rest. 
Find the speed of the bead as it passes O and find the greatest depth below O of the bead in the 
subsequent motion. 

 O ls Åij rkj ij fLFkr fcUnq C rd eksrh B dks ys tk;k tkrk gSA ;gka OC = a rFkk bldks fLFkjkoLFkk ls NksM+k 
tkrk gSA O lss ikfjr gksus ij eksrh dh pky Kkr djks rFkk vkxs dh xfr ds fy, O ds uhps eksrh dh vf/kdre nwjh 
Kkr djksA  

  
 

Ans. (i) OB = a/2  (ii) v = 4ag  , d = 2a   

Sol. (i)    

 mg = T cos   
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  mg =
2mg

a
 

2 2a x a a   
 

  ×   
2 2

x

a x

 
 

 
 

  x =  
a

2
 

 (ii)   

  
1

2
K  22a + mga =

1

2
 K (2a – a)2 + 

1

2
mv2  

   
1

2

2mg

a

 
 
 

 (2a2 – a2) + mga =   
1

2
mv2  

   4ga  = v 

 

 (iii)   

  
1

2
K  2

2a + mg a =  
1

2
K  22 2a y – mg y   

  
1

2
K2a2 + mg a  = 

1

2
K(a2 + y2) – mgy 

  
1

2

2mg

a
 2a2 + mga =

1

2

2mg

a
 a2 +

1

2

2mg

a
 y2 – mg y  

  3 mg a – mg a =

2mg y

a
 – mg y   

  2 mga  = 

2mg y

a
– mg y 

  2a2  =  y2 – ay   

  y2 – ay  – 2a2 = 0 
  y2 + ay  – 2ay  – 2a2  

  y (a + y) = 2a (y + a)  

   y = 2a 
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8. A particle of mass m approaches a region of force starting from r = +  The potential energy function 
in terms of distance r from the origin is given by, 

 m nzO;eku dk d.k r = + ls fdlh cy ds {ks=k dh rjQ xfr djrk gSA ewy fcUnq ls nwjh r ds lkFk fLFkfrt ÅtkZ 
Qyu fuEu gS &  

 U (r) = 
3

K

2 a
 (3 a2  r2)  for, 0 r   a  ds fy,  

    = K/r   for, r   a   ds fy,  

 where tgk¡ K  0 (positive constant /kukRed fu;rkad)  

 (a)  Derive the force  F (r) and determine whether it is repulsive or attractive. 

  F (r) Kkr dhft, rFkk crkb;s fd ;g vkd"kZ.k çÑfr dk gS ;k çfrd"kZ.k çÑfr dk gSA 

 (b)  With what velocity should the particle start at  r =   to cross over to other side of the origin. 

  d.k dks r =   ls fdl osx ds lkFk xfr djuk pkfg, fd ;g ewy fcUnq ds nwljh rjQ ikj gks tk,A  

 (c)  If the velocity of the particle at  r =  is 
2 K

a m
 towards the origin describe the motion. 

  ;fn r =  ij d.k dk osx ewy fcUnq dh rjQ  
2 K

a m
 gks rks xfr dks le>kvksA 

Ans. (a) çfrd"kZ.k repulsive   (b)  v > 
3 k

a m
  (c) stops at r = a & then reaches to r = .    r = a ij :d tkrk gS 

o fQj r = ij igq¡prk gSA   

Sol. 
du

dr
 =

3

K

2a
(–2r)    F(r) =

3

K

a
 r 

 F(r)  = 
3

K ˆr r
a

 
 
 

   for 0  r  a 

 F(r)  = 
2

K

r
r̂   for r    a 

  K > 0   
   force is +ve    cy /kukRed gS 
    force  is repulsive  cy izfrd"khZ gS        Ans.   

(b) 
1

2
m u2 + 0 = 0 + 

2

3

K3a

2a
 

 u2 =  
3K

ma
    u =

3k

am
 Ans.      

(c)  
1

2
m

2k

am
+ 0 =  0 + P.E.    P.E =

k

a
  r = a   Ans. 
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9. A uniform string of mass ‘M’ and length 2a, is placed symmetrically over a smooth and small pulley and 

has particles of masses ‘m’ and ‘m’ attached to its ends; show that when the string runs off the peg its 

velocity is .
M 2(m m )

ag
M m m

  
   

 Assume that m > m. 

 ‘M’ nzO;eku rFkk 2a yEckbZ dh le:i jLlh fpduh NksVh f?kjuh ij lefer :i ls j[kh gqbZ gS rFkk ‘m’ rFkk ‘m’ 
nzO;eku ds d.k blds nksuksa fljksa ls ca/ks gq, gSA çnf'kZr djks fd tc jLlh [kwaVh dks NksM+ jgh gksxh rc bldk osx  

 
M 2(m m )

ag
M m m

  
   

gksxkA ekuk m > m gSA 

Sol.  

    

 – g [ma + m´a + M
a

2
]  = – g [ m2a  + m´0 + Ma] + 

1

2
 (M + m + m´)v2  

 

Ma
2g[2ma ma Ma m´a]

2
M m m'

   

 
 = v v = 

M 2(m– m´)
ag

M m m´


 

  Ans.  

 

 
 

10.  A single conservative force F(x) acts on a 1.0 kg particle that moves along the x-axis. The potential 
energy  
 U(x) is given by : U(x) = 20 + (x – 2)2 

 where x is in meters. At x = 5.0 m the particle has a kinetic energy of 20 J.  

 ,d laj{kh cy F(x), 1.0 fdxzk ds d.k tks x-v{k ds vuqfn'k xfr djrk gS ij dk;Z djrk gSA fLFkfrt ÅtkZ U(x) 

fuEu izdkj nh tkrh gSA  
  U(x) = 20 + (x – 2)2  

 tgka x ehVj esa gSA x = 5.0 eh- ij d.k dh xfrt ÅtkZ 20 J gSA  
 (i)  What is the mechanical energy of the system ? 

  fudk; dh ;kaf=kd ÅtkZ fdruh gSA   

 (ii)  Make a plot of U (x) as a function of x for – 10 m < x < 10m, and on the same graph draw the 
 line that represents the mechanical energy of the system.  

 – 10 m < x < 10m ds fy, x ds Qyu ds :i esa U(x) dk oØ cukb;s ,oa mlh xzkQ ij og js[kk cukbZ;s 
tks fudk; dh ;kaf=kd ÅtkZ dks iznf'kZr djrh gSA  

  Use part (ii) to determine  

  fuEu dks Kkr djus ds fy, Hkkx (ii) dk mi;ksx dhft;sA  
 (iii)  The least value of x and  

  x dk U;wure eku ,oa  
 (iv)  The greatest value of x between which the particle can move.  

  x dk vf/kdre eku ftlds e/; d.k xfr dj ldrk gSA  

 (v)  The maximum kinetic energy of the particle and  

  d.k dh vf/kdre xfrt ÅtkZ ,oa  
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 (vi)  The value of x at which it occurs.  

  blds gksus ds fy, x dk eku  
 (vii)  Determine the equation for F (x) as a function of x.  

  x ds Qyu ds :i esa F(x) dh lehdj.k Kkr dhft;sA 

 (viii)  For what value of x does F(x) = 0 ? 

  x ds fdl eku ds fy, F(x) = 0 gksxk \ 

Ans.  (i) 49 J   

(ii)  

–x –10 x=2 10
x

84

U(x)

164

49
ME

20

–3
.3

8

7
.3

8

 

 (iii)  29 2   –3.38 m  

 (iv)  29 2    7.38 m (v) 29 J   

 (vi) x = 2m   (vii) F = 2 (2 – x)  (viii) x = 2  
Sol. U (x) = 20 + (x – 2)2  

 
du

dx
 =  2(x – 2) 

  – F = 2(x – 2) 
         F = – 2(x – 2)  
 m (x – 2) = – 2 (x – 2)  
 Let  x = x – 2  
 mx  = – 2 x  
 1 x  = – 2 x  

    x = – 2 x  Simple Harmonic Motion  ljy vkorZ xfr  
 Mean position is  ek/; fLFkfr gS  x = x – 2 = 0     x = 2  

 

 

 
 W2 = 2  ,   

 Kinetic energy  xfrt ÅtkZ  = 
1

2
mv2   

 =  
1

2
 (1) (2) (A2 – x2) = x – 2, x = 5 – 2 = 3 

 20 =
1

2
  (1) (2)  {A2 – 32}  

 20 = A2 – 9    A2  = 29   A = 29  
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 Aliter :  

 for mean position ek/; voLFkk ds fy, 

 F = – 
dU

dx
 = – 2(x – 2) = 0  x = 2 

 At x = 5 
 K.E. = 20 J 
 U(x = 5) = 20 + (5 – 2)2 = 29 J 

 Total energy dqy ÅtkZ, T.E. = 20 + 29 = 49 J 

 At amplitude vk;ke ij  

 U(x)max = 49 J = 20 + (x – 2)2  
 29 J = (x– 2)2  

 x = 2 ± 29  

 x = 2 + 29 ,  2 – 29  

 xmin = 2 – 29  = –3.38 

 xmax = 2 +  29 = 7.38  

 K.E.max when U(x) is minimum at x = 2 

 xfrt ÅtkZ vf/kdre gksxh tc fLFkfrt ÅtkZ U;wure gksxhA 

 U(x)min = 20 J 
 KEmax = 29 J 
 
11. A 1.2 kg collar C may slide without friction along a fixed smooth horizontal rod. It is attached to three 

springs each of constant K = 400 N/m and 150 mm undeformed length. Knowing that the collar is 
released from rest in the position shown. Determine the maximum velocity it will reach in its motion. 
[Here A, O, B are fixed points.]   

 
 

 1.2 kg dk dkWyj C tM+or~ fpduh {kSfrt NM+ ds vuqfn'k fcuk ?k"kZ.k ds fQly ldrk gSA ;g rhu fLçaxksa ls tqM+k 
gqvk gSA çR;sd dk fLçax fu;rkad K = 400 N/m rFkk 150 mm vfoLrkfjr yEckbZ gSA ;g Kkr gS fd çnf'kZr fLFkfr 
ls dkWyj dks fLFkjkoLFkk esaa NksM+k tkrk gSA bldh xfr ds nkSjku vf/kdre osx Kkr djksA  [ ;gka A, O, B fLFkj fcUnq 
gSA ] 

Ans.     2/1
22

1215
2

15







  m/s  = 3.189 m/s  
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Sol. Velocity will be maximum when a = 0  
 osx vf/kdre gksxk tc a = 0 gS  
 For a = 0, F = 0   ds fy,  
 This situation occurs for ve following arrangement of springs.  

 vmax dh fLFkfr fLizax dh fuEu O;oLFkk esa vkrh gSA  

  150 150  
    

 Natural length is c = 150 mm   izkÑfrd yEckbZ c = 150 mm gS     
 Now vc , Ui + Ki = Uf + Kf  

  Ui = 
1

2
K{ 5 c – c}2 + 

1

2
K{ 2 c – c}2 

  Ki = 0 

  Uf = 2. 
1

2
K{ 2 c – c}2 

  
1

2
K{ 5 c – c}2 + 

1

2
K{ 2 c – c}2 

 = 
1

2
mv2  + 2. 

1

2
K{ 2 c – c}2 

 Solving the equation & putting the values  lehdj.k dks gy djus o eku j[kus ij ge izkIr djrs gSa  

 we have 

  v =     2/1
22

1215
2

15







  m/s =  3.189 ms–1 . 

 
12. A block of mass 4 kg is moved from rest on a smooth inclined plane of inclination 53° by applying a 

constant force of 40 N parallel to the incline. The force acts for two seconds. (a) Show that the work 
done by the applied force is not less than 160 J. (b) Find the work done by the force of gravity in that 
two seconds if the work done by the applied force is 160 J. (c) Find the kinetic energy of the block at the 
instant the force ceases to act in case (b). [Take g = 10 m/s2]   

 ,d 4 Kg nzO;eku dk xqVdk 53° <ky okys fpdus urry ij fojkekoLFkk esa j[kk gS] bldks urry ds lekUrj  
40 N dk fu;r cy yxkdj [khapk tkrk gSA cy nks lsd.M ds fy;s dk;Z djrk gSA (a) n'kkZb;s fd vkjksfir cy 
}kjk fd;k x;k dk;Z 160 J ls de ugha gSA (b) ;fn vkjksfir cy }kjk fd;k x;k dk;Z 160 J gS rks nks lsd.M esa 
xq:Roh; cy }kjk fd;k x;k dk;Z Kkr dhft;sA (c) fLFkfr (b) esa xqVds dh xfrt ÅtkZ Kkr dhft;s ftl {k.k cy 
dk;Z djuk cUn djrk gS  

 (g = 10 m/s2 ysaA) [Take g = 10 m/s2] 

Ans.  (b) – 128 J (c) 32 J  
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Sol.  

 
 (a) Taking  F = 40 N, m = 4 kg ,  = 53º  ysus ij 

  ax = (F cos  – mg sin )/m 

     = (40 cos  – 40 ×
4

5
 )/4 = 10 cos  – 8  

  ay = 
Fsin

m


 =  

40sin

4


= 10 sin   

  x = 0 × 2 +
1

2
  (10 cos  – 8) (2)2 = 20 cos  – 16  

  y = 
1

2
 (10 sin ) (2)2 = 20 sin   

  WF = (F cos ) x + (F sin )y   

  WF = (40 cos ) (20 cos  – 16) + (40 sin ) 20 sin   

       = 800 cos2  – 640 cos  + 800 sin2   

  WF = 800 – 640 cos   

  WF  800 – 640 

  WF  160 J 

 (b) If ;fn WF = 160 J then rks 160 = 800 – 640 cos     cos  = 1  

  y = 0 and rFkk x = 20 – 16 = 4 

  WG = (–mg sin ) (4) = (–4 × 10 ×
4

5
 ) 4 

       = –128 J 

 (c) F acts along the x-axis. F, x-v{k ds vuqfn'k dk;Zjr gSA 

  WG + WF = K   

  –128 + 160 = K  Kf = 32 J. 
 
13. There is a vertically suspended spring, mass system. When block of mass 10 kg is suspended from 

lower end of the spring, it is stretched by 20 cm under the load of block at equilibrium position. When an 
upward speed of 4 m/s is imparted to the block by giving a sharp impulse from below, how much high 
will it rise from equilibrium position. 

 10 fdxzk- nzO;eku dk ,d xqVdk ,d Å?okZ/kj fLizax ds fljs ls yVdk gS tks lkE;koLFkk esa xqVds ds Hkkj ds dkj.k 
20 lseh- ls [khaph gqbZ gSA xqVds dks uhps ls ,d rh{.k vkosx fn;k tkrk gS rkfd ;g Åij dh vksj 4 eh-@ls- dh 
pky izkIr dj ysA ;g lkE;koLFkk ls fdruk Åij mBsxk \ fn;k x;k g = 10 eh-/ls-2  

Ans.   0.56 m = 56 cm  
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Sol.  

 
 mg = kx  

 K = 
mg

x
 =  

100

0.2
= 500 N/m  

 
1

2
 K (0.2)2 +  

1

2
mv2 = m × 10 × 0.2  

 
1

2
 × 500 × 4 × 10–2 +  

1

2
× 10 v2 = 10 × 10 × 0.2 

 10 + 5v2 = 20 
 v2 = 2 

 v =  2 m/s   

 Since u is 4 m/s ( ) so block will compress the spring.  
 Let x be the compression of spring. 

 pwafd u, 4 m/s ( ) gS vr% xqVdk fLizax dks lEihfMr djsxk ekuk x fLizax esa lEihMu gSA 

 
21

mu
2

 +
21

K(0.2)
2

  + 0 =  
1

2
m(0)2 + 

1

2
 Kx2 + mg (x + 0.2)  

  
1

2
× 10 (4)2 

1

2
+  × 500 ×  

4

100

 
 
 

=  
1

2
× 500 (x)2 + 10 × 10 (x + 0.2)  

 80 + 10 = 250x2 + 100 x + 20 

 25 x2 + 10 x – 7 = 0    solving this gy djus ij 
 x = 0.36 m 
 So from initial position distance is ( 0.2 + 0.36) m = 56 cm 

 vr% izkjfEHkd voLFkk ls nwjh gSA  ( 0.2 + 0.36) m = 56 cm 

 

14._ A certain spring is found not to obey Hooke’s law, it exerts a restoring force F(x) = –x – x2 if it is 

stretched or compressed, where  = 48 N/m and = 24 N/m2. The mass of the spring is negligible. An 
object with mass 1 kg on a frictionless, horizontal surface is attached to the spring, pulled a distance 1m 
to the right to stretch the spring and released. The speed of the object when it is 0.5m to the right of the 
x = 0 equilibrium position is     

 ,d fuf'pr fLçax gqd fu;e dh vuqikyuk ugha djrh gSA blds }kjk ,d çR;ku;u cy F(x) = –x – x2 yxk;k 

tkrk gS] ;fn ;g [khaprh gS ;k lEihfM+r gksrh gS] tgk¡  = 48 N/m rFkk = 24 N/m2 gSA fLçax dk nzO;eku ux.; 
gSA ?k"kZ.kghu {kSfrt lrg ij j[kh  1 kg nzO;eku dh ,d oLrq fLçax ls tqM+h gqbZ gS rFkk bls nka;h vksj 1m [khapdj 
NksM+k tkrk gSA oLrq dh pky D;k gksxh tc ;g lkE;oLFkk (x = 0) dh fLFkfr ls nka;h vksj 0.5m ij gSA   

Ans. 5 2  m/s   
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Sol. dU = –Fxdx – Fydy – Fzdz 

 

u

0

dU  =  
x

2

0

x x dx   

 U =  

2x

2
 + 

3x

3
 

 U = –KE 
 Ui  – Uf  =  KEf – KEi  

 
2 3

   
 

 –  

2 3
1 1

2 2 3 2

              
= 

1

2
 mv2  

 

2v– –
2 8 3 24 2

   
   

 v2 = 50 

 v = 5 2 m/s 
 
15. Wind entering in a wind mill with a velocity of 20 m/sec facing area of the windmill is 10m2 and density 

of air is 1.2 kg/m3. If wind energy is converted into electrical energy with 33.3% efficiency, then find 
electrical power produced by the wind mill in kw.  

 iou pDdh esa izos'; ok;q dk osx 20 m/sec rFkk iou pDdh dk lEeq[k {ks=kQy 10m2 gSA ok;q /kuRo 1.2 kg/m3 

gSA ;fn iou ÅtkZ dks oS|qr ÅtkZ esa 33.3% n{krk ls ifjofrZr fd;k tkrk gS rks iou pDdh }kjk kw ek=kd esa 
mRiUu oS|qr 'kfDr Kkr dhft,A  

Ans. 16 
Sol. Energy entering in the windmill  

 iou pDdh esa izos'; ÅtkZ  

 = 
1

2
mv2 

 Pin = 
dE

dt
  = 

21
v

2

 
 
 

 
dm

dt

 
 
 

  

 Pin = 21
v

2

 
 
 

 (AV) = 
1

2
A V3 

 Electrical power output 

 fuxZr oS|qr 'kfDr  

  Pout = 
31 1

AV
3 2

  
 

 

  Pout = 
31

AV
6
  = 

31
1.2 10 (20)

6
    

  Pout = 16 kW. 
 
16. An engine can pull 4 coaches at a maximum speed of 20 m/s. Mass of the engine is twice the mass of 

every coach. Assuming resistive forces to be proportional to the weight, approximate maximum speeds 
of the engine when it pulls 12 and 6 coaches are (power of engine remains constant) :  

 ,d batu pkj fMCcksa dks vf/kdre~ 20 eh0@lS0 dh pky ls [khap ldrk gSA batu dk nzO;eku izR;sd fMCcs ds 
nzO;eku dk nks xquk gS A izfrjks/kh cyksa dks Hkkj ds lekuqikrh ekusa rks batu }kjk 12 rFkk 6 fMCcs [khpusa ij vf/kdre~ 
pky D;k gksxh ¼batu dh 'kfDr fu;r jgrh gS½ & 

Ans.  8.5 m/s and 15 m/s respectively   

  Øe'k% 8.5 eh0@lS0 vkSj 15 eh0@lS0   
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Sol. (A) When 4 coaches (m each) are attached with engine (2m)  
 according to question P = K 6mgv  ............(1)  
 (constant power), (K being proportionality constant)  
 Since resistive force is proportional to weight 
 Now if 12 coaches are attached 
  P = K.14mg.v1    ............(2) 
 Since engine power is constant   
 So by equation (1) and (2) 

 6Kmgv = 14Kmgv1     v1 = 
6

14
 × v   

 = 
6

14
 × 20 = 

6 10

7


=

60

7
   

 = v1 = 8.5 m/sec 

 Similarly for 6 coaches  K6mgv =  K8mgv2 

  v2 = 
6

8
 ×20 = 

3

4
× 20 = 15 m/sec   

 (A) tc 4 dksp (izR;sd dk nzO;eku m) batu (2m nzO;eku) ds lkFk tksMs tkrs gSA    

 iz'ukuqlkj P = K6mgv (fu;r) ..............(1) (k lekuqikrh fu;rkad gS)  
 pwafd izfrjks/kh cy Hkkj ds lekuqikrh gksrk gS  

 vc ;fn 12 dksp tksM+ fn;s tk;sa rks  
  P = K.14mg.v1  ............(2) 

 pwafd  batu dh 'kfDr fu;r gS 
 vr% lehd.k (1) vkSj (2) ls  

  6Kmgv = 14Kmgv1  v1 =
6

14
 × V   

 = 
6

14
 × 20  =

6 10

7


 = 

60

7
 

 = v1 = 8.5 m/sec 

 blh izdkj 6 dksp ds fy,    K6mgv =  k8mgv2  

  v2 = 
6

8
 ×20  = 

3

4
× 20 = 15 m/sec  

 
17.  A pump motor is used to deliver water at a certain rate from a given pipe. To obtain “n” times water from 

the same pipe in the same time, the factor by which the power of the motor should be increased is: 

  ,d iEi dks fdlh fn;s x;s ikbi ds }kjk fuf'pr nj ls ikuh fudkyus esa mi;ksx djrs gSA leku ikbi }kjk leku 
le; esa n xquk ikuh izkIr djus ds fy, eksVj dh 'kfä fdrus xquk c<+kuh iM+sxh &  

Ans.  n3    

Sol. Power  'kfDr   P = 
F


. 

V


= FV  

  F = V  
dm

dt

 
 
 

 

   = V  
d( volume)

dt

 
 
 

 
d( )

dt

 
 
 

vk;ru
      = density  ?kuRo  

   = V 
d(volume)

dt

 
 
 

 
d( )

dt

 
 
 

vk;ru
       

   = V (AV)  = AV2   

    Power 'kfDr  P = AV3  or  P  V3   
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18. A chain of mass M and length  is held vertically such that its bottom end just touches the surface of a 
horizontal table. The chain is released from rest. Assume that the portion of chain on the table does not 
form a heap. The momentum of the portion of the chain above the table after the top end of the chain  

falls down by a distance 
8

.     

 nzO;eku M o yEckbZ  dh ,d psu bl izdkj Å/okZ/kj j[kh tkrh gS fd bldk fupyk fljk {kSfrt est dks Nwrk gSA 

pSu dks fLFkj voLFkk ls NksMk tkrk gSaA ;g ekurs gSa fd pSu est ij <sj ugha cukrh gSA Åijh fljs ds 
8

 nwjh fxjus 

ds ckn pSu ds est ds Åij okys Hkkx dk laosx D;k gksxk \   

Ans. 
7

16
M g   

Sol. After the top end of chain falls down by 
8

, the speed of chain is  

 pSu ds Åijh fljs }kjk 
8

 , nwjh fxjus ds ckn pSu dh pky gS -    

    

  v = 2g
8

 =  
g

2
  

 The mass of chain above table is
7

8
 M.  est ds Åij psu dk nzO;eku 

7

8
 M. gSA  

  momentum of chain is    
  psu dk laosx gS  

  
7

8
M

g

2
  = 

7

16
M g  

19. The figure shows a hollow cube of side 'a' of volume V. There is a small chamber of volume  
V

4
in the 

cube as shown. This chamber is completely filled by m kg of water.  Water leaks through a hole H and 
spreads in the whole cube. Then the work done by gravity in this process assuming that the complete 
water finally lies at the bottom of the cube is :  

 a Hkqtk rFkk V vk;ru dk ,d [kks[kyk ?ku fp=k esa iznf'kZr gSA fp=kkuqlkj blesa ,d NksVk
V

4
  vk;ru dk y?kq ?ku 

{kS=k gSA bl y?kq {kS=k dks m fdxzk nzO;eku ds ikuh ls Hkj fn;k tkrk gSA ikuh ,d Nsn H }kjk fudydj lkjs ?ku esa 
QSyrk gSA ;g ekuuk gS vUr esa lkjk ikuh ?ku ds ry esa vk tkrk gS] rks bl izfØ;k esa xq:Ro }kjk fd;k x;k dk;Z 
gksxk  
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Ans. 5/8  mga 
Sol. (C) Let h be the height of water surface, finally 

 ekuk vUr esa ikuh ds lrg dh Åpk¡bZ h gSA 

    

  a2h = a. 
a

2
  . 

a

2
  ;  h = 

a

4
 

  C.M. gets lowered by a –
a a

4 8

  
 

= a –
3a

8
  =

5a

8
   

 Work done by gravity = mg 
5a

8
 

  nzO;eku dsUnz uhps vk;sxk a – 
a a

4 8

  
 

 = a – 
3a

8
 = 

5a

8
 

    vr% xq:Ro }kjk fd;k x;k dk;Z = mg 
5a

8
 

 
20. From what minimum height ‘h’ in metre must the system be released when spring is in its natural length 

as shown in the figure. So that after perfectly inelastic collision. (e = 0), of block B, with ground, B may 
be lifted off ground. (Take k = 40 N/m, g = 10 m/s2 , mA = 2kg, mB = 4kg)  

 fdruh U;wure Å¡pkbZ ‘h’ ¼ehVj esa½ ls fudk; dks NksMk tk;s ¼tc fLiazx viuh izkd`frd yEckbZ esa gS tSlk fd fp=k esa 
fn[kk;k x;k gSA½ rkfd CykWd B  }kjk tehu ds lkFk iw.kZ vizR;kLFk VDdj ds (e = 0) i'pkr~ CykWd B tehu ls mB 
ldsA (k = 40 N/m, g = 10m/s2 , mA = 2kg, mB = 4kg) 

 
Ans. 2 

Sol. mAgh’ +  2)'h(k
2

1
= mAgh    

 and rFkk  kh’ = mBg 

 Solving gy djus ij, h = 2 m 
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21.# Potential energy of a particle of mass m, depends on distance y from line AB according to given relation  

U = 
2 2

K

y a
,  where K is a positive constant. A particle of mass m is projected from y = 3 a   towards 

line AB (perpendicular to it) then minimum velocity so that it cannot return to its initial point is
K

aNm
 , 

calculate N.       
 

 m nzO;eku ds d.k dh fLFkfrt ÅtkZ AB js[kk ls nwjh y ds lkFk U = 
2 2

K

y a
 lEcU/k ds vuqlkj cnyrh gSA tgkW 

K /kukRed fu;rkad gSA ;fn m nzO;eku ds d.k dks y = 3 a  ls AB js[kk dh vksj ¼blds yEcor~½ iz{ksfir fd;k 

tkrk gS rks og U;wure~ osx ftlls ;g iqu% izkjfEHkd fcUnq ij ykSVdj ugha vk;s
K

aNm
 ls fn;k tkrk gS rks N Kkr 

djksA 

 
     
Ans. 1 
Sol. Ui + ki = Uf + kf 

  2
0

K 1
mV

2a 2
 = 

K

a
 

  
2
0mV

2
=  

K

2a
 V0 =

K

am
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