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HINT OF SOLUTION OF SIMPLE HARMONIC MOTION 
EXERCISE-1 

PART – I 

Hkkx - I 

A-1. x = 5 sin t
6

 
  
 

 

  Compare this equation with  

  x = A sin (t + )   A = 5 

   = 
6


  T = 

2


 = 

2


 = 2 sec 

  Vmax = A = 5 m/s 

Sol.  x = 5 sin t
6

 
  
 

 

  bl lehdj.k dh fuEu lehdj.k ds lkFk rqyuk djus ij  

  x = A sin (t + )  A = 5 

   = 
6


  T = 

2


 = 

2


 = 2 sec 

 Vmax = A = 5 m/s 
 

A-2. x = (2.0 cm) sin –1(100s )t
6

 
 

 
 

  Compare this equation with 

  blh lehdj.k dh rqyuk djus ij  

  x = A sin ( t + )   A = 2.0 cm 

  T = 
2

3


 = 

2

100


 = 0.0635 

  K = m2 = 
10

100
 1002 = 100 N/m 

  xt=0 = 2.0 sin 100 0
6

 
  

 
 = 1 cm 

  v = 200 cos 100t
6

 
 

 
 

  vt=0 = 200 cos 100 0
6

 
  

 
 

      = 100 3  cm/s = 3  m/s 

  a = –20000 sin 100 0
6

 
  

 
 = 10000 cm/s2  

    = –100 m/s2 
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A-3. (A) x = A sin 
2

t
T

 
  

 
 

  o = A sin 
2

o
T

 
  

 
  

   
2

T


 o +  = 0   = 0 

  x = A sin 
2 t

T

 
 
 

 

  
A

2
 = A sin 

2 t

T

 
 
 

  
2 t

T


 = 

6


 

  t = 
T

12
 

 (D) x = A sin 
2 t

T

 
  

 
  

–A

2
 = A sin 

2 0

T

 
  

 
 

   = 
–

4


,   x = A sin

2 t
–

T 4

  
 
 

  

  
A

2
 = A sin 

2 t
–

T 4

  
 
 

 

 
2 t

–
T 4

 
 = 

4


 t = 

T

4
 

 

A-4. v0 = A  = 0v

A
 

  v2 = 2 (A2 – x2) 

  v2 = 

2

0v

A

 
 
 

2
2

2

A
A –

2

 
  
 

  

  v2 = v0
2 

3

4
  v = 

3

2
 v0 

 
A-5. A = 10 cm, T = 6 sec 

 So vr% x = A sin 
2

t
T

 
  

 
 

    = (10 cm) sin
2

t
6

 
  

 
  = 10 cm sin t

3

 
  

 
 

 at t = 0, x = 5 cm ij  

  5 cm = 10 cm sin (0 + )   

  
1

2
 = sin ()  = 

6


 

 So, vr% x = (10 cm) sin t
3 6

  
 

 
 

 acceleration Roj.k  a = – 2 (10 cm) sin t
3 6

  
 

 

  = –

2

3

 
 
 

 × (10 cm) sin 4
3 6

  
  

 
 

     = 
2 10

9

 
 ~ 11 cm/s2 

 

 

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


Simple Harmonic Motion 
 

 

 

Corporate 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 
ADVSH - 3 

Toll Free : 1800 200 2244 | 1800 258 5555  | CIN: U80302RJ2007PLC024029 
 

 

A-6.  |v| = |A|     10 = |A|  

 |a| = |A| 2  50 = |A| 2 

    = 5  |A| = 2 

  v2 = 2 (A2 – x2) 
  82 = 52 (22 – x2) 

  4 – x2 = 
64

25
  x2 = 

36

25
 x = 

6

5
  cm 

B-1. According to question iz'ukuqlkj , 

   
1

2
 mv2 = 3 ×

1

2
 m2 x2 

   
1

2
 m2(A2 – x2) = 

3

2
 m2 x2 

   A2 = 4x2     x =  ±
A

2
  = ± 

10cm

2
 = ± 5 cm.    

 

B-2. Total energy dqy ÅtkZ E = 
1

2
 m 2 A2 

 0.5 + 0.4 = 
1

2
 × 0.2

2
25

2
 
 

 
 A2 

  9 = (50)2 A2  A = 0.06 m 
 
 

C-1. T = 
m

2
K

    2 = 
10 /1000

2
K

     K = 0.1 N/m.  

 

C-2. K = m2      K = m 

2
2

T

 
 
 

 

 K = 
2

2

4 m

T


 

 mg = Kx equilibrium lkE;oLFkk  

 x = 
mg

K
  U = 

1

2
 Kx2 

 = 
1

2
 K 

2 2

2

m g

K
 = 

2 2 2

2

m g T

2 4 m 
 = 

2 2 22 10 4

2 4 10 2

 

  
 = 40 J 

 

C-3. 
1

2
Kx2  = 5 

  
1

2
 k × 

2
25

100

 
 
 

 = 5 

  k = 160 

   = 10 = 
K

m
 

  m = 
2

K

100
 

  m = 
2

160

100
 = 

2

16

10
 = 0.16 kg 
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C-4. (a) Initial position of block is an extreme position. CykWd dh izkjfEHkd voLFkk ,d lhekUr fLFkfr gS 

  At equilibrium lkE;oLFkk ij F = KA  A = F/K 

  Time period vkorZdky 

  T = 2
m

K
  

 

    

  (b) Kinetic energy at mean position ek/; voLFkk ij xfrt ÅtkZ  

  K.E. = 
1

2
 K A2 

= 
1

2
 K 

2
F

K

 
 
 

 = 
2F

2K
 

  (c) Total energy of the block. CykWd dh dqy ÅtkZ 

 
1

2
 K A2 = 

1

2
 K

2
2F

K

 
 
 

 = 
2F

2K
 

 
C-5. (a) When spring is stretched by x then restoring force. 

 tc fLizax dks x ls [khapk tkrk gS] rks izR;ku;u cy  

 F = K1 x + K2 x 
  F = Keq x 
  Keq x = K1 x + K2 x 
  Keq = K1 + K2 

  T = 2 
eq

m

K
 = 2

1 2

m

K K
  

  (b) When bock is displaced by x from mean position then restoring force. 

   tc CykWd dks ek/; voLFkk ls x [khapk tkrk gS rc izR;ku;u cy 

   F = K1 x + K2 x 
   Keq x = K1 x + K2 x 
   Keq = K1 + K2 

   T = 2 
eq

m

K
 = 2 

1 2

m

K K
 

  (c) When block is displaced by x and extension in upper spring is x1, extension in lower spring is x2  

  tc CykWd dks x foLFkkfir fd;k tkrk gS rFkk Åijh fLizax esa foLrkj x1, rFkk fupyh fLizax esa foLrkkj x2 gSA   

  then rc F = K1 x1   x1 = 
1

F

K
 

  F = K2 x2    x2 = 
2

F

K
 

  F = Keq x    x = 
eq

F

K
 

  x = x1 + x2    
eq

F

K
 = 

1

F

K
 + 

2

F

K
    Keq = 1 2

1 2

K K

K K
 

  T = 2 
eq

m

K
 = 2 1 2

1 2

m(K K )

K K


  

  When space is not gravity free then answers do not change as time period of spring mass system is 
independent of gravity. 

  tc okrkoj.k xq:Ro eqDr ugha gS rks mÙkj ugh cnyrk gS D;ksafd fLizax nzO;eku fudk; dk vkorZdky xq:Ro ls 

Lora=k gksrk gSA 
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C-6. Let at equilibrium, elongation in springs are x1, x2 and  
 x3 then by force balance          

 ekukfd lkE;oLFkk esa fLizaxks eas foLrkj x1, x2 rFkk        

 x3 gS rks cy larqyu ls     

   

 

 
 3kx3 = Mg = 2kx2 = k x1 

  x1 = 
Mg

k
; x2 = 

Mg

2k
; x3 = 

Mg

3k
 

 So potential energy stored in each spring 

 vr% izR;sd fLizax esa lafpr ÅtkZ  

  (P.E.)1 = 
1

2
kx1

2 = 
2 2M g

2k
 

  (P.E.)2 = 
1

2
2kx2

2 = 
2 2M g

4k
 

  (P.E.)3 = 
1

2
3kx3

2 =  
2 2M g

6k
 

 and Net spring constant vkSj dqy cy fu;rkad = 
1

1/k 1/ 2k 1/3k 
 = 

6k

11
 

 So Time period blfy;s vkorZdky = 2 
M

keq.
 = 2

11 M

6 k
 

 

D-1. T = 2
g

  2 = 2
g

    = 1m 

 

D-2. Time period vkorZdky T = 
2


 = 

2

2




 = 1 = 2

g
  

   =  
2

2


   1 = 2         = 0.25 m.   

 

D-3. T = 2
g

   T' = 2
g'

  

 
T

T '
 = 

g'

g
 

24 3600

24 3600 24



 
 = 

g'

g
  g' = 

2
23600

g 9.794 m/ s
3601

 
 

 
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D-4. (i) T0 = 2
g

   T = 2
effg

    geff = g – 
3g

4
 = 

g

4
 

  So, time period  vr% vkoZr dky T = 2
g

4

   T = 2T0 

 (ii) 0T

2
 = 2

effg
    

2

2



g
 = 2

effg
 

  geff = 4g    a = 3g upwards Åij dh vkSj  

    

E-1. (a) Time period of compound pendulum is HkkSfrd yksyd dk vkorZdky T = 
2

cm md
2

mg

 
  

 For rod of length  ,  yEckbZ dh NM ds fy, T = 

22m
m 

12 4
2

mg / 4

 
  

 
 = 

2m (4 3)

482
mg / 4



   

       T = 
7

2
12g

   Ans. 

 (b)   T = 
2 2mr mr

2
mgr


  

  T = 2
2r

g
 Ans. 

 (c)  T = 

22ma a
m 

6 2
2

a
mg

2

 
  

 
  

  T = 2
8 a

3 g
  Ans. 

 (d) T = 

22mr r
m 

2 2
2

r
mg

2

 
  

 
    

  T = 2
3r

2g
  Ans.          
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E-2. (a) For minimum time period  = K,  where  is distance between centre and point of suspension 

 U;wure vkorZdky ds fy,  = K,  tgk¡   dsUnz rFkk fuyEcu fcUnq ds chp dh nwjh gS  

 Moment of inertia about centre  = 
2mr

2
 = mK

2
   K = 

r

2
 =   

 dsUnz ds ifjr tM+Rok?kw.kZ  = 
2mr

2
 = mK

2
   K = 

r

2
 =     

 minimum time period T
min

 = 2
2k

g
  = 2

r 2

g
 

 U;wure vkorZdky T
min

 = 2 
2k

g
 = 2

r 2

g
  

 (b) Moment of inertia about centre = 
2mL

12
= mK

2
  

 (b) dsUnz ds ifjr tM+Rok?kw.kZ = 
2mL

12
= mK

2
  

  K = 
L

2 3
 =  where  is distance between centre and point of suspension 

    tgk¡   dsUnz rFkk fuyEcu fcUnq ds chp dh nwjh gS 

 Minimum time period T = 2
2k

g
 = 2

L

3g
   

 U;wure vkorZdky T = 2
2k

g
 = 2

L

3g
   

 

F-1. Ar = 2 2
1 2 1 2A A 2A A cos    

 (a) Ar = 2 23 4 2 3 4 cos0      = 7 cm  

 (b) Ar = 2 23 4 2 3 4 cos60      = 37  cm = 6.1 cm  

 (c) Ar = 2 23 4 2 3 4 cos90      = 5 cm  

 
F-2.  

  

 

 
 From phasor diagram, dyk vkjs[k ls 

  A = 

2 2

3a a 3a a
a

2 2 2 2

   
         

   

 

     = 

2 2

3 3a 3a a
a

2 2 2 2

   
        

   

 

  A = 2 2a
(3 3) ( 3 1)

2
    = a 4 2 3     
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F-3. x = sin t, y = 2[1 – 2 sin2 t] 

 y = 2 [1 – 2x2] or 2x2 + 
y

2
 = 1  Ans. 

 

 

G-2. (a)  As the damping constant, b  

 pqafd voenau fu;rkad  b  

 (= 0.04 kg s–1 ) << km  
  the time period T from the equation  

 lehdj.k ls vkorZdky T  

 
2

2

k b
'

m 4m
    is given by, fuEu izdkj fn;k tkrk gS 

  
1

m 0.2kg
T 2 2 0.314s

k 80Nm
      

  (b)  From the equation x (t) = xm 

bt

2me


 the time T1/2  for the amplitude to drop to half of its intial value is  

 lehdj.k ls x (t) = xm 

bt

2me


 vk;ke izkjfEHkd eku ds vk/ks rd gksus esa fy;k x;k le; T1/2 gksxkA  

  
1/ 2bT

2m
1

e
2



   

 or ;k loge 
1/ 2bT

2
2m

   

 or ;k 0.693  = 1/ 2bT

2m
 

 or ;k  1/ 2 3

0.693 2 0.2
T

40 10

 



  =  6.93 s  

 (c)   E (t)  =  E (0)  

bt

me


;   

  
1/ 2bt

m
1

e
2



  ; 1/ 2
e

bt
log 2

m
   

  1/ 2 3

0.693 0.2
t 3.4sec

40 10


 


 

   

PART - II  

Hkkx - II 

 
A-1. Comparing   F = –kx 

  with F = –cx1/3  ds lkFk rqyuk djus ij 

   kx = cx1/3   c = kx2/3 

  As x increases c also increases. x c<us ij c Hkh c<+rk gS 

 
A-2. Position where we see the particle once in a time period that is only extreme position. twice through 

every other position  

 og fLFkfr tgkW d.k ,d vkorZdky esa ,d ckj gh vkrk gS dsoy lhekUr fLFkfr gSA nwljh lHkh fLFkfr;ks ij nks ckj 

vkrk gSA  
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A-3. maxV


 only dsoy  maxV


 

  If initial velocity is maxV


   
  then after one time period particle acquires same speed Vmax in same direction means same velocity 

maxV


  

  ;fn izkjfEHkd osx maxV


  gks rks ,d vkorZdky ds i'pkr~ d.k leku fn'kk esa leku pky  Vmax izkIr dj ysrk gS 

vFkkZr~ leku osx maxV


 izkIr djrk gSA 

 

A-4. (A) F . a  

 ma a  [It is always non-negative] [;s ges'kk v_.kkRed gS] 

 

A-5. y = a sin (t – ) 

 y = b cos (t – )      y = bsin( t – )
2


    

 So phase difference is /2 

 vr% dykUrj /2 gSA  

 

A-6. y = a cos t  

 
a

2
 = a cos t 

 t = 
3


 

 
2

t
24


 = 

3


 

 t = 4 sec.  
 

A-7. aavg  = 

T / 2

2

0

T / 2

0

– A sin t dt

dt

 



 

T / 2
2

0

cos t
– A

T / 2

 
   

 

 |a|avg = 
2– A[–1– 1]

T / 2


   

4 A

2







 = 
22 A


 

A-8.  X = A + B sin t 

 x – A = B sin t 
 Hence, Amplitude = B 

 vr% vk;ke = B 
 

A-9. Consider SHM as projection of uniform circular motion. 
 From figure the phase difference between two particles is 120º.    

 ljy vkorZ dks ,dleku o`Urh; xfr dk iz{ksi ekurs gq,  

 fp=k ls nks d.kks ds e/; dykUrj 120º gSA 
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A-10. Velocity osx v =  2 2A x
  v2 = 2 A2  – 2 x2  ....(1) 

 Acceleration Roj.k a = –2x   a2 = 4 x2    ....(2) 

 From (1) and (2) : v2 = 2 A2 – a2 / 2     v2 + a2 / 2 = 2 A2  

 (1) rFkk (2) ls 

  

2

2 2

v

A
 + 

2

4 2

a

A
 = 1 

  v2 = 2

2

1
a 1

 
  

 
      its straight line  with  -ve slope and +ve intercept 

    ;s _.kkRed <ky rFkk /kukRed vUr%[k.M okyh ljyjs[kk gSA  
 

B-1. At equilibrium position K.E. is maximum. lkE;koLFkk ij xfrt ÅtkZ vf/kdre gksrh gSA 

 

B-2. 
1

2
kx

2
 = 

1

2
k(A

2
 – x

2
) 

 or ;k  x = 
A

2
. 

 

B-3. From question iz'u ls 

 
1

2
m2A2 = 8 × 10–3    

1

2
 × 0.1 × 2 × (0.1)2 = 8 × 10–3    = 4  

 So, equation of SHM is vr% l- vk- x- dh lehdj.k gS  x = A sin(t + ) = 0.1 sin 4t
4

 
 

 
. 

 

B-4. PAV = 
1

4
 KA2 and  vkSj  KAV = 

1

4
 KA2 

 

B-5. x = A cost 

 K.E. = 
1

2
k(A2 – x2) = 

1

2
kA2 sin2t 

 = 
1

2
kA2 

(1 cos2 t)

2

 
 

 = 
2kA

4
 (1 – cos2t) 

 Frequency of K.E. is double of acceleration. 

 xfrt ÅtkZ dh vkof̀Ùk Roj.k dh nqxquh gSA 

 
B-6. Due to impulse force, the total energy of the particle becomes : 

 
1

2
m2A2 + 

1

2
m2A2 = m2A2 

 Let ; A' be the new amplitude. (Apply energy conservation law) 

  
1

2
m2 (A')2 = m2A2  A' = 2 A. Ans. 

Sol. vkosxh; cy ds dkj.k] d.k dh dqy ÅtkZ : 

 
1

2
m2A2 + 

1

2
m2A2 = m2A2 

 ekuk A' u;k vk;ke gSA  (ÅtkZ laj{k.k ds fu;e ls) 

  
1

2
m2 (A')2 = m2A2  A' = 2 A. Ans.   
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C-1. 
1

2
mv2 = 

1

2
K1x1

2 

 
1

2
mv2 = 

1

2
 K2 x2

2 

 K1x1
2 = K2x2

2 

 1

2

x

x
 = 2

1

K

K
 

 
C-2.  

 

 

 
 Rubber ribbon can exert only tension not compression so at a time only one is effective. 

 jcj fjcu dsoy ruko vkjksfir dj ldrk gS] lEihMu ugh vr% ,d le; esa dsoy ,d gh izHkkoh jgsxkA  

 T = 2
m

K
  

 

C-3. f1 = 
1

1 K

2 m
 

 f2 = 
2

1 K

2 m
 

 f2 = 1f

2
 or   m2 = 4m1   or ;k    m2 – m1 = 3 kg 

 

C-4. T = 2
m

K
   m = 

2

2

T
k

4
 

 mg = Kx   x = 
mg

K
 

 x = 
2

2

T K

4

g

K
   x = 

2

2

T g

4
 

 
C-5. kx = mg sin 30º  

  = 
k

m
 = 

gsin30º

x
 = 

5 100

2.5


 = 14.14 Ans. 

 

C-6. Time period vkorZdky  = T = 2 
m

K
 

 Spring divided into two equal parts so length is reduced to half   

 fLizax nks cjkcj Hkkxks esa foHkkftr dh x;h gS vr% yEckbZ vk/kh gks tk;sxh 

 We know ge tkurs gS K  
1

  

    K become twice K nqxquk gks tk;sxkA  

 Tnew = 2 
new

m

K
 = 2 

m

2K
  = 

1

2

m
2

K

 
  

 

 = 
T

2
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C-7. keq = 2k + k + 
2k 2k

2k 2k




 = 4k  

 so, frequency, vr% vkof̀Ùk f = 
eqK1

2 M
 = 

1 4K

2 M
 

 

C-8. E = 
1

2
m2A2 

 = 
1

2
m × 

k

m
 × A2 

 = 
1

2
kA2 

 E is independent of mass. 

 E nzO;eku ij fuHkZj ugha djrh gSA 



D-1. Given time for both are same  fn;k le; nksuks ds fy;s leku gSA 

  9T1 = 7T2 

  9 × 2 1

g
 = 7 × 2 2

g
  

  9 1  = 7 2    1

2

 = 
49

81
 

 

D-2. Let ekuk x1 = A1 sin 1t and x2 = A2 sin 2t 

 Two pendulums will vibrate in same phase again when there phase difference (2 – 1)t = 2  

 nks yksyd nqckjk leku dyk es dEiUu djsxs tc mudk dykUrj (2 – 1)t = 2gksxkA  

  (
2

2

T


 – 

1

2

T


)t = 2  

  1

g g
n T

1 1.44

 
   

 

 = 2 (where n is number of vibrations completed by longer pendulum) 

     (tgk¡ n yEcs yksyd }kjk iwjs fd;s x;s nksyuks dh la[;k gS) 

  
g g 1.44

n 2
1 1.44 g

 
    

 

 = 2  n = 5 

 Thus after 5 vibrations of longer pendulum they will again start swinging in same phase. 

 vr% cMs yksyd ds 5 dEiUuks ds ckn ;s nqckjk leku dyk esa nksyu izkjEHk djsxsaA  
 

D-3. T = 
eff

2
g

  = 2
g g/ 4




 = 
2

5
T 

 

D-4. T = 2
g

, As it does not depend on amplitude pwafd ;s vk;ke ij fuHkZj ugh djrk gS  

  % change in time period is 0 % Hence option (D) is correct.  

  vkoZr dky esa izfr'kr ifjorZu 0 % gS vr% fodYi  (D) lgh gSA  
 

D-5. Tmax = mg + m2 = mg + m
2v

  = mg + m 
2( A)

 = mg + m 
2g A

  
g 

   
 

   

 or ;k Tmax = mg + mg 

2
A 

 
 

 = mg 
2

A
1
  
   
   
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E-1. I = 
2

5
 mR2 = 

2

5
 × 25 × (0.2)2 = 

2

5
 

  = C  c = 



 = 

0.1

1
 = 0.1 

 T = 2 
I

C
 = 2 

2

5 0.1
 = 2 × 2 = 4 secs 

 

E-2. f0 = 
1

2

mg


  

 where,  is distance between point of suspension and centre of mass of the body. 

 Thus, for the stick of length  and mass m : 

 f0 = 
1

2 2

m.g.
2

(mL /3)
 = 

1

2
 

3g

2
 

 when bottom half of the stick is cut of 

 f0’ = 
1

2 2

m
.g.

2 4

m ( / 2)

2 3

 = 
1 3g

2



 = 2 f0  Ans.  

Sol. f0 = 
1

2

mg


  

 ;gk¡,  fuyEcu fcUnq o oLrq ds nzO;eku dsUnz ds chp dh nwjh gSA  

 vr% nzO;eku m rFkk  yEckbZ dh NM+ ds fy,  

 f0 = 
1

2 2

m.g.
2

(mL /3)
 = 

1

2
 

3g

2
 

 tc NM+ dks vk/kk dkV ysa rks  

 f0’ = 
1

2 2

m
.g.

2 4

m ( / 2)

2 3

 = 
1 3g

2



 = 2 f0 Ans. 

 

F-1. y = A sin t +  and rFkk x = A sin t  +   

 then rks y = x   so path is straight line. vr% iFk ljy js[kk gS 

 

F-2. x = C sin t + D sin (t + /2) 

 Ar = 2 2C D 2CDcos
2


   Ar = 2 2C D  

 

F-3. y = 10 
1 3

sin3 t cos3 t
2 2

 
    

 

  = 10 sin (3t + 
3


) 

 thus amplitude is vr% vk;ke 10 m or ;k 1000 cm  

 

F-4. x = A sin t,  y = A cos t  or ;k  x2 + y2 = A2  

 Thus  the motion of the particle is on a circle. vr% d.k dh xfr o`Ùk ij gSA 
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G-1. In case of damped vibration, amplitude at any instant is 

 voefUnr dEiUu dh fLFkfr esa fdlh {k.k ij vk;ke gSA  

  a = a0 e–bt 
 where a0 = initial amplitude  

 tgk¡ a0 = izkjfEHkd vk;ke  

  b = damping constant  voeUnu xq.kkad 

 Ist caes :  t = 100 T  and rFkk a = 0a

3
 

  0a

3
 = a0 e–b(100 T)  

  e–100 bT = 
1

3
 

 IInd caes :  t = 200 T   
   a = a0 e–bt = a0 e–b(200 T) 

 = a0 (e–100  bT)2 = a0 x 

2

0a1

3 9

 
 

 
  

 

G-2. F  v  F = kV 

 
F

k
v

   [k] = 
2

1

[kgms ]

[ms ]




 = kg s–1 

 

PART - III 

Hkkx - III  
 

1. Vmax = A 

   A = maxV


 = 

2

2




 x (0.2) = 0.20m 

  T = 
m

2
k

   m = 
2

2

T k

4
 = 0.2 kg 

 At t = 0.1, acc. is maximum  

 t = 0.1 ij Roj.k egRre gS & 

 amax = – 2A = –

2
2

0.2

 
 
 

 × 0.2 = – 200 m/s2 

 Maximum energy = 
1

2

2
maxmV   = 4 J 

 egRre ÅtkZ  = 
1

2

2
maxmV  = 4 J 

 

2. (A) In frame of lift effective acceleration due to gravity is 
g 3g

g
2 2

   downwards 

 fy¶V ds Ýse esa xq:Ro ds dkj.k Roj.k = 
g 3g

g
2 2

   uhps dh rjQ 

  T = 2 
2

3g
 

 (B) K = mg   

  
k g

m L
  
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 constant acceleration of lift has no effect in time period of oscillation. 

 fy¶V dk fu;r Roj.k] nksyu ds vkorZdky ij dksbZ vlj ugha Mkyrk gSA 

   T  = 2
m

k
 = 2

g
 

 (C) T = 2
mgd


 =  2

2m
23 2
3g

mg
2

   

 (D) T = 2
m

Ag
 = 2

( / 2) A

Ag




 = 2

2g
  

 

EXERCISE-2 

PART - I  
1. Acceleration Roj.k  (a) = 2x  

  amax = 

2
2

T

 
 
 

A 

 When amax = g then block and piston will be separated 

 tc amax = g oLrq rFkk fiLVu vyx gks tk;sxsA  

  amax = g = 

2
2

T

 
 
 

A ; (g = 2) 

  g = 
2

2

4

T


A   A = 

1

4
 = 0.25 m 

 

2. Restoring force izR;ku;u cy  F = 
–du

dx
 = 

–d

dx
 (u0 (1-cos ax)) 

  F(x) = – u0 a sin ax 

 for small angle y?kq dks.k ds fy;s  sin ax  ax 

 F = – u0a2x   acc. Roj.k  = 
2

0–u a x

m
 = –2x = 

2
2

T

 
 
 

 × x 

 So, Time period  vkorZdky T = 2
2

0

m

u a
 

3.  

 

 

 

 

 

 velocity before collision Vdjkus ls igys osx = 2gH  
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 pan is massless so velocity after collision  

 crZu Hkh nzO;ekughu gS vr% VDdj ds ckn osx  

  = 2gH  

 by energy conservation ÅtkZ laj{k.k ls  

 mg(x) + 
1

2
m  

2

2gH  = 
1

2
Kx2 

 Kx2 – 2mgx – 2mgH = 0 

 x = 
mg

K
 + 

mg

K

2HK
1

mg
   

 at equilibrium lkE;oLFkk ij  Kx0 = mg  x0 = mg/K 

 mean Amplitude ek/; vk;ke = x – x0 = 
mg

K

2HK
1

mg
   

4.  

 

 

 
 Let upper block is pushed down by x, at equilibrium mg = ky, i.e., weight of upper block is balanced by 

spring When it is deformed by y, upper block will perform SHM with amplitude x about equilibrium 
position, lower block will leave surface when spring is extended by y, means upper block is at distance 
2y from its mean position. That should be upper extreme position of upper block. So amplitude x = 2y   

 ekuk mPp CykWd uhps x /kdsyk tkrk gSA lkE;oLFkk ij mg = ky gS vFkkZr~ mPp CykWd dk Hkkj fLizax }kjk larqfyr 

gksrk gS] tc fLizax es ladqpu y gSA mPp CykWd lkE;oLFkk ds ifjr vk;ke x ds lkFk l-vk-x- djsxkA tc fLizax y ls 

foLrkfjr gksrh gS] fuEu CykWd lrg dks NksM nsxk vFkkZr mPp CykWd bldh ek/;oLFkk ls 2y nwjh ij gksrk gSA ;g 

mPp CykWd dh mPp lhekUr fLFkfr gksuh pkfg;s vr% vk;ke x = 2y. 

 Alternative :  
 at equilibrium of  upper block mg = ky 

 lkE;oLFkk ij mPp CykWd ds fy;s mg = ky 

 lower plate will leave the surface if the extension in spring is y 

 ;fn fLizax es foLrkj y gS rks fuEu IysV lrg NksM nsxh 

 Let upper plate is displaced by x downward and left 

 ekuk mPp IysV x uhps foLFkkfir djrs gq;s NksMh tkrh gS   

 so by energy conservation between compressed to extended positions  

 rks ÅtkZ laj{k.k ls (laihfMr rFkk foLrkfjr voLFkkvksa ds e/;) 

 0 + 1/2 k (x + y)2 = mg (x + 2y) + 1/2 ky2 

  
1

2
 kx2 + 

1

2
 ky2 + kxy = mgx + mg2y + 

1

2
 ky2   

  x = 2y 
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5. Let displacement of block is x1 and of cart is x2 as shown  

 ekuk oLrq dk foLFkkiu x1 rFkk xkMh dk x2 gS fp=kkuqlkj 

 

 

 
 by linear momentum conservation js[kh; laosx laj{k.k ls  

  mv1 = Mv2  v2 = 1mv

M
 so x2 = 1mx

M
 

 For block Force equation can be written as  

 xqVds ds fy;s cy lehdj.k ,sls fy[kh tk ldrh gSA  

  F = 2k(x1 + x2) = m2x1  

   2k 1 1

m
x x

M

 
 

 
 = m2x1  2 = 2k 

M m

Mm

 
 
 

 

 So vr%  T = 2 
Mm

2k(M m)
 

 

6.  

 

 

 
 since all collision are elastic and total energy is conserved  

 pwafd lkjh VDdjsa izR;kLFk gS vkSj dqy ÅtkZ lajf{kr gSA   

 Time period of motion of right block is t1 = 
2L

v
. 

 nk¡;s xqVds dk vkorZdky gS t1 = 
2L

v
. 

 Time period of motion of left block is t2 = 
1 m

2
2 2 k

  

 ck¡;s xqVds dk vkorZdky gS t2 = 
1 m

2
2 2 k

  

 So, total time period vr% dqy vkorZ dky = 
2L

v
 + 

1

2

m
2

2k

 
 

  

  

7. For simple pendulum  = g/  and maximum linear displacement x0 =  and equation of S.H.M 

 ljy yksyd ds fy;s  = g/  vkSj vf/kdre js[kh; foLFkkiu x0 =   vkSj l-vk-x- dh lehdj.k  

 x = x0 cos t 

 x =  cos
g

t  
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8. Point O is moving as shown  fcUnq O fp=kkuqlkj xfr dj jgk gSA   

   

 

 
 So acc. Of particle w.r.t O vr% d.k dk O ds lkis{k Roj.k    

 = 1 2
ˆ ˆ(– i ( – g)j    

 So vr% geff. = 
2 2

1 2(g – )    

 So time period  vr% vkorZdky 

 = 2
1
22 2

1 2( (g – ) )  
  

 

9. (B) For simple pendulum  T = 2
g

const

g change

 
 

 
   

 For physical pendulum  T = 2
mg


  (g–change) ,m,  const 

 For Torsional pendulum T = 2
C


Const

C

 
 

 
   for any planet 

 For spring mass system T = 2 
m

K
 

  mg = k 
m

Const  for  all  planet
K g g'

 
   

 
   

 Both the spring–mass system & torsional pendulum have no dependence on gravitational acceleration 
 for their frequencies . 

Sol. (B) ljy yksyd ds fy,  T = 2
g g

 
 

 

fu; r

ifjofrZr 
   

 HkkSfrd yksyd  T = 2
mg


  (g–ifjofrZr) ,m,  vpj  

 ejksM+h yksyd  T = 2
C


Const

C

 
 

 
    lHkh xzgksa ds fy,  

 fLizax nzO;eku fudk; ds fy, T = 2 
m

K
 

   mg = k 
m

K g g'

 
   

 
lHkh xzgk sa d s fy, vpj  

 fLizax nzO;eku fudk; rFkk ejksM+h yksyd nksuksa dh vkof̀Ùk xq:Roh; Roj.k ij fuHkZj ugha djrk gSA  
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10. For small angular displacement () 

 y?kq dks.kh; foLFkkiu ds fy;s  

 

 

 
 Net torque on body oLrq ij dqy cyk?kq.kZ =  

 = (k1a sin)a + (k2b sin)b = 
2

2 ML
mL

3

 
  

 

 

 For small  y?kq ds fy;s    = 
2 2

1 2

2
2

k a k b

ML
mL

3







   frequency vko`fÙk  =  
1

2

2 2
1 2

2

k a k b

L (m M/3)




 

 
 

11. x = 10 sin3(t)  ;   3 3sinA – sin(3A)
sin A

4

 
 

 
 

   x = 10
3sin( t) – sin(3 t)

4

  
 
 

  x = 
30

4
sin t – 

10

4
sin 3t 

 So Amplitude vr% vk;ke = 
30

4
 , 

10

4
 

 frequency vko`fÙk = 1/2 , 3/2 

 

12. vk;ke dyk vkjs[k }kjk 

 

 

  

 

  

 

 

  resultant amplitude ifj.kkeh vk;ke  = 6 2  

 

13. 1
1

k

m
   2

2

k

m
   

 1 2

1 2

k k

(k k )m
 


= 

2 1

1

1 1
m

k k

 
 

 

= 

2 2
2 1

1

1 1


 

 = 1 2

2 2
1 2

 

  
 

14. K.E. = 2 2 21
m A sin ( t )

2
     

 

 
 

t 

K.E. 
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15. C1a3 = C2b3 

 k
m

aC 3
1   

 'k
m

bC 3
2   

 Frs = C1(a – x)3 – C2(b + x)3  

 = C1a3 









a

x3
1  – C2b3 










b

x3
1  = – 3(C1a2 + C2b2)x 

 time period = 
2

k k '
3

a b



 
 

 

   

PART - II 
1.  

 

 

 
 At t = 0 Particle 2 is at point B and moving towards origin so displacement 

 t = 0 ij d.k 2 fcUnq B ij gS rFkk ewy fcUnq dh rjQ tk jgk gS vr%  

 Y = 4 – A sin t 

 Y = 4 – 2 sin t 
 and displacement of particle 1  is   

 vkSj d.k 1 dk foLFkkiu gS    

  X = 3 – A cos t 

 X = 3 – 2 cos t 

 So distance between them vr% vuds e/; nwjh = 
2 2X Y   

 s2 = 29 – (16 sin t + 12 cos t) = 29 – 4 (4 sint + 3 cost)  

   29 – 20 (sint + 37º) 

 So vr%  2
maxs  = 49  smax = 7cm = S1 

  2
maxs  = 9   smin = 3cm =S2  S1+S2 = 10cm 

 

2. x1 = Asin(t + 1) 

 x2 = Asin(t + 2) 

  |x1 – x2| = 2A sin(2t + 1 2

2

  
) cos 1 2

2

   
 
 

 

 To maximize vf/kdre ds fy, |x1 – x2| : 

  sin(2t + 1 2

2

  
) = 1 

  a 2  =  2a × 1 × cos 1 2

2

   
 
 

 
1

2
 = cos 1 2

2

   
 
 

 

  
4


 = 1 2

2

  
  1 – 2 = 

2


   N =2 
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3. f = a – bx 
 For maximum velocity, acceleration should be zero. 

 i.e. a – bx = 0  x = a/b 

  At x = a/b, the particle has its maximum velocity. 

  f = 
vdv

dx
 = a – bx  

2v

2
 = 

2bx
ax c

2
   

 At x = 0 ; v = 0   c = 0 
 Substituting ; x =  a/b ; gives 

  vmax = 
a

b
 

 Also, the velocity of the car should become zero at station B. 

 i.e. 
2bx

ax 0
2

    x = 0 ; x = 
2a

b

 
 
 

 

  Distance between the two stations is 2a/b  

   N = 2 
 Alternate : f = a – bx means particle will do SHM.  
 At mean position ; f = 0 

  x = a/b  

 

    
 In the figure shown, 'C' is the mean position and A & B are extreme positions 

  xmax = 2a/b    
Sol. f = a – bx   

 vf/kdre osx ds fy, Roj.k 'kwU; gksuk pkfg,  

 i.e. a – bx = 0  x = a/b 

  x = a/b ij, d.k viuh vf/kdre pky ij gSA  

  f = 
vdv

dx
 = a – bx  

2v

2
 = 

2bx
ax c

2
   

 x = 0 ij ; v = 0    c = 0 

 izfrLFkkfir djus ij ; x = a/b ; izkIr djrs gSaA  

  vmax = 
a

b
 

 rFkk LVs'ku B ij dkj dk osx 'kwU; gks tk,xk  

 i.e. 
2bx

ax 0
2

    x = 0 ; x = 
2a

b

 
 
 

 

  nksauks LVs'kuksa ds chp dh nwjh = 
2a

b
 

   N = 2 

 fodYi : f = a – bx vFkkZr d.k ljy vkorZ xfr djsxkA  

 ek/; fLFkfr ij ; f = 0 

  x = a/b  

 

    

 iznf'kZr fp=k esa 'C' ek/; fLFkfr gS rFkk A , B pje fLFkfr;k¡ gSaA  

  xmax = 2a/b  
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4.  1/2 K x2 + 1/2 mv2 = 1/2 KA2 
 mn2x2 + mv2 = mn2a2 
 v2 = n2 (a2 – x2) 

 

 

 

 
1

2
 m (v + na)2 + 

1

2
 K 

2

3a

2

 
  
 

 = 
1

2
 K A1

2 

 
1

2
 m v2 + 

1

2
 mn2a2 + 

2

2
 mnav + 

1

2
 mn2 

23a

4
 = 

1

2
 mn2 A1

2 

 mn2 (a2 – x2) + mn2a2 + 2mna n 2 2a – x + mn2 
23a

4
 = mn2A1

2 

 a2 – x2 + a2 + 2a 2 2a – x + 
23a

4
 = A1

2 

 11a2 – 4x2 + 8a 2 2a – 3a  = 4A1
2  

 Putting x = 
3

2
a j[kus ij 

 12a2 = 4A1
2 A1 = 3a  = 15 3  cm   k = 15 

 

 
5. The coordinates of the particles are  

 d.k ds funsZ'kkad 

  x1 = A1 cos t, x2 = A2 cos t      

  separation chp dh nwjh  = x1 – x2  = (A1 – A2) cos t = 12 cos t    

 Now vc  x1 – x2 = 6 = 12 cos t   

  t = 
3


  

  
2

12


. t = 

3


   

  t = 2s    

 Ans.  t = 2s   
 
 
6.  

 

 

 

 S = 
h

sin30
, a = g sin 30, h = 20 cm, u = 0 

 S = ut + 21
at

2
 

   t = 
2S

a
 = 

2 (0.2 2)

10 (0.5)

 


 = 0.4  

 v = 0 + (g sin30) (0.4) = 2  
 For BC max height reached by the particle will be same as h = 20 cm (by energy conservation)  
 and for BA and BC t = 0.4 
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 Total time period = 0.4 × 4 = 1.6 second = 16×10–1 sec 

   N = 16 

 BC ds fy;s d.k }kjk izkIr vf/kdre Å¡pkbZ h = 20 cm ds leku dh gS 

 (ÅtkZ laj{k.k ls )  

 rFkk BA ,oa BC ds fy;s t = 0.4 

 dqy vkorZdky = 0.4 × 4 = 1.6 second = 16×10–1 sec  N= 16 
 

7. After displacement x against spring C 

 fLizax C ds fo:) x foLFkkiu ds ckn  

  

 

 

 

 
 Deformation in springs ABC is shown in figure 1. 

 fp=k & 1 esa fLizaxks A, B rFkk C ladqpu fn[kk;k x;k gSA 

  

 

 

 

 
 Forces applied by three springs ABC is shown in figure-2. 

 fp=k-2 esa rhuks fLizaxks  A, B, C ds }kjk vkjksfir cy n'kkZ;k x;k gSA 

 F = 
kx 1

2 2kx
2 2

   = 3 kx = m2 x  

   = 
3k

m
    N = 3 

 

8. Velocity of the particle just before collision VDdj ds rqjUr igys d.k dk osx  

 u = 
4.5mg

2g
K

      

 u = 
m

3g
K

    

    

 

  
 Now it collides with the plate. 
 Now just after collision velocity of system of plate + particle 

 vc ;g IysV ls Vdjkrk gS 

 VDdj ds ckn ¼IysV + d.k½ fudk; dk osx  

  mu = 3mv  V = 
u

3
 = g

m

K
 

 Now system perform’s SHM with time period T = 2
3m

K
 and mean position as 

mg

K
 distance below 

the point of collision. Let the equation of motion be. 

 fudk; SHM djsxk bldk vkorZdky T = 2
3m

K
 rFkk ek/; fLFkfr] Vdjkus okyh fLFkfr ls 

mg

K
 uhps gSA   

 xfr dh lehdj.k   
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 y = A sin (t + ) 

 for t = 0  ds fy, y = mg/K 

 
mg

K
 = A sin   ...(1) 

 Now for amplitude  vr% vk;ke 

 V = 
2 2A x   

 g
m

K
 = 

K

3m

2 2
2

2

m g
A

K
  

 

2
mg

3
K

 
 
 

 = A2 – 
2 2

2

m g

K
 

 A = 
2mg

K
 ...(2) 

 By (1) & (2) lehdj.k (1) o (2) ls  

 T = 
3m

2
K

  

 x = 
A

2
 to ls x = 0  rd  t = 

T

12
 

 x = 0 to ls x = A  rd  t = T/4 

 total time dqy le; = 
T T 2 3m

12 4 3 K


  = 

m
2

3k
  

  a = 3 
 
9. Let block is pushed down by x from its equilibrium position. 

 ekuk CykWd dks bldh lkE;oLFkk fLFkfr ls x nwjh uhps /kdsyk tkrk gSA  

 Let extension in springs be y1 and y2 as shown in figure. 

 ekuk fp=kkuqlkj fLizaxks esa foLrkj Øe'k% y1 rFkk y2 gSA 

 so restoring force on block F = K2y2  

 vr% CykWd ij izR;ku;u cy F = K2y2  

 Force in left spring is ckW;h fLizax ij cy 2F = K1y1  

 From constraint motion caf/kr xfr ls 2y1 + y2 = x 

  2 × 
1

2F

K
 + 

2

F

K
 = x 

  F =  1 2

1 2

K K

K 4K

 
 

 
x  = 2x 

 So vr%,  = 1 2

1 2

K K1

m K 4K

 
 

 
   

  T = 2 1 2

1 2

m (K 4K )

K K


    

 T = 2 1 2

1 2

m (K 4K )

K K




12m

K
   

  n = 12 
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10.  

 

 

 

 The motion starts from position A the time taken from  A to W2  (t1) = 
T T

4 12
  

 Before collision the energy of the system is conserved,  
 Kinetic energy of the block just before collision  

 Ki = 
1

2
 K (2A)2 – 

1

2
 KA2  = 

3

2
 KA2  & just after collision Kf = iK

3
 (given) = 

1

2
 KA2 

 Now during motion after collision , the energy is again conserved 

 Hence , Kf +  
1

2
KA2 = 

1

2
 KA´2   

 A’ =  maximum compression after collision   A´ = A 2  

 ie. Now motion has amplitude A 2  
 Now time taken by block from  

 W2 to position B            =  
T

4
 + 

T

8
 

  total time taken =   t1 + t2 =  
T

4
  + 

T

12
 + 

T

4
  + 

T

8
 = 

17
T

24
= 

17 m

12 K


   = 17sec

m 12

k

  
 

  

 

Sol.   

 

 

 

 fLFkfr A ls xfr izkjEHk djrk gS rks A ls W2 rd fy;k x;k le;  (t1) = 
T T

4 12
     

 VDdj ds igys fudk; dh ÅtkZ lajf{kr gSA  

 VDdj ds Bhd igys CykWd dh xfrt ÅtkZ   

 Ki = 
1

2
 K (2A)2 – 

1

2
 KA2  = 

3

2
KA2  vkSj VDdj ds Bhd ckn Kf = iK

3
 (fn;k gS)= 

1

2
 KA2  

 vc VDdj ds ckn] xfr ds nkSjku ÅtkZ nqckjk lajf{kr gksxh  

 vr% , Kf + 
1

2
 KA2 = 

1

2
 KA´2   

 A´ =  VDdj ds ckn vf/kdre lEihfM+u  A´ = A 2  

 vFkkZr xfr dk vk;ke  A 2   gksxk  

 vc CykWd }kjk W2 ls B rd xfr esa fy;k x;k le; (t2)  =  
T

4
 + 

T

8
 

  dqy le; =   t1 + t2 = 
T

4
  + 

T

12
 + 

T

4
  + 

T

8
 = 

17
T

24
 = 

17 m

12 K


  = 17sec

m 12

k

  
 

  
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11. Frequency (vko`fÙk) n2 = 
1 2

1 k

2 m m 
 

 = 
1 100

2 4 5 
= 

1 10

2 3



 = 

5

3
 

 By conservation of linear momentum at mean position, 

 ek/; voLFkk ij js[kh; laosx laj{k.k ls 

   Pi = Pf 

  m11A1 = (m1 + m2) 2A2 

  1 1
1

k
m A

m
 = (m1 + m2) 2

1 2

k
A

m m
 

  1 1km A  = 1 2 2k(m m ) A  

  A2 = 2/30 m.  
 

12. Free body diagram of bob of the pendulum with respect to the accelerating frame of reference is as 
follows:  

   Net tension in the string is T = mg cos   

  

 

  

 So, geff = 
T

m
 = 

mgcos

m


 = g cos   

  T = 2
eff

L

g
 or  T = 2

L

g cos 
     

 Alternative :
 Whenever point of suspension is accelerating  

 Take T = 2
eff

L

g
   Where  effg g – a  

 a  = Acceleration of point of suspension.  

 In this question a = g sin  (down the plane)   

    g – a  = geff = 2 2g (g sin )  2(g) (g sin ) cos (90   )       = g cos    

   T = 2
L

gcos
( = 60°) 

  T = 2
2L

g
 

 x= 2 
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Rofjr funsZ'k ra=k ds lkis{k isUMwye ds yksyd dk eqDr oLrq js[kk fp=k ,slk gksxkA  

   jLlh esa dqy ruko T = mg cos   

    

 

  

 vkSj   yksyd dk dqy Roj.k geff = 
T

m
 = 

mgcos

m


 = g cos   

  T = 2
eff

L

g
 ;k  T = 2

L

g cos 
     

 oSdfYid

 tc Hkh vkyEcu fcUnq Rofjr gksrk gSA 

 yhft;ss  T = 2
eff

L

g
   tgk¡  effg g – a  

 a  = vkyEcu fcUnq dk Roj.k  

 bl iz'ku esa a  = g sin  (ry ds uhps dh vksj)   

    g – a  = geff = 2 2g (g sin )  2(g) (g sin ) cos (90   )        = g cos    

   T = 2
L

gcos
 ( = 60°) 

  T = 2
2L

g
   x = 2  

13. 2
m

1
mV

2
 = 15 × 10–3  

 Vm = 0.150 m/s  

 A = 0.150 m/ s  

 Lm . 
g

L
 = 0.150 m/s  

 gL  = 
3

0.150

100 10
 gL = 

0.150

0.01
 = 1.5 m 

 l = 
15

g
m    n =15 

14. The time period of simple pendulum in air   ok;q esa ljy yksyd dk vkorZ dky 

 T = t0 = 2
g

 
 
 

   ........... (i) 

 , being the length of simple pendulum.  , ljy yksyd dh yEckbZ gSaSA 

 In water, effective weight of bob   ty esa xksyd dk izHkkoh Hkkj  

 w’ = weight of bob in air – upthrust  

 w´ = ok;q esa xksyd dk Hkkj – Åij dh vksj cy 

  Vgeff = mg – m’g  =Vg – ‘ Vg = (–‘ )Vg 

 where  = density of bob,  tgk¡  = xksyd dk ?kuRo 
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 ´ = density of water ty dk ?kuRo  

  geff = g 
– '  

 
 

 =  
'

1–
 
 

 
g  t = 2

'
1– g

  
  

  

  (ii)   

 Thus vr%, 
0

t

t
 = 

1

'
1–

  
  

  

  = 

 

1

1000
1–

4 / 3 1000

 
 
 
 
   
 

 = 2 

  t = 2 t0 ; t/t0 = 2   N = 2  

 

15. Half of the volume of sphere is submerged. 
 For equilibrium of sphere, weight = upthrust 

  V sg = 
V

2
 (L) (g)  s = L

2


 

 When slightly pushed down by x weight will remain as it is while upthrust will increase. The increased 
upthrust will become the net restoring force (upwards). 

  F = – (extra upthrust)  = (extra volume immersed) (L) (g) 

 or ma = –(R2) xLg  (a = acceleration) 

  
4

3
R3 L

2

 
 
 

a = – (R2Lg) x   a = 
3g

2R

 
 
 

x 

 As a  – x motion is simple harmonic 

 Frequency of oscillation, f = 
1 a

2 x
 = 

1 3g

2 2R
.  

  f = 
3

8R
 g     N = 8 

 xksys dk vk/kk vk;ru Mwck gqvk gS] xksys dh lkE;koLFkk ds fy, 

  Hkkj = mRIykod cy 

  V sg = 
V

2
 (L) (g)  s = L

2


 

 tc FkksM+k lk uhps dh vksj x ls /kdsyk tkrk gS Hkkj vifjofrZr jgrk ijUrq mRIykod cy c<+ tkrk gSA c<+k gqvk 

mRIykod cy ifj.kkeh izR;ku;u cy (Åij dh vksj) cu tk;sxkA 

  F = – (vfrfjDr mRIykod cy) 

     = (vfrfjDr Mwck gqvk vk;ru) (L) (g) 

 ;k ma = –(R2) xLg  (a = Roj.k) 

  
4

3
R3 a L

2

 
 
 

= – (R2Lg) x  a = 
3g

2R

 
 
 

x 

 D;ksafd a  – x xfr ljy vkorZ gS 

 nksyu dh vko`fÙk  f = 
1 a

2 x
  = 

1 3g

2 2R
  

f = 
3

8R
 g     N = 8 
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16. For small Angular displacement  y?kq dks.kh; foLFkkiu ds fy;s  

  

 

 
 Restoring torque about point O fcUnq O ds ifjr izR;ku;u cykiw.kZ 

 (mg 2  sin ) +  (Ksin) = 
2m

3
 , (for small   sin  ) (y?kq  ds fy;s sin  ) 

  = 
2

2

2

(mg K )

m

3

 
   = 

3g 3k

2 m

 
 

 
 = –2  

 So angular speed vr% dks.kh; osx   = 
3g 3k

2 m

 
 

 
 

  = 
3g 2k

1
2 mg

 
 

 
 = 

75
  N = 75  

 

PART – III 

1. x = x0 sin2 t = 0x (1– cos2 t)

2


 

 So vr% A = 0x

2
 Time period vkorZdky  = 

1

2


 = 

2

2




 = /

 

2. Equation of S.H.M   x – x0 = a sin (t + )   x =  x0 + a sin (t + ) 

 l-vk-x- dh lehdj.k x – x0 = a sin (t + )   x =  x0 + a sin (t + ) 

 (A)  x = sin2t 

 (B)  x = sin2 t = 
1– cos2 t

2

 
 
 

=
1

2
  – 

1

2
 cos2 t 

   x – 1/2  = –1/2 cos2 t 

 (C)  x = sin t + 2cos t = sin (t + )    { = tan–1 2} 
  So represent equation of S.H.M     

  vr% lehdj.k l-vk-x- dh lehdj.k dks izLrqr djrh gS  

 (D) But sin t + cos2 t cannot write as sin (t+)    

  sin t + cos2 t dks sin (t+) ds tSls ugha fy[kk tk ldrk gSA  

  So it is not S.H.M equation  ;s l-vk-x- dh lehdj.k ugh gSA 

 
3. v2 = 108 – 9x2 

 
2vdv

dx
 = – 18 x  acc.  A = –9x (non-uniform) vleku  

 at x = 3cm ij 

 a = –27 or |a| = 27cm/s2 
 also a = – 9x is a S.H.M equation so particle perform S.H.M about the give fixed point 

 rFkk a = – 9x ,d l-vk-x- lehdj.k gS vr% d.k fn;s x;s fLFkj fcUnq ds lkis{k l-vk-x- djsxkA  

 V is maximum at x = 0  V, x = 0 ij vf/kdre gSA 

 and V is Zero at x = 12  rFkk V, x = 12  ij 'kwU; gSA 

 So Amplitude = 2 3 cm  vr% vk;ke = 2 3 cm 
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4. Given fn;k gS   A = 0.4m , and vkSj   a = g 

 so vr%2A = g   2 = 
10

0.4
 = 25 

  = 5 T = 
2


 = 2/5 sec.lSd.M 

 At lowest position acceleration.fuEure fcUnq ij Roj.k = 2A + g = g + g = 2g 

 So weight vr% Hkkj = m (2g) = 2mg 

 at half distance  vk/kh nwjh ij a = g/2 

 So weight at upper half distance vr% Hkkj Åijh vk/kh nwjh ij = m(g-g/2) = mg/2    

 and weight at lower half distance  rFkk fupyh vk/kh nwjh ij Hkkj  

  = m(g + g/2) = 
3mg

2
 

 actual weight at equilibrium position (maximum v) 

 lgh Hkkj lkE;koLFkk fLFkfr ij ¼vf/kdre osx½  

 

5. acceleration Roj.k    a = 2x 

maximum acceleration vf/kdre Roj.k  amax = 2A = 

2
2

T

 
 
 

2.5

100
 

 When block and platform are separated 

 tc oLrq rFkk IysVQkeZ vyx gksrs gSA  

  amax = g = 10 

  
2

2

4

T


. 

1

40
 = 10   T2 = 

2

100


 T = /10sec 

 

6. For S.H.M l-vk-x- ds fy;s   

 y = A sin t = A sin 
2 t

T

 
 
 

 

 v =  2 2A – y   vmax = A 

 (A) At y = A/2 ij   

 v = 
2 2A – A / 4  = 

3 A

2


 > 

A

2


 

 (B) For v = maxV

2
  ds fy;s    2 2A – y  = 

A

2


 

  A2 – y2 = 
2A

4
   y = 

3A

2
 > 

A

2
 

 (C) for t = T/8 ds fy;s   

  y = A sin
2 .T

8.T

 
 
 

  = A
2

 > 
A

2
 

 (D) for y = A/2 ds fy;s  A/2 = A sin 
2 t

T

 
 
 

  

    
2 t

T


 = /6  t = 

T

12
 < T/8 
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7. F = 
–du

dx
 = –[10x – 20] = 20 – 10x 

 acceleration Roj.k a = 
20 – 10x

m
 = 100(2–x) = 2(x – 2) 

 a = 0 at x = 2  So V is maximum at x = 2 

 x = 2 ij a = 0 gS vr% V,  x = 2 ij vf/kdre gSA 

 This is equation of S.H.M so particle executes S.H.M 

 ;g l-vk-x- dh lehdj.k gS vr% d.k l-vk-x- djrk gSA 

 also rFkk 2 = 100    = 10 

 T = 
2


 = /5 sec. 

8.* U (x) = 
2x1 e  

 It is an exponentially increasing graph of potential energy (U) with x2 . Therefore U versus x graph will 
be as shown.  

 From the graph it is clear that at origin 
 Potential energy U is minimum ( therefore, kinetic energy will be maximum ) and force acting on the 

particle is also zero because F = 
dU

dx


 = –(slope of U – x graph ) = 0. 

 Therefore, origin is the stable equilibrium position. Hence particle will oscillate simple harmonically 
about x = 0 for small displacements. Therefore, correct option is (D). 

 (A) At equilibrium position F = 
dU

dx


 = 0 i.e. slope of U-X graph should be zero and from the graph we 

can see that slope is zero at x = 0 and x = ±  . Now among these equilibriums stable equilibrium 
position is that where U is minimum ( Here x = 0 ). Unstable equilibrium position is that where U is 

maximum ( Here none). Neutral equilibrium position is that where U is constant ( Here x = ± ). 
Therefore, option (A) is wrong. 

 (B) For any finite non-zero value of x, force is directed towards the origin,  
 because origin is in stable equilibrium position. Therefore, option (B) is  
 incorrect. 
 (C) At origin, potential energy is minimum, hence kinetic energy will be  
 maximum. Therefore, option (C) is also wrong.  

     

 U 

K 

x              

Sol. U (x) = 
2xK(1 e )  

 ;g fLFkfrt ÅtkZ (U) dk x2  ds lkFk pj?kkrkadh c<rk gqvk xzkQ gSA vr% U vkSj X ds e/; xzkQ fp=kkuqlkj gksxkA  

 xzkQ ls ;g Li"B gs fd ewyfcUnw ij fLFkfrt ÅtkZ U U;wure gS ( vr% xfrt ÅtkZ vf/kdre gksxh) vkSj d.k ij 

yxus okyk cy Hkh 'kwU; gksxk D;ksfd      F = 
dU

dx


 = –(U – x xzkQ dk <ky ) = 0 

 vr% ewyfcUnq LFkk;h lkE;koLFkk dh fLFkfr gS vr% d.k x = 0 ds lkis{k NksVs foLFkkiu ds fy;s d.k ljy vkorZ xfr 

djsxkA vr% fodYi (D) lgh gSA 
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 (A) lkE;oLFkk ij F = 
dU

dx


 = 0 gS vr% U-X xzkQ dk <ky 'kwU; gksxk vkSj xzkQ ls ge dg ldrs gS fd x = 0 rFkk 

x = ±  ij <ky 'kwU; gSA vc bu lkE;koLFkkvks esa ls LFkk;h lkE;koLFkk ij U dk eku U;wure gksxkA (;gk¡ x = 0) 

vLFkk;h lkE;koLFkk ij U vf/kdre gksrh gSA ( ;gka ij dksbZ ugh) rFkk mnklhu lkE;okLFkk ij U fu;r ( ;gka x = ± 

) gksrh gS vr% fodYi (A) xyr gSA 

 (B) x ds fdlh Hkh ifjfer v'kwU; eku ds fy, cy ewyfcUnq dh vksj gksxk D;ksfd  

 ewyfcUnq LFkk;h lkE;koLFkk dh fLFkfr gSA vr% fodYi (B) xyr gSA 

 (C) ewyfcUnq ij fLFkfrt ÅtkZ U;wure gS vr% xfrt ÅtkZ vf/kdre gksxhA  

 vr% fodYi (C) Hkh xyr gSA     

 U 

K 

x  
 

9. maxm amplitude vf/kdre  vk;ke =  

 So time to travel angle  vr%  dks.k r; djus esa yxk le;  

  x = x0 sin t  

   =  sin t 

  t = 
1


 sin–1 




 

 Now period of pendulum = 
1

2
 (actual time period) +2 (time to travel angle ) 

 vc yksyd dk vkoZrdky = 
1

2
 (okLrfod vkorZdky) +2 (dks.k r; djus es yxk le;) 

 = 
1

2
. 2

g
 + 2

g
  sin–1




  

 = 2 
g

–1/ 2 sin
  
   

  
 

 Also if time taken to travel from right extreme position to wall is t then  

 ;fn nka;h lhekUr fLFkfr ls nhokj rd tkus esa yxk le; t gS rks  

 –  =  cos t 

   cost = – 



 

 t = –11 –
cos

 
 

  
 

 T = 2t = –12 –
cos

 
 

  
 

 T = –1 –
2 cos

g

 
 
 

 

 

10.* Given fn;k gS y = (sin t + cos t) y = 2  sin (t + /4) 

 So vr% A = 2  m and rFkk at   t = 0 ij y = 1m 
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11. r


 = A cos t î   + 2A cos t ĵ    

  x =  A cos t , y = 2A cos t so vr%  y = 2x 

 | r


| = Acos t. 5  = 5 A cos t   

 So motion is at straight line, periodic and  S.H.M 

 vr% xfr ljy js[kk ij vkorhZ o l-vk-x- gSA 

 

 

12. From superposition principle 

 1 2 3y y y y     

  = a sin t + a sin (t + 45º) + a sin (t + 90º)   

  = a {sin t + sin (t + 90º)} + a sin (t + 45º) 

  = 2 a sin (t + 45º) cos 45º + a sin (t + 45º)   

  = ( 2  + 1) a sin (t + 45º) 

  = A sin (t + 45º ) 
 Therefore, resultant motion is simple harmonic of amplitude 

                                  A =  ( 2  + 1) a 
 and which differ in phase by 45º relative to the first. 

 Energy in SHM ( amplitude)2 [E = 
1

2
m A2 2 ] 

  

2
2resul tan t

single

E A
( 2 1) (3 2 2)

E a

 
     
 

 

  Eresultant = (3 + 2 2 ) Esingle 

 

 v/;kjksi.k fl}kUr ls  

  1 2 3y y y y    

  = a sin t + a sin ( t + 45º ) + a sin (t + 90º)   

  = a { sin t + sin (t + 90º ) } + a sin (t + 45º) 

  = 2 a sin ( t + 45º) cos 45º + a sin ( t + 45º )   

  = ( 2  + 1) a sin (t + 45º ) 

  = A sin (t + 45º ) 

 vr% ifj.kkeh xfr ljy vkoÙkZ xfr gS ftldk vk;ke  

                                   A =  ( 2  + 1) a 

 vkSj ;g izFke ds lkis{k 45º dykUrj ij gSA 

 SHM es ÅtkZ ( vk;ke )2 [E = 
1

2
 m A2 2 ] 

  

2
2 E A

( 2 1) (3 2 2)
E a

 
     
 

ifj.kkeh 

,dy

 

  E
ifj.kkeh

  = (3 + 2 2 ) E
,dy
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PART - IV  

1.  = 
K

m
 = 200  rad/s 

1 to 3 
 Maximum extension the spring from natural position is x. 
 Then mg + ma = kx  

  x = 
2 (10 5)

400


 = 7.5 cm 

 Extension of the spring when it is stretched to equilibrium line is x'. 
  mg =kx' 

   x' = 
2 10

400


 = 5 cm       

 Therefore amplitude A = x –x' = 2.5 cm 
 If upward direction is taken as positive at t = 0,  x = – A 

 Using x = A sin (t + ) 

  – A = A sin  

  = 
3

2


  

    

 

V=0 

Eq. line 

F=0  
   A 

 
gy% 1 to 3 

 fLizax dh izkdf̀rd fLFkfr ls egRre f[kapko x gSA 

 rks mg + ma = kx  x = 
2 (10 5)

400


 = 7.5 cm 

 lkE;oLFkk ls fLizax f[kapus ij blesa f[kapko x' gSA 

  mg =kx'    x' = 
2 10

400


 = 5 cm       

 vr% vk;ke A = x –x' = 2.5 cm 

 ;fn Åij dh fn'kk dks /kukRed ysa] rks t = 0 ij x = – A 

 x = A sin (t + ) dk iz;ksx djus ij 

  – A = A sin  

   = 
3

2


 

     

 

V=0 

Eq. line 

F=0  
   A 
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6.  (i)   

  

 

 
 force on particle at point P 

 fcUnq P ij fLFkr d.k ij cy  

  F = 
2mg(a – x)

a
 – 

mg(x)

a
 

  F = 
mg

a
 (2a – 3x)  

  F = 
–3mg

a
 (x – 2a/3) 

 (ii) So this is equation of S.H.M (F = mx) so particle perform S.H.M with mean position x – 2a/3 = 0 

    vr% ;s lehdj.k l-vk-x- dh lehdj.k gSA (F = mx) vr% d.k l-vk-x- djsxk ftldh ek/; voLFkk gS  

x – 2a/3 = 0    x = 2a/3 (from point A) fcUnq A ls  

 So vr%  2 = 
3g

a
   = 3g/a  

 So Time period  vr% vkoZrdky T = 2 a /3g   

 and amplitude vkSj vk;ke = 2a/3 – a/2 = a/6 

 (iii) minimum distance from B  ls U;wure nwjh = a – (2a/3 + a/6) = a/6 

 (iv)   

  

 

 
 at point P velocity of particle = 0 

 fcUnq P ij d.k dk osx = 0 

 and force vkSj cy = 
2mg x

a
 

 (at point q) (q fcUnq ij ) 

 acc. Roj.k  = 
2g x

a
  

v

o

v dv  = 

a / 6

o

2gx dx

a   V = 
2ga

6
 

 

8. At equilibrium position lkE;koLFkk dh fLFkfr ij  :   

 Kx0 = m1g sin + m2g sin  

 x0 = 1 2(m m )g sin

k

 
  

 Block will separate when acceleration of block of  

 mass m1 will be just equal to g sin   

 tc m1 nzO;eku ds CykWd dk Roj.k g sin ds cjkcj gksxk CykWd vyx & vyx gks tk;sxsA  

  a = 2x = g sin   
1 2

K

m m
 × x  = g sin  

  1 2m m
x

K


  g sin  =  x0  

 So, blocks will separate when blocks are at distance x = 1 2m m

K


 g sin

 vr% tc CykWd ek/;oLFkk ls x = 1 2m m

K


 g sindh nwjh ij gksxs CykWd vyx vyx gks tk;sxsA 

 From mean position  

 i.e. spring is at its natural position (amplitude A = 1 2

2
(m m )gsin

K

 
  

 
) 
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 tc fLizax bldh izkd`frd fLFkfr es gSA (vk;ke A = 1 2

2
(m m )gsin

K

 
  

 
)    

   

 

 
 Blocks will separate at distance x = x0 from mean position. 

 ek/;oLFkk ls x = x0 nwjh ij CykWd vyx gks tk;sxsA 

  v = 2 2
0A x  

  = 
1 2

K

m m

22

1 2
1 2

m m2
(m m )gsin gsin

K K

   
      

    
  

  = 1 2

3
(m m ) gsin

k
   

EXERCISE-3 
 

PART - I  

Hkkx - I 
 

1. x = A
(1 cos2 t)

2

 
  + B

(1 cos2 t)

2

 
   + 

C

2
 sin 2t  

 Choose different combinations of  A, B & C to get linear combination of sin & cos functions.  

 A, B rFkk C ds fHkUu&fHkUu ekuksa ds fy;s sin o cos Qyu ds js[kh; feJ.k izkIr djksA  
 

2. (A) SHM dh izd`fr ls] fodYi p ls fn;s x, xzkQ ls fLFkfrt ÅtkZ&foLFkkiu dk Qyu ijoy; gksxk  

   vr% (A)  (p) 

 (B) a = 0 ;k a = fu;r (nh xbZ 'krZ ls) 

  V > 0 ;g /kukRed x-v{k ds vuqfn'k gSA 

  y – foLFkkiu 

  y = ut ± 
1

2
at2 for  a = fu;r 

  y = vt  for  a = 0 

 ;g nksuksa fLFkfr;ka (q) o (s) }kjk larq"V gksrh gSA (B)  (q, s) 

 (p) dks ugh fy;k x;k gS pwafd t = 0 ij foLFkkiu 'kwU; ugh gS rFkk osx dk _.kkRed eku gSA 

 (C) R = 
2u sin(2 )

g


 and R  u2  ,d fu;r iz{ksi.k dks.k ds fy, 

  rFkk u = 0, R = 0   (C)  (s) 

 (D) T = 2
g

      T2 = 24
g

      y = 
24

x
g


   (D)   (q) 

     
3. Applying equation of torque about lowest point  

 lcls fuEure fcUnq ij cyk?kw.kZ dk lehdj.k yxkus ij 

  (2Kx) R  = 23
MR

2

 
 

 
 

  R = 
4Kx

3M
 

 as there is no slipping 

 pwafd dksbZ fQlyu ugha gSA 
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  a = R = 
4Kx

3M
                     

 Net force dqy cy  = Ma = 
4Kx

3
 

 Which is directed opposite to displacement  

 tks fd foLFkkiu ds foijhr gSA  

  Fnet = 
4Kx

3


  Ans. (D)  

 

 

  

 

 
 

4. Fnet = 
4kx

3
  = –M(2x) 

  = 
4k

3M
  Ans. (D). 

 

5. 
1

2
MV0

2 +
1

2

22
0VMR

2 R

 
 
 

=
1

2
(2K)x2

max 

 = 
3

2
MV0

2 = 2kx2
max      xmax = 

2
0MV3

4 K
  

 

 
 At extreme position, friction will have maximum value. 

 pje fLFkfr ij] ?k"kZ.k vf/kdre gksxkA 

  2kxmax – fmax = max

4k
x

3
     fmax = 

2

3
kxmax 

  Mg = 
2

0MV2 3
k

3 4 K
     Mg = 0

K
M V

3

 
  
 

 

  V0 = 
3M

g
K

  Ans. (C) 

 

6. From graph (xzkQ ls)  

  T = 8 second., A = 1 cm, x = A sint. = 1sin
2

8


t. 

  a = – 2x = – 

2
2

8

 
 
 

sin
2

8

 
 
 

t  cm/s2 

  At,  t = 
4

3
second ij  a = 

2
2

8

 
 
 

 – 
3


 sin = –

23

32


  cm/s2 
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7.   

 

 

 

 Torque about P = (kx) 
L

2
 + (kx) 

L

2
 = kxL ( =

2x

L
) 

  =    

  –
2 2KL ML

2 12
      

6K

M

 
 =      = – 

6K

M
 = 2  

   = 
6K

M
 and f = 

2




 = 

1 6K

2 M
 

Sol.  (C)  

 

 

 

 P ds lkis{k cy vk?kw.kZ = (kx) 
L

2
 + (kx) 

L

2
 = kxL ( = 

2x

L
) 

   =    

  –
2 2KL ML

2 12
       

6K

M

 
 =      = – 

6K

M
 = 2  

   = 
6K

M
 vkSj f = 

2




 = 

1 6K

2 M
 

 
8.  

 

 

 
  Extensions in springs are x1 and x2 then 

  fLçaxksa esa foLrkj x1 o x2 gS rc 

  k1x1 = k2x2  

  and vkSj x1 + x2 = A 

   x1 + 1 1

2

k x

k
 = A  x1 = 2

1 2

k A

k k
 

 

9. When 0 < E < V0 there will be acting a restoring force to perform oscillation because in this case particle 

will be in the region |x|  x0 . 

 tc 0 < E < V0 , ;gk nksyu djus ds fy, ,d izR;ku;u cy dk;Zjr gS D;ksfd bl fLFkfr esa d.k {ks=k |x|  x0 esa 

jgrk gSA  
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10. V = x4 

 T.E. = 
1

2
 m2A2 = A4 (not strictly applicable just for dimension matching it is used) 

 T.E. = 
1

2
 m2A2 = A4 (iw.kZr% ykxw ugh gS dsoy ;g foeh; :i ls feyku ds fy, mi;ksxh gS) 

 2 = 
22 A

m


   T  

1 m

A 
 

 

11. F = 
dU

dx
  

 as for |x| > x0  V = V0  =  constant 

 tSlk fd |x| > x0 ds fy,  V = V0  =   fu;rkad   

  
dU

dx
 = 0  F = 0 

 
12*. torque is same for both the cases. 

 nksuksa izdj.kks esa cyk?kw.kZ leku gS  

 T = 2
mgd


  

 A > B  

 A < B  
 
13.  

 

 

 

 

 
 
14. In 1st case amplitude of SHM is a. 
 In 2nd case amplitude of SHM is 2a 

 Total energy = 
1

2
k(amplitude)2  

 E1 = 
1

2
k(2a)2 

 E2 = 
1

2
k(a)2 1 2E 4 E    

Alternative : 
 Linear momentum  P = mv 

           = m
2 2A x  

     P2 = m22 (A2 – x2) 

     P2 + (m)2x2 = m22A2 ...(i) 
 Equation of circle (bigger) 
        P2  + x2 = (2a)2 
        P2 + x2 = 4a2   ...(ii) 
 Equation of circle (smaller) 
        P2 + x2 = a2              ...(iii) 
 Comparing (i) and (ii)  
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 Amplitude       A = 2a 

 and (m)2 = 1     m2  = 
1

m
 

       2 21
m (A)

2
  

 So energy E1 = 2 21
m (2a)

2
  

          = 21 1
(4a )

2 m
  

         = 
22a

m
 

 Comparing (i) and (iii) 
 A = a 

 (m)2  = 1      m2 = 
1

m
 

 So E2 = 2 21
m A

2
  = 21 1

a
2 m
  = 

2

2

1 a

2 m

21 a

2 m
 

 So 1

2

E
4

E
    E1 = 4E2 

Sol.  izFke fLFkfr esa SHM dk vk;ke a gSA 

 f}rh; fLFkfr esa SHM dk vk;ke 2a gSA 

 dqy ÅtkZ = 
1

2
k(vk;ke)2  

 E1 = 
1

2
k(2a)2  E2 = 

1

2
k(a)2  

 1 2E 4 E   

oSdfYid : 

 js[kh; laosx P = mv 

         = m
2 2A x  

     P2 = m22 (A2 – x2) 

     P2 + (m)2x2 = m22A2 ...(i) 

 o`Ùk (cM+k okyk) dk lehdj.k   

        P2  + x2 = (2a)2 
        P2 + x2 = 4a2   ...(ii) 

 o`Ùk (NksVk okyk) dk lehdj.k   

        P2 + x2 = a2              ...(iii) 

 (i) rFkk (ii) dh rqyuk djus ij 

 vk;ke  A = 2a 

 rFkk (m)2 = 1     m2  = 
1

m
 

       2 21
m (A)

2
  

 vr% ÅtkZ E1 = 2 21
m (2a)

2
  

          = 21 1
(4a )

2 m
  

         = 
22a

m
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 (i) rFkk (iii) dh rqyuk djus ij 

 A = a 

 (m)2  = 1      m2 = 
1

m
 

 vr% E2 = 2 21
m A

2
  = 21 1

a
2 m
  = 

2

2

1 a

2 m

21 a

2 m
 

 vr% 1

2

E
4

E
    E1 = 4E2 

 
15. Linear momentum  
   P = mv 

                = 
2 2m A x   

   P2 + m22x2 = m22A2 

 represents a circle on P–x diagram with radius of circle R = A ( m22 = 1) 

   of spring mass system remains constant and equal to 
k

m
 

 Amplitude of oscillation inside liquid will decrease due to viscous force  
 So radius of circular arcs will decrease as position change 
 Correctly shown in option B 

 

 
js[kh; laosx 

   P = mv 

                = 
2 2m A x   

   P2 + m22x2 = m22A2 

 R = A f=kT;k ds lkFk P–x fp=k ij  o`Ùk dks iznf'kZr djrk gS ( m22 = 1)   

 fLizax æO;eku fudk; dk  fu;r jgrk gS rFkk 
k

m
  ds cjkcj gksrk gS 

 æo ds vUnj nksyu dk vk;ke ';ku cy ds dkj.k ?kVsxk  

 vr% o`Ùkkdkj pki dh f=kT;k fLFkfr ifjorZu ds vuqlkj ?kVsxh 

 lgh xzkQ fodYi B esa gSA 
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16.  

  

 

 

 So vr% B = A,   = 240° = 
4

3


 

 

17. Time of flight for projectile  iz{ksi ds fy;s mì;u dky 

  T = 
2usin

g


 = 1 sec. 

  
2usin45

g
 = 1 sec. 

  u = 
g

2
 

  u = 50  m/s 
 

18*. x =  A sint 

 v =  Acos t = 
A

2


 

   cost = 
1

2
 

 t = 
3


  t = 

2

3


 = 

3

 m

k
  

 for (C)   time = 
2

3

 m

k
 + 

m

2 k


 = 

5 m

6 k


 

 for (D)        time = 
2 m

3 k


 + 

m

k
  = 

5 m

3 k


 

 

  
Hindi x =  A sint 

 v =  Acos t = 
A

2


  cost = 

1

2
 

 t = 
3


  t = 

2

3


 = 

3

 m

k
  

 (C) ds fy, le;  = 
2

3

 m

k
 + 

m

2 k


    = 

5 m

6 k


 

 (D)  ds fy,     le; = 
2 m

3 k


 + 

m

k
 = 

5 m

3 k


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19. For first oscillator For Second oscillator 

 izFke nksfy=k ds fy,  f}rh; nksfy=k ds fy, 

 b = ma1 

 
a

b
 = 

1

1

m
 = n2  

2

1

m
 = 1 

  2

1




 = n2 Ans. B 

 E1 = 2 2
1

1
m a

2
  ; E2 = 2 2

2

1
m R

2
  

 1

2

E

E
 = 

2
1

2
2




 × n2 = 

2
1 2

2
12

 



;  

1

2

E

E
 = 1

2




  1

1

E


 = 2

2

E


  Ans. D 

 
 

20. (A) Fx = 
–dU

dx
 = – 0

3

2U

a
 [x–a]   [x]  [x + a] 

  (A) (P) (Q) (R) (T) 

  

 

–a a x 

F(x) 

 

 

–a a 

U/2 0 

U(x) 

  

 (B) Fx = 
–dU

dx
 = 0

x
–U

a

 
 
 

     

    

 F(x) 

x 

  

 U(x) 

x 

 

(C) Fx = 
dU

dx
  

     = U0  

2 2x / a

3

e

a



 [x][x – a] [x + a] 

 

 

–a a 

F(x) 

a 

x 

  

 U(x) U(0.37) 0  
2 

x 
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 (D) Fx = 
dU

dx
  =  0

3

U
[(x a)(x a)]

2a
    

  

 

–a a 

F (x) 

x 

 
  P, R, T  

  

 U(x) 

x 

3 
U 0 

3 
U 0 

 
 
21. Case-1 

 

 

M 
V1 

Just before m is placed 

X0   

 

M 
V2 

Just after m is placed 

X0 

m 

 
Case-2 

 

 

M 

Just before m is placed 

X0+A   

 

M 

Just after m is placed 

m 

 
Case-I 

 

M 
V1 

m dks j[kus ds Bhd igys 

X0   

 

M 
V2 

m dks j[kus ds Bhd ckn 

 

X0 

m 

 
Case-II 

 

 

M 

m dks j[kus ds Bhd igys 

 

X0+A   

 

M 

m dks j[kus ds Bhd ckn 

 m 
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In case-1 esa  

 MV1 = (M + m)V2  

 V2 = 
M

M m

 
 

 
V1  

 
k

M m
A2 = 

M k

M m M

 
 

 
A1  

 A2 = 
M

M m
A1  

 In case-2 esa 

 A2 = A1   

 T = 2
M m

K


 in both case. nksuksa fLFkfr;ksa esa 

 Total energy decreases in first case where as remain same in 2nd case.  

 Instantaneous speed at x0 decreases in both case.   

 izFke fLFkfr esa dqy ÅtkZ ?kVrh gS tcfd f}rh; fLFkfr esa fu;r jgrh gSA  

 x0 ij rkR{kf.kd pky nksuksa fLFkfr;ksa esa ?kVrh gSA 

 

22. Just Before Collision  VDdj ds igys 

 

 
1 kg 2 kg 

2 m/s 

 

 Just After Collision  VDdj ds ckn 

 

1 kg 2 kg 

V2 V1 

 

 V1 + V2 = 2  .....(1) 

 2V1 – V2 = 4  .....(2) 

 3V1 = 4  1

4
V

3
   V2 = 2 – 

4 2

3 3
  m/s 

 t = 
T

2
 = 

2 2

2 2


 =  sec. 

 Distance nwjh = V2 = 
2

3

 
 
 

 
22

7

 
 
 

m = 
44

m
21

= 2.09 
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PART - II  

Hkkx - II 
 

1. A = vmax 

 T = 
2


 = 

max

2 A

v


 = 0.01 sec. 

 

2*. A2  = g    

  A = g/2  
 

3.  |v| = (2 × 10–2) ()sint 

 For |v| to be maximum sint = 1 

 |v| ds vf/kdre gksus ds fy, sint = 1 

 t = 
2


, 

3

2


,........... t = 

1

2
s. 

 

4.   x = x0 cos t
4

 
  
 

,  v = –x0 sin t
4

 
  
 

 

 a = –x02 cos t
4

 
  
 

, a = x02 cos t
4

 
    
 

 

 a = x02. 
3

cos t
4

 
  
 

 

  

5. 1 2k k1
ƒ

2 m





, 1 2

new

4k 4k1
ƒ

2 m





 = 2ƒ. 

 

6.  Kav = 

T / 4

2

0

T / 4

0

1
m[a cos( t)] dt

2

dt

 



  = 

T / 42 2
2

0

ma
cos ( t)dt

T
2.

4


  = 

2 22ma T
.

T 8


 = 

1

4
ma22  

 = 
1

4
ma2(2)2 = 2 ma2 2. 

 

7.* x = A sin t  

 v = A  cos t  

 a =– A2 sin t 

 (1) 
aT

x
 = 

2–A sin t

A sin t

  
   

T = – 2T = – 2   

 (2) aT + 2 = – A2 T sin t + 2. A cos t 

 (3) 
aT

V
 = 

2–A sin t T

A cos t

  

 
 

(4) a2T2 + 42 2 = +  A2 4 T2 sin2t + 42A22 cos2t = +  A2 4 

2
2 

 
 

sin2t + 42A22 cos2t  

= 42A22  
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8. C.O.L.M. 

 js[kh; laosx laj{k.k ls (C.O.L.M.) 

  MVmax = (m + M)Vnew  , Vmax = A11 

  Vnew = maxMV

(m M)
 

 Now vr%, Vnew = A2.2 

  1M.A K

(m M) M
 = 2

K
A

(m M)
 

  A2 = 1

M
A

(m M)
  

1/ 2

1

2

A m M

A M

 
  
 

 Ans. 

 

9. A = 
2

5
, B = 

3

5

 
 
 

   K = KAA = KBB   

 K = A

2
K  

5

 
 
 

 

 KA = 
5K

2
     KB = 

5K

3
. 

 

10. x1 = A sin(t + 1) 

 x2 = A sin(t + 2) 

 x1 – x2 = 1 2 1 2A 2sin t sin
2 2

         
     
    

 

 A = 1 22A sin  
2

   
 
 

      

 1 2

2

  
 = 

6


  1 = 

3


  Ans. 

 

11. 
2

2

d x dx
m kx b

dtdt
    

 
2

2

d x dx
m b kx 0

dtdt
    here b is demping coefficient  ;gk¡ b eand xq.kkad gSA 

 This has solution of type   

 x = et substituting this 

 lehdj.k ds gy x = et dh rjg gSA bldk eku j[kus ij  

 m2 + b + k = 0  

  = 
2b b 4mk

2m

  
 

 on solving for x, we get     x ds fy, gy djus ij 

 x = 

b
t

2me


  a cos (1 t – ) 

 1 = 2 2
0    where ;gk¡ 0 = 

k

m
   

 
b

2
    

 So, average life vr% vkSlr vk;q dky = 
2

b
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12. A = A0

bt

2me

 
 after 5 second  

 5 lSd.M i'pkr~ 

 0.9A0 = A0

b(5)

2me


  ...(i) 
 After 10 more second 

 vkSj 10 lSd.M  i'pkr~ 

 A = A0

b(15)

2me


  ...(ii) 
 From (i) & (ii) 

 lehdj.k (i) rFkk (ii) ls  

 A = 0.729 A0  Hence  Ans. (3)  
 

13. x = Acost 

 displacement in t time = A – Acost  

 t le; esa foLFkkiu = A – Acost  

 for t = ds fy,    A [1– cos ]  = a  

 for t = 2ds fy,  A [1 –  cos 2]   = 3a 

 
1 cos 1

1 cos2 3

 


 
 

 
2

1 cos 1

32sin

 



 

 Say ekuk x = cost  

 
2

1 x 1

32(1 x )





 

  
1

2(1 x)
 = 

1

3
 

  3 = 2 + 2x  x = 
1

2
 = cos   

 A = 2a ,  
3


    

2

T 3

 
    T = 6  

 

14. K.E. is maximum at mean position, whereas P.E. is minimum. 
 At extreme position, K.E. is minimum and P.E. is maximum. 

 ek/; fLFkfr ij xfrt ÅtkZ vf/kdre gksxh] tcfd fLFkfrt ÅtkZ U;wure gksxh . 

 pje fLFkfr ij xfrt ÅtkZ U;wure gksxh] tcfd fLFkfrt ÅtkZ vf/kdre gksxh . 
 

15. v = 

2
2 2A

A –
3

 
  

 
 

 v = 
A

5
3


  

 vnew = 3v = 5 A  

 So the new amplitude is given by 

 vr% u;k vk;ke gksxk 

vnew = 
2 2

newA – x   5 A = 

2
2

new

2A
A –

3

 
  

 
 

 Anew = 
7A

3
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16. x = Asin(t + ) 

  = 0,  

 x = ± Asint 

 KE =  222 xAm
2

1
  

 = tcosKA
2

1 22   

HIGH LEVEL PROBLEMS (HLP) 

fo"k;kRed iz'u ¼SUBJECTIVE QUESTIONS½ 
 

1.  

 

 

 
 (i) Equilibrium position determination lkE;oLFkk fLFkfr fu/kkZj.k  

   M1g = T  (from FBD of M1) (M1 ds eq- o- js- ls) 

  2T = M2g + kx0 (from FBD of M2) (M2 ds eq- o- js- ls) 

   2M1g = M2g + kx0 

    kx0 = 2M1g – M2g  

 (ii) Displace block M1 by small disp. x by oLrq M1 dks NksVs foLFkkiu x ls foLFkkfir djus ij  

 At new displaced position  u;h foLFkkfir fLFkfr  

 – Mgx + 
1

2
M1V2 + 

1

2
M2 

2
v

2

 
 
 

 + M2g 
x

2

 
 
 

 + 
1

2
K

2

0

x
x

2

 
 

 
  =C 

 Differentiating equation lehdj.k dk vodyu djus ij  

  – M1g 
dx

dt
 + 

1

2
M1 2v 

dv

dt
 + 2M

8
 2v 

dv

dt
 + 2M g

2

dx

dt
 + 

K

2
 2 0

x
x

2

 
 

 

1 dx

2 dt

 
 
 

  = 0 

  – M1g + M1 a + 2M a

4
 + 2M g

2
 + 

K

2
0

x
x

2

 
 

 
 = 0  (where tgk¡ a = 

dv

dt
) 

  –M1g + 2M g

2
 + M1a + 2M a

4
 + 0Kx

2
 + 

Kx

4
 = 0 

 (from equilibrium lkE;koLFkk ls – M1g + 2M g

2
 + 0Kx

2
 = 0) 

 Hence vr%, 1 24M M

4


 a = 

–Kx

4
 

   a = 
1 2

K
–

4M M

 
 

 
x 2 = 

 1 2

K

4M M
 

   = 
 1 2

K

4M M
  ;    T = 

2


   T2 = 2 1 24M M

K


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2. By work energy theorem; 
  wext + wspring = kf – ki  
 Let x1, x2 be the equilibrium distances of spring from natural length & V V’ are their velocities at 

equilibrium positions. 
 Initially, 

   Fx1 – 
1

2
kx1

2 = 
1

2
 mv2   (1) 

 and  finally Fx2 – 
1

2
k'x2

2 = 
1

2
 mv'2     (2) 

 In both cases : force applied is same, and velocity becomes maximum when F = kx. (at equilibrium) 
 (after which the mass will deaccelerate) 

  F = kx1 = (4k)x2  

  x2 = 1x

4
   (k´ = 4k) 

 Substituting in (2)  : 

  fx2 – 
1

2
k´ x2

2 = 
1

2
 mv´2  

  1Fx

4
 – 

1

2
 (4k) 

2

1x

4

 
 
 

 = 
1

2
 mv´2  

   
1

4
 [Fx1 –

1

2
 kx1

2] = 
1

2
mv'2  (3) 

 Dividing (3)/(1) ;  we get : 

  
1

4
 = 

2

2

v '

v
  v ' = 

v

2
 Ans. 

Sol(2). Vmax. = V = A = 
F K

K m
 

 V’ = A’’ = 
F K

K m
 = 

V

2
 Ans.   

Sol(1). dk;Z ÅtkZ izes; ls  

  wext + wspring = kf – ki  

 ;gk¡ x1, x2 Øe'k% izkjfEHkd o vfUre foLrkj.k gS rFkk v, v' Øe'k% izkjfEHkd o vafre osx gSA  

 izkjEHk esa Fx1 – 
1

2
kx1

2 =  
1

2
mv2   (1) 

 vUr esa Fx2 – 
1

2
k'x2

2 =  
1

2
mv'2     (2) 

 nksuksa fLFkfr;ksa esa vkjksfir cy leku gSA rFkk F = kx ij osx vf/kdre gks tk;sxk (lkE;koLFkk ij) 

 blds ckn nzO;ekuksa dk eanu gksxk 

  F = kx1 = (4k)x2  

  x2 = 1x

4
  

 (2) esa izfrLFkkiu ls : 

  1Fx

4
 – 

1

2
 (4k) 

2

1x

4

 
 
 

  

   
1

4
 [Fx1 – 

1

2
kx1

2] = 
1

2
mv'2  (3) 

 (3)/(1) Hkkftr djus ij ge izkIr djrs gS  

  
1

4
 = 

2

2

v '

v
     v ' = 

v

2
  Ans. 
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Sol(2). Vmax. = V = A = 
F K

K m
 

 V’ = A’’ = 
F K

K m
 = 

V

2
 Ans.   

 

3  

 

 

 
 Net restoring torque about O  O ds lkis{k dqy çR;ku;u cy 

 = m1g 1 sin + m2g 2 sin = (m11 + m22)g sin  

 for small oscillation NksVs nksyuksa ds fy, sin ~    

  restoring = (m11 + m22)g  

 compare with  = C ls rqyuk djus ij     

 C = (m11 + m22)g  

 
2 2

o 1 1 2 2

1 1 2 2

(m m )
T 2 2

C (m m )g

 
   


 =  

 

4. For pure rolling to take place, 

  v = R 

 ' = angular velocity of COM of sphere C about O 

     = 
v

4R
 = 

R

4R


 = 

4


 

  
d '

dt


 = 

1 d

4 dt


   = 

4


 

 or  = 
a

R
 for pure rolling 

 where, a = 
I

2

gsin

1
mR





 = 
5gsin

7


 

 as,  = 
2

5
mR2 

 For small , sin  , being restoring in nature. 

  ' = 
5g

28R
   

   = 
'


 = 

5g

28R
 = 5    

gy 'kq) yksVuh xfr ds fy,, 

  v = R 

 ' = xksys ds COM dk O ds ifjr% dks.kh; osx  

     = 
v

4R
 = 

R

4R


 = 

4


 

  
d '

dt


 = 

1 d

4 dt


   = 

4


 

 ;k  = 
a

R
 'kq) yksVuh xfr ds fy,  
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 tgk¡, a = 

2

gsin

1
1

mR





 = 
5gsin

7


 

 pwafd   = 
2

5
mR2 

 vYi  ds fy, sin  , izd`fr esa ¼izR;ku;u½ gSA  

  ' = 
5g

28R
   

   = 
'


 = 

5g

28R
 = 5    

 

5. When the small angular displacement Given to rod  

 tc NM+ dks y?kq dks.kh; foLFkkiu fn;k tkrk gSµ 

   

 

 
 for small displacement   

 NksVs foLFkkiu ds fy;s  

 x =  sin  

 kx = k sin  

 Torque about point O = o

 fcUnq O ds lkis{k cyk?kw.kZ = o 

 (kx)  + mg sin   = mL2  

  = 
 2

2

k mgL sin

mL

 
 

 For small  y?kq ds fy;s 

 = 
2

2

k mgL
–

mL

 
 

  

 

 Time period  vkorZdky T = 2
2

2

mL

k mgL
 = 

L

25
  

 

6. Method  - 1 

 Average speed = 
total distance travelled

total time taken
 = 

S

2 (2n 1)
 

 Here t = 2 (2n – 1) = 4n – 2 = 4(n – 1) + 2 
 From the graph it is clear that the Time period T = 4 sec. 

  t = (n – 1) T + 
T

2
 

 Total distance travelled in one time period is = 4A 
 where ‘A’ is amplitude  
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  Total distance travelled in t is  
  S = (n – 1) 4A + 2A = (2n – 1) 2A 

  <v> = 
(2n 1)2A

2(2n 1)




 = A and  A = vmax = 4   

2

4


A = 4  

   A = 
8


  <v> = 

8


 m/s  Ans. 

 Method  - 2 
 It can be observed from the graph, that average speed in time interval t = 0 to t = 2 sec is same as that 

in intervals t = 0 to t = 4 sec., t = 0 to t = 8 sec., t = 0 to t = 12 sec............ 
 or t = 0 to t = 2 (2n – 1) seconds 
 The speed as function of time is  

  v = 
2

4 sin t
T


 = 

2
4 sin t

4


 = 

t
4sin

2


 

 The average speed in time interval 
  t = 0 to t = 2 sec is  

  v  = 

2

0

2

0

vdt

dt





 = 

2

0

t
4sin dt

2

2




  = 
8


 m/s    

Sol. Method  - 1 

 vkSlr pky = 
dqy r; nwjh

fy;k  x;k  dqy le;
 = 

S

2 (2n 1)
 

 ;gk¡ t = 2 (2n – 1) = 4n – 2 = 4(n – 1) + 2 

 xzkQ ls vkorZ dky  T = 4 sec. 

  t = (n – 1) T + 
T

2
 

 ,d vkorZ dky esa dqy r; nwjh = 4A 

 ;gk¡ ‘A’ vk;ke gSA  

  t le; esa dqy r; nwjh   

  S = (n – 1) 4A + 2A = (2n – 1) 2A 

  <v> = 
(2n 1)2A

2(2n 1)




 = A rFkk  A = vmax = 4   

2

4


A = 4  

   A = 
8


   <v> = 

8


 m/s  Ans. 

 Method  - 2 

 xzkQ ls ns[k ldrs gSa fd t = 0 ls t = 2 lsd.M+ rd vkSlr pky vUrjky t = 0 ls t = 4 lsd.M+ t = 0 ls t = 8,  

 t = 0 ls t = 12 lsd.M+ rd dh vkSlr pky ds leku gSA  

 ;k  t = 0 ls t = 2 (2n – 1) lSd.M 

 le; ds Qyu esa pky  

  v = 
2

4 sin t
T


 = 

2
4 sin t

4


 = 

t
4sin

2


 

 le;kUrjky esa vkSlr pky  t = 0 ls t = 2 sec 

  v  = 

2

0

2

0

vdt

dt





 = 

2

0

t
4sin dt

2

2




 = 
8


 m/s   
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7.  

 

 

 
 The angular position of pendulum 1 and 2 are (taking angles to the right of reference line xxto be 

positive) 

 ljy yksydkas 1 rFkk 2 dh dks.kh; fLFkfr;k¡ (lanHkZ js[kk xxls nk;h rjQ dks.k /kukRed gS) 

  1 =  cos
4

t
T

 
 
 

    [where ;gk¡ T = 2
g

] 

  2 = – cos
2

t
T

 
 
 

 = cos
2

t
T

 
  

 
  

 For the strings to be parallel for the first time  

 igyh ckj jLlh;k¡ lekUrj gksus ij  

   1 = 2  

 or ;k cos 
4

t
T

 
 
 

 = cos 
2

t
T

 
  

 
 

  
4

T


t = 2n  ± 

2
t

T

 
  

 
 

 for n = 0, t = 
T

2
 ds fy, 

 for n = 1, t = 
T

6
, 

3T

2
 ds fy, 

  Both the pendulum are parallel to each other for the first time after t = 
T

6
 = 

3


g
  Ans. 

  igyh ckj yksydks ds ,d nwljs ds lekUrj gksus dk le; t = 
T

6
 = 

3


g
   Ans. 

 

8. (a) x2 + y2 = a2 (sin2 t + cos2 t) = a2  
 Hence the particle moves in a circle of radius ‘a’ with centre at origin. 
 (b) At t = 0 sec, x = 0 and y = + a. Hence the particle is at P as shown in figure. 

 

 
 As ‘t’  increases ‘x’ increases and ‘y’ decreases 

  The particle moves in clock wise sense. 
 (c) The ‘x’ and ‘y’ components of acceleration are  

   ax = 
2

2

d x

dt
 = – 2x ; ay = 

2

2

d y

dt
 = – 2 y 

 The magnitude of force = m 2 2
x ya a  =  m2 a 
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Sol. (a) x2 + y2 = a2 (sin2 t + cos2 t) = a2  

 vr% d.k ‘a’ f=kT;k okys o`Ùk ij xfr djsxk  

 (b) vr%  t = 0 sec, ij x = 0 vkSj y = + a gSA vr% d.k fp=k esa P fcUnq ij gSA   

  

 

 
 tc ‘t’  c<+rk gS rks ‘x’ c<+rk gS rFkk ‘y’ ?kVrk gS  

  vr% d.k nf{k.kkorZ xfr djsxk  
 

 (c) Roj.k ds ‘x’ rFkk ‘y’ ?kVd  

   ax = 
2

2

d x

dt
 = – 2x ; ay = 

2

2

d y

dt
 = – 2 y 

 cy dk ifj.kke = m 2 2
x ya a  =  m2 a 

 
9. (a) In equilibrium, pressure of same liquid at same level will be same.  

 lkE;koLFkk esa leku Lrj] ij leku rjy dk nkc leku gksxk  

  Therefore blfy,,  P 1 = P 2 

 or ;k   P + ( 1.5 g h 1 ) = P + ( g h 2 )      

          
  ( P = pressure of gas in empty part of the tube )  

  (P = [kkyh uyh esa xSl dk nkc)        

   1.5 h 1  = h 2  

  1.5 [ R cos– R sin ] =  ( R cos + R sin ) 

 or ;k       3 cos– 3 sin= 2 cos + 2 sin

 or ;k   5 tan = 1  

     = tan – 1 
1

5

 
 
 

 

  

 

  
 (b) When liquids are slightly disturbed by an angle . Net restoring pressure P = 1.5 gh + gh This 

pressure will be equal at all sections of the liquid. Therefore, net restoring torque on the whole liquid. 

 (b) tc rjy dks gYds ls  dks.k ls fo{ksfir djrs gSa rks dqy izR;ku;u nkckarj P = 1.5 gh + gh gS ;g nkc 

rjy esa lHkh Hkkx esa ,d leku gksxkA vr% rjy ij dqy izR;ku;u cyk?kw.kZ  

  

 

 

 

h 

h 

 

 
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          h = R sin (+) – Rsin 

     = – (P) (A) (R) 

 or ;k ,     = – 2.5gh  AR 

       = – 2.5g  AR [R sin ( + ) – R sin ] 

       = – 2.5g  AR 2 [ sin cos + sin cos – sin ] 

 Assuming cos  = 1 and sin =  (given, is small )  

 ekuk cos  = 1 and sin =    (fn;k gS,  NksVk gS )  

      =  – (2.5 A gR 2 cos )  

   or  ;k   = – ( 2.5 AgR 2 cos )  ...........(1) 

     

 

 

5 

1 
26 

 

 
 Here,  ;gk¡    = ( m 1 + m 2 ) R 2 

       = [ (
R

2


 .A )  + 

R

2

 
 
 

. A ( 1.5  ) ] R 2        

       = (1.25 R 3  )  A 

 and vkSj         cos = 
5

26
 = 0.98  

 Substituting in equation (1), we have  

 lehdj.k (1) esa j[kus ls izkIr gksxk  

   = –
(6.11)

R


   angular acceleration dks.kh; Roj.k –angular displacement  dks.kh; foLFkkiu  

 As angular acceleration is proportional to – , motion is simple harmonic in nature.  

 vr% dks.kh; Roj.k – , ds lekuqikrh gS] blfy, xfr ljy vkorZ xfr gksxhA  

  T = 2



  = 2

R

6.11
    

 

10. Given – Mass of each block A and B, m = 0.1kg  
 Radius of circle, R = 0.06 m  

 fn;k x;k gS – izR;sd CykWd A rFkk B dk nzO;eku, m = 0.1kg  

 o`Ùk dh f=kT;k, R = 0.06 m  

 Natural length of spring 0 = R = 0.06   ( Half circle ) 
 and spring constant, k = 0.1 N/m 
 In the stretched position elongation in each spring 

 x = R . 
 Let us draw FBD of A   

 fLizax dh lkekU; yEckbZ 0 = R = 0.06  ( vk/kk o`Ùk ) 

 vkSj fLizax fu;rkad , k = 0.1 N/m 

 foLrkfjr voLFkk esa izR;sd fLizax esa foLrkj  

 x = R . 

 A dk FBD cukus ls        
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 Spring in lower side is stretched by 2x and on upper side compressed by 2x. Therefore, each spring will 
exert a force 2kx on each ball. 

 Hence, a restoring force, F = 4kx will act on A in the direction shown in figure. 
 Restoring torque of this force about origin  

 ;gk¡ uhps dh fLizax 2x ls foLrkfjr rFkk Åij dh fLizax 2x ls lEihfMr gqbZ gS] blfy, nksuksa fLizax izR;sd xsan ij 

2kx cy vkjksfir djsxhA  

 vr% fp=kkuqlkj izR;ku;u cy, F = 4kx   A ij fn[kkbZ xbZ fn'kk esa dk;Z djsxkA  

 dqy fcUnq ds ifjr% izR;ku;u cy ;qXe dk vk?kw.kZ  

   = – F . R = – (4kx) R = – (4kR) R 

 or  ;k  = – 4kR 2  .  ...........(1) 

 Since,   –, each ball executes angular SHM about origin O. 
 Eq. (1) can be rewritten as  

 pwafd,   –, izR;sd xsan ewy fcUnw O ds ifjr% dksf.k; ljy vkorZ xfr djsxhA  

 lehdj.k (1) dks fuEu izdkj fy[kk tk ldrk gS -  

   I = – 4kR 2    

 or ;k  ( mR 2  )= – 4kR 2  

 or ;k  = – 
4k

m

 
 
 

 

  Frequency of oscillation nksyu vko`fÙk , f = 
1

2

acceleration

displacement

Roj.k 

foLFkkiu
 = 

1

2




   

     f = 
1

2

4k

m
 

 Substituting the values, we have eku j[kus ij   

     f = 
1

2

4 0.1

0.1


 = 

1


Hz 

Alternate  oSdfYid : f = 
1

2

k´


 

 where tgk¡ k´ = 2k,   = 1 2

1 2

m m m

m m 2



 

   f = 
1

2

4k

m
 = 

1

2

4 0.1

0.1


 = 

1


Hz 

 (ii) In stretched position, potential energy of the system is  

 foLrkfjr voLFkk esa fudk; dh fLFkfrt ÅtkZ  

   PE = 2  {
1

2
k } { 2x } 2  = 4kx 2  

R
x

6

 
 

 
 

 and in mean position, both the blocks have kinetic energy only. Hence,  

 ek/; fLFkfr esa nksuksa CykWd ds ikl dsoy xfrt ÅtkZ gksxhA vr%  

   KE = 2 { 
1

2
 mv2

max } = mv2
max 

 From energy conservation   

 ÅtkZ laj{k.k fu;e ls  

  PE = KE 

  4kx 2 = mv2
max

 

  vmax = 2x
k

m
  = 2R

k

m
  

 
 
 

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


Simple Harmonic Motion 
 

 

 

Corporate 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 
ADVSH - 58 

Toll Free : 1800 200 2244 | 1800 258 5555  | CIN: U80302RJ2007PLC024029 
 

 Substituting the values eku j[kus ij  

  vmax = 2 (0.06) (  / 6 ) 
0.1

0.1
 = 0.02  

 or ;k vmax = 0.0628 m /s  

 (iii) Total energy of the system, E = PE in stretched position  

    fudk; dh dqy ÅtkZ, E = PE foLrkfjr voLFkk esa  

 or ;k = KE at mean position    KE  ek/; fLFkfr ij 

  E = 2 2
max

1
mv

2

 
 
 

 = ( 0.1) ( 0.0628 ) 2 J or E = 3.9 × 10 – 4 J   

                                

11. Between C and D block will move with constant speed of 120 cm/s. Therefore, period of oscillation will 
be  (starting from C ).  

 C rFkk D ds chp CykWd vpj pky 120 cm/s. ls xfreku gksxk] vr% nksyu dk vkorZ dky (C ls 'kq: djrs gq, )   

   T = t CD + 2T

2
 + t DC + 1T

2
 

 Here ;gk¡ , T1 = 2
1

m

k
 and  vkSj T2 = 2

2

m

k
   

 and vkSj  t CD = t DC = 
CD

v
 = 

60

120
 = 0.5 s 

   T = 0.5 + 
2

2

 0.2

3.2
 + 0.5 + 

2

2

 0.2

1.8
 

   ( m = 200 g = 0.2 kg ) 
    T = 2.82 s 
 

12. If plank is displaced by x toward right then   

 ;fn IysV dks nk;h vkSj x foLFkkfir dj ns rks  

  

 

  
 Let N1, N2 and f1, f2 are Normal and friction force at Point A and B  
 by force balance    

 ekuk N1, N2 rFkk f1, f2 vfHkyEc rFkk ?k"kZ.k cy fcUnq A rFkk B ij gSA  

  N1 + N2 = Mg  ——(1) 

 and Torque balance   cyk?kw.kZ larqyu ls  

  Mg ( + x) = N2 × 2 ——(2) 

 by equation (1) and (2) lehdj.k (1) ls  (2) 

 N1 = 
Mg

2
 – 

Mgx

2
 N2 = 

Mg

2
 + 

Mgx

2
 

 So vr%  f1 = 
Mg Mgx

–
2 2

 
 
 

   

 and  vkSj f2 = 
Mg Mgx

2 2

 
 

 
 

 F.B.D of M M dk eq- o- js-  

 

     a  

 f2 – f1 = Ma 
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  . 
2Mgx

2
 = Ma = – 

2

2

d x

dt
.M 

 
2

2

d x gx

dt


 

  Time period vkorZdky = 2
g

 

 

13. (a) U(x) = 
2 2m x

2


 – x – 

3x

3


 

 U(x) = – x2 + m2x –    

 

 
 if ;fn D < 0. m2 4 – 4s < 0. 

 

 
 D > 0,  m2 4 – 4s > 0. 

 

 

   

 

    

(b)  U(x) = x2 – 
x

2
 – 

3x

3
 

  U (x) = – x2 + 2x – 
1

2
 

  D = 4 – 4× 
1

2
 = 2   

 

 
    U = 0 
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   2x
2x 6x 3 0

6


      

  x = 0, 
6 12

4


  

  x = 0, 
3 3

2


 

 between x = 0 and x = 
3 3

2


. U is (–ve). So, K.E. is +ve.  

 x = 0 ,oa x = 
3 3

2


 esa e/; U _.kkred gSA vr% xfrt ÅtkZ /kukRed gSA  

 So, this the only allowed region. 

 vr% dsoy ;g vuqer ifj{ks=k gSA 

 The particle will oscillate between these two points periodically. 

 d.k bu nks fcUnqvksa ds e/; vkorZ :i ls nkSyu djsxkA 

 

14. (a) t = 1 1 2 22(m x m x )

F

  
 = 0.26 s 

  (b) Speed pky = 
1 1 2 2

1 2

2F(m x m x )

m m

  


= 0.52 ms–1 

  Kinetic energy xfrt ÅtkZ = 1 1 2 2

1 2

F(m x m x )

m m

  


 = 0.40 J 

  (c)  Kinetic energy w.r.t. CM + Energy stored = 2 1 2

1 2

m ( x x )
F

m m

  


 = 0.20 J 

  nzO;eku dsUnz ds lkis{k xfrt ÅtkZ + lafpr ÅtkZ = 2 1 2

1 2

m ( x x )
F

m m

  


 = 0.20 J 

  lafpr ÅtkZ = 0.10 J   

 

 KE 

T/2 T 
t 
 

 

NOTE : But as per options given, best possible answer will be option (1) 
 

17. 
m

T 2
k

    

 k =  42m × f2  

 k =  
3

2 2

23

108 10
4 f

6.02 10


  


 

 = 
2 24 3

23

4 108 10 10

6.02 10

  
  

 = 7.1 N/m 
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