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JEE Main Exercise  

 

Elasticity  

 

1. (B) 

 

2

1 1 1 2
2

2 2 2 1

l F l rFl
l

l F l rr Y

   
       

    
 

   

2

2

2

2 2

l F L r

l F L r

   
    

    
  

    2l l   

 

2. (C) 

 Slope Slope
F AY

A
l l

   


 

 Slope is least for wire A. So, wire A will be thinnest. 

 

3. (A) 

 
Fl

l
AY

  ,  

 Slope 
  44 1 10

80 20

l

F

 
 


 

   41
10

20

l

AY

    

   4

6

1 1
10

2010 Y




    

   
11 22 10 N mY    

 

4. (B) 

 
Fl

l
AY

    

    

2

1 1 1 2 2

2 2 2 1 1

l F l r Y

l F l r Y

     
      

      
 

          
2

2

3 1 1 3

2 2

mg a
a

mg b c b c

     
      

    
  

 

5. (C) 

 Let natural length be l. 

  F kx  

      1 1 ... iT k l l   

 and    2 2 ... iiT k l l   

 Dividing Eq. (i) by Eq. (ii), we get   

  1 2 2 1

2 1

l T l T
l

T T





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6. (A) 

 Breaking stress depends only on the material of wire. 

 

7. (C) 

 1 2

1 2

2 4

3

m m g mg
T

m m
 


 

 Breaking stress
2

4

43

3

mg

T mg
S r

A Sr
    


 

 

8. (C) 

  

 Strain 

1
2 2 2 2

2

2 2
1 1

2

l l x l x

l l l

   
      

 

 

               
2

2
1 1

2

x
x l

l
     

               
2

22

x

l
  

     

9. (D) 

 2cos w   

   
2 2

2cos 2

w w l x
T

x


 


 

 Stress  
2 2

2 2

T w l x wl
x l

A xA xA


     

 

10. (A) 

 

  
2

4 6

500 0.04
0.156 10 m

4 16 10 2 10

FL
L

A






    

   
 

  = 0.156 cm  

 

11. (D) 

 Bulk strain 
2

3 3 0.06
100

V l

V l

    
      

   
  

  

12. (B) 

 
310 10 200

0.1

100

p gh
B B

V V

V V

   
   

      
     
     
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9 22 10 N m   

 

13. (B) 

  0 0
V Vdp

p p p e
dV

       

  0
Vdp

B V p e pV
dV

V

    
 
 
 

 

 

14. (D) 

 
p V p

B
V V B

V

  
  

 
 
 

 

 
p p

T T
B B

     


  

 

15. (C) 

 Steel has the highest value of modulus of elasticity among the given materials. 

 

16. (A) 

 Longitudinal strain 
3Lateral strain 0.01 10

0.4


 


 

                          
52.5 10   

 Longitudinal stress 3 2100
4 10 N m

0.025

F

A
     

 
3

8 2

5

4 10
1.6 10 Nm

2.5 10
Y 




  


 

 

17. (A) 

      3 21 2 1 2 0.2 4 10 0.24 10
V l

V l

  
         

  2100 0.24 10 100 0.24%
V

V


      

 

18. (C) 

 x y z

F

A
       

 In x-direction, Strain 
yx z

Y Y Y

   
     

  
 

    1 2
1

l F

AY


    

    1 2
F

l
AY

      
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19. (A) 

 Energy per unit volume 

   
2

2 101 1 0.06
Strain 2 10

2 2 100
Y

 
     

 
 

                           
33600 Jm  

   

20. (D) 

 

2

1 2
2 2

2 1

1 rF F

A rr r

 
        

  
 

 
 

2
2

2

Stress
U U

Y
    

   

2 4

1 1 2

2 2 1

U r

U r

   
    

   
 

         

4
2

16 :1
r

r

 
  
 

 

 

21. (B) 

 
  eq 1 2

eq 1 2

2A Y AY AY
k k k

L L L
      

 1 2
eq

2

Y Y
Y


   

 

22. (D) 

 For no change in the lengths of individual rods, the compressive forces in both rods due to thermal 

expansion should be equal. So, 

  1 1 1 2 2 2AY T A Y T      

   1 2 2

2 1 1

A Y

A Y





  

 

23. (B) 

 
Stress

2 2Strain

2

F

AE E
R r

r

  
   

 
 

 

    
R r

F AE
r

 
  

 
 

 

Surface Tension 

24. (D) 

 For equilibrium of wire ab,  
  2Tl mg  

    
32 2 25 10 0.1

0.5 g
10

Tl
m

g

  
    
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25. (B) 

 yF T   Projected length  

 Net force 1 2T R T R   

  1 2T T R   in +y-direction  

  
 

26. (D) 

 Lets take an elements of angular width d  on the thread. 

  
 Force on the element due to surface tension  

   2S Rd   

 For equilibrium of element,  

  2 sin 2
2

d
T SRd

 
  

 
  

   2 2 2
2

d
T SRd T SR

 
    

 
 

 

27. (B) 

 Let radius of single large drop be R. 

 For volume conservation, 
3 34 4

2
3 3

r R
 

   
 

  

   1/32R r   

   2
1 4 2U T r     

   2
2 4U T R    
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 
   

2
2

1/32
22 1/32

8 2
2 :1

4 2

T rU r

U T r r


  


  

 

28. (B) 

 

2 2

1 2

2
2 4 , 2 4

2 2

d d
U S U S

      
           

         

 

 2
2 1 6W U U U d S        

 

29. (D) 

  24 2W T r    

      

2
1/3 1/3

33 4 3
4 2

4 3 4

V V
T V r r

                                    

 

   
2/3W V   

   

2/3 2/3
1 1

2 2 2 2

W V W V

W V W V

   
     

  
 

   
2/3 3

2 2 4W W W   

 

30. (B) 

 From volume conservation, 
3 34 4

3 3
R n r

 
   

 
 

   
1/3

R
r

n
   

   2
1 4U T R   

     
2

2 1/3 2
2 1/3

4 4 4
R

U nT T n T n T R
n

 
      

 
 

     1/3 2
2 1 1 4W U U U n T R        

 

31. (A) 

  28U T r   

  8 2
dU dr

P T r
dt dt

 
    

 
 

   P r  is constants
dr

dt

 
 
 

 

 So, P versus r graph will be straight line passing through origin. 
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32. (C) 

 Air bubble inside water has only one free surface. 

 So, excess pressure will be 
2T

r
. 

   0

2T
p p ghd

r
    

 

33. (A) 

 Pressure difference on two sides of a curved surface is inversely proportional to the radius of curvature. 

 

34. (D) 

   

 0 0

2T
p gh p

r
    

   
2 2 70

28.0 cm
1 1000 0.005

T
h

gr


  
  

 

 

35. (D) 

 
eff

2 cosT
h

g R





 

 Fore freely falling elevator, eff 0g h    

 So, capillary will be completely filled with water. 

 

36. (B) 

 
2 cos 1T

H H
gR R


  


 

 So, when radius is double, H will be halved. 

  
2

2
2

H
M R

  
      

  
 and  2M R H    

 2 2
M

M M
M


    

 

37. (D) 

  2 cosT r w    

   Circumference 2
cos

w
r

T
  


  

   
4

2

2

75 10
12.5 10 m

6 10 cos0







  

 
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38. (A) 

 For equilibrium of water column,  

     2 cos 2 cosT r T r mg      

   

      2 4
4 cos0

T
T r r L g O

gr
     


 

 

39. (A) 

 1 2p p  

   
 

1 2
0 0

2 1 2 1

2 2

2

ghr rT T
p p gh T

r r r r


     


 

   
 

40. (C) 

   disc0 2 cosyF B T r w        

  
    disc 2 cosw w rT      

 

Viscosity  

41. (A) 

 
  2

2

9
T

r g
v





 

 
 

2
3 3

5

10 0.3 10 9.82

9 1.8 10
Tv





  
  


 

      10.9 m s  
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42. (B) 

 
34

3
m r

 
   

 
 

 
3

1 2
3 3

2 1

1 r

r r


   


  

 2 18     

  
22

9
T

r g
v





 

 

2

1 1 1

2 2 2

v r

v r

  
    

  
  

 
2

1 1

2 1 1 28

rv

v r r

  
       

 

 2 2v v   

 

43. (C) 
 6mg B rv ma     

 So, a versus v graph will straight line with negative slope. 

 Hence, option (C) in incorrect. 

 

44. (B) 

 From volume conservation,  

  
3 34 4

2
3 3

r R
 

   
 

  

   
1/3(2)R r  

 

2 2
2 1 1

1/3
2 2 2 2

T

v r v r
v r

v r v r

   
       

  
 

   
1/3

2 (4 )v v  

 

45. (D) 

  2 2
dv dv

A mg A Ad g
dx dx

       

   
2

dv dg

dx





  

  

46. (C)  

 Lets take an elemental ring of radius r and thickness dr on the disc. 
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   
0

2
dv r

F A dF rdr
dx t

  
       

 
 

   
0

2

R
r

d rdr r
t

 
     

 
   

   
4R   

 

47. (C) 

 
1 6 2

1200
0.01

e

vd
R

  
  


 

 

48. (B) 

 
  2

2

9
T

r g
v





 

   
  10.5 1.5 0.2 9802

8
9

 



 

   9.8 poise  

 
 

Numerical Value Answer  

 

Elasticity  

49. (200) 

  2F A rt      

  8 2 23.45 10 2 3.14 0.73 10 1.24 10 200 kN          

 

50. (8) 

 
 2 2

1 1

2 2

1

4

r Y k r
k

L k r

  
    

 
 

  1 2 10 mm ... il l    

  1 2
1 1 2 2

2 1

4 ... ii
l k

k l k l
l k


     


 

 Solving Eqs. (i) and (ii), we get  

  1 8 mml   

 

51. (1025) 

 Consider 
31m  of water at the surface. Let us calculate change in volume V  of this water when it is 

at a pressure of 501 atm. 

 
  5

3

9

501 1 10 1
0.025 m

2 10

p V
V

B

    
      

 

 New density 31000
1025 kg m

1 0.025

m

V V

  
 
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52. (3) 

 
 m g aT

A A


    

 Strain 
 m g a

Y AY


   

            
  6

4 11

10 10 2
3 10

2 10 2 10






  

  
  

 

53. (4) 

 
AY

F l
l

 
   
 

Force constant 
AY

l
  

 
74.9 10

140
0.1 1

k AY Y

m ml


   


 

 
9 24 10 NmY     

 

Surface Tension 

54. (4) 

 
3 2p V p R T

B
V V B R BR

V

   
    

 
 
 

 

 10

8

2 2 0.075
4 10 m 4Å

3 3 1.25 10

T
R

B


      

 
 

 

55. (450) 

  
2 cosT

h
gR





 

    
1

2 cos0
3

1.5 1000 0.25 10

T





  
 

   56.25T   dyne / cm  

  24 4 56.25
450 dyne cm

0.5

T
p

r


     

 

56. (3) 

 For an isothermal situation,  

  A A B B c cp V p V p V   

   
3 3

0 0

5 4 4 4

3 3

T T
p a p b

a b

     
         

     
 

  
3

0

4 4

3

T
p c

c

  
    
  

 

    3 3 3 2 2 2
0

4 4 4 4
4 4 4 0

3 3 3 3

T
p a b c a b c
 

            
 

 

   0 0

4
0 3 4 0

3

T
p V S p V TS

 
     
 
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 So, 3   

 

57. (2.4) 

 0

2T
p p gh

R
    

     5 3 5

6

2 0.07
10 10 10 6 2 10 Pa

3.5 10


      


 

 1 1

2 2

ppM

RT p


   


 

   
5

5
2

1.2 10

2 10


 
 

   
3

2 2.4 kg m   

 

58. (9) 

 Initial pressure inside bubble 0

4T
p

r
   

 Final pressure inside bubble 
 

new

4

/ 2

T
p

r
   

 For isothermal condition,  

 1 1 2 2p V p V   

   

3
3

0 new

4 4 8 4

3 3 2

T T r
p r p

r r

      
          

      
 

   5
new 0 5

24 24 0.08
8 8 10

1.92 10

T
p p

r 


    


 

           
5 29 10 N m   

 

Viscosity  

59. (20.4) 

 
  2

2
2

9
T

r g
v gh


 


 

   
    

2
4 3 4

6

10 10 1 10 9.82
2 9.8

9 9.8 10
h





 
 


 

   20.4 mh   

 

60. (9) 

 1F   Viscous force on upper surface  

      
0

2
2

dv v Av
A A

dx d d

 
      

 
 

 2F   viscous force on lower surface 
2 Av

d


  

 ext 1 2

4 Av
F F F

d


     
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     21 2

3

4 150 10 0.1 3 10
9 N

2 10

 



 
 


 

 

61. (50) 

 In fluid frame, ball is moving with constant velocity and resultant of all forces acting on it is zero. 

  
  2

2

9
T

r g
v





 

       
    

2
1000 100 0.05 102

9 0.1


  

       50 m s  

 

62. (5) 

 Rate of production of heat  6T T TP Fv rV v     

 
2
TP rv   

  5 2
TP r v r   
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1. (D) 

  
 

2. (C) 

  

  
 

  

http://www.iitianspace.com/


Website: www.iitianspace.com     |     online.digitalpace.in 15 

3. (C) 

  
 

4. (B)  

  
  

5. (B) 

  
 

6. (C) 

  
 

7. (A) 
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8. (A) 

 Inside a drop or an air bubble, towards concave side  

 0

2 2T T
P P P

R R
      

 Here, the figure shows that the water between the plates formed a curved surface, similar to that formed 

by air bubble inside the water. So, pressure in water between the plates is lowered by 
2T

R
. 

 

9. (C) 

 When a point mass is falling vertically in a viscous medium, the medium or viscous fluid exerts drag 

force on the body to oppose its motion and at one stage body falling with constant terminal velocity. 

 

10. (A) 

 Young’s modulus 
F

Y
A


  

 
2

F
Y

r

 

 

 Given, radius r = 5 mm, force 50 NF k  ,  

 0.01 mm


 

 14 2

2
2 10 N m

F
Y

r
   


 

 

11. (D) 

 
 

Normal force
Stress

Area 2

N N

A a b
  


 

 2V a b    

 2V ab a     

 Stress = B  strain  

 
  2

2
Strain

2

N a a b V
B

a b Va b

    
     

 

 
 

2 2

2

2 a ab
N B

a b

 
 


 

 For needed to push the cork.  
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  
2 2 2

2

4
4

B a b a
f N Bb a

a b

   
     


 

  

12. (C) 

  
 

13. (B) 

  
 

14. (D) 
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15. (A) 

  
 

16. (C) 

  
 

17. (None) 

  
 

18. (B) 

  

http://www.iitianspace.com/


Website: www.iitianspace.com     |     online.digitalpace.in 19 

19. (C) 

  
 

20. (A) 

  
 

21. (A) 
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22. (C) 

  
 

23. (B) 

  
 

24. (B) 
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25. (C) 

  
 

26. (A) 

  
 

27. (D) 
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28. (B) 

  
 

29. (A) 

  
 

30. (A) 
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31. (C) 

  

  
 

32. (A) 

 Young modulus depends on material of wire not on length and area of wire's cross section. 

 

33. (C) 

  
 

34. (D) 
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35. (A) 

  
 

36. (C) 

  
 

37. (C) 

  

  
 

38. (C) 
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39. (D) 

  
 

40. (A) 

  
 

41. (A) 
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42. (101) 

  
  

43. (4) 

  
 

44. (40) 
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45. (20) 

 Energy stored in stretched catapult is converted into kinetic energy of stone  

 2 21 1

2 2

YA
x mv

L
    

 
 

29 6
2 20.5 10 10 0.04 20

400
0.1 1000

v v

  
    

 20 m sv   

 

46. (2) 

 As 
2 2

F l l
l l

Y r r


    


 

    
2 2

2 1
2 1

1 2

1
2 0.04 m 2cm

2

l r
l l

l r

    
        

   
 

  

47. (500) 

  
 

48. (2) 
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49. (50) 

  
 

50. (30) 

  
 

51. (2) 

  
 

52. (25) 

 Given mass of rod m = 20 kg  

 Cross-section area, A = 0.4 m2  

 Length 20 m 

 Let extension is dy in length dx. 

 

T
stress T dx TdxAY dy

dystrain A dy AY

dx

       

 Tension at a distance x from lower end0020
mg

x  

 
2

0 0 0
2

mg dx mg x
dy x

AY AY

  
     

  
   
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 9

11

20 10 20
25 10 m

2 2 0.4 2 10

mg

AY

 
    

  
 

 Compare with 910x   we have, x = 25 

 

53. (5) 

  
 

54. (48) 

  
 

55. (25) 

  
 

56. (25) 
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57. (11) 

  
 

58. (20) 

  
 

59. (500) 
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Only One Option Correct 

1. (C) 

 Using, 
0

F A
Y 


 

 
 

2 2

1 2

2

2

F R F R
y

L L

 
 

 
 

 2

1

2


 


 

 

2. (D) 

 

3. (A) 

 Given: 
1

constant
d

dt





 

 
3

3

4
constant

43

3

R d m

m dt
R

 
 

   
 
 

 

  3 3 constant
d

R R
dt

   

  3 43 constant
dR

R R
dt

    

  
dR

R
dt

  

 

One or More than One Option Correct 

1. (A, B) 

 From graph, the maximum stress that P can withstand before breaking is greater than Q. 

  
 The strain of P is more than Q therefore P is more ductile. 

 
stress

strain
Y   
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 So, a given strain, straign is more for Q. 

 Q PY Y  . 

 

2. (A, D) 

 Since string is taut,  

 1 1    and 2 2     

 For floating, net weight of system = net upthrust  

    1 2 1 2g gV V      

 Upwards terminal velocity  

 
 2

2 1

2

2

9
P

r g
V

 



    

 Where r is radius of sphere. 

 Downwards terminal velocity  

 
 2

2 1

1

2

9
Q

r g
V

 



 

 1

2

P

Q

V

V


 


  1 2 1 2      

 Again . 0P QV V   i.e., negative as PV  and QV  are opposite to each other. 

 

3. (A, C) 

 As we know 
eff

2 cos
h

r g

 



 

 As ‘r’ increases, h decreases 
1

h
r

  [all other parameters remaining constant] 

 Also k     

 Further if lift is going up with an acceleration ‘a’ then effg g a  . 

 As effg increases, ‘h’ decreases. 

 Also cosh   not h    

 

4. (A, C, D) 

 
dv

F A
dx

 
   

 
 or 0u

F A
h

   

 Where 0u

h
 velocity gradient 

dv

dx

 
 
 

 

 0; ;F F A F    and F
h


  

  

5. (A, B, C) 

 For case I  

 1
1 4

2 cos 2 0.75 cos0
3.75 cm

2 10 1000 10

T
h

r g 

   
  

   
 

 For case II 
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 2
2 4

2 cos 2 0.75 60
3.75 cm

2 10 1000 10

T
h

r g 

   
  

   
 

The correction in the height of water column raised in the tube, due to weight of water contained in 

the meniscus will be different for both cases. 

In case II, if the capillary joint is 5 cm above the water surface then water in capillary will not reach 

the interface. 

Water will reach till 3.75 cm. 

 

Comprehensions Type 

1. (D) 

2. (B) 

3. (B) 

 

4. (C) 

Vertical force due to surface tension  

 cos 2VF T r     

      
22

2
r r T

T r
R R

 
    

 
 cos

r

R

 
  

 
 

 

 
 

5. (A) 

 When the drop is about to detach from the dropper weight = vertical force due to surface tension 

 Vmg F  

 
2

34 2

3

r T
R g

R


     

 
 

2
4

2
4 12

5 10 0.113 3
4.12 10

2 2 1000 10

r T
R

g




  

         

 

 or, 31.42 10 mR    

 

6. (B) 

 Surface energy 24T R    

                     
2

3 622
0.11 4 1.42 10 2.27 10 J

7

         

 

Integer / Numerical Answer Type 

1. (6) 

 Pressure, air

4
A

A

T
P P

R
   ( Excess pressure due to surface tension (T) in soap bubble = 4T/r) 

 
24 4 0.04

8 8 16 N m
0.02

A A
A

T
P P

R


       
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 Similarly, 24 4 0.04
8 8 12 N m

0.04
B

B

T
P

R


      

 According to ideal gas equation, VP nRT      

    
34

16 0.02 ... i
3

A A A B A AP V n RT n RT      

    
34

12 0.04 ... ii
3

B B B B B BP V n RT n RT      

 Dividing eq. (ii) by (i)  

 
 

 
 

3

3

4
12 0.4

3
4

16 0.02
3

B
A B

A

n
T T

n

 

 

 

 

 6B

A

n

n
    

 

2. (3) 

 As we know, terminal velocity  

  
22

9
T

r
V g 


 

 

 

 

 

 

2
1 1

2
1 11 2

2 2
12 2 2 2

2

2

9

2

9

P

Q

r g

rV

V r g r



 
  

 



 

       
 

 
 

2

2

8 0.81 2
3

8 1.6 30.5


  


 

  

3. (6) 

 3 3 1/34 4

3 3
R k r R K r       

 
2 24 4U S k r r      

 
 

 
2 /34 10 1 10U SR K         
   

 

  
2

3 2 /30.1
10 4 10 10 1

4

       
 

 

 
2 /310 10 1    Neglecting  

 2 /310 10 2
3

 
    

 6   

 

4. (2) 

 Given : 
11 23 m; 1m; 1 10 N mc s cl l Y     and 

11 22 10 N msY   . 

 At equilibrium, cos60 cos30s cT T   
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3

2 2

s cT T
   

 
1

3
3

c
s c

s

T
T T

T
        

 
3

1

c

s

l

l
   and 

11

11

1 10 1

22 10

c

s

Y

Y


 


 

 From, 
Fl Fl

Y l
A l AY

   


 

 Here, s cA A   

 
1 3 2

2
1 13

c c c s

s s s c

l T l Y

l T l Y

          
                            

 

 

5. (3.74) 

 According to question, the water above the rim as a disc of thickness ‘h’ having semi-circular edges. 

 r = h/2 

 pressure at the bottom of disc = pressure due to surface tension  

 
1 2

1 1
gh T

R R

 
   

 
 

 1 2
1 2

1 1
R R

R R
    and 2

2

h
R   

 
1 2

1 1 1 2
0

2

T
gh T T

R R h h

   
         

  
 

 2

3 4

2 2 20 0.07 10 100

10 10 10 100

T T
h h

g g

 
     

   
 

 14 mm 3.741h    
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