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Rotational Mechanics

ROTATIONAL MECHANICS
1. = ] m 

 r  m 

 ;

,  h ; 

; 

m
r

m

(1) 
1 2gh
r 3 (2) 

3r
4gh (3)

1 4gh
r 3   (4)

3r
2gh

2.  l  ,  , + 

 
4
l

 + 

 (radius of gyradtion) %

(1) 
1
8

l

(2) 
7
48

l

(3) 
3
8

l

(4) 
1
4

l

3.  a  ,  {

  (r)  r 

  (r)  =  A  +  Br

 :

(1) 2 a4 
A aB

4 5

(2) a4
A aB

4 5

(3)   2 a4
aA B

4 5

(4)  2 a4
A B

4 5

4.

F

 ,  ? ]  ,

a ] ,  :{  b

 F  [  ( =

 ;  ?   = 0.4   100 × 
b
a

 [ ;

 _______

5.  M = 4m    , + 

 /  (pivoted)    m 

 , ] +  
4

 

+  , +&

; ;  :

(1)
3 v

7 2
(2) 

3 2 v

7

(3)
4 v

7
(4) 

3 v

7
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Rotational Mechanics

6. 500 g  ,  , ,

 { <+  (rolls

without slipping) 

5.00 cm/s  :

(1) 8.75 × 10–4 J

(2) 8.75 × 10–3 J

(3) 6.25 × 10–4 J

(4) 1.13 × 10–3 J

7. B A

C
O

+
d

 m  d 

  d  ,

 ,

; 

% I0  IA  I0/IA  :

(1) 
13

23
(2) 

15

13

(3) 
23

13
(4) 

13

15

8.  ,  1 m +  ,  ,  {
 (pivoted) +  {

30º ,   ( =
)  ; ; + ; 

1n s  (  n )  n 

________ 

30

9.  R  I  ,
 ? = 

( = )  ,
 m1

 m2 (m1 > m2)   
;  ,

m1 , h ; 
 :

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

m2

m1

(1)

1

2
1 2

2
1 2

m m
gh

(m m )R I
(2) 

1
2

1 2
2

1 2

2(m m )gh

(m m )R I

(3) 

1
2

1 2
2

1 2

2(m m )gh

(m m )R I
 (4)

1

2
1 2

2
1 2

(m m )
gh

(m m )R I

10.
A B

0 25 50 75 100

2 m
=  ,  , <+ , + AB 

 }
 { +  'm' 

 A  75 cm  2 m  ,
 A  :

(1) 2 mg (2) 0.5 mg (3) 0.75 mg (4) 1 mg
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Rotational Mechanics

11.  M  R  ,  (cylinder) 

a (a < R)  , <+  [
,  'O'  ,  F, 

<+
]  ( = )  F  :

(1) 
2

2

a
Mg 1

R
             

O
R a

F

(2) 
2

R
Mg 1

R a

(3) 
a

Mg
R

(4) 
2

R a
Mg 1

R

12.  ,
]  , = :

; 
% 0.1 kg-m2  10 rad s–1 

; % 0.2 kg-m2 

5 rad s–1  {
 , ; 
;  ? ; 
 &

(1) 
10

J
3

(2) 
2

J
3

(3) 
5

J
3

(4) 
20

J
3

13.  (cylinder) 

 ,

2 2R L
I M

4 12
]  M ] R 

 L  ;  , , 

 ,

 L/R %

(1) 
2

3
(2) 

3

2
(3) 

3

2
(4) 

2

3

14. 1 kg  ,  [  v = 6 m/s  ,
 { , ,  ,
+ 

= + O 

, {  :   

 ; +  2 kg  1 m 

% (g = 10 m/s2)

m v m
m

M, l
O

(1) 69° (2) 63° (3) 55° (4) 49°
15. 200 kg  ,

80 kg  ,  [  ;
 5  ;

; 
__________

16.

FV

FH

l

FV

FH

l

FV

FH

l

FV

FH

l

FV

FH

l

FV

FH

l

FV

FH

l

FV

FH

l

FV

FH

l

FV

FH

l

FV

FH

l

FV

FH

l

FV

FH

l

FV

FH

l

FV

FH

l

FV

FH

l

FV

FH

l

FV

FH

l

FV

FH

l

FV

FH

l

FV

FH

l

FV

FH

l

FV

FH

l

FV

FH

l

FV

FH

l

FV

FH

l

FV

FH

l

FV

FH

l

FV

FH

l

FV

FH

l

FV

FH

l

FV

FH

l

FV

FH

l

FV

FH

l

FV

FH

l

FV

FH

l

FV

FH

l

FV

FH

l

FV

FH

l

FV

FH

l

FV

FH

l

FV

FH

l

FV

FH

l

FV

FH

l

FV

FH

l

FV

FH

l

FV

FH

l

FV

FH

l

FV

FH

l

FV

FH

l

FV

FH

l

FV

FH

l

FV

FH

l

FV

FH

l

FV

FH

l

FV

FH

l

FV

FH

l

FV

FH

l

FV

FH

l

FV

FH

l

FV

FH

l

FV

FH

l

FV

FH

l

FV

FH

l

FV

FH

l

FV

FH

l

FV

FH

l

FV

FH

l

FV

FH

l

FV

FH

l

FV

FH

l

 'l'  ,  , + .;  ,
 (pivoted)  ;

;    ? +   

=  + 
 (CM) ; 

 (  
2

2m
sin cos

12
 

) 
 {  FH  FV  CM

   ,  :

(1) 2

g
cos

2
(2) 2

3g
cos

2

(3) 2

2g
cos

3
 (4) 2

g
cos



®

4

no
de

06
\B

0B
A

-B
B\

Ko
ta

\J
EE

 M
A

IN
\J

ee
 M

ai
n-

20
20

_S
ub

je
ct

 To
pi

c P
DF

 W
ith

 S
ol

ut
io

n\
Ph

ys
ics

\H
in

di
\R

ot
at

io
na

l m
ec

ha
ni

cs

H

Rotational Mechanics

17.  EFG  ,

 'a'  ( = 

m  , &, ,  ;  EX  (  EG

)  EFG  2N
ma

20
 

 N ]  N  ________ 

X

GE a

E
X

GE a

E
X

GE a

E
X

GE a

E
X

GE a

E
X

GE a

E
X

GE a

E
X

GE a

E
X

GE a

E
X

GE a

E
X

GE a

E
X

GE a

E
X

GE a

E
X

GE a

E
X

GE a

E
X

GE a

E
X

GE a

E
X

GE a

E
X

GE a

E
X

GE a

E
X

GE a

E
X

GE a

E
X

GE a

E
X

GE a

E
X

GE a

E
X

GE a

E
X

GE a

E
X

GE a

E
X

GE a

E
X

GE a

E
X

GE a

E
X

GE a

E
X

GE a

E
X

GE a

E
X

GE a

E
X

GE a

E
X

GE a

E
X

GE a

E
X

GE a

E
X

GE a

E
X

GE a

E
X

GE a

E
X

GE a

E
X

GE a

E
X

GE a

E
X

GE a

E
X

GE a

E
X

GE a

E
X

GE a

E
X

GE a

E
X

GE a

E
X

GE a

E
X

GE a

E
X

GE a

E
X

GE a

E
X

GE a

E
X

GE a

E
X

GE a

E
X

GE a

E
X

GE a

E
X

GE a

E
X

GE a

E
X

GE a

E
X

GE a

E
X

GE a

E
X

GE a

E
X

GE a

E
X

GE a

E
X

GE a

E
X

GE a

E
X

GE a

E

18. =  ABC  ,

 D, E; AB, AC /;  G

 ABC  G 

 I0  ;  ADE 

 0NI

16
 

 N  N 

ED

B C

A

G

19.  M  R  ,

;  1  ?  ;

 
R

2
  M  , ; 

 ? ; :

;  2 

 ; ]  

 p%  p %&

20.  ,  ,

 R1 = R  R2 = R

 ; %

I1  I2,  I1 : I2 = 1 : 16 ] 

 :

(1) 2 (2) 2 (3) 4 (4) 2 2

21.
80 cm

O

60 cm

y
O'

x

= ] ,   O

 O'  

 : ( )

(1) 1/2 (2) 2/3
(3) 1/8 (4) 1/4

22.  ,  , ;   ?

 I 

.;  3I 

] + 

; 

(fractional) ;  :

(1) 0 (2) 
1

4
(3) 

3

4
(4) 

5

6

23.  ˆ ˆ ˆ4i 3j k m  ,

ˆ ˆ ˆF i 2 j 3k N  

ˆ ˆ ˆi 2 j k m

x N-m  x   _____
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Rotational Mechanics

24. 0.9 kg  ,  1m  , +

 ,  ,

=  0.1 kg

 ,  80 m/s ,

+ 

 ( = ,)  + 

;  (rad/s )  ______

1m

v

25.  [ = 
 [ ) ;  M, 

 R, ] H ] 
 :

H

R

(1) 
2MR

2
(2) 

2MH

3

(3) 
2MR

3
(4) 

2 2M R H

4

26. ]  m ]  
 , ]

 ,
% ;   ?

;  :

axi
s

(1) 2m 2 (2) 3m 2

(3)  m 2 (4) 4m 2

27. + AB  L  A  B ;

] 0

x
(x) 1

L
 ]

 x   A  ; +  M ]  A
+ % +

(1) 
25

ML
12

(2) 
23

ML
7

(3) 
22

ML
5

(4) 
27

ML
18
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Rotational Mechanics

SOLUTION
1. NTA Ans.  (3)

Sol.
2

2 2
2

1 1 1 vmgh mv mr
2 2 2 r

23 mv
4

4u gh
3

v
r

2. NTA Ans.  (2)

Sol.
2 2

2m m mk
12 16
l l

2
27 k

48
l

3. NTA Ans.  (1)

Sol.

drr

dI = dmr2

dI = 2 r  dr  r2

dI = 2 (A + Br) r3 dr

a 3 4

0
dI 2 Ar Br dr

I = 2 a4 
A B9

4 5

4. NTA Ans.  (75)

Sol.

F

mg

N

b

a f

F = µmg ...(1)

F
a

b
2

 = mg 
a

2
       ...(2)

 µmg 
a

b
2

 = mg × 
a

2

a
b

2
 µ =

a

2

0.4  = µ  = 
a

2b a

0.8b + 0.4a = a
0.8 b = 0.6 a

b

a
 = 

3

4

5. NTA Ans.  (2)

Sol.

×

4m

v/ 2
—

45° v/ 2
—

m

Let angular velocity of the system after collision
be .
By conservation of angular momentum about
the hinge :

2 2v 4m m
m

2 12 42

On solving

3 2 v

7

6. NTA Ans.  (1)
Sol. m = 0.5 kg, v = 5 cm/s

KE in rolling = 
2 21 1

mv I
2 2

= 
2

2
2

1 K
mv 1

2 R
= 8.75 × 10–4 J
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Rotational Mechanics

7. NTA Ans.  (1)
Sol. From parallel axis theorem

22

0

2 d d
I 3 M M

5 2 3  
213

Md
10

2

A 0

d
I I 3M

3

2 213
Md Md

10

223
Md

10
 

0

A

I 13

I 23

8. NTA Ans.  (15.00)

Sol. 30º P.E. = 0
From mechanical energy conservation,

Ui + Ki = Uf + Kf

21
mg sin30º 0 0 I

2 2

mg × 
1

2
 × 

1

2
 + 0 = 0 + 

1

2
 × 

2
2m(1)

3

2 3g
15

2

 n = 15
9. NTA Ans.  (2)

Sol. /////////////////////

m2

m1h

h

by using work energy theorem
Wg = KE

2 2
1 2 1 2

1 1
m m gh m m V I

2 2

2 2
1 2 1 2

1 1
m m gh m m R I

2 2
2

2
1 2 1 2m m gh m m R I

2

1 2

2
1 2

2 m m gh

m m R I

 Correct answer (2)
10. Official  Ans.  by NTA (4)

Sol.

A B
50 cm

TB

50 cm
TA

mg 2mg
25cm

B = 0 (torque about point B is zero)
(TA) × 100 – (mg) × 50 – (2mg) × 25 = 0
100 TA = 100 mg
TA = 1 mg

11. Official  Ans.  by NTA (4)

Sol.
O

a

F

x

mg
PR-a

( )P = 0
F.R. – mgx = 0

R-a

O

R

x
2 2x R (R a)

x
F mg

R

2
R a

F mg 1
R

= minimum value of force to pull
12. Official  Ans.  by NTA (4)
Sol.  Both discs are rotating in same sense

 Angular momentum conserved for the system
i.e.    L1 + L2 = Lfinal

I1 1 + I2 2 = (I1 + I2) f

0.1 × 10 + 0.2 × 5 = (0.1+0.2) × f

f

20

3
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Rotational Mechanics

 Kinetic energy of combined disc system

2
1 2 f

1
(I I )

2

  
2

1 20
(0.1 0.2).

2 3

  
0.3 400 120 20

J
2 9 18 3

13. Official  Ans.  by NTA (3)

Sol.

I

2 2R L
I M

4 12 .....(1)

as mass is constant  m = V = constant

V = constant
2Rl = constant R2L = constant

2 dL
2RL R 0

dR
.....(2)

From equation (1)

dI 2R 2L dL
M 0

dR 4 12 dr

R L dL
0

2 6 dR

Substituting value of 
dL

dR
 from eqution (2)

R L –2L
0

2 6 R

2R L L 3

2 3R R 2

14. Official  Ans.  by NTA (2)
Sol. Angular momentum conservation

2
2M

mv m
3

l
l l

1 6 1 18
2 51
3

Now using energy consevation
2

2 2 21 1
M (m )

2 3 2

l
l

 = cm(m M)r (1 cos )

= 

M
m

2(m M) g(1 cos )
m M

l
l

2
5 18

20(1 cos )
6 5

18 3
1 cos

5 20

27
cos 1

50

23
cos

50
 63

15. Official  Ans.  by NTA (9)
Sol. Li   =   Lf

2 2
2

1

200R 200R
80R 0

2 2

180 0 =  100 1

1 = 1.8 0 = 1.8 × 5
    = 9 rpm

16. Official  Ans.  by NTA (2)

Sol.

FV

FH

sin

mg

2 –
2

FV = mg

FH = 
2m sin

2

   
2

2 2m
mg sin m sin cos sin cos

2 2 2 12

2

3 g
cos

2
.....(ii)

17. Official Ans. by NTA (25)

Sol.

X

GE a

E
a/2

X

GE a

E
a/2

X

GE a

E
a/2

X

GE a

E
a/2

X

GE a

E
a/2

X

GE a

E
a/2

X

GE a

E
a/2

X

GE a

E
a/2

X

GE a

E
a/2

X

GE a

E
a/2

X

GE a

E
a/2

X

GE a

E
a/2

X

GE a

E
a/2

X

GE a

E
a/2

X

GE a

E
a/2

X

GE a

E
a/2

X

GE a

E
a/2

X

GE a

E
a/2

X

GE a

E
a/2

X

GE a

E
a/2

X

GE a

E
a/2

X

GE a

E
a/2

X

GE a

E
a/2

X

GE a

E
a/2

X

GE a

E
a/2

X

GE a

E
a/2

X

GE a

E
a/2

X

GE a

E
a/2

X

GE a

E
a/2

X

GE a

E
a/2

X

GE a

E
a/2

X

GE a

E
a/2

X

GE a

E
a/2

X

GE a

E
a/2

X

GE a

E
a/2

X

GE a

E
a/2

X

GE a

E
a/2

X

GE a

E
a/2

X

GE a

E
a/2

X

GE a

E
a/2

X

GE a

E
a/2

X

GE a

E
a/2

X

GE a

E
a/2

X

GE a

E
a/2

X

GE a

E
a/2

X

GE a

E
a/2

X

GE a

E
a/2

X

GE a

E
a/2

X

GE a

E
a/2

X

GE a

E
a/2

X

GE a

E
a/2

X

GE a

E
a/2

X

GE a

E
a/2

X

GE a

E
a/2

X

GE a

E
a/2

X

GE a

E
a/2

X

GE a

E
a/2

X

GE a

E
a/2

X

GE a

E
a/2

X

GE a

E
a/2

X

GE a

E
a/2

X

GE a

E
a/2

X

GE a

E
a/2

X

GE a

E
a/2

X

GE a

E
a/2

X

GE a

E
a/2

X

GE a

E
a/2

X

GE a

E
a/2

X

GE a

E
a/2

X

GE a

E
a/2

X

GE a

E
a/2
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Rotational Mechanics

2
2a

I 0 m ma
2

25
ma

4

18. Official Ans. by NTA (11)
Sol. Let side of triangle is a and mass is m

C

E

A

D

B
a

G

MOI of plate ABC about centroid

I0 = 
2 2m a ma

3
3 122 3

triangle ADE is also an equilateral triangle of
side a/2.
Let moment of inertia of triangular plate ADE
about it's centroid (G') is I1 and  mass  is  m1

2

1 2

m 3 a m
m

4 2 43a
4

I1 = 
2 2 2

1m a m a ma

12 2 4 12 4 192

G'

G

a
3

a
32

distance GG' = 
a a a

3 2 3 2 3
so MOI of part ADE about centroid G is

I2 = I1 + m1 

2 2 2a ma m a
.

192 4 122 3

= 
25ma

192

now MOI of remaining part

=
2 2 2

011Ima 5ma 11ma

12 192 12 16 16

N = 11

19. Official Ans. by NTA (20)

Sol.
1 2

Let moment of inertia of bigger disc is I = 
2MR

2

MOI of small disc I2 = 

2
R

M
I2

2 4

by angular momentum conservation

I 1 + 
I

4
(0) = I 2 + 

I

4 2 2 = 14

5

initial kinetic energy K1 = 
2
1

1
I

2

final kinetic energy K2

= 

2
21
1

41 I 1 4
I I

2 4 5 2 5

P% =
1 2

1

K K 1 4 / 5
100% 100 20%

K 1

20. Official  Ans.  by NTA (2)

Sol. I1 = 
2 2 2MR ( R )t.R

2 2

I R4

4
1 1

4
2 2

I R 1

I 16R

1

2

R 1

R 2
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Rotational Mechanics

21. Official  Ans.  by NTA (4)

Sol.
80 cm

30cm

60 cm

40cm

O'

O

50cm

Rectangular sheet

IO = 
2 2 2 2M M

[L B ] [80 60 ]
12 12

2
O' 0

2 2 2

I I Md parallel axis theorem
M

80 60 M [50]
12

2 2
O

2 2 2O'

I M /12[80 60 ] 1
MI 4[80 60 ] M[50]
12

22. Official  Ans.  by NTA (3)

Sol.

3I

I

By anglar momentum conservation

I + 3I × 0 = 4I '  '
4

(KE)i = 
1

2
I 2

(KE)f = 
1

2
× (4I) × 

2 2I

4 8

KE = 
3

8
I 2

fractional loss = 
1

KE

KE  = 

2

2

3
I 38

1 4I
2

23. Official Ans. by NTA (195)

Sol. 2 1r r F

ˆ ˆ ˆ ˆˆ ˆ[(4i 3 j k) (i 2 j k)] F

ˆ ˆ ˆ ˆˆ ˆ3i j 2k i 2 j 3k

ˆ ˆ ˆi j k

3 1 2

1 2 3

ˆ ˆ ˆ7i 11j 5k

195

24. Official Ans. by NTA (20.00)

Sol.
(M, L)

m v

Before collision After collision

i fL L

mvL = I

mvL =
2

2ML
mL

3

0.1 × 80 × 1 =
2

20.9 1
0.1 1

3

3 1
8

10 10

4
8

10

 = 20 rad
rad

sec
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Rotational Mechanics

25. Official  Ans.  by NTA (1)

Sol. r

dr H

h

R

Area = 
2 2R R H R

Area of element dA = 2 rd  = 
dh

2 r
cos

mass of element 
2 2

M 2 rdh
dm

cosR H R

2 2

2Mh tan dh
dm

R H R cos
  (here r = h tan )

2I dm r  
2 2

2 2

h tan 2m h tan
dh

cos R R H

    
3

2 2

2M tan

cos R R H
 

H 2 4
3

3 2 2
0

MR H
h dh

2RH R H cos

2 2 2

2 2

MR H R H

2 R H H
 

2MR

2

26. Official  Ans.  by NTA (2)

Sol.
/ 2

/ 2

m
m

m

2
22

I m 0 m 2 m 2
2

2
2 22m

2m 3m
2

Angular momentum L = I
= 3m 2

27. Official  Ans.  by NTA (4)

Sol.

dm

x dx

2 2I r dm x dx     
L

2
0

0

x
I x 1 dx

L

L 3
2

0

0

x
I x dx

L

3 3L L
I

3 4

3
07L

I
12

....(i)

L L

0
0 0

x
M dx 1 dx

L

0 0

L 3L
M L

2 2

0

2
M ( L)

3
....(ii)

From (i) & (ii)    
27 2

I M L
12 3

 = 
27ML

18
Ans. (4)


