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(quantitative) 

 (velocity) 
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(INTRODUCTION)

(rigid Body) 

(Kinematics of rotational motion

about a fixed axis)

(Dynamics of rotational motion

about a fixed axis)

(Rolling motion)
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(Translational motion)

(Potter’s wheel) (a)

P1 P2...

P

P3 (a)

(b)
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z

r

P

r

C

P r

P r

C2

P

P

P r = 0

(a)

z

P1 P

C1 C

r r P P

P3

O

O
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(b) O

(a)

(a) (b)

P,

O 

O Tr1

Tr2 O

(a) (b) O1,

O2, O3 P1, P2, P3

(a)

O

OP, (ori-

entation)

�1 =��2 =��3 (b)

O

�1,��2,��3
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(CENTRE OF MASS)

x-

�
n

��

x

x

x x

m m m

C 

(X, Y) 

� �
�

� �

� �
�

� �

� � � �
� �

� � � �
� �

(centroid) 

n 

(X, Y, Z)

�
�

�
�

�
�

O 

x x m1

m C

O X 

�
�

�

X x x

m1 = m2 = m,  

� �
� �

n m

m m x-

(centre of mass) 

� � �
� �

� � �

�
�

x x  ... x

x
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� i

i n m i

i (xi, yi, zi) 

(7.4 a, b, c) 

i

��
r , i

R
��

� �

� �

�
�

�

n 

� �� � i �

x z

� � �
� � �

� � �

� � �
� � �

n �

i- (integral)

� � �� �

� �� �

� �� �

(� �� �

� � �� � �

�

R = 0

��
� � �� � � ...(7.6)

x-

(geometrical) 

x dm dm

dm –x 
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xdm

x z

a

200g 

0.5 m 

� �	 
� ��
� �

�
� � �

	 
� �� ��

� � �

C 

OAB 

(lamina) 

x

B 

100g, 150 g 200 g 

O, A B 

� �
�

� �

�

LP 

LP 

NR 

(centroid) G 

L–

3 kg 

�

�
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X Y 

L- 

L- 

1

m 

C C

L-

(X, Y) 

(7.4 d) 

(7.7)

(differentiating both sides with respect to time)

m  ...

�

� �
�

� �
�

1(1/ 2) 1(1/ 2) 1(3/ 2) kg m 5
m

1 1 1 kg 6
Y

� �
� �

� �

L OD 

L 

(MOTION OF CENTRE OF

MASS)

�
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...(7.11)

of mass) 

(i)

(projectile) 

(LINEAR MOMEN-

TUM  OF  A  SYSTEM OF PARTICLES)

n 

m1, m2 ..., mn
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(linear momentum) ,

n 

(vector sum) 

(differentiate) 

� �

�

�  = 

a

P P

z c1, c2, c3

a

(b) 
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(VECTOR PRODUCT

OF TWO VECTORS)

(Definition of vector product) –

a b

c

(i) c

c = absin� a b a b

�

ii c a b

(

a b

a b c

a 

S S

C (b)

C 

a

b

c

(right

hand rule)
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a b

a b

�

(commutative law) 

 ×  × 

a b a × b

a

a� – a, b� – b

a × b

a × b

(Distributive over addition)

c = a × b

a × a

a × a a2 sin 0° = 0 

(ii)

sin 900

90° 

a × b

� � � �

� �

� �
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(AN-

GULAR VELOCITY AND ITS RELATION

WITH LINEAR VELOCITY)

P 

r P 

P V

P 

�

P� �

PCP� � �

� � �

� �

P

d d

�

� = �r

� =

r

vi

��

n

r = 0 �

P 

(c), 

�
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(a)

� ��

���� × 

7.17

P

�

O P

r = OP 

� � �� � �� � �� � �

���� ������������OC

���� × r = ���� × CP

���� z-

P CP

P 

���� × CP

� CP CP

r 

OP = r

���� × r

�r P 

P 

v = ���� × r

(a) r

����

����

(kinetic) (vari-

(a) 

����
anticlockwise or

clockwise) ����

(b) ����

P �������� ����
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�r v

����

				

�
����

				

����

				

�
	 �

(TORQUE AND

ANGULAR MOMENTUM)

P F

O P 

tion vector) r











 



 r F
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�

r r OP 

F r F

2T–2

SI 


 � �� �


 � �� �

� �� (line of ac-

F � r

F r = 0

F = 0 � = 0° 180° 
�= 0

r

× F

r F

m

O r O 

l

l = r × ...(7.25 a)

l �

� r

l = rp� r�p ...(7.26 b)

r sin �) p

 sin � r

r = 0) 

� = 0° 180° 

(l = 0) 

l =

p (differentiate

with respect to time)

v = dr/dt p = m v

dp / dt = F

� 











�
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F = /dt

(Torque and angular momentum for a system of particles)

n

i

i

i

b



















ext

int


 

 

 

 

 


� �
 
 

 
 

 
 

 
 














A B 

B 

A 
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����

���� �������� ��� �� �� �� � (7.28 a) 

� ����

(7.28 b) 

�

(conservation of angular

���� (7.28 b) 

�

L ...(7.29 a)

(7.29

a) 

K K Lx

L L x z

����

�

����

����

P t V

O 

�
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l = r × mv mvrsin�

� v

v OM

= r sin �

l r v

l

(EQUILIBRIUM OF A

RIGID BODY)

(7.28 b) 

�

(7.30 a) 

� � � � �� � � � �� � � � �� � � � �

(7.30 b) 

n

(7.30 a) 

�

��
�

��
�

��

F F x, y z 

F

�
�

�� �
�

�� �
�

��

x, y z

����

�
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F, 7.20 (a) 

AB C CA =

CB = a A B C 

a

� ����

a B 

A 

B 
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F F

d

d

F –F

B A O 

r r

= r1 × (–F) + r2 × F

= r2 × F – r1 × F

= (r2 – r1) × F

r1 + AB = r2

� AB = r2 – r1

AB × F

R F F

R – F1 – F2 = 0 ...(i)

d1F1 – d2F2 = 0 ...(ii)

R, 

F

d

F2, 

(effort 

(ii) 

d1F1 = d2F2 ...(7.32 a)

�
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F /F (Me-

chanical advantage M.A.) 

�

d d

F F

(law of moment) 

G 

(horizontal)

R M

tional equilibrium) 

m 2g ... G 

m  ... 

r i 

����

� �� �� �� �� �

	

�
 r

(7.4 a) 

�
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(homoge-

(uniform cross sec-

tion) 

G A 

A 

A 

AA

B

C 

AB

K K G

P

W 

G 

G 

= BK2 = 10 cm  K1G =

K G = 25 cm W = =

R R2

W W 

R1 R

G R W

R1

–R1 (K1G) + W1 (PG) + R2 (K2G) = 0 (ii)

1 = 6.00 g N,

x = 9.8 m/s2

(i) 

R1 + R2 – 6.00g – 4.00 g = 0
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R1 + R2 = 10.00 g  N = 98N (iii)

(ii) 

– 0.25 R1 + 0.05 W1 + 0.25 R2 = 0

R2 – R1 = 1.2g  N = 11.76 N (iv)

(iii) (iv) 

R1 = 54.88 N

R2 = 43.12 N

K1 55 N K2 43 N

2 3 m 

1 m 

F – F

A 

�

� � �

� �

� � �

� � �

F2 �

� �
�

� � � �
�

(MOMENT OF INERTIA)

ri

� ��

� �� �

K

�
� �

� �� �

AB 

AC = 1 m,  

D W 

F F F

F

N F 

F 

�

�
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n

�2

�
�

� �

(parameter) 

�

��

��

��

m 

I = MR2

(Parameter) 

I = Mk2 k

k 

l

M 

2 2

I =

Ml2/4 
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R 

(Ring)

R 

L 

R 

R 

R 

R 

R 

(moment of

inertia) 
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ML2

SI 2

(THEOREMS

OF PERPENDICULAR AND PARALLEL AXES)

(Theorem of perpendicular

axes)

O

z z 

O 

x- y-

� �

x y z 

I = MR2/2 M 

R 

O 

x 

z 

� �

x 

(symmetry) 
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�

MR2/4 

Z� Z 

a z- O 

I � I � z z�

M a 

l

M l

� �� � � �� �
	 


�

2M 

2 l

� � � �

R 
z z�

a O OO��= a

�

�
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(KINEMATICS OF ROTATIONAL MOTION

ABOUT A FIXED AXIS)







P 

�

�

x�-

P x-

z-

P 

�0 t = 0 

�

� 
 �

(a) 

tions of linear motion) 

�� � �

� �� �

0� �
 
 �

� � �� � 
 �

2 2
0 02 ( – )� �
 
 � � �

�
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� 
 �� �

� �� � � � �

� �� �

�

�

�
�

(DYNAMICS OF ROTATIONAL MOTION

ABOUT A FIXED AXIS)



� (i)

(integration) 


 �� ��

� �

(i) t = 0 

(ii) 

� �

� �


 

�

�
�

�

�

�
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(Work done by a

torque)

F

x� �

P r

CP1

= r1

� �

�

����

�

�

� � �� � �

z-

P1, 

F

C P
1
P

1
�� (ds

1
) 

�

�

�

�
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z-

�� ��
� ��� ��

� ��

�

�
� �
� � �


 
 
� �
�� �	 


� 
�




�

� �
�� �	 


�
 
 ��

� ��

(Bearings)

�

�
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�

�

�

�

� � �� �� � �

�

� � � � �

(ANGULAR MOMENTUM  IN CASE

OF ROTATION ABOUT A FIXED AXIS)

�

�
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��

(differentiate)

(7.28 b)

� ����

������

�

� ��

�
� �� �

� ��

(7.45 c)
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(ROLLING MOTION)

P V

C
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�

	 ��

� �



 �

� 	� �

	
	� �

	
� �

� �
 �
� �

b

	
� �

� �
 �
� �

	
� �

� �
 �
� �
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�

����

����

���� [T–1] rads–1 V = � × r

L [ML2T–1] Js L = r × p

���� [ML2T–2] Nm ����r × F

I [ML2] kgm2 I = 2
i

i
m r ��
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(EXERCISE)

(a) (b) (c) (d) 

HCl 

� �
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(INTRODUCTION)
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� �
d

dt

l
r F

� �τ r F

1
sin

2

dA
rV

dt
� �

2

1 2
/F Gm m r�

��
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�

	
���

�

( ) 4� �U r x

l

��
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1

n

i

i�

�F

�

�
�

�

�

�
�

	


 �
�

�
�


 �

 �� �	 �

��

���
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1 2
Gm m

V
r

�

1 2
–
Gm m

V
r

�

���� ����
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