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FOR ANY DISK: 2
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Work of external friction force on disk A.

Only force doing work is F. Since its moment about A is ,M rF  we have
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Kinetic energy of disk A.

Angular velocity becomes constant when 2
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Principle of work and energy for disk A.
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The point of contact with ground is the instantaneous center.

Position 1. Point B is at the top.
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Position 2. Point B is at the bottom.
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Mass of disk B.
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Moment of inertia.
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Principle of impulse and momentum.
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Moment of inertia of yoke:
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Let Ω  be the angular velocity of the cab and   be the angular velocity of the blades relative to the cab. The
absolute angular velocity of the blades is . 
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Moment of inertia of ring. 21
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PROBLEM 17.88  (Continued)

Principle of conservation of energy:
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(a) Angular velocity.

From Eq. (1), 2
3 kg
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 
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(b) Velocity of collar relative to ring.
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2 2 21 1

0.045 kg 9 kg (9)(0.200) 0.06 kg m
6 6B P G Pm m I m b     

Kinematics. After impact, the plate is rotating about the fixed Point A with angular velocity ω .

2G
bv

Principle of impulse and momentum. To simplify the analysis, neglect the mass of the bullet after impact.

Syst. Momenta1 + Syst. Ext. Imp.12  Syst. Momenta2

(a)  Moments about A:
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(0.045)(400)(0.150cos30 0.100sin 30 )  

21
0.06 (9)(0.2) 0.15

4
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 (b)  Linear momentum: 0 cos30 ( )

(0.045)(400cos30 ) (0.002) (9)(2.1556)
B x P G

x

m v A t m v

A

   

  

1920 NX A 1920 Nx A

Linear momentum: 0 sin 30 ( ) 0B ym v A t    

(0.045)(400)sin 30 (0.002) 0yA   

4500 NyA  4500 Ny A

4500
4892 N 4.892 kW tan 66.9

1920
A      

4.87 kNA  66.9° 
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Moment of inertia. 21

12
I mL

(a) First Impact at A.

1Syst. Momenta  1 2Syst. Ext. Imp.  2Syst. Momenta

Condition of impact: 2 11: ( )Ae v v

Kinematics: 2 2 1( )
2 2A
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Moments about A: 1 2 20
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   
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    
 

2 1
1

2
vv 
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(b) Impact at B.

1Syst. Momenta  1 2Syst. Ext. Imp .  3Syst. Momenta

Condition of impact. 3 11: ( ) 2Be v v

Kinematics: 3 2 1( ) 2
2 2B
L L

v v v    

Moments about B: 2 2 3 30
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1 1 3 3

31 1 1
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                              
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 (c) Second Impact at A.

3Syst. Momenta  3 4Syst. Ext. Imp.  4Syst. Momenta

Condition of impact. 4 11: ( )Ae v v

Kinematics: 4 4 4 1 4( )
2 2A
L L

v v v    

Moments about A: 3 3 4 40
2 2

L L
mv I mv I    

2 21
1 1 4 4

31 1 1
0

2 2 12 2 2 12

vL L L
m v mL m v mL

L
                             

4 0 

4 1 0v v  4 1vv 


