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13.149 Apply the principle of impulse and momentum to each sphere one by one. 

For sphere A, consider the direction in line of impact.  

 

  +        =     

tΔT m '
Av  

 

'
AmvtT =Δ         (1) 

Therefore, sphere A will move in the direction of line of impact. 

to the horizontal and 

 

For sphere B, apply the principle of impulse and momentum 

vertical direction. 
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the is inextensible and inelastic, Since  cord the impact can be regarded perfectly plastic 

(e = 0). This is as if the cord was replaced with a rigid link at the moment immediately 

after the impact. From the expression for the coefficient of restitution, 
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(b) Regarding the loss of energy, we need to consider only kinetic energy of the two 

spheres since there are no changes in potential energy due to gravity force. 

  
2

1 2 o
1 mvT =  

  ( ) ( ){ } ( )2222'2' 111
22 222

aL
L

mvvvmT oBA +=+=  

  ( ) ( )22
2

2
22

2
2

21 42
11

2
1 aL

L
mvaL

L
mvTTT o

o −=
⎭
⎬
⎫

⎩
⎨
⎧ +−=−=Δ  

 

 

13.179 (a) For the impact between the carrier A and B which happens first, apply the 

onservation of linear momentum and the expression of the coefficient of restitution. 

     (1) 

(2)’ (1

  

c

   
'' 404040 BAA vvv ⋅+⋅=⋅ 

    ( )BAAB vvvv −⋅=− 8.0''
     (2) 

(2) :    AAB vvv ⋅+= 8.0''
      (2)’ 

): 58.0404040540 '' ⋅⋅+⋅+⋅=⋅ AA vv  

( )8.0120080 ' −=⋅ Av  

( ) ( )smsm /5.4,/5.0 '' == Bvv  A

Then, apply the same procedures for the impact between the carrier B and the suitcase 

C which happens next, 
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(b) Considering only the kinetic energy of the two carriers A, B and the suitcase C 

etween the initial state (before the impact between B and C) and the final state (after 

the impact between B and C), since there are no change in potential energy. 
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the impact between B and C), since there are no change in potential energy. 
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13.189 First, considering the ball A only, apply the principle of impulse and momentum 

to the t-component, 
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Therefore, after the impact, the ball B has only component of its velocity along the line 

two balls together, apply the principle of impulse and momentum 

 the horizontal component, 
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rom the expression of the coefficient of restitution, 
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To obtain the height reached by the ball B, apply the principle of conservation of energy 

to the ball B. 

 ( ) ghmvm BBB =
2'

2
1

 

( ) ( )m0455.0
2

2'

==h 
g

vB  

 apply the principle of impulse and momentum to each ball. 

Ball A is acted upon the same magnitude of impulses by the two balls B and C in the 

impact, as shown. Consider only the vertical component of impulse and momentum. 
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14.38 (a) First
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Regarding the assumption of perfectly elastic impact, we need to consider only the 

kinetic e since 

 

nergy of the balls there are no changes in potential energy. 
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Then, apply the principle of impulse and momentum to the all balls together, and 

consider the horizontal component. 
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(b) Now consider the two impacts sequentially.  

For the first impact between ball A and B, apply the principle of impulse and momentum 

to the two balls.  
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 is noted that the ball B will move in the direction of line of impact by applying the 

pulse and momentum principle to the ball B only.  

From the assumption of the perfectly elastic impact, 
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 is noted that the ball C will move in the direction of line of impact by applying the 

pulse and momentum principle to the ball C only.  

From the assumption of the perfectly elastic impact, 

It

im

( ) ( ) ( ) ( ) ( )( ) ( )2"2"2"2"2"222

2
1

2
1

2
1

2
1433.025.0

2
1

CyAxACAo vmvvmvmvmvm ++=+=+  (6) 

(4) :    ( ) °−= 30cos25.0 "" vvv CoxA       (4)’ 

(5) :    ( ) °+−= 30sin433.0 "" vvv CoyA      (5)’ 

(5)’,(6)’     (4): 

 ( ) ( ) ( ) ( 2"22"2"222 30sin30sin433.030cos25.0433.025.0 CCoCoo vvvvvv +°°+−+°−=+  )

  ( ){ } 030cos25.0230sin433.022 "" =°⋅⋅−°⋅⋅−+ oCC vvv  

  

 

( ) ooC vvv 433.030sin433.030cos25.0" =°+°=  

 ( ) ( ) ooxA vvv 125.030cos433.025.0" −=°−=  

( )

tΔ2F

( )xm "
Av  

"vm C  

tΔ2F
xm '

Av  

 7



( ) ( ) ooyA vvv 2165.030sin433.0" −=°−=  

  oA vv 25.0" =   °60  

433.0+

 

    

v

 

14. 44 (a) Let us analyze the impact between B and C, which happens first. 

Sphere B and C are acted upon by the action/reaction impulses in the vertical 

direction, so they will move in the vertical direction after the impact. 

Apply the principle of impulse and momentum in the vertical direction. 

       (1) 

 o       (2) 

(2)     : o       (2)’ 

' 0.866B ov v= 30°  

  ov    
' 0.433C = 30°

: m v m v m v↓ = +A o A B B C

From the expression of the coefficient of restitution, 

′ ′

( ) ( )′ ′− = − = −C B B Cv v e v v v

C Bv v v′ ′= −
(2)’     (1): o B o Bv v v v′ ′= − +  

2 2o Bv v′=    

  , 0B o Cv v v′ ′= → =  

Therefore, after the first impact, sphere C halts, and sphere B will move in the 

downward direction with vo.  

Then, let us analyze the second impact between A and B, immediately after the 

cord becomes taut. Sphere A will move in the direction of the cord immediately 

after the cord becomes taut, since the impulse due to the tension in the cord acts in 

that direction. However, the direction in which sphere B will move immediately 

after the cord becomes taut is unknown, so its horizontal and vertical components 

are to be determined as shown below.  
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Apply the principle of impulse and momentum in the horizontal and vertical 
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