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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.

TAt mv,
o+ @ -

TAt=mv, (1)
Therefore, sphere A will move in the direction of line of impact.
For sphere B, apply the principle of impulse and momentum to the horizontal and

vertical direction.

m(v),
$ P

—:0-TAt % =mlv,), ®)
Ny, ~Tat- Y28 () )
() —> (@) —v'A-%:(v'B)X )
(1) —> (3): vo—v;\-#:(vg)y (5)

Since the cord is inextensible and inelastic, 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,

(ve ), - (i), = eflv,), ~ (ve), =0 (6)

6) —> : V, =(V'B)n :(V'B)X cos@+(v'B)y sin6’=(V'B)x%+(V'B)y# 6)’
2
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v, = Yo 12 _q? (7

2L
(7)—> (4): (vg)xz_vg.%:_vk,z% B
(7) —> (5): (Vé)v:Vo‘VA'QWO—VO-iW 2_a?
(V-B)y: 0 L2 +2a2
2L
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v, = Yo /12 1 382

2L
(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.

L:%mﬁ
=L+ e L ()
AT =T,-T, =1mv§{1—2—1|_2(L2 az)} - TZZZ (-a%)

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

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

40-v, =40-v, +40-v, (D
Vg —V, =0.8-(v, —Vg) (2)
20— :  vy=V,+0.8-v, (2)’

2)— (1): 40~5=40~V'A +4O-V'A +40-0.8-5
80-v,, = 200(1-0.8)
Vv, =0.5(m/s),vg =4.5(m/s)
Then, apply the same procedures for the impact between the carrier B and the suitcase

C which happens next,



40-v, =40-vg +15-V, (3)
Vg — Ve =O.3-(v'C —v'B) (4)

4)— : vy=Vv.—-03-v, (4)’

(4 —> (3): 40-5=40-v, +15-v_ —40-0.3-4.5
55-V, =40-4.5(1+0.3)

Vy =4.25(m/s),v; =2.90(m/s)

(b) Considering only the kinetic energy of the two carriers 4, B and the suitcase C
between the initial state (before the impact between B and ) and the final state (after
the impact between B and O), since there are no change in potential energy.

T, :%-40-(0.52 +4.52)

T, Z%-4o 052+ 2.902)+%-15-4.252

T,-T,=101.3(J)

13.189 First, considering the ball A only, apply the principle of impulse and momentum

to the t—component,
n .
m,Vv, mA(VA)n
®/ + = C{ (VA)t =0
; M, (Vi)

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

FAt

of impact (n—axis).
Now considering the two balls together, apply the principle of impulse and momentum

to the horizontal component,

m.Vv, TAt n mA(VIA )n
MgV
t



—m,v, sin 60°:—mA(v'A)nsin 60° — MgV, (1)

From the expression of the coefficient of restitution,
(V'B )n - (V:A )n = (VA )n - (VB )n

Vg sin 60"—(V'A)n =v, -0 (2)

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

of impact (n—axis).

(2) —p ¢ (V'A)n =V, Sin60° —v, (2)
(2)’—» (1)1 —m,V, sin60° = —mA(v'B sin 60°—vo)n sin 60° —m,V,

(— m,V, sin®60° —m, )\/B =—m,V, sin 60° —m,V, sin 60°

vy =AMV SINBOT g gg5(1 )
—m,V, sin“ 60° —mj,

To obtain the height reached by the ball B, apply the principle of conservation of energy
to the ball B.

%mg(v'B )2 =mggh

D)2
\"
h= v =0.0455(m )
29
14.38 (a) First 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.

FAt
mVo / m(VA)
—©  + G - —é) y
Eat - m(vy),



0+F,At—F,At =m(v, ),

(v,), =0

Therefore, Ball A will recoil in the horizontal direction.

For Ball B and C, their impulse-momentum diagrams are symmetric with each other.

o + 0 = o

FAt MVe @
w7y
AN mv. ‘

O + O - ¥

(v ), =V cos30°, (v, ), =V, sin30°

Regarding the assumption of perfectly elastic impact, we need to consider only the

kinetic energy of the balls since there are no changes in potential energy.

Lz =2l ol + ) )

Then, apply the principle of impulse and momentum to the all balls together, and

consider the horizontal component.

mv, =mv, + Zm(v'B )X =mv, +2mv, cos 30° (2)

(2)—» © Vv, =V, —2v, c0s30° 2)
(29— (1: v2 = (v, )} + 2(vy  (sin 230° + cos > 30°)

(vA)i + 2(v'B )2 =V —4v_v, c0s30° + 4(v;3 )2 cos? 30° + 2(v;3 )2

(2+4cos?30°)v, f —4v, cos30°v, =0



4v, cos30°

Vg = —%————=0.693y,
2+ 4cos” 30°

V, =(1-2c0s30°-0.693)v, = -0.2v,
Vv, =0.2v, «
vy =0.693v, A 30°

V. =0.693, ~_30°

(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.

F,At mvg
OSSR ALY (g
Rt v,
—>imy, = m(v'A)X + m(v'B )X = m(v'A)X +mv, cos 30° (1)
To= m(v'A)y +m(v, )y = m(v'A)y +mv, sin 30° (2)

It is noted that the ball B will move in the direction of line of impact by applying the
impulse and momentum principle to the ball B only.

From the assumption of the perfectly elastic impact,

2 =2l P+ S f = 2l 6 o Sl f @
(1) —»: (v}), =V, —v, cos30° (1
@—: (), =vysin30° 2)

(17,2 —> (3): V2= (vo — Vg cos30°)2 + (VB )2 sin®30° + (VB )2

vy (2v, —2cos? 30°, )= 0



vV, =c0s30°v, = 0.866v,
(v'A)X =V, —cos”30°v, = 0.25v,

(V'A)y = —sin 30°cos 30°v, = —0.433v,

Considering the second impact between the ball B and C, apply the same procedures as

used above.

mlv’
m(v'A)x_{j%; ) ant@& LA
F,At ey
—:m-0.25-v, =m(v} ), +m(v ), =m(v} ), + mv; cos30° )
T:-m-0.433v, = m(v,,), +m(v; ), = m(v}), - mv; sin30° (5)

It is noted that the ball C will move in the direction of line of impact by applying the
impulse and momentum principle to the ball C only.

From the assumption of the perfectly elastic impact,

2 025% +0.433 )2 = Ll F + . f = gm((v;\)i . (v:\)j)Jr%m(v; i ®)
@ —»:  (v}), =0.25v, — v, cos30° (4)
(5)—> ¢ (vi), =-0.433v, +V. sin30° (57

(5)",(6)—» (4):

(0.252 +0.4332 )% = (0.25v, — v, cos30°) + (- 0.433v, + V. sin30°) sin?30°+ (v, |

2V Ve, +(~2-0.433-5in30° — 2-0.25- cos 30°), | = 0
Ve =(0.25c0s30° +0.433sin 30°)v, = 0.433yv,

(v;,), = (0.25-0.433c0s30°), = -0.125v,



(v;,), = (-0.433+0.433sin 30°)v, = ~0.2165,

v, =0.25v, 7 60°

V,=0866v, _  30°

V. =0.433v, ~_ 30°

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.

dim,v, =m, Vi +mgV. (1)
From the expression of the coefficient of restitution,

(Ve —vg)=e(vg—Ve)=-V, (2)

2)— 1 V. =Vvp -V, 2
(2)—» (1) vV, =Vg =V, +Vg

2v, = 2vy

Vg =V, >V, =0
Therefore, after the first impact, sphere C halts, and sphere B will move in the
downward direction with v,.
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.

TAt ___ 1947
> o )

mv m(Vg),

(=]



Apply the principle of impulse and momentum in the horizontal and vertical

directions.
Limy, =m,v; sin19.47°+mg (v ), (3)
—:0=m,V} c0s19.47°+mg (Vg ), (4)

Since the cord is inextensible and inelastic, the impact can be regarded as perfectly

plastic (e = 0). From the expression of the coefficient of restitution,
(v5 ), = (va), =e{(va), = (va),} =0 )
(4)—> : (vg), =—V,C€0s19.47° (4)’

(5)—> : Vi =(Vg), =(Vg),c0s19.47°+(vg ), sin19.47°

y 1 ,\ €0819.47°

= —— — —_— 5 H
(VB)V VhSin19.47° (ve), sin19.47° ©)

4y, (65— (3): V, :v;;s,in19.47°+(vg)y

—(v”) €0s19.47°
sin19.47° * ®’xsin19.47°
1 , C0s°19.47°
- + V) —
sin19.47° sin19.47°
1 N c0s219.47°
sin19.47° sin19.47°

=V, Sin19.47°+ v,

=V, Sin19.47°+ v}

=V, [sin19.47° +

1
Vi =v =0.1667v. X 19.47°
Aol 1 c0s%19.47° °
sin19.47° + — +—
sin19.47° sinl19.47°

(4)—» : (Vg )X =-0.1667v, -c0s19.47° = -0.1571v,

1 01571y, SO9AT _ ganzy,
19.47° °

Si sin19.47

in19.
vy =0.9573v, 7 80.6°

(5y—>: (vg), =0.1667v,



b T, = % mv?

0

T, = %m {(VZ)2 +(v )2}v§ = %m(0.16672 +0.9573° )2 = % m-0.9442V?
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