[image: image1.jpg]19-13+ A 5-oz baseball has a horizontal initial velocity of 90 ft/s just l
prior to being hit by a bat. After the impact,

the ball's velocity is 110 ft/s at an angle of !

30" above the horizontal. If the time of the

impact is 0.01 s, determine the average force
(magnitude and direction) of the bat on the
ball.

Solution
The only force acting on the

baseball in the horizontal plane is
‘ the bat force P. The linear momentum

equation gives

S8 g6 3y + Pro.01) = -5119—[110(cos 30° 1 + sin 30° jq

32.2 32.2

179.80 T + 53.38 J 1b
= 187.6 1b 2 16.54° R CR———— Ans.
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19-27* A 2-1b particle is sliding along a flat, horizontal, frictionl
surface at v, = 10 ft/s as shown. When the particle is 20 ft from the
wall, it explodes and splits into two equal pieces. One piece hits the
wall at y, = 10 ft. Determine

a. The impulse exerted on particle A

by the explosion.

b. The velocity V,
relative to particle B immediately
after the explosion.

of particle A -

c. The time difference between when
particle A hits the wall and when
particle B hits the wall.

Solution
If the two pieces are considered as a unit, then there are
no external forces in the horizontal plane and the linear

impulse is zero. The linear momentum equation gives
(2/gy(10 T) + 0 = (1/g)v,icos 8, 1 + sin e, I
+ (1/g)vg(cos 8, T - sin 0, )

where 0, = tan”'(5/20) = 14.04" and o, = tan”'(10/20) = 26.57°.

Therefore,
v, = 13.744 ft/s Va
A
)
v, = 7.454 ft/s
B 9‘
Va
a. Considering part A alone,
the explosion force acts in the F

horizontal plane and must be
included in the linear momentum
equation
(1/g)(10 T) + P8t = (1/g) (13.744) (cos 14.04° T + sin 14.04° )

F6t = 0.1035 T + 0.1035 J 1bes  .cociicieiciann » Ans.

(Problem 19-27 continues ...)
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(Problem 19-27 - cont.)

b. From the relative velocity eguation

5 .% 43
Va=Ve " Vass

=13, 04" T + sin 14.08°
a5 = 13:799(c08 14047 T + sin 14.04" J)
- 7.454(cos 26.57° 1 - sin 26.57° J)

=6.67 1 +6.677F ft/s ....... e eteecieereceniaeae... BOS.

c. After the particle splits, part A travels

+ 20

20.616 ft at a constant speed of
13.744 ft/s. Therefore, part A will hit the wall

at time
£, = 20.616/13.744 = 1.500 s

Part B travels ¥ 107 + 20° = 22.361 ft at a constant

speed of 7.454 ft/s. Therefore, part B will hit the

wall at time

22.361/7.454 = 3.000 s

and

-t = 1.500
s fa

(Part B hits the wall 1.500 s after part A hits the wall.)
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9-50+  The 2-kg sphere is released from rest when 0, = 60° and swings
, striking the 5-kg box 8. The distance from the ceiling to the
r of the sphere is 1 m, the coefficient of
itution for the collision is e = 0.7, and
kinetic coefficient of friction between the
and the floor is Hk = 0.1. Determine -

The velocity of the box immediately
after the impact.

The distance that the box will slide
before coming to rest again.

Solution

First use work-energy to determine the
speed of sphere A just before it strikes
the box B. The cord tension does no work;
the weight W = mg has a potential. Use
the level of the ceiling as the zero of
gravitational potential energy. Then the

& i - v
vork-energy equation T, + V, + U= T+ V.

gives

g Ly B 2 "
0+ 2(3.81) (-1 cos 60 ') + 0 = ——(2)vy, + 2(-1)

= 3. —
Vva; = 3.13209 m/s

Across the impact, the linear momentum equation and
the definition of coefficient of restitution give

[2(3.13209) + 5(0)] + 0 = [2v, + 5v ]
e Vpr ~ Var
o 0 - 3.13209
Vag = ~0.67116 m/s = 0.67116 m/s —
= - ...
Vge = 1-521 n/s

From the y-component of the
equations of motion for the box B
N =W=5(3.81) = 49.0500 N
F = 0.1N = 4.9050 N

Then using work-energy for the box B after the impact to
get the distance it will slide before coming to rest again

%(5)(1.52130)2 - 4.905d = 0

= 1180 M nmesee e R R e e Ans.
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9-53* Two identical pucks are sliding
an air hockey table as shown. If the
\ccefficient of restitution is e = 0.9,
geternine the final velocities (magnitudes

and directions) of both pucks.

Solution

set up coordinates with the x-axis
along the line of impact (the line of
centers). The initial velocity
components are

Vaix = 15 €08 15 = 14.4889 ft/s
Vgix = T10 sin 15 = -2.5882 ft/s

= 15 sin 15° = 3.8823 ft/s = v

Vaiy Aty

Vpip = 10 08 15 = 9.6593 ft/s = v

since the only impulsive force is the force of impact

between the pucks, the velocity components
y-direction are unchanged by the collision.

Using the x-component of linear momentum and the

definition of coefficient of restitution gi

14.4889m + (-2.5882)m = mv + mv

Bfy

in the

ves

afx Bfx
e Vpex ~ Yafx
N (-2.5882) - (14.4889)
Vage = 17344 ft/s
Vage = 13:6351 ft/s

Pinally, combining the x- and y-
components of velocity and relating
the direction to the original
direction of VA gives
= 4.25 fr/s 5 80.93
= 16.71 ft/s 2 20.31°

<

ar

<

Bf

Vef
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19-69* A 1-1b disk A is attached to a lightweight, inextensible, 2-ft

long cord as shown. The cord is

x

rotating in a horizontal plane with a
constant angular velocity of n K rad/s.
A 2-1b disk B with a velocity of

\75 = 15 J ft/s collides with disk A
when the cord is parallel to the
x-axis. If the collision is perfectly
plastic (e = 0), determine the angular
velocity of the cord immediately after

the collision. Neglect the effects of

friction.

Solution
Just prior to the collision, the speed of disk A is
(2)(m) = 2w ft/s

ai

and the initial angular momentum of the system
about the axis of rotation is

e 1 - s
B, =@ nx[“‘z (zn.n]+<2 1)~[
= 2.25361 K 1b-ft-s

Since the collision is perfectly plastic (e = 0),
the definition of coefficient of restitution gives

PR Vgt ~ "ar
B 30 - 21
Vee T Var

Finally, since no forces have a moment about the vertical axis
of rotation, angular momentum about that axis is conserved

-~ 1 -~ -~ 2 -~
Bog = 2% % [yt D) + 2 D x [y, D)

2v,  + 4v
af Bf
= T % = 2.25361 K 1beft s
Vge = Vap = 12-09440 ft/s = 20

and

6 = 6.05 rad/s . Ans.
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19-88+ A 25-nm diameter jet of water

(P = 1000 kg/m’) is deflected through an
angle of 50° by a turning vane as shown.
The combined mass of the vane and its
base is 10 kg. If the coefficient of
static friction between the base and the
floor is fi_ = 0.25, determine the maximum
velocity of the jet of water for which

the vane will not move.

Solution
The turning vane is in static
equilibrium at impending slip

(F = 0.25N)

+ IF B - 0.25N =0
x *

+T ZF_ =N - 10(9.81) - B_= 0
p£ y

Therefore,

B_ = 24.52 + 0.258
x 4

"

}

In the free-jet flow, the pressure force is zero
at both the beginning and end of the region, and the
velocity is the same at both the beginning and the

end of the region. Then

po = 1000[—%—](0.025)2v

0.49087v kg/s

and the x- and y-components of Eq.

19-19 applied to the water volume give
x: =B = 0.49087v(v cos 50" - v,
v 5, = 0.49087v(v sin 50 - 0)

Combining Eqs. a, b, and ¢ gives
2 2
0.17534v = 24.52 + 0.25(0.37603v )

v =17.36 m/s o5

I
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