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1. Using a slingshot, the boy fires the 0.2-kg marble at the concrete wall, striking it at B. If the

coefficient of restitution between the marble and the wall is e = 0.5, determine the speed of the

marble after it rebounds from the wall.
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2. The 80-mm-radius wheel shown rolls to the left with a velocity of 900 mm/s. Knowing that the
distance AD is 50 mm, determine the velocity of the collar and the angular velocity of rod AB

when (a) B=0,(b) $=90".
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(@) B=0. Wheel AD. v =0, v, =45 ik —
y _ 900 = ~
Wy = 2o =209 11.25 rad/s
( 80

CA=(CD)—(DA)=80-50=30 mm
v, =(CA)w,,, =(30)(11.25)=337.5 mm/s =—

Rod AB. Vg =Vy + Vgu

[vg +—1=[337.5 «—1+[vys Nol vy =338 mm/s «— 4

viro=0 ;=0 4
by f=90". Wheel AD.  v.=0.  @,,=1125radk")
; 50
any=2A_0 . _3005°
Deo B0
Do
V CA= =94.34 mm
cosy
[
vy =(CA)wy, =(9434)(11.25) =1061.3 mm/s
’;\.-/{:‘7; v, =[1061.3 mm/s = 32.005%]
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sin m:m. P=18.663"

Plane motion = Translation with A + Rotation about A.
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Vg =V t Vg, [vg=—1=[vi X 71+ [V P\ ol
Draw velocity vector diagram.
S =180"-y—(90° + @)

=90°-32.005° - 18.663° = 39.332°

Law of sines.

» Vv 0
Vg _ "BA _ vy

sind  siny  sin(907 + @)

vysind  (1061.3)sin 39.332°

B Sn00°+g)  sin108.663°
=710 mm/s vy =710 mm/s — 4
o i vysiny 3 (l()6?.3)sin32.(X)5"
Sin(90° + @) sin 108.663°
=593.8 mm/s
W,y = ",:T;' = %‘- =237 rad/s ®,, =237 rads ) <



3.

The 30-kg roller-coaster car starts from rest on the track having the shape of a cylindrical helix.
If the helix descends 2.4 m for every one revolution, determine the speed of the car when 1 =4 s.

Also, how far has the car descended in this time? Neglect friction and the size of the car.
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Collar B moves to the left with a speed of 5 m/s, which is increasing at a constant rate of 1.5
m/s?, relative to the hoop, while the hoop rotates with the angular velocity and angular
acceleration shown. Determine the magnitudes of the velocity and acceleration of the collar at
this instant.

w=~6rad/s
a=3rad/s
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Reference Frames: The xyz rotating reference frame is attached to the hoop and
coincides with the XY Z fixed reference frame at the instant considered, Fig. a. Thus,
the motion of the xyz frame with respect to the XYZ frame is

va=a,="0 o = [-6k]rad/s @ = « = [-3k] rad/s’
For the motion of collar B with respect to the xyz frame,
IB/A = [_045j] m

(vrcl)xyz = [_Si] m/s

The normal components of (a,1) .y 18 [(@re)cyln = M = % = 125 m/s>. Thus,
(Are)xy; = [1.51 + 125j] m/s
Velocity: Applying the relative velocity equation,
Vg = ¥4 T @ X rpia + (Vielxyz
=0 + (—6k) X (—0.45j) + (—5i)
= [-7.7i] m/s
Thus,
vp = 77Tm/s < Ans.

Acceleration: Applying the relative acceleration equation,
ag=a, +o Xrg,y+ o X (0Xrgy)+ 20 X (V) + (Are)xy:
=0 + (—3k) X (—0.45j) + (—6k) X [(—6k) X (—0.45j)] + 2(—6k) X (—5i) + (—1.5i + 125j)
= [-2.85i + 201.2j] m/s

Thus, the magnitude of ap is therefore

ag = V2852 + 201.22 = 201 m/s? Ans.



In case of emergency, the gas actuator is used to move a 75-kg block B by exploding a charge C
near a pressurized cylinder of negligible mass. As a result of the explosion, the cylinder fractures
and the released gas forces the front part of the cylinder, 4, to move B forward, giving it a speed
of 200 mm/s in 0.4 s. If the coefficient of kinetic friction between B and the floor is u; = 0.5,

determine the impulse that the actuator imparts to B.

vg =200 mm/s
—

B

n(v,)y + :/ F.dt = m(v,),
04 /I- dr ~ (05)(981)75)(0.4) = 75(0.2)

/f dr = 162N -s Ans



The disk rotates with the angular motion shown. Determine the angular velocity and angular
acceleration of the slotted link AC at this instant. The peg at B is fixed to the disk.

®=06 rad/s:\‘

a = 10 rad/s? om— C
vg = —6(03)i = 1.8
ag = —10(0.3)i — (6)*(0.3)j = —3i — 10.8] ¢ m.,,\. 10(0.2) = 3e 2
v =vy4 + Q Xrga + (Upa): ::: %75#1 Y
—1.8i = 0 + (wack) X (0.751) = (V) lao)n-«';‘(o. =so.:';::"{;i}’
—1.8i = —(vB/a)xy: \ \
(v/a): = 1.8m/s < X
0 = wac(0.75)
wic =0 Ans.

ag=a,+ Q@ Xrga+ QX (QX rga) +2Q X (Vga)y: + (A5/4)0:

—3i — 10.8j = 0 + asck X (0.75i) + 0 + 0 — a4

-3 = —aa/p

agp =3 m/s‘.2

—10.8 = a,,(0.75)

aqc = l44rad/s? D Ans.



