Problem 1. (34 points total)

For the direct central impact between 4 and B, (14 points for A-B impact)
m,(v,), +my(vg), =m,(v,), +my(vy),
= 2mv+0=2m(v,), +m (v;), 1)

From the coefficient of restitution,

o= (vg), —(v,), _ (vs), —(v,),

= (2)
) —(s)s 4
Solve Egs. (1) and (2) to obtain
(v,),= %(2 —e) - (3 points for answer)
2v —
(vp), = ?(1+ e)
From geometry,
sind=rl2r = 6 =30°
For the oblique central impact between B and C, (20 points for B-C impact)
My(Vy)y, +Mc(Ve)a, =mp(vp)s, +me(ve)s,
= (VB)Z COSG + O = (VB)Sn + (VC)3n (3)
Along the n-direction,
e= (VC)Sn B (VB)Sn — (VC)Sn B (VB)Sn (4)

CV)a = (v)s (V). C086
Solve Egs. (3) and (4) to get

()3, = 5 (L= €)(v,), c00

(v, =5 L+ €)(vy), cOS0
No forces are generated along the #-direction, therefore

my(vg)y =my(vp)s, = (vg)s, =—(vg),Sin0

me(ve)y =me(ve)s, = (ve)s =0
The speed of A4 after collision is (v,), obtained earlier while the speeds of B, C after collision
are given by

(3 points for answer) (v,)s =) +(v,)% = v(1+ e)\/46+3(fe)2 i

2
(3 points for answer) (ve)s = (ve)s, = % 7 30°




Problem 2. (33 points total) (28 points for angular velocity of CD)
Attach an absolute xy-frame to O with the x-axis in a horizontal direction. Since 4 moves in a
circle about O,
v, =3w,,c0s30° - 3w, sin30°j = 30cos30°i — 30sin 30°j
Assume that CD has a clockwise angular velocity, which implies that ®., =-w.k. The
velocity v, is perpendicular to CB such that
v,y =40l
Since B moves in a circle relative to 4, v,,, is perpendicular to 4B and therefore it acts along
CB when AB is horizontal and CB is vertical.
Vg =Vl
For points 4, B on link 4B,
Ve =V, +Vgy
= 4w pi = 30c0530°1 — 30sin30°j + v, ,j
= 4w, = 30c0s30°

= o, = 6.50 rad/sec ( (3 points for answer)
The velocity v, is perpendicular to the arm CD such that (5 points for velocity of D)
v, = 6w ,i=38.97iin/sec —» (3 points for answer)
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Problem 3. (33 points total)
The rotation of the wheel and the motion of the center O are connected by

w=20 (5 points for angular velocity)

r

Attach a translating xy-frame to O.

(5 points for angular acceleration)



2 2
A . (ro)”,
a, =(a +(a =rol+————\)=rol+—
0 (0)1 (O)n R—I”J R—VJ
For 4 and O on the wheel,

a,=2a,+0,,x(®,,Xr,,)+0,,xr,,

2
= roi + (;L)j + (—wk) x [(—wk) x rj] + (—ak) x rj
—r
_ 2
=2roi + @r=Rjre” i (5 points for answer)
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