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0.1 Problem 1

Ball B is stationary when it is hit by an identical ball 4 as shown, with § = 45°, The

preimpact speed of balld is vy =9 m/s.
Determine the postimpact velocity of ball B if the COR of the collision ¢ = 1.

The before and after impact diagram is

/l 3 Vg sin 3

Vg cos B
BEFORE AFTER

Along the y direction

M AUy COS B = mAv;y + vagy
+ + + +
. vh, ~UB, U, U,
—€=—-1=— — =
Ua, ~UB, U0 cosp

These are 2 equations with 2 unknowns Ujgy, vgy. From the second equation

—vgcos f =0} —vf, 1)
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Substituting this in the first equation (and canceling the mass since they are the same),
gives

+ + + +
—vh +v% =05 +0
A, T VB, =Ua, T U,
+
vy =0
Ay
Therefore from (1)

+ —
Up, = Uo cosf

s )

= 6.364 m/s
Along the x direction, since this is perpendicular to the line of impact then we know that
Uy, = Uy, =0gsinf =9sin (45 (%)) = 6.364 m/s
vp, =vp, =0
Hence velocity of B is
O = 07 + 6.364]
And velocity of A is
04 = 63641 + 0f

0.2 Problem 2

Two spheres,.4 and B, with masses m 4 = 1.48 kg and m g = 2.75 kg, respectively, collide
withv 4~ =26.7 m/s, and vg = 22.6 m/s. Compute the postimpact velocities of 4 and B ifa
=45%,# =15° the COR is ¢ = 0.58, and the contact between_4 and B is frictionless.

,-+| |j)ms

,-+| [j)ms

The before and after impact diagram is

BEFORE AFTER



Along the x axis, the conservation of linear momentum gives

M AU, COS Q& — MBUR COS B = MUy + MpUE_

(1.48) (26.7) cos (45 (%)) — (2.75) (22.6) cos (15 (%)) = (148)v}_+(2.75) 0f,
32,09 = (148) v}, + (27505 (1)
And

U}"X —Up,
= -
VA, ~ UB,

oY —oh

~0.58 = — 2x Bx

v, cosa + UgCcos P
Vi, = U,

58 =
(26.7) cos (45 (%)) +(22.6) cos (15 (1"%0))

Ay — UB,
098 = o
-23.612 = v} - v} (2)

Now v} ,vg _is solved for using (1),(2). From (2) v}, = -23.612 + v} , substituting this in
(1) gives

~32.09 = (1.48) (-23.612 + vf; ) + (2.75) v
~32.09 = —34.945 + 4.230};

. —32.09 +34.945
Z)B =
x 4.23
= 0.675 m/s
From (2)
vl =-23.612 +0.675
= -22.937 m/s
Now we do the same for the y direction. But along this direction we know that
Uj‘—‘y = Ua,
= v, sina
(26.7)si (45( T ))
= (26.7) sin —
i 180
=18.88 m/s
And
vgy = Up,
= —vgsinf
(=22.6)si (15( T ))
= (-22.6) sin —
VT
= -5.849 m/s

Therefore, after impact

04 = —22.938 1 +18.879 ]
o = 0.6751 — 5.849



0.3 Problem 3

A rotor consists of four horizontal blades each of length L = 4.5 m and mass m = 89 kg
cantilevered off of a vertical shaft. Assume that each blade can be modeled as having its mass
concentrated at its midpoint. The rotor is initially at rest when it is subjected to a moment
M =g, with f =63 N m/s. Determine the angular speed of the rotor after 10 s.

The angular speed is I:I rad/s.

Using
T =410
Where 7 is applied torque and I is mass moment of inertia around the spin axis of one
2 2
blade (we have 4). But I = m (%) = %, since blade is modeled as point mass. Therefore
T Bt
aml2 ~ 2
T4
But 6 = %9, then the above becomes
d. pt
="
dt mL2
. Bt
do = —dt
mL2
Qf . t 10
L
0 mL= Jyg
. g (P 10
™ mLz \ 2
0
p
= 100
2mlL2
3 (63)
2(89) (4.5)

=1.748 rad/sec



0.4 Problem 4

The simple pendulum in the figure is released from rest as shown. Knowing that the bob's
weight ish = 1.8 b, determine its angular momentum computed with respect to O as a
function of the angles.

Ww=181Ib o

The angular momentum with respect to O is

The angular momentum / is the moment of the linear momentum. The linear momentum
is mo. Using radial and tangential coordinates, then

md = m (LOig + O, )

Therefore

={L 0
0 mLO 0
= kmL20 1)

The above is what we want. But we need to find 6. Taking time derivative of  gives

%fz = kmL26
But %fz is the torque 7, which we can see to be
T = —mgLsin 0
The minus sign, since clockwise. Using the above 2 equations, then we write

—mgL sin 6 = mL?6

6= —% sin @ 2)
To integrate this, we need a trick. Since
. d .
0= EQ
d do\ .
(i)’
d .\ .
=|-=0]0
oy
a6
T
Then (2) becomes
.do
0 ~$sino

0~ L



Now it is separable.

0d6 = —% sin 046

6 g 0
f 0do = -S f sin 640
0 L J330

02
5 = —% (—cos 9);)30
0* g 0
5 = I (cos@—cos33 )
6= i\/z—g (cos 6 — cos 330)
L

All this work was to find 6. Now we go back to (1) and find the angular momentum
h = kmL20

]A{\/ng (cos 0 — cos 330)mL2

= ilz\/ZgLe’ (cos 0 - cos 330)m

Il
I+

= ik\/%p (cos 0 — cos 330)W

Substituting numerical values

Il
I+
=

18\/2(;52?;))3 (cos 0 — cos (33 (%)))

+k1.8+/9.247 (cos 6 — 0.839)
+£1.8v/9.247+/(cos 6 — 0.839)

5.474+/(cos 6 — 0.839)k

Il
I+

0.5 Problem 5

A collar with mass m = 1.5 kg is mounted on a rotating arm of negligible mass that is initially
rotating with an angular velocityw g = 1.6 rad/s. The collar’s initial distance from the ; axis
isrg=0.5m and d = 1.9 m. At some point, the restraint keeping the collar in place is
removed so that the collar is allowed to slide. Assume that the friction between the arm and
the collar is negligible. If no external forces and moments are applied to the system, with what

speed will the collar impact the end of the arm?

The collar will impact the end of the arm with a speed orl:] m/s.



There is no external torque, hence angular momentum is conserved. Let /i; be the angular
momentum initially and let /i, be angular momentum be at some instance of time later on.
Therefore

Ijll = 7_’1 X Wl'(_)l
= rofl, X m (rowofly)

A
A

u, fl@ k
) 0 0

0 mrowo 0

= mriwok
And at some later instance
hy = 7y X my
= ril, X m (i, + rwilg)
o, ny k
=|r 0 O
mir mrw 0
= mr2wk
Equating the last two results gives

mrza)

2
7o )
9w 1
() g
Now the equation of motion in radial direction is F = ma,, but F = 0, since there is no force
on the collar. Therefore

2
mrywg

[

i = rw?
Using (1) in the above
2
2
To 2
r
4
_T -
r= —3(4)0
r
. di
But 7 = = hence the above becomes
4
r
pdi = S wddr
r
Now we can integrate
A

Therefore

_ , (11
1’=a)01’0 r—z—r—z
0

To find 7 when it hits the end, we just need to replace r by ry + d in the above

7 war? ! 1
d =Wl |5 — />
- o (rp+d)



Numerically the above is

1 1
i = (1.6) (0.5) -
Fent = (1.6) (05) ((0.5)2 (0.5+1.9)2)

=0.782 m/s

0.6 Problem 6

The body of the satellite shown has a weight that is negligible with respect to the two spherds
andB that are rigidly attached to it, which weigh 172 Ib each. The distance from the spin

axis of the satellite to4 and B is R = 3.7 ft. Inside the satellite there are two spheres C and D
weighing 4.3 Ib mounted on a motor that allows them to spin about the axis of the cylinder at ¢
distancer = 0.753 ft from the spin axis. Suppose that the satellite is released from rest and that

the internal motor is made to spin up the internal masses at a constant angular acceleration of

4.7 mdfs2 for a total of 12 s. Treating the system as isolated, determine the angular speed of
the satellite at the end of spin—up.

spin axis

internal rotating element

. = f
Osavelie = |rads

Using
t
I:ll + f Tdt = ]jlz
0

Where £, is initial angular momentum which is zero, and ;, is final angular momentum
which is Iwy where [ = 2MR? where M is mass of large ball and I is the mass moment of
inertial of the large ball about the spin axis.

But torque 7 = I,6 where I, = 2 (mrz) where m is mass of each small ball and I, is the mass
moment of inertial of the small ball about the spin axis. Hence the above becomes

t
f Tdt = Ijlz
0

Z(mrz)éftdt=l_12
0

Since 0 is constant. Hence

2 (mrz) Ot = 2MR?wy



Solving for final angular velocity
2 (mrz) Ot
2MR?
2 (ﬁ) (0.75)% (4.7) (12)

a)f:

32.2

2 (%) (3.7)2

= (0.05793 rad/sec
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