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Part I: Short Problems (3 points each)

SP1. A dog runs in a park. Its position vector (in meters) is given by #(t) = (8t + 0.6t3) I + 2t? j, where t

is measured in seconds. Find the magnitude of the dog’s acceleration (in m/s?) att = 2s.

dr
v(t) = i [(8+ 1.8t2) i+ 4t]] m/s

g _ﬂ_ a~ A 2
a(t) = i (36ti+4j)m/s

a(2s) = (7.2t +4)) m/s?

|d(2s)] =+/7.22 + 42 = 8.24 m/s?

SP2. Figure (a) shows the force—time graph for the collision of a 0.2 kg ball with a vertical wall. The ball
moves initially straight toward the wall at 30 m/s and rebounds back with the same speed in the opposite

direction, as shown in Figure (b). Find the maximum contact force F,,,, (in N) during the collision.

F(N) Figure (a)
F"lﬂX'-
Jx = Area = Ap,
Apy = m(vyy — V1) = 0.2(30 — (=30)) = 12 kg.m/s
Area = (0.02)Fpqy = 12 yi
x Figure (b)
Frax = 600N _30m/s

SP3: A 0.5 kg object has a velocity ¥ = (61 — 4f + 3k) m/s and a position vector 7 = (21 + 4] + 2k) m.

Find the angular momentum (Z) of the object about the origin in unit vector notation.

L=Fxp=m#x
i j k
TXV=|2 4 2
6 —4 3

= [4(3) — 2(=D]i + [2(6) — 2(3)]] + [2(—4) — (D (6)]k
= (20146 —32k)m?/s
L=m#x%=(10i+3]—16k) kg-m?/s
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SP4. A disc rotates at a constant angular speed of 120 rev/min. Find the radial (a,,4) and tangential

(a¢qan) components of the acceleration of point P located at 60 cm from the axis of rotation?

a) P
w =120 rev/min = 12.56 rad/s

Argn = T = 0.6(0) = 0 m/s?

~®

arqq = T®? = (0.6)(12.56)? = 94.7 m/s?

SP.5 A 50 kg box rests on a rough horizontal surface. The minimum force required to start moving the box
is |ﬁ | = 200 N, applied in the direction shown in the figure. Calculate the coefficient of static friction

(us) between the box and the surface.

Q

36.9°

n=mg — Fsin36.9° =380 N
Fcos 36.9° — un =20

Uy = Fcosz6.9° — 042
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SP6: A box moves to the right on a horizontal frictionless surface under the influence of a net force which
varies with position according to the relation F, = (6x? — 2x) N, where x is in meters. Find the total

work (in J) done on the box as it moves from x = 0 to x = 4 m.

Xf
Wr, :J. Fy dx motion
X; -
4
Wr, = J. (6x% — 2x) dx = (2x3 — x?)]; m ——>F,
0
= +112]

SP7. A ball (m;,, = 0.5 kg) traveling along the x-axis collides with a stone (mg = 0.3 kg) that rests on a

frictionless horizontal surface. After the collision, the ball and the stone move as shown in the figure. Find

the angle 6.
vi
2 = Ly B,
0= mpVp, sin 36.9° — ms Vs, sin 0 ball
ston 136 9o
L (MY, sin 36.9° s
0 = sin™ = /‘
o msvsf M= 05kg mg = 03kg
0.5(2) sin 36.9°
= sin™! 2) = 30° y\
0.3(4) %
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Part II: Long Problems (5 points each)

LP1. A block (m; = 4 kg) rests on a horizontal frictionless surface is connected to a ball (m, = 6 kg) by a

y
>

massless rope that passes over a frictionless pulley (I = 0.05 kg - m?, R = 0.1 m), as shown.

a) If the system is released from rest, find the speed of the ball after .
it has fallen 0.5 m.

1 1 'Uf 2
m2g9yi =5 (my + my)vf + EI (E)

vp = _2magh — =2m/s
my+my+(57)

b) Find the angular speed of the pulley at that instant.

i
wr = R 20rad/s

¢) Find the total kinetic energy of the system at that instant.

Ef = E;
K¢ = mygh =30 ]
Or
1 2, 1 2, 15
Kr = Emlvf +Em2vf +§wa =30]J
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LP2. A 150 kg roller coaster car starts from rest at point A and slides down the loop-the-loop shown.
a) If the speed of the car at point B is 8 m/s, find the work done by friction on the car as it moves
from A to B.
Egp— Ep =W,
mgys + %mvfz —mgy; = Wy,

Wy, = 150(10)(12) + 2 (150)(8%) — 150(10)(17)

= —2700]

b) Find the normal force exerted on the car at point B?

mv?

R

n+mg =

mv?

nzT—mg=100N

¢) Find the total work done on the car as it moves from A to B.

1
Wiotar = AK = Em(vlz? - Uj) = 4800/
Or
Wiotat = Wing + Wfk = +mg(yf — yl-) — 2700
150(10)(5) — 2700 = 4800
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LP3. Two blocks (m; = 12 kg, m, = 6 kg) are connected by a light rope that passes over a frictionless
pulley of radius R = 0.1 m and moment of inertia (/). The incline is frictionless. A constant force |ﬁ' | =

40 N acts on block m,, as shown. The two blocks accelerate in the indicated direction with |d| = 1.2 m/s?.

a) Find the tension T, in the segment of the rope attached to mass m;.

>

F+m,g sina — T, = mya
T, = F+m,g sina — mqa
=40+ (12)(10) sin(30) — (12)(1.2) = 85.6 N

b) Find the tension T, in the segment of the rope attached to mass m,.
T, —myg = mya

T, =my(g+a) =672N

¢) Find the moment of inertia of the pulley (I).

a
R

Z?zl&

T.R—T,R = Ila
85.6(0.1) — 67.2(0.1) = I1(12) = I = 0.153 kg - m?

a=—==12rad/s?
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Part III: Questions (Choose the correct answer, one point each)

Q1. If A and B are nonzero vectors and 4 - B = 0, then which of the following is always true.
* Ais parallel to B.
® |4 xB| = |4]|B]
* |AxB|=1

x |AxB|=0

Q2. When two objects of different masses collide, the magnitudes of the impulses they exert on each other
are:
@ equal for all collisions
* equal only for elastic collisions
* equal only for inelastic collisions

* always unequal

Q3: The graph shows the position of a particle moving along the x-axis as a function of time. If v, v}, and v,
represent the speeds of the particle at points a, b, and ¢, respectively, then:

* Ve > U > v,

x(m)
U, > U, >,
U, > >, v
@ vy > vy > 1, : o
a

Q4. The angular velocity versus time graph for a point on the rim of a disk rotating about its center is shown.

At which instant of time does the point have the maximum radial acceleration (a,.,4)?

* it @tz * g * oty

w(rad/s)

~
=
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