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Part I: Questions (one point each)

Q1. Abox of mass m sits on the back of a truck that is moving to the right with constant acceleration a. If the
box does not slide with respect to the truck, then the force of friction acting on the box

(*) is static and to the right.

* s static and to the left.

* |s kinetic and to the right.

* |s zero because the box does not slide.

Q2. The ball of a conical pendulum is rotating in a horizontal plane with constant speed as shown. The work

'

done on the ball by the tension F during one complete revolution equals
* F(2nr sinf)

* F(2nr cosB)

*  F(2nr tan®)

(® zero

Q3. Five uniform bars, each of length L are connected to form the number 5 as shown. The position of the

center of mass of the object is Y.
* (%L, %L) * (L, %L)
® (2L L) * (L, L) |

Q4. A and B are two wheels connected by a belt that does not slip and
runs with constant linear acceleration a. If Ra = 2 Rs, then the
relation between their angular accelerations a4 and ap is:

* 0y = ap

* o) =20

® p=:a
A~ ,YB

1
% (XA:Z(XB

Part I1: Short Problems (3 points each)

SP1. The position of a car moving along a straight road is given by x = —3t2 + 2t3, where x is in meters and

t is in seconds. Calculate the car’s acceleration (in m/s?) att = 4 s.

(t)—dx— 6t + 6t2
WE e T
a(t)=%=—6+12t

a(4s) = —6+12(4) = 42 m/s?

Answer: a(4s) = 42m/s?
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SP2. A truck is moving east with a constant velocity of 80 km/h, and a car is moving north with a constant

velocity of 100 km/h. Find the car’s velocity relative to the truck (V. ,r )(in km/h) in unit vector notation.

- th

Vg = +80 1 km/h ”fr

— R east

Veyr =Vese — Vrje = (=801 + 100 7)) km/h |
o =) .
= i

Answer: Vg = (—80 %+ 100 f) km/h

SP3. Car A is driving north, and car B is driving east collide and stick together. After the collision the
wreckage moves with a velocity of 16 m/s as shown. If cars A and B are of equal mass,
find the speed (in m/s) of car B before the collision. y"~

2 16 m/s <
5 24i
mp Vg, = 2mpvy sin(24°) B—> ﬁ
a
Vg, = 2(16)sin24 = 13 m/s T" = {
A
= After
Before

Answer: Vg =13m/s

SP4. A system consists of three small disks as shown. Find the rotational kinetic energy for the system (in

J) if it rotates about an axis that passes through disk C and parallel to the line connecting B and A with

an angular speed of 3 rad/s. Axis of rotation

= m(0.4)2 + mg(0.4)2 + me(0)2 io.s m
= 1(0.4) + 2(0.4) = 0.48 kg.m? i
K= %1 w? = %(0.48)(3)2 =216] 11:gA

Answer. K = 216
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SP5. A block of mass 2 kg is attached to the end of a spring. The spring is stretched a distance of 0.4 m then
the mass stops momentarily before oscillating. Find the spring constant k in (N/m).
(Note: the block is NOT in equilibrium)

P
2 e
e

mgx = kx

0.4m
k=220 = 2800 100 N/m I

X

Answer: k=100N/m

SP6. A ball of mass 0.5 kg is fired from the top of a building with a speed of 5 m/s. The ball strikes the ground
with a speed of 15 m/s. If the height of the building is h=12 m, find the work (in J) done by air resistance.

- \Y
Ep —Ei =Wy, -

1 .2 1 2 —
S MvF — (E mv; + mgh) = Wy,

Wy, =1 0.5)15)? - G (0.5)(5)% + 0.5(10)(12)) = —10J

V>

Answer: Wy, = —10]

SP7. A boy of mass M is standing on a slab of mass mc =5 M that is resting on a frozen lake. Assume there is
no friction between the slab and the ice. If the boy starts walking forward at 2 m/s, with what velocity

(in m/s) does the slab move?

-

Vem; = chf

i

m1V1f+m2‘7)2f

mq+m,

M(2i)+5M(V, )
6M -

=V, ==i=—04im/s L//

Answer: V, = —0.4im/s
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Part 111: Long Problems (5 Points each)

y
LP1. 131 and ﬁz are the only forces acting on a box of mass 15 kg, as
shown. ﬁz =45N
a) Find the box’s acceleration a (in m/s?) in unit vector
notation. - >
L F, =60N
XF =ma

6014457 =154

=d=41+3))m/s?

Answer: d = (41+ 3 ) m/s?

b) If the box starts from rest, calculate the distance (in m)
covered by the box within 6 s.

ldl = (#)? + (3)2 = 5m/s?

d = Vit +at?

=0 +%(5)(6)2 =90m

Answer:d =90m

c) If F5 is applied to keep the box moving with constant

velocity, what is the magnitude of F5?

Fy = —3F

= || = |2F| = J(45)2 + (60)2 = 75 N

Answer: |F5| =75 N
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LP2. A block of mass m1 =5 kg rests on a frictionless incline is attached to a ball of mass mz2 = 8 kg by a light

rope that passes over a pulley of radius R = 0.2 m as shown. When the ball is released the pulley accelerates

clockwise at 8 rad/s?.
a) Find the tensions T1 and T2 (in N) in the rope. T yes
1~ f
ey | T,
a=Ra=0.2(8)=16m/s? S 4 |
T —mygsinf = mya | @l
T, =my(a + gsin0) p ‘ﬁéoo

= 5(1.6 + 105sin(30))
=33 N
myg— T, =mya

T, =my(g—a) =8(10—1.6) = 672N

Answer: T; =33 N

Answer: T, = 67.2 N

b) Find the net torque (in N.m) exerted on the pulley.

St =T,R — T,R = 67.2(0.2) — 33 (0.2)

=6.84 N.m

Answer: Xt =6.84 N.m

c) Find the moment of inertia (in kg-m?) of the pulley.

Ytr=Ia
[=2 =23 _ 0855 kg.m?
a 8

Answer: I = 0.855 kg. m?
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LP3. A uniform solid disc (M =4 kg, R=0.2m, and I, = %MRZ) is pivoted at its rim as shown. The disc is

released from rest at the horizontal position.

a) Find the moment of inertia (in kg:m?) of the disc
about the pivot.

L, = Iy + MR?

= (3MR? + MR? ) = ZMR?=2 (4)(0.2)*= 0.24 kg.m?

b) Find the angular speed (in rad/s) of the disc when it reaches
the vertical position.

MgR = %Ip w?
4(10)(0.2) = %(0.24) w?

w=82rad/s

pivot
\

Fall - 2019/2020 (Dec 16, 2019)

Q

Answer: I, = 0.24 kg.m?

Answer: w = 8.2rad/s

a) Find the speed (in m/s) of point Q which is at the disc's rim when the disc reaches the vertical

position.

v=w(2R)=82(04)=33m/s

Answer: v = 3.3m/s




