CMAS EXAM, PHYS 1101 (INTRODUCTORY PHYSICS), 15 December 2009
NAME: STUDENT ID:

This exam book has 8 pages including an equation sheet on the last page
PART I: MULTIPLE CHOICE QUESTIONS (question 1 to 8)
For each question circle the correct answer (a,b,c,d or e).

1. (1 point) A cat runs in a straight line (the x-axis) from point A to point B to point C, as
shown below. The distance between point A and C is 5.00m, between point B and C is
10.0m, and the positive direction of the x-axis points to the right. The time to run from A
to B is 20.0s and from B to C is 8.00s. The average speed for the whole trip is closest to
a) -0.179 m/s b)0.536 m/s ¢)0.179m/s d)0.893m/s ¢)-0.893 m/s
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2. (1 point) A golf ball is hit so that it leaves the ground at 60" above the horizontal and
feels no air resistance as it travels. Which of the following statement about the
subsequent motion of the ball while it is in the air is true? Only one correct answer!

a) Its speed is zero at its highest point.

b) Its velocity is zero at its highest point.

¢) Its acceleration is always 9.8 m/s* downward.
d) Its forward acceleration is always 9.8 m/s’.

e) Its acceleration is zero at its highest point.

3. (1 point) A plastic ball in liquid is acted upon by its weight and by a buoyant force. The
weight of the ball is 2.5N. The buoyant force has a magnitude of 4.4N and acts vertically
upward. At a given instant, the ball is released from rest. The acceleration of the ball at
that instant, including direction, is closest to:

a) zero b)74m/sSup c¢) 74m/sSdown  d) 3.7m/sSup  e) 3.7 m/s’ down

4. (1 point) In the figure below a ball rolls down a hill. Which of the following statements is
the correct one?

a) both the speed and acceleration remain constant.

b) its speed decreases and its acceleration increases.
¢) both its speed and its acceleration increase.

d) both speed and acceleration decrease.

e) its speed increases and its acceleration decreases

5. (1 point) A 13.5-kg box slides over a rough patch 1.75 m long on a horizontal floor. Just
before entering a rough patch the speed of the box was 2.25 m/s, and just before leaving
it its speed was 1.20 m/s. The magnitude of the average force of friction on the rough
patch exerted on the box is closest to:

a) 140N Db)I13. 7N ¢)19.5N d)555N
e) it is impossible to calculate since the coefficient of friction is not given



6. (1 point) A 0.54-kg block is held in place against the spring by a 65-N horizontal

external force. The external force is removed, and the block is projected with a velocity
vi = 1.2 m/s upon separation from the spring. The block descends a ramp and has a
velocity v, = 1.4 m/s at the bottom. The track is frictionless between points A and B. The
block enters a rough section at B, extending to E. The coefficient of kinetic friction is
0.36. The velocity of the block is vs = 1.4 m/s at C. The block moves on to D, where it
stops. In the figure below the initial compression of the spring, in cm, is closest to:
a)0.64 b)043 ¢) 1.6 d) 1.2 e)24
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7. (2 points) A block of mass m = 4.2 kg, moving on a frictionless surface with a speed v; =
2.9 m/s, makes a perfectly elastic collision with a block of mass M at rest. After the

collision, the 4.2 kg block recoils with a speed of ‘v f‘z 0.9m/s. In figure below, the mass

M after the collision is closest to:
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a) 42kg b)55kg ¢) 18kg d) 80kg e)3.8kg
Hint: 1)You must first find V. For an elastic collision the initial relative velocity between
the colliding objects has the same magnitude as the final relative velocity (v/— V), but the
two velocities are in opposite directions. 2) Once V is found ask yourself the meaning of an
elastic collision.

8. (2 points) At time t = 0, a wheel has angular displacement of zero radians and an angular
velocity of +15 rad/s. The wheel has a constant acceleration of —0.48rad/s>. The time at
which the angular displacement is +78, and decreasing, is closest to:
a)6s b) 57s «c¢) 31s d) 5s e)67s

PART II: FULL ANSWER QUESTIONS (question 9 to 12)

Do all four questions on the provided exam booklets. Show all works.
9. (10 points) ) A ball is launched up a semicircular chute of radius R = 1.0 m. At the top of
the chute, just before it goes into free fall, the ball has a centripetal acceleration of 19.6
m/s”.
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Draw a motion diagram of the trajectory from when the ball emerges from the top of the
chute to when it hits the ground.

Determine the speed of the ball just as it emerges from the top of the chute. HINT: the
centripetal acceleration of an object in circular motion of radius R and speed v is

Determine the vertical and horizontal component of the velocity just as the ball emerges
from the top of the chute.
Determine the horizontal distance from the bottom of the chute to where the ball lands

(10 points) ) Jack throws an egg straight up with a speed of 8.4 m/s. The egg is released
at the same height as his head. It rises and then falls down and hits his head.

(a) Draw a motion diagram of the path of the egg from when it was released to the
time it lands on his head. In the diagram, indicate the direction of the velocity and
acceleration of the egg.

(b) Find the velocities of the egg at the height of 2.0 m above Jack’s head. Note that
the egg will be 2.0 m above Jack’s head twice, once on the way up, the other on
the way down.

(c) Find the time when the egg hits Jack’s head.

(10 points) A 10.0 kg object on a surface, is acted on by external forces (F, = 300N
andF, =200N), as shown below. The coefficient of kinetic friction between the
surfaces is 1, = 0.2 and the coefficient of static friction is ., = 0.3.

Fz #

10.0 kg

(a) Draw a free-body diagram of all the forces acting on the object.
(b) Find the vertical and horizontal components of the net force acting on the object.
(c) Find the acceleration of the object.



12. (10 points) Three objects are connected by massless wires over a massless frictionless
pulley as shown below. The tension in the rope between the 10.0kg and 15.0-kg objects is
measured to be 133N.
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a) Draw a free-body diagram of all the forces acting on the 10.0-kg object. Hence
determine the acceleration, a, of the 10.0-kg object.
b) Draw a free-body diagram of all the forces acting on the 15.0-kg object. Using the
acceleration found in part (a) find the tension between the rope between the mass M and
the 15.0-kg object. Note: The answer is not 133N!
¢) Draw a free-body diagram of all the forces acting on the mass M. Hence determine the
mass M.
PART III: FULL ANSWER QUESTIONS (question 13 to 16)

Do all four questions on the provided exam booklets. Show all works.

13. (10 points) A 14.0 kg ball rock slides down a hill, leaving point A with a speed of 12
m/s. There is no friction between point A and B. There is friction on the level surface
between point B and the wall (where the spring is located).
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(a) What is the speed of the rock when it reaches point B (bottom of the hill).

(b) After reaching B, the rock travels 100m on the level surface until it hits a very
long light spring (k = 2.00 N/m). How far will the rock compress (maximum)
compression) the spring?

14. (10 points) A hockey puck B at rest on a frictionless ice surface is struck by a second
puck A, which was initially traveling at 15 m/s as shown in the diagram. Both pucks are
wrapped in Velcro and stick together after the collision and move off as shown below.
Puck A has a mass of ma = 2.5 kg, and puck B has a mass of mg = 1.5 kg

A B A+B

a) Find the speed of the pucks after the collision.
b) Calculate the change in Kinetic energy due to the collision,
c) Is the collision elastic? Briefly justify your answer.

15. (10 points) A stuntman of mass 80.0 kg swings on a rope from a 5.0 m high ledge
towards a 70.0 kg villain standing on the ground. Assume stuntman is initially at rest.
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a) What is the speed of the stuntman just before he hits the villain?
b) What is the horizontal component of the velocity of the stuntman just before he hits

the villain? Hint: Look carefully at the diagram.
c¢) Just after they (stuntman + villain) collide, and become entangled, what is their speed

as they slide on the floor?

16. (10 points) An electric fan is turned off, and its angular velocity decreases uniformly
from 460 rev/min to 150 rev/min in a time interval of length 3.75 s.

a) Find the angular acceleration in rev/s® ? Note: 1 rev = 27 rad; 1 min =60 s

b) Find the number of revolutions made by the motor in the time interval of length 3.75 s.

¢) How many seconds, after it is turn off , are required for he fan to come to rest? Assume the

angular acceleration remain constant at the value calculated in part a).

Note: 1 rev = 2z rad; 1 min = 60 s, but you really do not need to change units to answer the

question.



PART IV: FULL ANSWER QUESTIONS (question 17 to 19)
Do two of three questions on the provided exam booklets. Show all works.
17. (10 points) A Consider the system below where the pulley is a uniform thin-walled
cylinder with a radius of R = 0.220 m, a mass M = 2.0 kg, and moment of inertia of

I=MR”*. A box of mass mg = 3.0 kg hangs from the pulley by a massless rope that does
not slip over the pulley’s rim, as the box descends.

Hinge that holds

the pulley

2

a) Draw a free body diagram of the box showing all the forces acting on it.
b) Draw a free body diagram of the pulley showing all the forces acting on it.
¢) Use Newton’s 2" law for translation and rotation to determine the linear acceleration,

a, of the box, and the angular acceleration of the pulley, a.
d) How far does the box descend after 1.2 seconds?
e) Using the diagram drawn in part b) determine the force of the hinge (holding the pulley

up) on the pulley.
18. (10 points) A solid sphere of R = 0.250 m, a mass M = 3.0 kg, and moment of inertia of

2
I = gMR2 is rolling, without slipping, up a 60° incline
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a) The initial center-of-mass velocity is v, =2.0m/s. What is its initial angular velocity

®, of the rolling sphere?
b) Draw a free-body diagram of all the forces acting on the sphere. Briefly explain why the
friction force must be directed up the incline.

c¢) Determine the center-of-mass acceleration of the sphere.
d) Briefly explain why the friction force must be a static force of friction, and determine

this static force of friction as the sphere rolls uphill.



19. (10 points) Spinning Figure Skater. In the figure below, a skater with outstretched arm
(scenario 1) is spinning at angular speed @, =0.3rev /s . He then folds his arm (scenario

2), which increases his angular speed to a value of @, . In scenario 1 (before) assume his
body is a solid cylinder of mass M = 60.0 kg and radius R = 0.25m (moment of inertia
I =0.5MR?), and his outstretched arm is thin road of mass m = 10.0 kg and length L =

1
1.6 m (moment of inertia I = EMLZ). In scenario 2 (after) assume his whole body is a

solid cylinder of mass M = 70.0 kg and radius R = 0.25m.
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a) Calculate the total moment of inertia in the scenario 1 (before). Assume you that the two
contributions discussed above can be added to find the total moment of inertia.

b) Calculate the total moment of inertia in the scenario 2 (after).

c) Using the results of part a) and b) determine the final (after, scenario 2) angular speed
o, .



Useful Equations

Ki . _ t 1 2 _ 2 _ .2 2
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X, =X Vor =V

average velocity (x-com)V == , average acceleration (x-com)a,, . = =

L= L=

Newton’s Law 1:;' el = ZF =0 (Object in equilibrium), F = ma (Nonzero net force).

Friction Force: f . <un, f, =un
Work-Energy Theorem

1 1
W™ =AK = 5 mv; — 5 mv, (valid if W" is the net or total work done on the object)

Conservation of Mechanical Energy (only conservative forces are present)

1
W' =—AU =—(U, -U,)=AK =K, —K,,U, + K, =U, + K,,U"" = mgy,U* zakxz

Non-Conservative Forces U, + K| + Wolher =U,+K, (Wozher work done by non-conservative forces)

—_ - —_ t —_ — —_ —_ —_ —_ —_ —_
Impulse-Momentum P =myv, J = j ‘Fdt = Fav(l‘2 - tl), Al=J,-J,=AP=P,-P,

gt
Newton’s Second Law in Terms of Momentum
Fe' = —p For F&" = 0, P _ Oand momentum is conserved.
dt dt
. . . . doe do d*0

Rotational Kinematics Equationss=r60, ®, = —, 0, =——=——, V=r@_, a,, =ra,, a,,

dt’ ¢ dr dt*’
1
O, =constant, (l)z = sz + OCZI ,0=0,+ .1+ Eaztz ,Ct)z2 = Ct)gz + 206Z(9— 90)
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Moment of Inertia and Rotational Kinetic Energy / = Zmirf, K, = 51 W
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Torque and Newton’s Laws for Rotating Body T=F/, T=r X F, Z‘L'iz =Ia,, {-moment arm

i=1

1 1 = .
Combined Rotation and Translation of a Rigid Body K = > vam + Elcmwz’ ZE "= Ma

i=1
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Z‘L’iz =1,,0.. Rolling without slipping s=R6,v_, =R®_a, =Ro
=1

Equilibrium conditions ZF =0 about all object, z% =0 about any point.
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Angular Momentum L = /@ where I is the moment of inertia about the axis of rotation.
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