Physics 101 Exam 1
September 16, 2002

WiRTE WERSIOIN

Select the single best answer for each question, unlessotherwiseinstructed. No
notesor calculators are per mitted.

g=9.8m/s n=3.14 2¥2 =141

1. A train accelerates at 0.4 m/s?. How long will it take to reach a cruising speed of
72 km/h?

(@ 725 (b) 100's (d) 365

First, convert units: 72 km/h = 72,000 m/ 3,600 s= 20 m/s. Thetimeisthen
t=v/a= 20 m/s/ 0.4 m/s’ = 50 s. The answer is (C).

2. Anapplefallsfrom abranch 9.8 m above the ground. It hits the ground in

@ 10s © 20s (d) 985

The distance the apple fallsish = %2 g t?, so that 9.8 m = %2 (9.8 m/s?) t°. Solving for
t? gives=2 &, or t = 1.4 s. The answer is (b).



3. Youdriveon acircular track at a speed of 120 miles per hour. When you make
one lap and return to your starting point, which of the following does not apply?

@Your velocity was constant.
(b) Your acceleration was perpendicular to your velocity.

(c) Your average velocity was zero.
(d) Your average acceleration was zero.

Since your direction was constantly changing, you were accelerating for the whole trip.
Y our velocity was constantly changing. The acceleration was toward the center of the
circle, which is perpendicular to your direction of motion. Y our average velocity and
acceleration were both zero, because the direction pointed all different ways as you went
around the circle, averaging out to zero. Only (a) does not apply.

4. You exert aforce of 200 N to push abox 10 m across afloor at constant velocity.
Which of the following istrue?

(& Thekinetic energy of the box increased.
b) The net force on the box was 200 N.
The thermal energy of the box increased.
d

) You did no work on the box.

Since the velocity was constant, the kinetic energy was constant. The net force on the

box was zero because it was not accelerating. (Y our force was balanced by friction.) The
thermal energy of the box increased due to friction. Y ou did work on the box, which
went into producing heat through friction. The only true answer is (c).

5. If your massis 60 kg and you sit on the left side of a seesaw, 2 m from the center,
how much torque do you exert on the see-saw? Select the closest answer.

(8 120 N m counter-clockwise @ 1200 N m counter-clockwise
() 120 N m clockwise (d) 2400 N m counter-clockwise

Torgueisthe length of the lever arm times the perpendicular force. In this case, the force
ismg =600 N, rounding g to 10 m/s”. The lever arm is 2.0 m from the center. This gives
atorqueof (b) 1200 N m in the counter-clockwise direction (since you are pushing down
to the left).



60 kg 50 kg

6. If a40 kg person and a 50 kg person sit on the other side of the seesaw as shown, so
that it isbalanced, the distance x shown in the figure is most nearly

(b) 1.0m (©) 1.3m (d) 1L7m

The torque due to the person on the left is 60 kg x 2.0 m x g = (120 kg m) g counter-
clockwise. The torque due to the person at the far right is50kgx 2.0 mx g

= (100 kg m) g clockwise. This makes a net torque of (20 kg m) g counter-clockwise.
To balance this, the 40 kg person must sit 0.5 m right of the pivot, creating a clockwise
torque of (20 kg m) g. The answer is (a).

7. If you areinatrain moving at 80 miles per hour on a straight track and throw a ball
straight up, it will land

(@ infront of you (b) at the same spot y@ (c) behind you

Thetrainisaninertia reference frame, meaning that the physics on the frame is the same
as at rest. No horizontal force would act on the ball, because there is no acceleration in
that direction. Therefore, the ball will land at (b) the same spot where you threw it up.
Note that the problem said “in” the train, not “on top of” the train: air resistance is not a
factor in where the ball lands.

8. Suppose Ball 1 weighs 250 g and ball 2 weighs 500 g. Both ballsroll off atable at the
same speed. Which ball lands closer to the table?

he two balls will land about the same distance from the table.
) The heavier ball 2 will land much closer to the edge of the table.

(c) Thelighter ball 1 will land much closer to the edge of the table.
(d) You cannot say without knowing the balls moments of inertia.



Both balls will fal at the same rate, because gravity affects them both the same way.
Therefore, they will hit the ground at the sametime. In that time, they will travel the
same horizontal distance, because they are moving with the same initial velocity, and
there is no horizontal force on them after they leave the table. Their moments of inertia
arerelevant only to their rotational motion, which affects how much work it takesto get
them started rolling, but has no effect on the motion once they leave the table. The correct
answer istherefore (a).

9. Two boxes are identical, except that box 1 istwice as heavy as box 2. They are both
sitting at the same height on aramp.

m=2m, g

Which of the following statementsis true?

(@) Thefrictional force on both boxesisthe same.

(b) The gravitational potential energy of both boxesisthe same.
The frictional force on box 1 istwice as much as on box 2.
Thefrictional force on each box is at least as large as its weight.

The frictional force is proportional to the force pressing the two objects together. In this
case, that force is the normal force holding the box up, which is proportional to the
weight of the box. Since box 1 istwice as heavy, it feelstwice as much friction. You
could also compare the forces pulling the boxes down the ramp, which must balance the
friction by Newton’s Third Law. These forces are equal to the weights of the boxes times
the mechanical advantage factor for the ramp. Either way, the answer is (c).

10. If theramp is made steep enough, the boxes will start to slide. Which box will reach
the bottom of the ramp first?

(a) Box 1, because it is heavier.
Box 2, because it haslessinertia.
either box, because they have the same acceleration.
(d) It depends on how steep theramp is.



The force pulling the boxes down the ramp is now greater than the friction, so they
accelerate. Since the both of these forcesis proportional to the mass, the net forceis aso
proportional to the mass of the box. Since F = ma, the acceleration of each box isthe
same. The answer is (C).

11. If afigure skater pulls her armsin while spinning so that she spins twice as fast,
which of the following istrue?

() Her moment of inertiais conserved and her rotational kinetic energy increases.

(b) Her angular momentum doubles and her rotational kinetic energy is conserved.
Her moment of inertiais half asbig, and her rotational kinetic energy is conserved.

er moment of inertiais half as big, and her rotational kinetic energy doubles.

Her angular momentum L = | wis conserved. Since the angular velocity w doubles, the
moment of inertial must be half as much as before. Her rotational kinetic energy is

Y% . Sincel isnow half asbigand wistwice as big, her kinetic energy doubles.
This meansit requires work to pull her arms in, since her rotational energy increases.
The answer is (d).

12. If asolid ball and ahollow ball of the same mass and diameter roll down a
hill from the same starting height, which will get to the bottom first?

a) Thesolid ong (b) The hollow one. (c) They arrive together.

The ball with the smaller moment of inertiawill accelerate faster. The solid ball has more
of its mass close to the center, and the total masses are the same, so the solid ball has a
smaller moment of inertia. That means the (a) solid ball will accelerate faster.

ml=m2




13. Two boxes areinitialy 3 meters above the ground. Box 1 is dropped, and Box 2
beginsto slide down africtionless ramp at the same time. Which box is moving
faster when it getsto the ground ?

(@ Box1 (b) Box 2 (c) The speeds are the same.

In either case, the final kinetic energy equals the initial potential energy. Since theinitial
potential energies (mgh) are equal, the final kinetic energies are also equal. Thisimplies
that (c) the final speeds arethe same.

14. In problem 13, Box 1 reaches the ground

at the sametime as Box 2.

in 3/5 the time that Box 2 does.
(¢) in4/5 thetime that Box 2 does.
(d) in 9/25 the time that Box 2 does.

Using the mechanical advantage factor for aramp shows that the force on Box 2 is 3/5 as
big along the ramp as the downward force on Box 1. The acceleration of Box 1isg.
Therefore, the acceleration of Box 2 down the ramp is 3g/5. Since the final speeds are
equal, thismeansit taxes Box 1 3/5 aslong to arrive at that speed as Box 2, usingv = at.
The answer isthen (b).

15. You throw an orange high above your head. After it leaves your hand, it will
experience...

the downward force of its weight.
(b) both an upward and downward force, but the upward force will gradually
diminish with height.
(c) anupward force asit rises and adownward force asit falls.
(d) the downward force of itsweight asitsrising, then no force whileit isin free-fall.

After the ball leaves your hand, the only force acting on it is the downwar d for ce of
gravity, which isits weight. It moves upward due to inertia, which is not aforce. The
answer is (a).

16. When your car suddenly turnsto the right, loose objects on the dash start sliding to
the left. Neglecting friction against the dashboard, these objects are...

(a) accelerating to the left
ngmoving at a constant velocity in their original direction
releasing thermal energy

The objects are (b) moving at a constant velocity in their original direction, dueto
inertia. The car is accelerating, but not the objects on the dashboard.



17. If Ball 1isdropped from twice as high as Ball 2, then Ball 1 lands with

a) four timesthe kinetic energy of Ball 2.
(C (b) twice the kinetic energy as Ball 2.
c) about 1.4 times the kinetic energy as Ball 2.

Thefinal kinetic energy of either ball isequal to itsinitial potential energy, which is mgh.
Therefore, the final kinetic energy is proportional to the height from which the ball is
dropped. If Ball 1 falls from twice as high as Ball 2, it lands with (b) twice the kinetic
energy.

18. You are cutting wood with a hand saw and have to push it away from you, then pull
it back as you cut. When are you doing positive work on the saw?

@Both when pushing it away and pulling it toward you.
(b) Only when pushing it away.
(c) Only when pulling it.
(d) You are not doing work on the saw. It is doing work on you.

Y ou do positive work on the saw whenever the force you put on it isin its direction of
motion. Thisistrue whether you are pushing it away or pulling it toward you, so the
answer is (a).

19. If awhesl rotates 30 timesin aminute, its angular velocity is most nearly

(@ 2.0rad/s (b) 3.1rad/s (c) 0.5rad/s (d) 15rad/s

The angular velocity is w = 30 rev/min = 30 x 2rtrad / 60 sec = Ttrad/s, or (b).

20. To get the maximum distance from afootball kick, you should kick the ball at an
upward angle of

(a) aslow aspossible.  (b) 30 degrees. \_(c) 45 degrees (d) as vertical aspossible.

To obtain the maximum horizontal distance in projectile motion, the optimal launch angle
is(c) 45 degress.



