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I. Lecture Multiple Choice [45 points — 9 questions]
All questions have only one correct answer.
The figure at the right is for the next two questions.

An object is sliding with no friction around a circular loop of radius 7.
It enters at point S, travels counter-clockwise through points Q and P
and then exits the loop again at point S.

1. [5 pts] At point P, the object is heading down the track and is !

speeding up. Which of these vectors could represent the net force S
on the object at point P?

A — D. ™,

B, ¥—

D'l E.

2. |5 pts] What is the minimum speed that the object must have at point Q to stay on the track all the
way around the loop? In the answers below,
r = radius of the loop; m = mass of the object; g = gravitational acceleration.

A. |[5rg
B. 2\/rg
C. Jrg
D. 2mgr

E. /2rg

3. [5pts] A system has a potential energy described by: U(r) = — B,/r, where r and B, are both > 0.
Which one of the following must be true:

A. If r;> o, then |U(ry)| > |U(r)]
B. If r;> ry, then |F(r;)| > |F(r2)|
C. If r;=2r; then F(r;)) = 2F(r;)
D. If r;=2r; then F(r)) = % F(ry)
E. If r;=2r; then F(r;)) = % F(rz)
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The sketch at the right is for the next two problems.
A block of mass 0.50 kg is released from rest at L P
point P and the Earth-block-ramp system gains h frictiont
4.0 J of thermal energy as the block slides from Q crontess
point P to point Q. The ramp is rough, and the —
horizontal surface at the base of the ramp is rough #=20m III.I 5

frictionless. The block has speed vy = 2.0 m/s as
it passes through point Q.

4. |5 pts] What is h, the difference in height between points P and Q?

A.

m o 0w

0.80 m
0.20 m
1.0 m

0.60 m

Cannot determine without knowing the angle of the ramp.

5. [5 pts] The experiment is repeated by releasing a block of mass 1.0 kg from point P so that it slides to
point Q. The 1.0 kg block and the 0.5 kg block have the same coefficients of friction (both static and
kinetic). Which of the following statements is true about the experiment with the 1.0 kg block?

A.

B
C.
D

The block's speed when it passes through Q is greater than 2.0 m/s.

. The block's speed when it passes through Q is less than 2.0 m/s.

The block's speed when it passes through Q is equal to 2.0 m/s.

. We need to know the coefficient of friction and the angle of the ramp to compare the blocks’

speeds when passing through Q.

6. [5 pts] A constant net force, F,,; , is exerted on an object over a displacement Ar . Which one of the
following sets represents a possible combination of the quantities associated with the total work done

on the object: the net force F,,,; , the displacement Ej, and the total work done on the object, Wi,?

A.

m o a w

Fret = —10N1 Ar = +5mj Wit =507
Frot = (—101+ —5)) N Ar = -2mi Wi=-201
Fpot = (=101 + =5j) N Ar = +4mj Wi ==20T
Frot = (—101+ —5)) N Ar = +5mi Wi=-251
Frot = (—101+ —5)) N Ar = +5mi Wit =+501]
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7. [5 pts] An object is moving along a line and slows down during a time interval of 0.1 seconds because
it experiences a force. Which one of the following combinations of the initial momentum, p;, the
final momentum, py , and of the average force, Fa.yx , are possible if it slows down?

A. py=+3 £= Pra = +5 2 Favex=-20N
kg'm kg'm
B. Pix = —5 T pfx =-3 T Fave,x=+20N
kg'm kg'm
C. Pix = +5 T pfx =+3 =— Fave,x:+2ON
D. py =-3 == pre=—5 == Favex=-20 N
8. [5 pts] Block B has three times the mass of Block A. The two 9m/s
blocks move toward each other and collide head-on. Just before the 11 m/s —
collision, Block A is moving to the right at a speed of 11 m/s, and — o
Block B is moving to the left at a speed of 9.0 m/s. If the blocks | 4 B _

stick together after the collision, what is their velocity

(magnitude and direction) immediately after impact?

A.

m o 0w

9. [5

They will move to the left with a speed of 4.0 m/s.
They will move to the left with a speed of 9.3 m/s.
They will move to the right with a speed of 4.0 m/s.
They will move to the right with a speed of 9.3m/s.

Their velocities are equal to zero because both blocks stop after the collision.

pts] A bundle of unexploded fireworks of total mass M moves horizontally along a frictionless

track in the positive direction at a speed of 4.0 m/s. A small explosion occurs, splitting the bundle into
two equal pieces. One piece continues moving in the positive direction, but at a speed of 16 m/s.
What is the velocity (magnitude and direction) of the other piece immediately after the explosion?

A.
B.
C.
D.

E.

— 16 m/s
+ 16 m/s

20 m/s
— 8m/s
+ 8 m/s
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IL. Lab multiple choice questions [15 points, 3 questions]

10. [5 pts] A group of students dropped a paper cup from above Trial Elapsed
the top of a ladder. They decided it reached its terminal speed time (s)
when it was at the top of the ladder. They repeated the 1 2.15

. . . . 2 2.23
experiment four times and measured the time it took for the 3 216
cup to fall from the top of the ladder to the floor. What is the 2 2'20
fractional uncertainty in the elapsed time? Average 7185

A. 0.037s Standard deviation 0.037
B. 0.037 Fractional uncertainty is the uncertainty (standard deviation in this

C. 0.017s case) / best estimate (average). Thus 0.037 s/2.185s =0.017. (It

D. 0.017 is unitless, since the units cancel.)

E. 0.074

11. [5 pts] Another group of stL.ldents did a Average | Uncertainty | Fractional
similar experiment with a different paper uncertainty
cup. The average j[irr.le, the distaqce and the Time 455 033 0.06667
associated uncertainties and fractional Distance 3.000 m 0.005 m 0.00167
uncertainties are shown in the table. (The
fractional uncertainty
is the entire value shown on their calculator.)

What should the students report for the terminal speed of their paper cup based on the rules developed

in lab for finding the uncertainty and significant figures?
A. 1.0£0.1 m/s The speed is 3.000m /4.5 s = 0.66667 m/s. The fractional uncertainty
B. 0.7+£0.1 m/s in the time is greater than that in the distance, thus we use that to find
C. 0.667 = 0.002 m/s the uncertainty in the speed. So, the uncertainty in speed is
D. 0.67 +0.07 m/s 0.66667 m/s *0.0667 = 0.04 m/s (to one digit). Thus, to one digit in the
E. 0.67+0.04 m/s uncertainty, we obtain 0.67 + 0.04 m/s.

12. [5 pts] A different group conducted an experiment to find out how the terminal speed depends on
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mass. For each trial, they dropped a cup and started their clock when the cup was moving at constant
speed and was 3 m above the ground. They recorded the distance the cup fell in 2 s and repeated this
measure four times. They followed this procedure for six measurements, using six identically shaped
cups with a different mass for each measurement. In their exploration of how the terminal speed
depends on the mass of the cup, what are the independent and the dependent quantities?

Independent Dependent Control
A. Distance Time Mass
B. Time Distance Mass
C. Mass Distance Time
D. Mass Time Distance
E. Distance Mass Time

The time was controlled in this experiment. Students changed the mass (independent variable) and for
each mass found the distance through which the cup fell (dependent variable) in the (controlled) time.
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1. Lecture free-response questions [25 points]

Use the following scenario for the next two questions.

A block of massm = 2.0 kg is attached to an
ideal spring with spring constant k£ = 24.0 N/m, the
other end of which is attached to a rigid wall. At

t =0 s, the spring is at its equilibrium length and the
block has kinetic energy K = 1.2 . At that instant,
a student starts pushing the block with a constant
horizontal force /= 9.0 N in the direction of the
block’s motion.

UW Net ID

(part before @uw.edu)

13. [6 pts] The student assumes the friction in the block-spring-surface system is negligible. What is their
prediction for the kinetic energy of the block after they have pushed it a distance d = 0.4 m?

There is no friction in the system, so there is no increase in thermal energy. Applying the principle of

energy conservation to the system gives us:

Ki+Uspi+Wext=Kf+Uspf

K; is given. At ¢ = 0, the spring is neither stretched nor compressed so Ug, ; = 0. After the block has

moved a distance d, Ug), r = %kd2 = 1.92 . Over this same interval the hand does work W,,; =
Fgyd = 3.6 ]. Therefore Ky = Weyy + K; —Ugp p =3.6 ]+ 1.2] — 1.92] = 2.88 ]

Predicted final kinetic energy = 2.88 J

14. [7 pts] The student conducts the experiment and finds that the kinetic energy of the block is 0.19 |
less than they predicted. Determine the coefficient of kinetic friction between the block and the

surface.

Applying the principle of energy conservation to the system with friction gives us:

Ki+Uspi+Ethi+Wext=Kf+Uspf+Ethf

Both We,; and Uy, r are the same as for the prediction, therefore the change in thermal energy is

equal to the difference between the predicted and actual final kinetic energies, AE;;, = 0.19].

The change in thermal energy of the system depends on the frictional force exerted by the surface on
the block and on the distance the block moves d, AE, = f&d where % = u;Ngg. Using Ngg =

mg, we get ,mgd = AE, and finally y;, = 0.024.

Coefficient of friction = 0.024

Physics 121 A — Autumn 2025 5

Exam 2



Name UW Net ID
last first (part before @uw.edu)

Use the following scenario for the next two questions.

A block of mass m = 1.2 kg is attached to an ideal spring with spring
constant £ = 32.0 N/m. The block can slide with negligible friction
along a 20-degree ramp, as shown.

At t=0 s, the block is released from rest when the spring is neither
stretched nor compressed.

15. [6 pts] Complete the energy bar charts below for the system of 20°
the block, spring and Earth for the instant the block is released,
and the instant the spring reaches its maximum extension.

Block is released Spring at maxinmm

Block is released Spring at maximum extension

ol N G
g@uu ﬂgu T

sp U Wexe Up U K

Wext US'p

16. [6 pts] What is the maximum distance the block travels along the ramp?

Applying the principle of energy conservation to the block-spring-Earth system and using K; = 0 and
Ky = 0 gives us:

Uspi+UGi = Uspf+UGf ORAUG = _AUSP

Letting d represent the maximum extension of the spring we get AUs,, = %kd2 and AU; = —mgsinfd so

that % kd? = mgsinfd, which we can solve to find d = 0.25m

Maximum distance = 0.25 m

Physics 121A — Autumn 2025 6 Exam 2



Name

Iv.

UW Net ID
last first (part before @uw.edu)

Tutorial free-response questions [15 points]

The next two questions are based on the description below. I

Block A, on a level, frictionless table, is attached to a )
massless string that passes over an ideal, frictionless pulley.

The other end of the string is attached to block B. At ¢, |
Block A is released. The mass of block B is less than that of B
block A.

Massless string

After #, but before block B hits the ground:

17

. [5 pts] Is the magnitude of the acceleration of block A greater than, less than, or equal to the

magnitude of the acceleration of block B? Explain.

The accelerations are equal. The string is inextensible, so the magnitudes of the displacements of the
blocks are equal for every interval of time so the velocities have equal magnitudes and thus the
accelerations have equal magnitudes.

18. [5 pts] Is the magnitude of the force on block A by the string greater than, less than, or equal to
the magnitude of the gravitational force on block B by the Earth? Explain.
Block B has tension up and gravitational force down. The Non A by table
tension is less in order for block B to accelerate downward. 7 ‘ Ton by string
. . . . on A by string
The string is massless so the force it exerts on block A is A B
equal to the force it exerts on block B. Thus, the force on
Block A by the string is less than the gravitational force on Fon A by Earth Fe.on 8 by Eartn
block B by the Earth. e
19. [5 pts] .In experiment 1, blocks C and G are pushed Experiment 1 Experiment 2
to the right on a table by a constant force F,, as
Fo N FﬂL
shown. ({,\5 th
\3
G
In Experiment 2, block G is replaced by a block of c c "

less mass, block H. The same constant force F, is
applied to block C. In both cases, the blocks have
the same displacement, Ax,.

Blocks have same displacement Axo.

Is the total external work done on the system that includes only block C in experiment 1
(Wiotext, c1) greater than, less than, or equal to the total external work done on that system in
experiment 2 (Wiot ext, c2)? Explain.

Assume that friction can be neglected. The displacements and hand forces are the same, so the hands do
equal work. However, the mass of the entire system in Exp. 1 is greater so a; < ax. Hence, from Newton's
second law, Fuenct < Fuerco. Thus, the magnitude of the normal force by block G on block C (Ngc ;) must be
greater than Nuc> and so |Wec 1| > |Whrc2|.

Now, Wyotarext = 2 Won ¢ Since the works by G and by H are negative, Wiotal,ext is less in experiment 1.

Alternate solution: Since a; < as, Vina,c is less in Exp. 1 and so AK; < AK>. Since there is no potential
energy, then Wisai, ext = AK and Wigsaext is less in Experiment 1.
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