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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 r.
It enters at point S, travels counter-clockwise through points Q and P P
and then exits the loop again at point S.

1. [5pts] Atpoint 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. «—

C'l E. «

2. [5pts] 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. J5rg
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;> ry, then |U(r)| > |U(rs)|
B. If ;> rs, then |F(r)| > |F(ry)|
C. If r;=2r; then F(r;)) = 2F(r;)
D. If r;=2r; then F(r) = % F(r;)
E. If r;=2r; then F(r) = % F(r;)
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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 ?t/on ess
point P to point Q. The ramp is rough, and the L —— 1
horizontal surface at the base of the ramp is rough % =20m/s

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?
0.80 m

0.20 m

1.0m

0.60 m

m o 0w

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

B. The block's speed when it passes through Q is less than 2.0 m/s.
C. The block's speed when it passes through Q is equal to 2.0 m/s.
D. 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 Ar, and the total work done on the object, Wi,?

A. F,=—-10Ni Ar = +5mj Wi =-501
B. Fpor = (=101 +—=5j) N Ar = —2m1i Wi =201
C. Fpot = (101 + —5)) N Ar = +4mj Wi =-201
D. Fpor = (=101 + —=5j) N Ar =+5mi Wi =251
E. Fpot = (—101+—5j) N Ar =+5mi o =+50 ]

Physics 121 A — Autumn 2025 2 Exam 2
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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, Fi.x , are possible if it slows down?

A. P = +3 &R Prx = +5 £2 Favex=-20 N
kg'm kg'm
B. pixy =-5 5 Prx = -3 5 Faex=120N
C. py =+5 =2 prx = +3 £2 Favex=+20N
kg'm kg'm
D. pix=-3 ~ Pfx = =5 ~— Favex=-20N
8. [5 pts] Block B has three times the mass of Block A. The two 9 m/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 —
Block B is moving to the left at a speed of 9.0 m/s. If the blocks Tl oA B _

stick together after the collision, what is their velocity
(magnitude and direction) immediately after impact?

A. 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.

m Y 0w

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

9. [5 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. — 16m/s
B. + 16 m/s

C. 20 m/s
D. — 8m/s

E. +8m/s
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11.
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Lab multiple-choice questions [15 points, 3 questions]
[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 3 516
cup to fall from the top of the ladder to the floor. What is the 4 220
fractional uncertainty in the elapsed time? Average 2.185
A. 0.037s Standard deviation 0.037
B. 0.037
C. 0.017s
D. 0.017
E. 0.074
[5 pts] Another group of students did a Average | Uncertainty | Fractional
similar experiment with a different paper uncertainty
cup. The average time, the distance and the Time 455 03s 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?

1.0+ 0.1 m/s
0.7+0.1 m/s
0.667 £ 0.002 m/s
0.67 £0.07 m/s
0.67 + 0.04 m/s

mo 0wy

[5 pts] A different group conducted an experiment to find out how the terminal speed depends on
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
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1. Lecture free-response questions [25 points]

Use the following scenario for the next two questions.

A block of mass m = 2.0 kg is attached to an
ideal spring with spring constant £ = 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 J. At that instant,
a student starts pushing the block with a constant
horizontal force F'= 9.0 N in the direction of the
block’s motion.

UW Net ID
(part before @uw.edu)

b

— | F-

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?

Predicted final kinetic energy =

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

surface.

Coefficient of kinetic friction =

Physics 121 A — Autumn 2025 5
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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.

Spring at maximum
extension

e
IpIIIls

Wex USp

Block is released

Usp Ug

o~

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

Maximum distance =

Physics 121 A — Autumn 2025 6 Exam 2
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Iv. Tutorial free-response questions [15 points]
The next two questions are based on the description below.
Block A, on a level, frictionless table, is attached to a Zm .
. . _ ) Massless string
massless string that passes over an ideal, frictionless Al
pulley. The other end of the string is attached to block B. ’

At t,, Block A is released. The mass of block B is less than |
that of block A. H H B

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.

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.

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 F. F.
shown. @5 Q‘\g
In Experiment 2 block G is replaced by a block of c ¢ © I H
less mass, block H. The same constant force F, is
applied to block C. In both cases, the blocks have Blocks have same displacement Axo.

the same displacement, Ax,.

Is the total external work done on the system that includes only block C in experiment 1
(Wit ext, c1) greater than, less than, or equal to the total external work done on that system in
experiment 2 (Wiotext, c2)? Explain.
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Constants
Free-fall acceleration
Gravitational constant

Mathematics
Vector components

Vector magnitude

0 ccw from x-axis

Adding vectors C=A+B

Dot product

Cross product

Standard deviation
Linear motion

Average velocity

Instantaneous velocity

Instantaneous acceleration d = e

g = 9.80 m/s?
G = 6.67 X 10"*N m?/kg?

- -

A=A, +4,=4,0+4,

A= JAZ+ A2

A, =AcosO
A, = Asin6
6 =tan"*(4,/A,)

C,=A,+B,

¢, =4,+B,

|/f>< §| = ABsina

AxB=-BxA

s Z?=1(xi_xave)2
n-1

N AT -7y

av

Constant acceleration (in “s” direction)

Motion oninclined plane
Relative motion

Circular motion

Angular position

Angular velocity

Angular acceleration

Tangential velocity

Vg = Vjs + a At
s¢ = §; + VAt + 2a,(At)?

vE = v2 + 2a,As
a; = tgsinf

S S S
Ve = Vca T VaB

6=2
r
_de
dt
dw
a=—
dt
Vy = @r

Centripetal acceleration
Tangential acceleration
Period

Const. angular acceleration

Force and motion

Newton’s 2" law

Gravity

Maximum static friction

Kinetic friction
Reynolds number

Drag (high Re)
Drag (low Re)

Newton’s 3 law

Circular motion

Work and energy

Kinetic energy

Work by a constant force

Hooke’s law

Work done by a spring
Dissipative force
Potential energy

Grav. potential energy
Elastic potential energy
Mechanical energy

System energy

a, =—=w"r
T r
a; = ar
2nr 2m
T = —
v w

ws = wi+-aAt

Of = 6; + wiAt + 2a(AL)?

wF =

f; max

w? + 2ah6

= Usn

fx = un

Re =

Fdrag

Fdrag

pvL

n

= 1CypAv®

= 6mnrv

- -
Faon = —FBona

(Fnet)

(Fnet)

(FSp)s

2
muv,
= —t=mw?r
r

t = may

= —kAs

W = —1k[(Asp)? — (As)?]

2

AEy, = fils
AU = —Win,
Ug = mgy
Usp = 3k(As)?

AEpech = AK + AU

AEgys

AEgys

= AEpech + AEy,

= Wext



Power P = % RO'.“ng VUem = Rw

dt
1 1
P=F-3 Krolling = Elcm(‘)2 + EMvczm
Force and potential energy F, = —Z—Z Angular momentum L=rxp
. Angular momentum of a particle
Impulse and linear momentum
— — 1p2
Momentum p=mv L, =mrv, = mréw
R tr o Angular momentum of a rigid body
Impulse J=[TF@®adt
1 -
aL
Momentum principle Ap =] dr  Cnet
Isolated system e = P L=1&
Force F= Z_zt? Theory of gravity
. _ _ Gmym,
Elastic collision with (v;,), = 0 Law of gravity Fronz = Faon1 = r2
m—m; Free-fall acceleration g=2
(V)1 = m(vix)l 2
. _ Gmimy
o) 2m, o) Potential energy Ug = —
v = —(v;
fx/)2 m, +m, ix/1
Satellite speed V= S
Rotation r
1 N . 2 _ 472 3
Center of mass Xem = EZimixi Keplersthlrd law T = (67)7"
i i = . . 2
Moment of inertia I =Y,mr; Escape speed Vescape = %
Rod (center) ML
M 1/3
Geosynchronous orbit Tyeo = (— T2
Rod (end) M2 y o = (527°)
Disk %MR2
Hoop MR?
Solid sphere IMR?
Hollow sphere IMR?
Parallel-axis theorem I = Iy + Md?
Rotational kinetic energy Kot = %Iw2
Torque t=rFsin¢g =rF, =Fd
Z=FxF
Gravitational torque Tgrav = ~MgXem

Newton’s second law for rotation

Critical angle

_ Tnet
1

f. =tan™! (i)
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