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l. [45 points total] Lecture multiple-choice questions

1. [5 points] The figure at right shows the position
versus time graph for a ball moving in the x-

direction. Choose all correct statements about the
motion of the ball.

A.
B.

At t = 1.0s, the ball has a negative velocity.

The ball is moving faster at t = 1s than at
t = 2.5s.

Betweent = 1.0s and t = 2.5s the
displacement of the ball is 0.

The ball changes direction at

t =3.0s

None of these is correct.

@uw.edu
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2. [5 points] A ball on the ground is launched straight up. When the ball has a speed of
9.0 m/s, it is 3.2 m above the ground. When it has a speed of 6.0 m/s, how high above
the ground is it?

A.

mOUNn®

6.4 m
2.1m
55m
8.2m
Not enough information is given.
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3. [5 points] A cyclist travels west on a long straight road. They have a device that keeps
track of their speed. The cyclist produces the following graph. What was their average
velocity for the period from 0 to 100 minutes? (Note the units on the graph.)

A. 10.4 km/h
B. 9.6 km/h v (km/h)
C. 16.0km/h 24.0
D. 15.2 km/h 20.0
E. 16.8 km/h
16.0
12.0
8.0
4.0
0.0 t (min)
0 20 40 60 80 100

4. [5 points] A car travels clockwise around a circular track, as shown in the top-view
diagram. Its speed increases at a constant rate. Which pair of vectors best describes
the accelerations of the car at points P and Q? (Note that it reaches point Q after point
P.) Choose “E” if none of the pairs is correct.

i i
B > >

------------ P s
o
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5. [5 points] A boat takes 3.0 h to travel 10 km down a river and 4.5 h to return. How fast
is the river flowing? Assume that the boat’s speed with respect to the water is constant.
A. 2.78 km/h
3.13 km/h
0.56 km/h
1.33 km/h
1.50 km/h

mOow

6. [5 points] A ball is suspended by two ropes, as shown. If the mass of the ball is 5.1 kg,
what is the tension in Rope 1?

A. 26N
B. 25N ~60°
C. 50N
D. 37N
E. 35N
Rope 1 Rope 2
-

‘ N
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7. [5 points] Suppose that a box full of 10 identical books is on a level table. Each book has
a mass of 1.0 kg. You push horizontally on the box with a force of 10.0 N, but the box
does not move. You remove the books one by one, and when you have removed 6
books, the box begins to move. Which of the following is a possible value for the
coefficient of static friction between the box and the table? You can ignore the mass of
the box itself.

A. 0.26
B. 0.24
C. 0.17
D. 6.0

E. 10.0

8. [5 points] Two spherical dust particles falling through the air have reached terminal
speed. Particle 1 has the same radius but twice the mass as particle 2. How does the

drag force on particle 1 (Fldmg) compare to the drag force on particle 2 (demg)? You
can assume that the Reynold’s number for this situation is low.

A Fldrag > derag
B. Fldrag <F2drag
C. Fldrag — derag

D. Not enough information is given.
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9. [5 points] Three blocks with masses of m;, m,, and m5,
and three massless pulleys 1, 2, and 3 with negligible
friction on their axles are assembled using massless
inextensible ropes as shown. If the blocks are
stationary, which of the following is a correct
description of the relative masses of the blocks?

B m1 = m3 = Emz

C. my <my <ms

D m1 = mz = %m3

E. Not enough information is given.
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. [15 points total] Lab multiple-choice questions

The next two questions are based on an experiment conducted by a group of students. They

placed 5 pieces of tape at specific locations on a table and recorded the instant at which an

object passed each tape. They conducted three runs of the experiment.

10. [5 points] For this experiment, what are the dependent and independent variables?

A.

mUnw

Position is the dependent variable, and time is the independent variable.
Time is the dependent variable, and position is the independent variable.
Time is the independent variable, but there is no dependent variable.
Position is the independent variable, but there is no dependent variable.
The experiment was not correctly planned, so there are no independent and
dependent variables.

11. [5 points] The table at right shows the clock readings RUN Clock reading (s)
when the object passed the first piece of tape for each 1 2.20
of the three runs. (The clock face shows hundredths of 2 1.90
3 2.05

a second.)

The students use the maximum deviation method to determine the random uncertainty

in their measures. How much larger is the random uncertainty compared to the

instrumental uncertainty?

A.

S S

The random uncertainty is equal to the instrumental uncertainty.

The random uncertainty is 10 times greater than the instrumental uncertainty.
The random uncertainty is 20 times greater than the instrumental uncertainty.
The random uncertainty is 30 times greater than the instrumental uncertainty.
The random uncertainty is 40 times greater than the instrumental uncertainty.
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12. [5 points] The graph at right

Graph for object moving across floor

Position (cm)

shows a plot of data obtained by a  30.0
student for a different -_— Best fit line
experiment. A best fit line and 25.0 E— umzﬂ lezzz ll'l:i
lines of maximum and minimum
slope are shown. The student has ~ 20-0
calculated the following values:
15.0
Line Slope
Best fit 5.916 cm/s 10.0
Max. slope 6.534 cm/s
Min. slope 5.445 cm/s 5.0
Time(s)
Which of the following is how the 0.0
1 2 3 4 5 6
student could report the slope
and its uncertainty based on the methods developed in lab?
A. 6+x10r59+0.6cm/s
B. 6x10or6.0+1.0cm/s
C. 59+0.60r5.92+0.62 cm/s
D. 59+0.60r5.92+0.61cm/s
E. 6.0+0.60r59+0.62cm/s
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[l. [25 points total] Lecture free response questions
You must show your work to get the full credit.

Consider the following scenario for the next two questions.
The velocity-versus-time graph of an object moving in the x-

direction is shown at right. The objectisat x = 10m at t = Os.

13. [5 points] In the space below, draw a position-versus-

time graph for this object. Make sure to label the axes.

v, (m/s)

30
204

104

-10- ——

t(s)

14. [5 points] In the space below, draw a motion diagram for this object at every second
fromt = Os to t = 3s. Make sure to label the positions and times.
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Use the following scenario for the next three questions.
Box A with mass my, is on top of Box B with mass mg,

which is on a horizontal tabletop with negligible friction. Box A
A hand pushes on Box A to the right causing both boxes Hand
to move with a constant acceleration a. Box A does not Box B
slip on Box B.

15. [7 points] Draw free-body diagrams for Box A, Tabletop

Box B, and the system of two boxes. Make sure
to label all the forces indicating the type of force, the object exerting the force, and the
object on which the force is exerted.

Box A Box B System of two boxes

16. [4 points] Write an expression for the magnitude of the force that the hand exerts on
Box A in terms of the variables given.

17. [4 points] Identify all pairs of forces on your free-body diagrams that constitute
Newton’s 3rd law force pairs.
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IV. [15 points total] Tutorial free response questions

Use the following scenario for the next two questions.
A bicycle coasts up a hill while a car drives up the hill at
constant speed. The strobe diagram at right shows their

2
positions at instants 1-4, separated by equal time = 7
intervals. The bicycle comes to rest relative to the road at 5’ Z Bicycle
instant 4. 7 Car

18. [5 points] As measured in the reference frame of the road is the acceleration of the
bicycle in the positive direction, in the negative direction, or is its magnitude zero?
Explain.

19. [5 points] Draw vectors to show the direction of the velocity of the bicycle in the
reference frame of the car at instants 2 and 3. Explain.

U, at instant 2

U, at instant 3
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20. [5 points] A cart rolls toward a wall on a level, frictionless [EEEIjj
Before

table. The diagram shows the velocity vector of the cart
just before and just after it collides with the wall. The
velocity vectors are drawn to scale.

In the space below, sketch a vector to show the change
in velocity of the cart. Draw the vector using the same
scale as for the velocity vectors. Explain your reasoning.
If the change in velocity is zero, state so explicitly.

[LITIT]
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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

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

C,=A,+B,

¢, =4,+B,

-

av

Constant acceleration (in “s” direction)

Motion oninclined plane
Relative motion
Circular motion

Angular position

Angular velocity

Angular acceleration

Tangential velocity

Centripetal acceleration

Tangential acceleration

Vgs = Vjg + agAt
s¢ = §; + VAt + 2a,(At)?

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

- - -
VUcg = Vca T+ VaB

s
6 =-
T
_de
dt
_dw
T oat
vy = wr
2
_ Yt _ 2
a4y === wr

Period

Const. angular acceleration wf = w; + alAt

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

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

wf = wf + 2aA0

G = et
m

Fo =mg
GMm

G — R2

fsmax = Usn

fx = un
ReZE
n

—1 2
Fdrag - ECdpAv
Farag = 6TV
> >
FaonB = —FBona

mv?

(Fnet)r = — = mw?r

(Fret): = may

K = %mv2
W =F-A#
(Fsp), = —kAs

W = —2k[(Asp? — (As)?]

AEy, = fils
AU = =Wy
Ug =mgy

USp = lk(As)Z

-2
AEpech = AK + AU

AE,

sys — AEmech + AEy

AE,

sys — Wext
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