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Phys 121A Midterm  1 

I. Lecture Multiple Choice (45 points – 9 questions)

All questions have one correct answer unless indicated. 

Use the following scenario for the first two 
questions. 

At time 𝑡𝑡 = 0, Car X is moving at a constant 
speed 𝑣𝑣𝑜𝑜 as it passes Car Y, which starts from 
rest at the same moment. Both cars then 
travel along parallel lanes of the same straight 
road. The velocity vs time graphs for both cars 
are shown at right. 

1) Which car, if either, is farthest away from
the origin at the time 𝑡𝑡 = 40𝑠𝑠?

A. Car X
B. Car Y
C. Both cars are the same distance from the origin at 𝑡𝑡 = 40𝑠𝑠.
D. It depends on the value of 𝑣𝑣𝑜𝑜.

2) Which of the following is true at time 𝑡𝑡 = 20𝑠𝑠?

A. Car Y is behind Car X.
B. Car Y is passing Car X.
C. Car Y is ahead of car X.
D. There is not enough information to determine the car’s relative positions.

3) A train starts from rest at one station and travels 800 meters to the next station. It speeds up at a
constant rate of 0.5 m/s² for the first half of the distance, then slows down at the same rate for the
second half, coming to rest at the next station. What is the maximum speed that the train reaches
during the journey?

A. 32 m/s
B. 45 m/s
C. 14 m/s
D. 28 m/s
E. 20 m/s
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4) An object’s position is described by 𝑥𝑥(𝑡𝑡) = (−8− 4𝑡𝑡 + 3𝑡𝑡2)𝑚𝑚. Which of the following statements is
TRUE?

A. At 𝑡𝑡 = 0, the object is at the origin.
B. The object slows down for all values of 𝑡𝑡.
C. It stops instantaneously at 𝑡𝑡 = 8.0 𝑠𝑠
D. It stops instantaneously at 𝑡𝑡 = 0.67 𝑠𝑠.
E. The object never stops because it is already moving at the time 𝑡𝑡 = 0.

5) Which of the following will remain in the air for the LEAST amount of time (neglecting air
resistance)?

A. A marble launched straight up from the ground at 9.8 m/s
B. A marble launched from the ground with a speed of 9.8 m/s at an angle of 30° from the

horizontal
C. A marble that is dropped straight down from a 50 m high building.
D. A marble that is launched horizontally from a 50 m high building

6) The only forces acting on a 2.0-kg ball are shown below. What is the magnitude of the acceleration
of the ball?

𝐹⃗𝐹1 = (2𝚤𝚤̂ − 8𝚥𝚥̂)N  

𝐹⃗𝐹2 = (5𝚤𝚤̂ − 3𝚥𝚥̂)N 

A. 5.2 𝑚𝑚/𝑠𝑠2

B. 6.5 𝑚𝑚/𝑠𝑠2
C. 3.0 𝑚𝑚/𝑠𝑠2

D. 3.2 𝑚𝑚/𝑠𝑠2

E. 4.3 𝑚𝑚/𝑠𝑠2
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NOTE:  Questions 7, 8 and 9 can have more than one correct answer. For each question, select all 
answers that are correct. 

7) A rotating disk is slowing down during a time interval of one second. Which of the following
combinations of the initial angular velocity, 𝜔𝜔𝑖𝑖 , final angular velocity, 𝜔𝜔𝑓𝑓, and angular acceleration,
𝛼𝛼 , could describe this motion? Select all that are correct.

A. 𝜔𝜔𝑖𝑖 = –3 s⁻¹ 𝜔𝜔𝑓𝑓= –5 s⁻¹ 𝛼𝛼 = –2 s⁻² 
B. 𝜔𝜔𝑖𝑖 = –5 s⁻¹ 𝜔𝜔𝑓𝑓 = –3 s⁻¹ 𝛼𝛼 = +2 s⁻² 
C. 𝜔𝜔𝑖𝑖 = +3 s⁻¹  𝜔𝜔𝑓𝑓 = +5 s⁻¹ 𝛼𝛼 = –2 s⁻² 
D. 𝜔𝜔𝑖𝑖 = –3 s⁻¹ 𝜔𝜔𝑓𝑓 = –5 s⁻¹ 𝛼𝛼 = +2 s⁻² 
E. 𝜔𝜔𝑖𝑖 = +5 s⁻¹ 𝜔𝜔𝑓𝑓 = +3 s⁻¹ 𝛼𝛼 = –2 s⁻² 

8) A gymnast weighing 500 N is suspended by two ropes from the ceiling as shown. The gymnast is at
rest. The lengths and angle, θ, indicated are the same for the two ropes. Select all that are correct.

A. The magnitude of the tension in the rope on the left is
greater than 250 N.

B. The magnitude of the tension in the rope on the left is less
than 250 N.

C. The magnitude of the tension in the rope on the left is equal
to 250 N.

D. The magnitude of the tension in the two ropes are the same.
E. The magnitude of the tension in the two ropes are different.

9) Two blocks, A and B, where 𝑚𝑚𝐵𝐵 = 2𝑚𝑚𝐴𝐴, are connected by a massless, inextensible string that passes
over a frictionless pulley.  The blocks are sliding on frictionless surfaces.  At the instant shown, block
A is moving down its ramp, while B is moving up.  Select all that are correct.

A. At this instant, Block A is slowing down.
B. At this instant, Block A is speeding up.
C. At this instant, Block A is moving with

constant speed.
D. At this instant, the blocks’ accelerations

have the same magnitude.
E. At this instant, the blocks’ velocities

have the same magnitude.
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II. Lab Multiple Choice (15 pts – 3 questions)

All questions have one correct answer unless indicated. 
Use the following scenario for the next two questions. 

A lab group conducts four trials of an object moving across a 
table.  The data at right show their results for the position of the 
object at 𝑡𝑡 = 1 𝑠𝑠 for each trial.  The average is the value 
obtained from a calculator. 

10. The group wants to report the value to one significant digit 
in the uncertainty.  Which of the following reported values
for the measurement is consistent with the procedure in labs A1 and A2? (e.g., using the maximum
deviation from the average value.)

A. 1 ± 1 cm

B. 1.0 ± 0.2 cm

C. 0.9 ± 0.2 cm

D. 0.98 ± 0.23 cm

E. 0.9 ± 1.0 cm

11. The uncertainty calculated for the answer above is:

A. Instrumental uncertainty

B. Random uncertainty

C. Systematic uncertainty

D. Both instrumental and random uncertainty

E. Neither instrumental nor random uncertainty

12. In Lab A1 and Lab A2, you used a cart that moved across a horizontal table.  You placed a penny at
the front of the cart when you heard each click of a metronome.  Based on four trials of the
experiment, you then plotted a graph of position vs time.  Suppose you were systematically late by
0.1 s in placing each penny next to the cart.  Which of the following describes how this would have
affected your graph?

A. The slope of the graph would be greater than it should have been.

B. The slope of the graph would be less than it should have been.

C. The graph of position vs time would be shifted downward. (It would intersect the vertical axis at
a point below x = 0.)

D. The graph of position vs time would be shifted upward. (It would intersect the vertical axis at a
point above x = 0.)

E. More than one of the answers above could be correct

Position 
(cm) 

Trial 1 0.9 

Trial 2 1.2 

Trial 3 1.0 

Trial 4 0.8 

Average 0.975
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III. Lecture Free Response (25 points – 4 questions) 
 
Use the following scenario for the next two questions.  
 

Blocks A and B are connected by string 1 and are suspended by string 2.  Both 
strings are massless.  A student pulls on string 2 such that the blocks are moving 
upward with increasing speed while maintaining a constant distance between 
them.   
 

13) (7 pts.)  In the box below left, draw a free body diagram for block B.  Label 
each force using the notation >⃗() where > denotes the type of force (e.g., 
4*  for gravitational, ? for normal, @ for tension, A for friction); B denotes 
the agent that exerts the force (e.g., C for Earth, > for box A, etc.), and D 
denotes the object on which the force is acting.  In the box below right, 
draw an arrow to indicate the direction of the net force on block B. 

 
2 pts for each vector on FBD – 1 for 
direction and rough relative size; 1 for 
labelling.  1 pt for net force direction. 
14) (6 pts.) At time !!, the blocks 
are accelerating upward with 
acceleration E = 0.1	F, where the 
gravitational acceleration F =
9.8	//&".   Find the magnitudes of:  
       (i) the tension in string 1, @#  
       (ii) the tension in string 2, @" 
Write your answers in the boxes 

provided and justify your answers with words, pictures, and/or equations. 
   
Both blocks have the same acceleration, E' = E& = E, which is pointed up.  Let up be positive direction. 

Net force on both blocks = ma:  @" − 4+('-&)* = @" − (/' +/&)F = (/' +/&)E 

We are given all but @", so solve for @":  @" = (/' +/&)(E + F)@" = (3.0 + 2.0)HF × (9.8 + 0.1)/0! =
49.5 K = 54 N 

Net force on block A = ma:  @# − 4+'* = @# −/'F = /'E 

Solve for @#:  !! = #"(% + ') = (2.0 -')(1 + 0.1)(9.8) #$!   

!! = 21.6 2 = 22 N 
NOTE: You could also solve first for !! and then find !" by solving " = $%	for block B: 
Net force on block B:  !" − !! − "#$% = !" − !! −$$( = $$% 

!" = !! +$$(% + () = ,$&(% + ()- +$$(% + () = ($& +$$)(% + (), as before. 

Note for grading:  the method must be correct, with two force equations and two unknowns, and show the 
net force as depending on both the gravitational acceleration and the actual acceleration.  Just an answer in 
the box is not sufficient. 
3 points for each tension – 1 for correct F=ma equation, 1 for identifying which mass and acceleration valuea 
go into each, 1 for final result (with units).  

A

B !! = 3.0	'(

!" = 2.0	'(
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Use the following scenario for the next two questions.  
 
A box of mass 4.0 kg is on a ramp that makes an angle of 20° with the 
horizontal.  The positive x-axis points down the ramp.  The coefficients of 
friction between the box and ramp are L0 = 0.50 (static) and L1 =
0.40	(kinetic). 
 
15) (6 pts.)  At time !!,	the box is stationary.  Find the frictional force A⃗2& 

exerted by the ramp on the box at time ! = !!.  Use the format 
A⃗2& = A3	6̂ + A4	8̂.  Justify your answer with words, pictures, and/or equations. 

 
At the right is a free body diagram for the stationary box (not required for full 
credit).  The net force along the ramp must be zero, so the magnitude of the 
friction force must equal the component of the gravitational force that is 
parallel to the ramp, and its direction must be up the ramp. 
 The gravitational force components are 4* NNNNN⃗ = +/F  sin  R 6 ̂ −
 /F  cos  R 8̂ and the friction force is A2&0NNNNNN⃗ = −A 6̂.  For a net force of zero,  
A2&0NNNNNN⃗ = −/F  sin R   6.̂  Using the values in the problem, 
A = /F  sin  R = (4.0 HF) U9.8  /0! V sin  20° = 13.4 K, so A2&0NNNNNN⃗ = (−13 6 ̂)K 
 
Grading: 1 pts for knowing net force in x-direction = 0; 1 pt for correct x-component of gravity formula; 1 
pts for setting f equal in magnitude to that x-component; 2 pt for final answer (including magnitude, 
units, and direction). 
 
16) (6 pts.)  The box is given a brief push in the +( direction and starts to slide down the ramp.  At time 

!# it is moving down the ramp with a speed $# = 1.0/ &⁄ .  At time !" > !#, is its speed $" greater 
than, less than, or equal to $#?  (Assume that the box is still on the ramp at time !").  Explain your 
reasoning. 

 
The box is going down the ramp.  The free body diagram is as above, except the friction is kinetic.  The 
two forces acting on the box are the x-component of the gravitational force (found above to be 
+/F  sin  R) and kinetic friction, given by A2&1 = L1K, where N is the normal force and L1 is the 
coefficient of kinetic friction.  The normal force is sufficient to make the y-component of the net force 
zero, or 44* +K = −/F  cos  R  + K = 0.  Thus K = /F  cos  R, and A1 = L1K =
L1  /F  cos  R .  To determine whether the box speeds up or not, we need to know the direction of the 
net force along the ramp acting on the block. 

43678 = +/F  sin R − A1 = /F  sin R − L1/F  cos R = /F(sin R − L1 cos R) 
For R = 20°	, sin R − L1 cos R = 0.34 − (0.4)(0.94) < 0.  The net force is then in the negative 6̂ 
direction and the box is slowing down.  Thus $" < $#. 
 
2 pt to find normal force (net y-component = 0, use cos theta) 
2 pt to find net force formula along x-direction (use correct kinetic friction formula, set = correct mg sin 
theta) 
2 pt to interpret that correctly to find what happens to the speed (direction of net force, impact 
on speed). 

! = #$. °

'! = 0.50
'" = 0.40

!̂

#̂
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IV. Tutorial Free Response (15 pts – 3 questions) 
A sled on snow moves along a hill as shown.  At point A, the hill is a straight line.  Assume there is 
negligible friction between the sled and the snow and the sled speeds up throughout the motion. 

 
 

17) [6 pts] At each of points A, B, and C, draw vectors to show the velocity and acceleration of the sled. 
 
 

For point B: 

18) [4 pts] Explain your reasoning for how you decided to draw the velocity vector at point B. 
 

The velocity is tangent to the trajectory (touches the trajectory at only point B.  

 
 
 
 

19) [5 pts] Explain your reasoning for how you decided to draw the acceleration vector at point B. 
 

The sled has increasing speed so there is a component of the acceleration parallel to the velocity and 
the sled is changing direction so there is a component of the acceleration toward the bottom of the 
page. 

 

Starts from rest

A

B

C
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