
161 Spring 2022 Test 2C Once the exam has officially started, remove the top sheet.  The remaining sheets comprise your exam.  It is 

each student’s individual responsibility to ensure the instructor has received her or his completed exam.  Any exams not received by the instructor 

earn zero points.  Smart watches, phones, or other devices (except scientific calculators) are not permitted during the exam.  
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      Name:____________________________________________ 

For this problem you might want to skim the entire page before starting work so you know what I ultimately want 

you to figure out.  Please let me know if you do scratch work elsewhere so I know to look for it. 

 

A block of mass s rests on a horizontal surface with negligible friction.   A block of 

mass 3s is initially held at rest on an incline of angle e = 40.0°.  Friction exists between 

this block and the incline.  The two blocks are connected by an ideal string (massless, 

inextensible) using an ideal pulley (massless, negligible axle friction).  Upon being 

released from rest, the blocks accelerate together with rate ) = �
�.  Figure not to scale. 

******1a) Draw FBDs for each block & list the force equations.  Include a coordinate 

system to ensure credit. 
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1b) Determine the magnitude of the string tension.   

Answer as a decimal number with 3 sig figs times ��. 

1c) Determine the frictional coefficient between the incline and lower block as it slides.   

Answer as a decimal number with 3 sig figs. 

  

1b  

1c  

e 



2a) A block of mass s is pulled upwards by a cable.  At the instant shown, the block is moving 

upwards while slowing down.  Which of the following best describes the relationship between 

cable tension and block weight?  Circle the best answer. 

z = s! z � s! z � s! 
Impossible to determine 

without more info 

 

2b) Does tension do positive, negative, or zero work on the block as it moves upwards? Circle the best answer. 

Positive 

work 

Negative 

work 

Zero 

work 

Impossible to determine 

without more info 

 

 

 

In an experiment, two blocks with masses �	&	s are pulled to the right across a 

level, frictionless surface.  Friction is present between the two blocks.  The blocks are 

pulled by the cable with tension z.  At the instant shown in the figure, block s is on 

the verge of slipping. 

 

3a) Does the normal force magnitude between the blocks (wQ�) do positive, negative, or zero work on block �? 

Circle the best answer. 

Positive 

work 

Negative 

work 

Zero 

work 

Impossible to determine 

without more info 

 

Now suppose the experiment is repeated, but this time the blocks are pulled with twice the tension.  Describes what 

happens to each of the following by circling the best answer. 

 

3b) How does the new normal force magnitude  (wQ�  ) compare to the old normal force magnitude (wQ�)?  

wQ�  = wQ� wQ�  = 2wQ� wQ�  = 1
2 wQ� 

None of the previous answers is correct, 

but the answer can be determined 

Impossible to determine 

without more info 

 

3c) How does the new frictional force magnitude  (tQ�  ) compare to the old frictional force magnitude (tQ�)? 

tQ�  = tQ� tQ�  = 2tQ� tQ�  = 1
2 tQ� 

None of the previous answers is correct, 

but the answer can be determined 

Impossible to determine 

without more info 

 

**3d) Consider an action-reaction pair.  For this question, assume the action force is the weight of block s.  

Describe the reaction force by filling in the sentence below with: 

• The object exerting the reaction force 

• The type of force (normal, frictional, tension, gravitational, etc) 

• The direction of the reaction force 

• The object experiencing the reaction force 

 

 

 

__________________ exerts a ___________________ force directed _______________ on __________________. 
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A particle of mass s experiences a single conservative force as it moves 

horizontally in 1-dimensional motion.  Video analysis reveals the force is given by  

r� = −o$V 

where o is a positive constant and $ is horizontal position.  

4a) Determine the units assumed for the constant o. 

***4b) Determine an expression for potential energy (as a function of position) 

associated with this force.  Assume zero potential energy at position $ = 0.  

 

 

 

 

 

4a  

4b  

   

F (N)

x (m)



A block of negligible size and mass 0.222	kg is initially compressing a 

spring of constant 77.7 ¡
¢.  The block is released from rest and the spring 

causes the block to slide with negligible friction over the track shown.  

To be clear, the block is not attached to the spring.  The block separates 

from the spring before reaching the incline (figure not to scale).  The top 

of the hill can be modeled as a circular path of diameter 1.11	m.  At the 

instant the block reaches the top of the hill, the normal force (magnitude) 

acting on the block is 33.3% of the block’s weight.  Assume ! = 9.8 ¢
£¤. 

To be clear, you may assume the block starts at the same height as the center of 

the circle. 

 

***5a) Determine the speed of the block at the top of the hill. 

***5b) Determine the initial compression distance of the spring. 

 

  

5a  

5b  

¥ 



A particle of mass 3.00 × 10PQQ	kg travels in 1D motion under the 

influence of a conservative force.  This problem assumes the particle’s 

motion was analyzed using a standard coordinate system of +$-direction to 

the right and +a-direction upwards.  The plot of potential energy versus 

position for this force is shown at right.  The particle is initially located at 

$ = −30.0	μm and is released from rest.  

 

 

***6a) Determine the force magnitude acting on the particle at its initial 

position.  Answer in units of N.  Use scientific or engineering notation with 

appropriate prefix. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

***6b) Briefly describe the motion of the particle after it is released from rest.  In particular consider the following: 

• Which way does the particle move initially (up, down, right left, or some combination? 

• Will the particle travel past $ = −50	μm or $ = +100	μm?   

If so, explain how you know this to support your claim. 

• Will the particle reverse direction at some point?   

If so, state the position at which the particle reverses direction to support your claim.   

Also explain how you know it reverses direction at this location.  

6a  

-200

-150

-100

-50

0

50

100

150

-50 0 50 100

U (eV)

x (µm)



A ball of mass 222	g swings in purely vertical circular motion on a massless, 

inextensible string.  At the instant shown, the ball is moving with speed 5.55 ¢
£  at 

angle e = 33.3°.  The tension in the string at this same instant is 9.99	N.  The ball 

has negligible size compared to the radius of circular motion.  Assume ! = 9.8 ¢
£¤. 

 

****7a) Determine the radius of circular motion. 

**7b) Determine the magnitude of tangential acceleration for the instant shown. 

Notice 7c at the bottom of the page. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

7c) Consider the time interval between the instant shown and the bottom of the circular motion.  Which best 

describes the work done by string tension on the ball?  Circle the best answer. 

Positive 

work 

Negative 

work 

Zero 

work 

Impossible to determine 

without more info 
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