
Exam 2 – PHYS 161 Spring 2020 

Be honest.  You will have a chance to redeem yourself in the online interview (see below).  On the contrary, if it 

becomes obvious you cheated and don’t really understand what you wrote, you fail the course and get reported to 

the Vice President of Academic Affairs for possible expulsion from school. 

During the exam: 

1) All work must be completed by only yourself in your own handwriting with a calculator. 

2) An equation sheet is provided; you may add additional sheets of blank paper as needed to the exam. 

3) Be sure to write neatly and please use on non-lined paper or engineering paper to improve readability.. 

4) While taking the exam you are not allowed to use any of the following: 

a. The internet 

b. Other human beings 

c. Solutions to physics problems 

d. Textbooks 

e. Electronic communication devices of any kind (i.e. your phone, a smart watch, etc) 

5) Print out this signature page and include it with your test. 

a. Alternatively, you could snap a photo of your signature and include paste it on the signature line. 

6) After you have completed your work, you must immediately submit your work via Canvas. 

7) Failure to follow these rules results in reduction of score or other disciplinary action. 

File submissions must adhere to the following guideline or you may lose points: 

• Include your name as it appears in the Canvas system in the file name (i.e. “Ex2-EricaJones.pdf”) 

• Submit as a single file less than or approximately equal to about 2 Mb.  Excessively large file sizes receive 

a point reduction. 

o Hint: use Print to PDF rather than Save as PDF. 

• Your work must be submitted within the allotted time as indicated by the course page in Canvas.   

• Late exams receive a 20 point reduction in Canvas for every 15 minutes late (rounded up). 

After the exam: 

• Keep your work organized. 

• Collect the required homework problems keep them with your test.   

• After the exam, you are welcome to learn about the problems using any resource (humans, internet, etc).   

• The oral exam portion will be graded on how well you respond to follow-up questions. 

• Show up 5 minutes early to your scheduled 1-on-1 meeting with all your materials ready. 

• Read this link written by another undergrad physics prof who gave online exams. 

o http://www2.oberlin.edu/physics/dstyer/TipsForOralExams.pdf 

By signing and submitting this exam you are confirming all work is done according to the required specifications 

outlined on this page. 

 

____________________________________ _______________________________________    _________ 

        Print name legibly on the above line      Signature on the above line  Date 
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Do submit a signed signature page, the first page of this test, or you will lose points. 

Do not submit the exam equation sheets to save file space or you will lose points! 

Do not underestimate the time required to submit your work! 

If your submission is late, you lose 20 points from your exam score for each 15 minutes you are late (rounded up). 

     

A screenshot of an Excel spreadsheet is shown at right. 

A formula for calculating force is given as 

r = v�s
� cos e 

Your instructor asks you to type a formula in cell B5. 

The formula should properly incorporate the constants in row 2. 

The formula will be filled down to include cells B5 through B10. 

 

***0) In the box below, write down what should be typed in cell B5. 

 

0  

 

 

A particle moving in one-dimension has mass s = 1.40	kg. 

The velocity of the particle as a function of time is  

]�"� = −2.25"� 

Assume standard units for "	&	]. 

Positive values of ]�"� indicate a velocity directed to the right. 

You may assume an k ̂is implied on any of your vector results to reduce clutter. 

1a) Determine the units assumed on the number −2.25. 

**1b) Determine the net force acting on the particle as a function of time. 

Ignore units for this answer to reduce clutter. 

**1c) Determine instantaneous power delivered to the particle at time " = 2.00	s. 

Include units on this answer. 

  

1a  

1b  

1c  



 

A particle is constrained to move in one dimension.  It is 

released from rest at $ = 5.0	nm & experiences a net 

conservative force.  A plot of potential energy versus position is 

shown at right. 

Two sig figs are fine for these questions. 

2a) At what positions (or position) is the particle in 

equilibrium? 

2b) How far does the particle travel before reversing direction? 

***2c) Estimate force on the particle at $ = +3.0	nm.   

Use engineering notation with appropriate prefix. 

I will assume an k ̂is implied on your answer. 
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Two blocks are pulled along a slight incline as shown. 

Block 1 has mass s while block 2 has mass 2s. 

Friction is negligible between the incline and the blocks. 

An ideal string (inextensible & negligible mass) connects the two blocks. 

A zombie applies an unknown force horizontally on block 2. 

The blocks accelerate up the plane at rate ). 

 

********3a) Draw an FBD for each block.  Write the corresponding force equations in the boxes shown below.  

Include a coordinate system to ensure credit.  Please use the letter � for the unknown zombie force magnitude. 

 FBD Block 1     FBD Block 2 

 

 

 

 

 

 

 

 

 

 

 

 

 

***3b)   Determine the applied force required if e = 12.0° 
and ) = �

�.  Answer as a number with 3 sig figs times s!. 

 

 

 

 

 

  

Σr�:  Σr�:  

Σr�:  Σr�:  

3b  

e 

� 

� 



A block is given a hard kick up a ramp. 

During the kick, the block remains in contact with the ramp. 

After losing contact with the foot, the block slides upwards along the ramp.   

Near the top of the ramp, the block comes to rest and remains at rest. 

This scenario is depicted in the three figures shown at right. 

Frictional coefficients between the ramp and the block are v�	&	v�. 

Notice the coordinate system shown in the figure indicates � ̂is   to the plane! 

 

4a) During the kick, which describes the direction of the block’s acceleration? 

Circle the best answer based on the coordinate system shown. 

+k̂ +l̂ Some combination of 

 k̂	&	l̂ Impossible  

to determine  

without more info −k̂ −l̂ No acceleration 

 

4b) After the kick (while the block moves up the ramp), which describes the direction of the 

block’s acceleration? Circle the best answer (using the coordinate system shown). 

+k̂ +l̂ Some combination of 

 k̂	&	l̂ Impossible  

to determine  

without more info −k̂ −l̂ No acceleration 

 

4c) After the kick (while the block moves up the ramp), which describes the direction of 

friction acting on the block?  Circle the best answer (using the coordinate system shown). 

 

 

 

 

 

4d) In the final state, (after coming to rest at the top of the ramp) which describes the direction of friction acting on 

the block?  Circle the best answer (using the coordinate system shown). 

+k ̂ −k̂ No friction 
Impossible to determine  

without more info 

 

4e) Compare the frictional force tb� during stage 2 (moving up ramp after kick) to the frictional force tb�  during the 

final state (after coming to rest).  Which has larger magnitude?  Circle the best answer. 

t� ¡ t� t� = t� t� ¢ t� 
Impossible to determine  

without more info 

 

+k̂ −k ̂ No friction 
Impossible to determine  

without more info 

During Kick 

After Kick 

Final State 



A block of mass s is initially at rest while compressing a 

spring of constant �.  Upon being released, the block slides 

along a track with negligible friction.  While travelling on the 

track, the block successfully traverses the vertical loop of 

radius �.  At the instant the block passes top of the loop, a 

sensor determines the normal force acting on the block has 

magnitude equal to 
Q
� of the block’s weight.   

Note: block size is negligible compared to the loop radius. 

***5a) Determine speed at top of loop. 

Simplify your work to receive full credit. 

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

Simplify your work to receive full credit. 

 

 

 

  5a  

5b  



Upon being released from rest, two blocks slide down a ramp.   

Friction between block 1 and the ramp has coefficients v�	&	v�.   

There is negligible friction between block 2 and the incline. 

 

6a) Does friction do positive or negative work on the two block system?  Circle the best answer. 

Positive Negative Zero work 
Impossible to determine 

without more information 

 

6b) Does gravity do positive or negative work on the two block system?  Circle the best answer. 

Positive Negative Zero work 
Impossible to determine 

without more information 

 

6c) Does the normal force (exerted by the incline on block 2) do positive or negative work on the two block system?  

Circle the best answer. 

Positive Negative Zero work 
Impossible to determine 

without more information 

 

6d) While sliding, the blocks accelerate down the ramp.  Block 2 exerts normal force wd£� on block 1. 

Block 1 exerts normal force wd£Q on block 2.  Which force has larger magnitude?  Circle the best answer. 

w� ¡ wQ w� = wQ w� ¢ wQ 
Impossible to determine 

without more information 

 

**6e) Newton’s 3rd law is often stated as “Every action has an equal but opposite reaction.”  Suppose one considers 

the action (of an action-reaction pair) to be the force of weight acting on block 1.  What is the reaction force 

associated with this action.  Answer by filling in the blanks in the following sentence: 

 

 

________________ exerts a _____________________ force on ________________ directed _________________. 
object   type of force   object                 direction of force  

  

� 

� 



A particle is constrained to move in one dimension.   

The particle experiences net conservative force given by 

r£ = )
�$ − &�� k ̂

where )	&	& are positive constants. 

Assume potential energy at the origin is zero. 

You may assume we are restricting ourselves to $ ¢ &. 

7a) Determine the units appropriate for the constant ). 

****7b) Determine potential energy as a function of position.   

Some potentially useful derivatives and integrals are listed below. 

�
�$ ¤ )

$ − &¥ = −)
�$ − &�� � )

$ − & �$ = ) ln�$ − &� + *�w�")w" 

�
�$ ¦ )

�$ − &��§ = −2)
�$ − &�� � )

�$ − &�� �$ = )
& − $ + *�w�")w" 

 

 

  

7a  

7b  



A right cone with height � and base radius � is initially at rest.   

A block is placed on the cone at the edge of the base.  

Frictional coefficients are v�	&	v�.   

While at rest, the block is NOT on the verge of slipping.   

The cone then begins to rotate.   

The rotation rate increases gradually until the block begins to slip. 

8a) Which direction will the block slide?  Circle the best answer. 

Towards 

the apex 

Towards 

the base 

Impossible to determine 

without more info 

******8b) Determine the maximum possible rotation rate. 

Answer in terms of the givens (�, �, v�, &	v�) and !. 

I expect you to understand what rotation rate means. 

If you answer using the incorrect variable, a small point 

deduction will occur.   
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Two equal mass thin circular plates are shown at right. 

Each disk has a hole cut from it.  The holes are identical in size. 

The disks are each rotated about an axis through the center (dotted lines). 

9a) Which disk has the larger moment of inertia?  Circle the best answer. 

}Q ¡ }� }Q = }� }Q ¢ }� 
Impossible to determine 

without more information 

 

9b) Which plate’s center of mass position is closer to the axis?  Circle the best answer. 

Plate 1 Plate 2 Same 
Impossible to determine 

without more information 

 

 

 

Agent Z was playing basketball.  Z jumped in the air.  During her return to earth, while descending, Z shot the ball 

in the direction shown.  While shooting the ball, Z exerted force magnitude r©	�n���
 on the ball. 

10a) During the shot, which best describes the acceleration magnitudes involved?  Circle the best answer. 

)��� ¡ )© )��� = )© )��� ¢ )© 
Impossible to determine 

without more information 

 

10b) During the shot, which best describes the force magnitudes involved?  Circle the best answer. 

r����n	©
¡ r©	�n���

 r����n	©
= r©	�n���

 r����n	©
¢ r©	�n���

 Impossible to determine 

without more information 

 

10c) During the shot, which best describes the magnitudes of momentum changes involved?  Circle the best answer. 

Δ���� ¡ Δ�© Δ���� = Δ�© Δ���� ¢ Δ�© 
Impossible to determine 

without more information 

 

 

A thin square plate has a pivot point mounted at the midpoint of its left side (black dot). 

Five forces of equal magnitude are applied to the plate as shown. 

**11) Rank the torque magnitudes (from smallest to largest) based on the pivot point shown. 

Clearly indicate any ties.  

 

 

 

 

 

Plate 1 Plate 2 

r£Q 

rd£2 rd£3 

rd£4 rd£5 



A disk rotates in the $a-plane.  The angular velocity of a disk is given as 

p = −6.78" + 12.00"� 

Here p & " are in standard units for rotational kinematics. 

The initial angular position of the disk is 1.00	rad. 

12a) Determine the units assume for the constant 12.00. 

12b) Determine the angular position as a function of time. 

You may leave off units for this answer to reduce clutter. 

12c) Determine the angular acceleration as a function of time. 

You may leave off units for this answer to reduce clutter. 

***12d) What is the minimum angular velocity of the disk? 

  

12a  

12b  

12c  

12d  



Two hovercrafts are observed from above as they travel over a level surface. 

Hovercraft 1 has mass s is initially moving due east at speed ]. 

Hovercraft 2 has mass 
�
�  and approaches at the angle shown. 

The hovercrafts experience a perfectly inelastic collision at the origin. 

After the collision, both hovercrafts travel due north. 

****13) Determine the initial speed of the hovercraft 2. 

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

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Based on the coordinate system shown, a rod has non-uniform linear mass density  

ª = 12$� 

The left end of the rod is distance � from the origin; the rod has length 3�. 

*14a) What units are assumed on the number 12? 

 ****14b) Determine the center of mass position of the rod.   

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

 

  

13  

14a  

14b  

� 

� 



A block mass s is supported on a frictionless incline at angle e.   

A massless, inextensible string connects the block to a pulley.   

The pulley is a solid sphere of mass s & radius � with grooves.  

The grooves allow strings to attach to the pulley at any radius.   

The grooves do not appreciably affect the sphere’s mass. 

In this case, the string connects to the pulley at radius 
«
�.   

The system is released from rest. 

Assume the string does not slip on the pulley.   

Assume axle friction is negligible. 

 

*******15) Determine the angular acceleration of the 

pulley while still attached to the block. 

 

 
15  

e 


