
161 Spring 2018 Exam 2 Version A  Name:_________________________________________ 

No cell phones or electronic devices (except scientific calculators). 
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***0) A spreadsheet is used to compute a formula.  A 

screenshot of the data table is shown at right.  A scientist 

determines a formula for s� as 

s� = sQ
s� cos e − v�s� 

The scientist wants to code this formula into cell D6 then fill 

down to cell D15.  Note: the scientist also wants the formula to 

correctly reference the constants listed in the 3rd row. 

 

What must the scientist type in cell D6 before she uses fill 

down? 
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A force of magnitude r = 32.3	N is applied to a block of mass s at angle e = 35.0° 
as shown in the figure.  A second block is connected to the first by an inelastic string 

of negligible mass.  The coefficients of static and kinetic friction between all surfaces 

are negligible.  The magnitude of tension in the string connecting the blocks is 8.08	N.   

******1) Determine the mass of the second block.  Answer as a number with three sig 

figs times s. 
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A block is held motionless against an angled surface using a horizontal applied force.  The angle of 

the wall from the vertical is e = 12.34°.  The coefficients of static and kinetic friction between the 

wall and the block are v� = 0.800 & v� = 0.600.   

******2) Determine the magnitude of the minimum applied force required to keep the block from 

slipping down the wall.  Answer as a number with 3 sig figs times s!. 
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A particle of mass s = 4.00 × 10P�Y	kg moves in one dimension while subjected 

to a conservative force.  A plot of potential energy versus position for a particle is 

shown above.  Initially located at $ = 8.00	nm, the particle is initially moving 

left.  Assume the particle is able to reach $ = −8.00	nm. 

***3a) What minimum initial speed is required for the particle in question to 

travel from $ = 8.00	nm to $ = −8.00	nm?  Answer in m/s with scientific 

notation. 

**3b) Estimate the magnitude of the maximum force acting on the particle as it 

travels from $ = 8.00	nm to $ = −8.00	nm?  Answer in N with scientific 

notation. 

*3c) At what locations, if any, will the particle experience a force directed to the 

right? 
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Figure not to scale for this problem.  A roller coaster cart slides with negligible 

friction along a track.  The cart starts with negligible initial speed an unknown distance 

ℎ above the ground.  It passes over a hill of known radius _. At the top of the hill we 

want to design the system such that riders experience a normal force equal to 1/8th of 

their weight.  After passing over the hill the cart must impact a spring of constant ~ and 

stop in maximum distance $.  The magnitude of that acceleration due to gravity is !. 

**4a) Determine the speed of the block as it passes over the top of the hill. 

**4b) Determine the initial height. 

**4b) Determine the largest possible mass which may be used with this spring. 

  

4a  

4b  

4c  

ℎ =? � 



A conical pendulum is essentially a ball on the end of a string which is set into uniform 

circular motion in a horizontal plane.  Assume radius of circular motion is _, the period of 

the circular orbit is � and ball mass is s.  The magnitude of acceleration due to gravity is !.  

Note: you may assume the size of the ball is negligible compared to the length of the string. 

*****5a) Determine the angle of this conical pendulum.   Simplify your answer for full 

credit.  Note: the angle I’m talking about is indicated by the ∗ in the figure. 

*5b) Skip unless you have extra time; it may be time consuming for only 1 pnt.  

Determine the length � of the string without referencing trig functions (or inverse trig 

functions).  Your final answer should look like = _�1 + ?
? . 
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A spaceship of mass 88.8	kg is initially at rest in deep space.  It is very far from all 

celestial bodies and, as such, not forces act on it.  A thruster is turned on which 

exerts a constant net force with magnitude 2.22	kN.  After the spaceship reaches 

speed 3.33 �
   the thruster is turned off.  Note: the spaceship was designed to carry 

away evidence of the steroids used by a curling team sent to Korea from Russia. 

**6a) How far does the ship travel while the thruster is on? 

*6b) What is the instantaneous power output of the thruster at the instant it 

reaches top speed (just before the thruster turns off)? 

**6c) What is the average power output of the thruster? 
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A truck’s engine dies on a flat road.  The truck shifts into neutral and 

a small car is used to push the truck across a level section of 

roadway.  At first both cars are touching but at rest.  Then the car 

accelerates for a short period of time (pushing the truck along with 

it).  Then the car pushes the truck at constant speed.  You may 

assume the car has less mass than the truck.  You may assume any 

compression of the vehicle bumpers is negligible. 

7a) While the car is accelerating, which of the following statements is true?  Circle the best answer. 

Car exerts more force on 

truck than truck exerts on 

car. 

Truck exerts more force 

on car than car exerts on 

truck. 

Car and truck exert equal 

forces on each other. 

None of the other 

statements is true. 

 

7b) While the car is pushing with constant speed, which of the following statements is true?  Circle the best answer. 

Car exerts more force on 

truck than truck exerts on 

car. 

Truck exerts more force 

on car than car exerts on 

truck. 

Car and truck exert equal 

forces on each other. 

None of the other 

statements is true. 

 

 

A zombie stands on a box in an elevator that is moving downwards with decreasing speed.  Assume 

the magnitude of the normal force between box and zombie is wQ� and the zombie weight has 

magnitude s!. 

 

8a) What forces, if any, do positive work on the zombie?  Circle the best answer. 

normal force between 

box and zombie  
zombie weight 

Both forces do 

positive work 

Neither force does 

positive work 

 

8b) What forces, if any, do negative work on the zombie?  Circle the best answer. 

normal force between 

box and zombie  
zombie weight  

Both forces do 

negative work 

Neither force does 

negative work 

 

8c) Ignoring any ± signs, which force does more work on the zombie?  Circle the best answer. 

Normal force does more 

work than weight 

Weight does more work 

than normal force 

Both forces do 

same work 

Impossible to determine 

without more information 

 

**8d) When discussing Newton’s 3rd law, we often discuss action-reaction pairs as discussed in lecture and the 

notes.  If we consider the zombie weight force as the “action”, what is the “reaction” force?  Answer by stating 1) 

the object exerting the force, 2) the type of force (frictional, normal, gravitational, etc), 3) the direction of the force, 

and 4) the object experiencing the force.  In other words, explain the reaction force by filling in the blanks in the 

following sentence if you expect to receive credit. 

 

 

 

The _______________ exerts a ___________________ force directed _______________ on the_______________. 

  



Some of these extra credit pars seem straightforward but most are subtle/tricky/long.  Focus on regular credit 

first.  Only when you are completely satisfied with the rest of the exam should you try these… 

*Extra Credit 1: In problem 2 suppose we apply twice the minimum force.  Which of the following increase: 

normal force, max possible frictional force, actual friction force, component of weight parallel to the wall? 

**Extra credit2: Beware, this subtle and tricky.  Think about it after the test for fun and it may drive you batty!  I 

spent nearly 30 minutes thinking about it.  Focus on regular credit and do this only if you have extra time.   

In problem 1 we saw a scenario I will call a block-chain.  A zombie pulls on a lead block which is tied to a 2nd block 

using a massless inextensible string.  We’ve done a couple of these problems in the homework as well.  In all the 

problems in the homework and on this exam you may have noticed the tension between the blocks is smaller than 

the force applied by the zombie to the lead block in the block chain whenever the block chain accelerates to the right 

(lead block accelerates away from 2nd block).   

Must this always be true while lead block is accelerating in direction opposite the 2nd block regardless of angles, 

coefficients of friction, & block masses?  Is there ever a scenario where the tension between the blocks is actually 

larger than the force the zombie applies to the lead block?   

If always true, clearly explain why it must always be true?   

If NOT always true, provide a single counter-example complete with FBDs and force equations (with numbers).  

Assume the zombie applies a force of magnitude r while the tension between the strings is x.  To prove your result, 

show the ratio 
¡
¢ is a number larger than one.  Note: your solution must be physically reasonable (something that 

could in theory be built and tested if money was no issue). 

 

***Extra credit 3: An engineer is trying to develop a model to help her compute the force acting on a bullet in the 

barrel of various guns.  To keep things simple, she assumes the force acting on the gun in the barrel is modelled by 

the force equation 

r� = ~$ 

where ~ is a constant, & is some power (not necessarily an integer), and $ is the distance traveled by the bullet in the 

barrel of the gun.  In one gun she determines the muzzle velocity is 175 �
   when barrel length is 10.0	cm.  On a 

second gun she finds muzzle velocity is 225 �
   when the barrel length is 12.5	cm.  FYI – the numbers here are low 

but are in the realm of possibility.  Use the model to predict the barrel length required for the bullet to go supersonic 

(say  340 �
  ).   

• Note: This model is terrible, but it would probably give you at least an approximate barrel length for 

producing a supersonic bullet.   

• Note: if you changed cartridges (or, to a lesser extent, barrel types) the model parameters would need to be 

re-evaluated.  
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