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Blocks 1 & 2 have masses sQ = 1.00	kg & s� = 2.00	kg respectively. A zombie pushes 

horizontally on block 1 across a level surface.  Assume friction is negligible between each 

block and the floor.  Block 1 exerts a normal force on block 2 with magnitude wQ�n�.  Block 2 

exerts a normal force on block 1 with magnitude w��nQ.   

 

1a) If the blocks move to the right at constant speed, which normal force has larger magnitude?   

Circle the best answer. 

wQ�n� � w��nQ wQ�n� � w��nQ wQ�n� = w��nQ 
Impossible to determine 

without more information 

 

1b) If the blocks move to the right and speed up with constant acceleration (assume )� � 0�, which normal force 

has larger magnitude?  Circle the best answer. 

wQ�n� � w��nQ wQ�n� � w��nQ wQ�n� = w��nQ 
Impossible to determine 

without more information 

 

 

 

Now consider what happens when a third block of mass s� = 3.00	kg is placed between 

the same blocks 1 & 2.  In this scenario, block 1 exerts a normal force on block 3 with 

magnitude wQ�n�.  Block 2 exerts a normal force on block 3 with magnitude w��n�.  You 

may still assume friction is negligible between each block and the floor. 

2a) If the blocks move to the right at constant speed, which normal force has larger magnitude?   

Circle the best answer. 

wQ�n� � w��n� wQ�n� � w��n� wQ�n� = w��n� 
Impossible to determine 

without more information 

 

2b) If the blocks move to the right and speed up with constant acceleration (assume )� � 0�, which normal force 

has larger magnitude?  Circle the best answer. 

wQ�n� � w��n� wQ�n� � w��n� wQ�n� = w��n� 
Impossible to determine 

without more information 

 

**2c) In the above scenario consider the forces acting on block 3.  In particular, consider the weight force acting on 

block 3.  If we call the weight force acting on block 3 the “action” force, what is the associated “reaction” force?  

Said another way, what is the other half of the action-reaction pair?  Answer by filling in the blanks below.  Expect 

all points or none on this one. 

 

________________ exerts a ___________________ force acting _________________ on ________________.           
object exerting force                                    type of force                                                     direction of force                  object experiencing force 

1 2 

1 3 2 



A block of mass s is supported on a level floor.  The block compresses a light 

spring (attached to the wall) distance $.  The coefficients of friction between the 

block and the floor are v�	&	v�. 

**3a) What minimum spring constant (��#n) is required for the block to move 

upon being released from rest? 

***3b) Assume our spring constant is ��#n.  How far does the block travel before 

once again coming to rest?  Answer in terms of �,  ¡	&	 ¢. 

 

  

 

3a  

3b  

$ 

Block initially at rest 

Friction along 

entire path 

$ 

Block loses contact with spring 

How far from initial to 

final position? 

Block again comes to rest 



 

A conservative force rb is the only force acting on a particle as it moves in 

one dimension (along the $-axis).  The potential energy associated with this 

force is  

y�$� = yU +	
1

2
o$� − £$� 

where yU, o	&	£ are positive constants. 

4a) Determine the units assumed on the constant £. 

***4b) Determine an algebraic expression for the force associated with this 

potential energy equation. 

**4c) List all possible equilibrium points associated with this force. 

***4d) A particle starts at the origin moving to the left with speed ]U. 

Determine speed of the particle after it travels a small distance � to the left. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4e) Your force equation should have one term with o & one term with £.  Assume the numerical values of o	&	£ are 

on the same order of magnitude (about the same size).  Which term dominates at small distances from the origin?  

Circle the best answer. 

 

 

 
  

4a  

4b  

4c  

4d  

4e At bottom of the page. 

Impossible to determine 

without more info 
Both contribute equally Term with o Term with £ 



A block of mass 3s is travelling down an incline of angle e.  The 3s mass includes a 

rocket thruster producing constant thrust force z (parallel to the incline).  There is 

negligible friction between ¤¥ and the incline.  A block of mass s is pressing up 

against 3s and the two blocks are moving in unison.   

****5a) Somewhere on this page, correctly draw an appropriate set of FBDs and list force 

equations.  Include a coordinate system on each FBD or risk zero partial credit. 

**5b) Determine the acceleration (magnitude) of 3s in terms of s, !, z		&		e. 

**5c) What minimum coefficient of friction is required to prevent s from moving relative 

to block 3s?  To be clear, block s is moving down the plane relative to the earth. 

 5d) At bottom of the page. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

5d) Assume you are able to correctly determine the minimum coefficient is some value v�#n.  Suppose the actual 

coefficient of friction between the blocks is larger than the minimum value.  Assume all other parameters (thrust, 

masses, and angle) remain constant.  How does this affect the FBD’s and force equations?  Circle the best answer. 

t increases t stays the same t decreases 
s slips relative to 3s. 

Use t = v�w. 

5a I’ll look at your work… 

5b  

5c  

5d See bottom of page… 

e 

s 3s 



A particle moving in the $-direction is subjected to a conservative force.  

This conservative force is the only particle acting on the particle.  A plot 

of potential energy versus horizontal position associated with this force 

is shown at right.  The particle is initially at $ = +10.0	nm and is 

travelling to the left.  The particle is just barely able to reach $ =

−10.0	nm. 

6a) In which region(s) of space will force act to the left on the particle?  

The form of your answer might look like “At the origin” or perhaps 

“Between $ = −2.0	nm and $ = +6.0	nm”. 

 

 

 

 

6b) In which region(s) is force magnitude the largest?  

 

 

 

 

6c) What minimum initial kinetic energy is required for the block to travel from $ = +10.0	nm to $ = −10.0	nm?  

Notice I asked for minimum kinetic energy…not minimum speed. 

 

 

 

 

 

**7) Two blocks are sitting on two different inclines.  An ideal string 

attaches the blocks to each other over a pulley with negligible axle friction.  

There is negligible friction acting on the blocks.  The masses sQ&	s� are 

known as is angle e.  What value of ¦ causes this system to be in 

equilibrium?  No partial credit on this one. 
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A mass is attached to the ceiling forming a conical pendulum as shown in case 1.  The mass travels 

is a horizontal circle in a plane parallel to the floor.  The length is adjusted until the orbit lies in a 

plane distance � = 0.555	m below the ceiling.  The diameter of the mass is negligible (compared 

to the length of the string).  The angle from the vertical is e = 22.2°. 

****8a) Determine the period of the orbit (with units rounded to 3 sig figs).  Tip: it will probably 

save you time on parts b & c if you first derive the result algebraically.  That said, do whatever 

works for you. 

8b&c) Questions at bottom of page. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

8b) Suppose we wanted to use a larger mass but keep �	&	e unchanged.  How would we need to change the period 

of oscillation?  Circle the best answer. 

Increase § Keep § the same Decrease § 
Impossible to determine without 

more info 

 

8c) Suppose we wanted to use a longer string but keep �	unchanged (e does change).  How would we need to 

change the period of oscillation?  Circle the best answer. 

Increase § Keep § the same Decrease § 
Impossible to determine without 

more info 

 

 

8a  

e 

� 

Case 1 



A block of mass s = 0.222	kg is initially at rest at the bottom of a vertically oriented 

circular loop of radius _ = 0.888	m.  The block is kicked to give it some initial speed.  The 

block slides with negligible friction.  At the instant the ball reaches e = 44.4° angle it is 

moving with speed ] = 3.33
¨

©
.  This is the instant shown in the figure (not to scale). 

9a) For the instant shown, does the block have radial acceleration component? 

Impossible to determine 

without more info 
No Yes, pointing +_̂ Yes, pointing −_̂ 

9b) For the instant shown, does the block have a tangential acceleration component?  

Circle the best answer. 

 

9c) Which statement best describes the work done by gravity on the block as it travelled from the bottom of the 

circle to the position shown?  Circle the best answer. 

Gravity did  

positive work. 

Gravity did  

zero work. 

Gravity did 

 negative work. 

Impossible to determine 

without more info 

9d) Which statement best describes the work done by the normal force on the block as it travelled from the bottom 

of the circle to the position shown?  Circle the best answer. 

Normal force did 

positive work. 

Normal force did  

zero work. 

Normal force did 

 negative work. 

Impossible to determine 

without more info 

 

Indicate if you use scratch paper.  Clearly label all scratch work. 

****9e) Draw a correct FBD and list force equations for the block for the 

instant shown in the figure. 

**9f) Determine normal force (magnitude) for the instant shown. 

***9g) Determine the initial speed of the block (just after the initial kick). 

 

  

Yes; it points in the same 

direction as velocity. 

Yes; it points opposite the 

direction of velocity. 

No tangential component 

of acceleration. 

Impossible to determine 

without more info 

9e I’ll for your FBD & Force equations 

9f  

9g  



**Extra Credit: For the instant shown in problem 9, write the total acceleration vector in Cartesian form.  Expect 

very little partial credit.  This is time consuming for only two points.  I recommend you focus on regular credit first. 
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