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Question 1: Kyle Hendricks throws a strike with a velocity of 40 m/s. Carlos 
Santana hits the ball solidly and it travels straight back towards the pitcher at 
80 m/s. Assuming the ball has a mass of 0.1 kg and the bat was in contact 
with the ball for 0.1 s, what was the magnitude of the force exerted by the bat 
on the ball during contact?  
 

A. 40 N 
B. 80 N 
C. 12 N 
D. 120 N 
E. 4 N 

 
 
 
Question 2: Ashley is riding in a shopping cart across a parking lot. Together, Ashley and the 
cart have a mass of 80 kg, and they are traveling at 3 m/s. As the cart passes Bill, a 40 kg boy, he 
jumps onto the cart (from a standing position, with zero initial velocity). What is the velocity of 
the cart immediately afterward?  
 

A. 3 m/s 
B. 4 m/s 
C. 2 m/s 
D. 1 m/s 
E. 1.5 m/s 

 
 
 
 
Question 3: Fred is standing on a boat at rest in still water.  Fred has a mass of 100 kg and the 
boat has a mass of 50 kg. Fred takes a running leap and jumps off of the boat with a velocity vxFf 
of +5 m/s. What is the magnitude and sign of the velocity vxBf of the boat in the X direction 
immediately afterward?  
 

A. -5 m/s 
B. -2 m/s 
C. 0 m/s 
D. -3.33 m/s 
E. -10 m/s 

 
 
 



Question 4: Two masses collide, 
with initial velocities as shown. 
Assuming M > m, and no net 
external forces, which of the 
following set of final velocities 
could be correct? Assume all 
velocity vectors are to scale.  
 

A. 1 
B. 2 
C. 3 
D. 4 
E. 5 

 
 
 
 
Question 5: A wheel initially at rest undergoes a uniform angular acceleration of 4 rad/s2 for a 
10 s time interval. What is the total angular displacement of the wheel in this time?  
 

A. 40 rad 
B. 20 rad 
C. 300 rad 
D. 200 rad 
E. 400 rad 

 
 
 
 
Question 6: A bicycle with wheels of 0.1 m radius travels 100 m along a path, its wheels rolling 
without slipping for the entire distance. What is the total angular displacement of each wheel 
during this trip?  
 

A. 10 rad 
B. 200 π rad 
C. 100 rad 
D. 1,000 rad 
E. 100 π rad 
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Question 7: A wheel with an initial angular velocity of 10 rad/s and moment of inertia I = 2 kg 
m2 is acted upon by a constant decelerating torque. Assuming that the wheel undergoes an 
angular displacement of 10 radians before coming to a stop, what is the magnitude of the torque?   
 

A. 1 N m 
B. 2 N m 
C. 5 N m 
D. 10 N m 
E. 100 N m 

 
 
 
Question 8: Melissa, who has a mass of 90 kg, 
stands on a massless plank between two supports 
that are 3 m apart. As shown in the figure at right, 
she stands 2 m from Support 1 and 1 m from 
Support 2. How large is the normal force exerted on 
the plank by Support 1? Assume g = 10 m/s2.  
 

A. 300 N 
B. 600 N 
C. 900 N 
D. 30 N 
E. 60 N 

 
 
 
 
 
Question 9: Three objects roll or slide down a ramp under 
the influence of gravity, all of them with the same mass, 
and all starting from rest at the top of the ramp at the same 
time. The disk and the hoop roll without slipping. The box 
slides with no friction. What is the order of their finish at 
the bottom (winner first)?  
 

A. Hoop, disk, box 
B. Box, disk, hoop 
C. Disk, hoop, box 
D. Box, hoop, disk 
E. Disk, box, hoop 

 

X1	=	2	m	

d	=	3	m	



Question 10: A simple pendulum consisting of a mass M on the end 
of a string swings with amplitude A1. At the maximum displacement 
from equilibrium (point 1 or 5 in figure at right) of the swing, a 
second mass M is added to the end of the string, giving the 
pendulum a total mass of 2M. What is the amplitude A2 of the 
subsequent harmonic motion? 
 

A. A2 = 2A1 
B. A2 = √2A1 
C. A2 = A1 
D. A2 = A1/√2 
E. A2 = A1/2 

 
 
Question 11: A mass m on a spring with spring constant k is in harmonic motion. As the mass 
passes through the equilibrium point, the spring is suddenly made stiffer (the spring constant k is 
increased) without changing the mass or the instantaneous velocity of the mass at that point. 
What happens to the amplitude and frequency of the subsequent harmonic motion?    
 

A. Amplitude increases, frequency increases 
B. Amplitude decreases, frequency increases	 
C. Amplitude stays the same, frequency increases 
D. Amplitude increases, frequency decreases 
E. Amplitude decreases, frequency decreases 

 
 
 
Question 12: A mass m = 2 kg is set oscillating on a spring 
with spring constant k = 8 N/m by giving it an initial velocity 
of 2 m/s, with the spring initially un-stretched (at 
equilibrium). What is the magnitude of the maximum force 
exerted on the mass by the spring during the subsequent 
harmonic motion?  
 

A. 0.5 N 
B. 1 N 
C. 2 N 
D. 4 N 
E. 8 N 

 
 
 

vo	=	2	m/s	



Question 13: A suction cup with area 0.01 m2 is pressed firmly onto a 
window. A force is applied to pull the suction cup straight out from 
the window by hanging a mass from a pulley, as shown in the figure at 
the right.  Assuming perfect suction, how big would the mass have to 
be to pull the suction cup off of the window?  Assume atmospheric 
pressure Patm = 105 Pa and g = 10 m/s2.  
 

A. 10-2 kg 
B. 104 kg 
C. 102 kg 
D. 103 kg 
E. 105 kg 

 
 
 
Question 14: Block A, which has a mass of 2 kg and a 
mass density twice that of water, is suspended from a 
spring scale (D), which initially registers a weight of 20 
N in air. When the block is suspended in the beaker of 
water B (not touching the bottom), what is the new 
reading on the spring scale? Assume g = 10 m/s2. 
 

A. 0 N 
B. 5 N 
C. 10 N 
D. 20 N 
E. 40 N 

 
 
 
Question 15: To what depth D do you have to dive in a lake to double the total pressure exerted 
upon your body? Assume atmospheric pressure Patm = 105 Pa, g = 10 m/s2, and the density of 
water ρ = 1000 kg/m3.  
 

A. D = 1 m 
B. D = 10 m 
C. D = 100 m 
D. D = 1,000 m 
E. D = 10,000 m 

 
 
 

m	

Clicker Question

The block A weighs 2 N (in air) and has a density twice that of 
water.  When immersed in the beaker of water (but not dropped 
to the bottom), the reading on scale E will:

A)  be unchanged

B)  increase by 1 N

C)  increase by 2 N

D) decrease by 1 N

E)  cannot determine



Trigonometry	(For	right	triangle	with	sides	Adjacent,	Opposite,	and	Hypoteneuse):	
Sin(θ)	=	O/H		 	 Cos(θ)	=	A/H		 	 Tan(θ)	=	O/A	 H2	=	O2	+	A2	 Acircle	=	πr2	
Sin(30°)	=	Cos(60°)	=	½		 	Sin(60°)	=	Cos(30°)	= 3/2	~=0.866	 Sin(45°)	=	Cos(45°)	=	 2/2	~0.707	
Sin(0°)	=	Cos(90°)	=	0	 Sin(90°)	=	Cos(0°)	=	1	
	
Moment	of	Inertia	
Point	mass	or	thin-walled	wheel:		 I	=	mr2	 	 	 Solid	cylinder:		 I	=	½	mr2		
Thin	rod	pivoting	around	end:		 I	=	1/3	mr2	 	 Solid	sphere:		 I	=	2/5	mr2	
	
Kinematics:	
𝑣 = ∆!

∆!
	 𝑎 =  ∆!

∆!
	 𝑟(𝑡) = 𝑟! + 𝑣!𝑡 +

!
!
𝑎𝑡!	 𝑣(𝑡)! = 𝑣!! + 2𝑎 ∙ ∆𝑟(𝑡)	

 
Newton’s	Laws:	
𝐹 = 𝑚𝑎	 	 	 𝐹!" = −𝐹!"	

	
Forces:	
𝐹! = 𝑚𝑔	(@	surface)	 𝑓!

!"# = 𝜇!𝐹!		 𝑓! = 𝜇!𝐹!	
𝐹! = 𝑚𝑎! =

!!!

!
	 	 𝐹!"#$%& = −𝑘𝑥	 𝐹!"#$%&' = 𝑚!"#$%_!"#$%&'(!  𝑔	

	
Work	&	Energy:	
𝐾𝐸!"#$% = !

!𝑚𝑣
!	 	 ∆𝐾𝐸 =𝑊!"#	 	 𝑃𝐸! = 𝑚𝑔ℎ	 	 		𝑃𝐸!"#!"# =

!
!
𝑘𝑥!	 		

E	=	KE	+	PE	 	 	 Δ𝐸 =𝑊!" 	 	 𝑊 = 𝐹 ∙ ∆𝑟 = 𝐹 Δr cos𝜃!"# 	
	
Impulse	&	Momentum:	
𝐽 = 𝐹∆𝑡	 𝑝 = 𝑚𝑣	 𝐽 = ∆𝑝	 𝑝! = 𝑝!		(if	Fext=0)					 	

𝑣!" =
𝑚!𝑣!
𝑚!

= 𝑝 /𝑀	

	
Rotational	Motion:	
𝜃 = 𝑠/𝑟	 𝜔 = !!

!
= ∆!

∆!
	 𝛼 = !!

!
= ∆!

∆!
	 	

𝜃 𝑡 = 𝜃! + 𝜔!𝑡 +
!
!
𝛼𝑡!	 	 𝜔(𝑡)! = 𝜔!! + 2𝛼∆𝜃(𝑡)	 	 	

𝜏 = 𝑟𝐹 sin𝜃!" = 𝐹 ∗ 𝑙𝑒𝑣𝑒𝑟 𝑎𝑟𝑚	 𝜏 = 𝐼𝛼	 	 	 𝐿 = 𝑚𝑣𝑟 = 𝐼𝜔		
𝑊!"# = 𝜏∆𝜃	 	 	 	 𝐾𝐸!"# =

!
!
𝐼𝜔!		 	 𝑟!" = !!!!

!!
	

	
Harmonic	Motion:	

𝜔! = 2𝜋𝑓! =
!!
!
= !

!
	 	 𝑥!"# = 𝐴	 𝑣!"# = 𝐴𝜔!	 	 𝑎!"# = 𝐴𝜔!!	

𝜔!_!"#$%&%' =
𝑚𝑔𝑟!"
𝐼

=
𝑔
𝐿

 𝑓𝑜𝑟 𝑠𝑖𝑚𝑝𝑙𝑒 𝑝𝑒𝑛𝑑𝑢𝑙𝑢𝑚 𝑜𝑓 𝑙𝑒𝑛𝑔𝑡ℎ 𝐿	

	
Fluids:		
𝜌 = 𝑚𝑎𝑠𝑠/𝑉𝑜𝑙𝑢𝑚𝑒	 	 𝑃 = 𝐹/𝐴	 	 𝑃! = 𝑃! + 𝜌𝑔𝑑	 𝐹! =𝑊!"#$%_!"#$%&'(! 	
𝜌!𝐴!𝑣! = 𝜌!𝐴!𝑣!	 𝐴!𝑣! =  𝐴!𝑣! (𝑖𝑓 𝜌! = 𝜌!)						𝑃! +

!
!
𝜌𝑣!! + 𝜌𝑔𝑦! = 𝑃! +

!
!
𝜌𝑣!! + 𝜌𝑔𝑦!	


