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Part I:  Free Response Problems 
 The three problems below are worth 88 points total and each subpart is worth 8 

points each.  Please show all work in order to receive partial credit.  If your 
solutions are illegible or illogical no credit will be given.  A number with no work 
shown (even if correct) will be given no credit. Please use the back of the page if 
necessary, but number the problem you are working on. 

 
1. Consider the arrangement of blocks shown below.  Block #1 has a mass m1 = 2kg, 

block #2 has a mass of m2 = 4kg.  A massless string that passes over a massless, 
frictionless pulley connects blocks #1 and #2 to each other.  There is friction on the 
surfaces that both block are sitting on, with coefficient of friction µk= 0.2 and the 
angle of inclination for the inclined plane is θ = 25o. 

 
 

a. What is the magnitude of the acceleration of m2 
down the incline? 

 
 

 
 
 
 
 
 
 
 
 
 
 
 

b. Using the acceleration you calculated in part a, what is the speed of m2 if the 
system is released from rest and m2 travels a distance of d = 1m along the ramp 
from its release point to the bottom of the ramp? 

 

€ 

vv
2 = vi

2 + 2aΔx→ v f = 2aΔx = 2 × 0.92 m
s2
×1m =1.36 m

s  
 

c. Redo part b, but his time use energy methods to calculate the speed of m2. 
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m1 

m2 

€ 

m1 :

Fx :  FT − FFr1 = FT − µ kFN1 =∑ FT − µ km1g = m1a

Fy :  FN1− FW1 = FN1−∑ m1g = 0 → FN1 = m1g

m2 :

Fx :  − FT − FFr1 + FW2x = −FT − µ kFN 2 +m2gsinθ =∑ − FT − µ km2gcosθ +m2gsinθ = m2a

Fy :  FN 2 − FW 2y = FN 2 −∑ m2gcosθ = 0 → FN 2 = m2gcosθ

⇒−µ km1g− µ km2gcosθ +m2gsinθ = m1a +m2a

∴a =
−µ km1g− µ km2gcosθ +m2gsinθ

m1 +m2

a =
−0.2× 2kg( ) − 0.2× 4kg× cos25( ) + 4kg× sin 25( )( ) × 9.8 m

s2

6kg
= 0.92 m

s2

€ 

ΔKE+ ΔUg + ΔUs = ΔKE1+ ΔKE2 + ΔUg1+ ΔUg2 = ΔE
1
2m1v1f

2 − 0( ) + 1
2m2v2f

2 − 0( ) + m2gy2f − m2gy2i( ) = −Ffr1d − Ffr 2d
1
2 m1+m2( )vf2 − m2gd sinθ = − m1g+m2gcosθ( )d

vf =
2 m2gd sinθ − m1g+m2gcosθ( )d( )

m1+m2

vf =
2× 9.8 m

s2
×1m× 4kg× sin 25− 2kg+ 4kg× cos25( )( )

6kg
= 1.36 m

s



2.   When an airplane (flying in level flight as shown in figure #1) needs to turn, the plane 
must bank (as shown in figure #2.)  While in level flight, the weight of the aircraft is 
balanced by an upward force called the lift and is the sum of the lifting forces due to each 
wing (each wing produces ½ of the total lifting force, FLift) and is always perpendicular to 
the wings.  The net lift when in flight can be considered to act at the center of the 
airplane.  

 
 
 
 
 
 
 
 
 
 
 
 

a. On figure #2, using the coordinate system shown, draw the forces that act on the 
airplane while it is banking.  In addition, suppose air friction is negligible and that 
the airplane is banking such that the wings tip from the horizontal by an angle θ.  
From your force diagram what force (or forces) create the centripetal acceleration 
of that plane?  How much of this force (or these forces) contribute to the 
centripetal acceleration? 

 
The horizontal component of the lift force (

€ 

FL sinθ )creates the centripetal 
acceleration. 

 
b. If the plane banks at an angle of θ = 20o and makes one complete turn around a 

horizontal circle in the sky of radius R at a constant speed of v = 166 m/s (~332 
mi/hr), what is the diameter of the planes circular orbit?  (The plane here is a fully 
loaded Boeing 737-800 with a mass of 70,535kg (~155,000lbs).)  Express your 
answer in miles, where 1mile = 1600m. 

 

 

€ 

Fx :   FL sinθ =
mv 2

R∑

Fy :   FL cosθ −mg = 0→ FL =
mg

cosθ∑

∴R =
mv 2

FL sinθ
=
mv 2 cosθ
mgsinθ

=
v 2

gtanθ
=

166 m
s( )2

9.8 m
s2 tan20

= 7726m ×
1mi

1600m
= 4.8mi
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θ 
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c. How much work is done by the force (or forces) responsible for the centripetal 
acceleration in part a, if the airplane makes one complete turn? 

 
 Since the horizontal component of the lift force is perpendicular to the 

displacement of the plane, no work is done.  Further, since the plane flies at a 
constant, speed, there is no change in KE, so again no work is done. 

 
 
d. What would happen to the force of lift and the diameter of the airplanes orbit 

(assuming all other quantities else remain constant) if the value of the acceleration 
due to gravity, g were a factor of 2 smaller? 

 
 

Using the expressions in part b, we see that given everything else being equal, the 
lift force would decrease by a factor of 2 if g were a factor of 2 smaller.  In 
addition, the turn radius would increase by a factor of 2 if g were to decrease. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



3. Consider the amusement park thrill ride shown below.  The cart has a mass of mcart = 
200kg and 6 people at a time can ride.  Assume that the average mass of a rider is 
mrider = 70kg, that the two springs in the ride have spring constants k1 = 3247N/m and 
k2 = 7261 N/m respectively, the ride starts out horizontal and is 25m above the 
ground.  The cart and riders go down over the hill and around the loop-the-loop (of 
radius R = 10m) and strike the second spring, which brings the cart and riders to rest. 

 
 

 
 
 

a. If the spring with spring constant k1 is compressed by an amount 1.76m from its 
equilibrium (or relaxed) length, how fast is the cart and its full complement of 
riders going at point A if the car starts from rest and the track is considered 
frictionless? 
 

€ 

ΔKE + ΔUg + ΔUs = ΔE = 0
1
2mtotalvA

2 − 0( ) + 0 − 1
2 k1xi

2( ) = 0

vA =
k

mtotal

xi =
k

mcart + 6mriders

xi =
3247 N

m

620kg
×1.76m = 4.0 m

s

 

 
b. How fast is the cart traveling at point B, if point B is located above ground level at 

an amount 75% of the diameter of the circular loop? 
 

€ 

ΔKE + ΔUg + ΔUs = ΔE = 0
1
2mtotalvB

2 − 1
2mtotalvA

2( ) + mtotalgy f −mtotalgyi( ) = 0

vB = vA
2 + 2g yi − y f( ) = 4 m

s( )2 + 2 × 9.8 m
s2
× 25m − 0.75 × 20m( )( ) =14.6 m

s

 

 
c. If the cart strikes spring k2 at the other end of the ride, initially at its relaxed 

length, how much work is done by the spring in bringing the cart and riders to 
rest? 
 

€ 

W = ΔKE = 0 − 1
2 mtotalvi

2( ) = − 1
2 mtotalvi

2 = − 1
2 × 620kg× 22.5 m

s( )2
= −156860J

where, vbottom  before the spring :ΔKE + ΔUg = 1
2 mtotalvbottom

2 − 1
2 mtotalvA

2( ) + 0 −mgyA( ) = 0

→ vbottom = vA
2 + 2gyA = 4 m

s( )2
+ 2 × 9.8 m

s2 × 25m = 22.5 m
s

 

 
d. How much is the spring k2 compressed when the cart and riders come to rest? 

   

€ 

Wk2 = −ΔUs = − 1
2 k2x f

2 − 0( )→ x f =
2Wk2

k2
=

2 ×156860J
7261 Nm

= 6.6m  

k1 

k2 

mtotal 

 A 

B 



Part II:  Multiple-Choice         
Circle your best answer to each question.  Any other marks will not be given credit. Each 
multiple-choice question is worth 3 points for a total of 12 points. 
 
1.   A spring of force constant k is stretched a certain distance. It takes twice as much 

work to stretch a second spring by half this distance. The force constant of the second 
spring is 
 
a. k   b. 2k    c. 4k    d. 8k 

 
 
 
 
 
 
 
 
 
 
2.  A block of mass m sliding down an incline at constant speed is initially at a height h 

above the ground.  The coefficient of friction between the mass and the incline is µ.  
If the mass continues to slide down the ramp at constant speed, how much energy is 
dissipated by friction by the time the mass reaches the bottom of the incline? 

 

a.  

€ 

mgh
µ

     

b.  

€ 

mgh    

c.   

€ 

µmgh
sinθ

    

d.  

€ 

mgh sinθ  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

h 

m 

θ 



3.   Consider a ball of mass m connected to a spring of stiffness k.  If the free end of the 
spring is rotated in a horizontal circle of radius R at a constant rate so that the ball has 
a constant speed v, the centripetal force is  

  

 a.  constant and given by 

€ 

mv 2

R
= kx . 

 b.  zero because all of the forces are balanced. 

c. not constant and is given by 

€ 

mv 2

R
= kx . 

d. unable to be determined since the time it takes the ball to complete one orbit is not 
known. 

  
 
 
 
 
 
 
 
 
 
4.   Suppose that you hang a spring of stiffness k from the ceiling and you hang a mass m 

on the other end of the spring and you watch as the mass stretches the spring and then 
comes to rest.  Taking the position of the mass at this location as the equilibrium 
position, you then grab a hold of the mass and pull it down by an amount A measured 
from the equilibrium position (where the mass was hanging at rest) and release the 
mass from rest.  You measure the time it takes for the mass to comeplete one 
comeplete oscillation and the resultant motion of the mass on the spring has a period 
T1.  You then repeat this same experiment (with the same spring and the same 
suspended mass) but this time you pull the mass down from its equilibrium position 

by an amount 

€ 

A
2

 and again release it from rest.  The period T2 of the masses 

oscillation is given by  
 

a. 

€ 

T2 =
T1
2

. 

b. 

€ 

T2 = 2T1. 
c. 

€ 

T2 = T1. 

d. 

€ 

T2 =
T1
2

. 

 
 
 
 
 
 



€ 

ω = 2πf =
2π
T

TS = 2π m
k

TP = 2π l
g

v = ±
k
m
A 1− x 2

A2
 

 
 

 

 
 

1
2

x t( ) = Asin 2πt
T( )

v t( ) = A k
m
cos 2πt

T( )

a t( ) = −A k
m
sin 2πt

T( )

v = fλ =
FT
µ

fn = nf1 = n v
2L

I = 2π 2 f 2ρvA2

€ 

g = 9.8m s2 G = 6.67×10−11 Nm 2

kg2

NA = 6.02×1023 atomsmole kB = 1.38×10−23 J K
σ = 5.67×10−8 W m 2K 4 vsound = 343m s

€ 

v = fλ = (331+ 0.6T) ms

β =10log I
I0
; Io =1×10−12 W

m 2

fn = nf1 = n v
2L
; fn = nf1 = n v

4L

Motion in the r = x, y or z-directions Uniform Circular Motion Geometry /Algebra 

€ 

rf = ri + virt + 1
2 art

2 ar =
v 2

r

v fr = vir + art Fr = mar = m v 2

r

v fr
2 = vir

2 + 2arΔr v =
2πr
T

            FG =G m1m2

r2

  

€ 

Circles Triangles Spheres
C = 2πr A = 1

2 bh A = 4πr2

A = πr2 V = 4
3 πr

3

Quadratic equation : ax 2 + bx + c = 0,

whose solutions are given by : x =
−b ± b2 − 4ac

2a

  

 
Vectors      Useful Constants 

 
 

Linear Momentum/Forces      Work/Energy    Heat 

€ 

p
→

= mv
→

Kt = 1
2 mv

2

p
→

f = p
→

i+ F
→

Δt            Kr = 1
2 Iω

2

F
→

= ma
→

Ug = mgh

Fs
→

= −k x
→

US = 1
2 kx

2

Ff = µFN WT = FdCosθ = ΔET

WR = τθ = ΔER

Wnet =WR +WT = ΔER + ΔET

ΔER + ΔET + ΔUg + ΔUS = 0
ΔER + ΔET + ΔUg + ΔUS = −ΔEdiss

 

€ 

TC = 5
9 TF − 32[ ]

TF = 9
5TC + 32

Lnew = Lold 1+αΔT( )
Anew = Aold 1+ 2αΔT( )
Vnew =Vold 1+ βΔT( ) : β = 3α
PV = NkBT
3
2 kBT = 1

2mv
2

ΔQ = mcΔT

PC =
ΔQ
Δt

=
kA
L
ΔT

PR =
ΔQ
ΔT

= εσAΔT 4

ΔU = ΔQ−ΔW

 

Rotational Motion                 Fluids    Simple Harmonic Motion/Waves 
 
 
      
 
 
 
 
 
 
 
 
 
 
 
 
Sound 
 

 

€ 

magnitude of avector = vx
2 + v 2y

directionof avector→φ = tan−1
vy
vx

 

 
 

 

 
 


