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Fall, 2013 

 

	


__________________________________________________________________ 

•  No calculators are allowed in the test.  
•  Be sure to put a box around your final answers and clearly indicate your work to your 

grader. 
•  All work must be shown to get credit for the answer marked. If the answer 

marked does not obviously follow from the shown work, even if the answer is 
correct, you will not get credit for the answer.  

•  Clearly erase any unwanted marks. No credit will be given if we can’t figure out 
which answer you are choosing, or which answer you want us to consider. 

•  Partial credit can be given only if your work is clearly explained and labeled. Partial 
credit will be given if you explain which law you use for solving the problem. 

 
Put your initials here after reading the above instructions:  
 

 
Name:______________________ 
Signature:____________________ 
E-mail:______________________ 
Section Number: _____________ 

For grader use only: 
 

Problem 1 (20) ___________ 
Problem 2 (15) ___________ 
Problem 3 (15) ___________ 
Problem 4 (15)___________ 
Problem 5 (18) ___________ 
Problem 6 (15)___________ 
Problem 7 (7)___________ 
 
Total (105) ___________ 



Problem 1: (20 points) 

A skier with mass m starts from rest at the top of the frictionless ski slope H meters high. He immediately 
loses control over his skis and goes straight downhill. Fortunately, at the bottom of the slope he enters an 
upward ramp of constant slope angle α. The ramp has a soft snow surface with a coefficient of friction  µ.    
 
a)  What is the distance, D, that the skier moves up the ramp before coming to a halt?  
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b) Find this distance D if the coefficient of friction is given by                         where c is a known constant 
and x is counted from the bottom of the  ramp along its surface. Stop when you have one equation for one 
unknown. Don’t solve it. 

D=? 



A neutron of mass mn moving with kinetic energy Kn hits a plutonium  nucleus of mass M that 
was initially at rest. As a result of collision, the plutonium nucleus absorbs the neutron and 
decays into two fragments of masses M1 and M2 flying at the angles θ1 and θ2 with respect to 
the direction of motion of the incoming neutron.  
a) In the box below write the system of equations that can be solved to find the magnitudes of 
the velocities of the fragments. 

Problem 2: (15 points) 

b) Find the magnitudes of the velocities of the fragments. 



A  mouse of mass m0 is sitting on the block of mass m which is attached to a spring of spring 
constant k. At time moment t = 0 the mouse jumps off the block with the velocity v0 directed 
to the left. There is no friction between the block and the table.  
a) Find the position of the block as a function of time after the jump. 
 

Problem 3 (15 points) 

x x = 0 

b) How long will it take for the block to return to the equilibrium position x = 0? 
 

c) Find the total mechanical energy of the block after the jump. Show that it does not depend 
on time. 



 Two blocks of masses m1 and m2 are connected by a massless unstretchable string over a pulley in 
the shape of a solid disk of radius R and moment of inertia I around its axis. At t = 0 the blocks start 
moving on a fixed wedge of angle θ, with block m2 sliding down. Assume that the pulley rotates 
without friction and there is no slipping of the string. The coefficient of friction between the blocks 
and the surface is µ for both blocks.  

 a) In the box below write the system of equations that can be solved to find the acceleration of the 
two blocks. 

m1 
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Problem 4: (15 points) 

 b) Neglect friction. Find the acceleration of the two blocks. 



Two blocks of masses m1 and m2 are placed as shown. There is coefficient of friction µ between all 
surfaces. A force F is applied to block 2 at an angle θ to the surface as shown. 
a)  Draw the free-body diagram for both blocks. 

Problem 5: (18 points) 

c) Now assume that the force has a known magnitude F < Fmax. In the box below write the system of 
equations that can be solved to find the acceleration of the blocks and forces of friction between all 
surfaces. 

b) What is the maximum magnitude Fmax of the force at which the two blocks still move together with 
the same acceleration? 



A disk-shaped merry-go-round has radius R and moment of inertia I about a vertical axle through its 
center, and it turns with negligible friction. A child of mass m jumps on the edge of the merry-go-round 
with horizontal velocity of magnitude v0, directed as shown. The merry-go-round was initially at rest. 
 
a) Find the magnitude and direction of the angular velocity of the merry-go-round after the child jumps 
on it. 

Problem 6: (15 points) 

 
b) Now assume that as the merry–go-round rotates it experiences a friction force, which creates a 
torque equal to τ0  with respect to the vertical axis of rotation. How much time will it take for the 
merry-go-round to come to a full stop after the jump? 
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Problem 7: (7 points) 

The motion of a small object of mass m is observed in the region along the x axis between x = 0 and x = L. 
The kinetic energy is measured and found to vary with its position according to                           
 
 
 
where        is a known constant. Assuming that only a conservative force acts on the object, what is the 
force?  

€ 

KE(x) = K0(1−
x 2

L2
)

€ 

K0



  

€ 

W =
! 
F total ⋅! 

r 1

! 
r 2

∫ d! r =
mVfinal

2

2
−

mVinitial
2

2

€ 

ar =
d2r
dt 2

− rω 2; aθ = 2 dr
dt
ω + rα

ω =
dθ
dt
; α =

dω
dt

ω
θ

θ r
dt
drV

dt
drVr === ;

  

€ 

d
! 
L tot

dt
=
! 
τ ext;

! 
L = ! r × ! p 

! 
τ =
! r ×
! 
F 

2);( i
i

irmIrhrIL ∑== ω
!

)(rhrI
dt
Ld tot

ext ατ ==

!
!

y
UF

x
UF yx ∂

∂
−=

∂

∂
−= ;

extFdt
pd !!
=

  

€ 

W non−conservative = [U(! r 2) +
mV2

2

2
] − [U(! r 1) +

mV1
2

2
]


