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Exam II, vers. 0001 - Physics 2010 - Sping, 2009 
 
NAME_______________________________________________________ 
 
Signature_____________________________________________________ 
 
Student ID #__________________________________________________ 
 
Circle  your TAÕs Name: Uriel Nauenberg, Alysia Marino, Gabriel Ycas, Weisen Shen, Chen 
Zhang, Joseph Yelk, Qi Hu 
 
Please write the  DAY/START TIME of your recitation/lab 
section in the box.  Enter Mon/10am, Tues/Noon, etc. 
 
Please do not open the exam until you are told to. 
Your exam should have 10 pages, numbered 1 thru 10. The last sheet is for scratch paper. This exam consists of 
25 questions, worth 4 points each for a total of 100 points. Fill in the bubble sheet with a #2 pencil. 
 
Please fill out your bubble sheet according to the following instructions or you will automatically 
lose 10 points.  Check each box as you complete the instructions. 

 
Please circle your TA's name above and place DAY/START TIME in box. 
 
Print and bubble in your name on the bubble sheet. 
 
Print and bubble in your student Identification Number. 
 
Print and bubble in your Exam version, 0001 or 0002, in the upper left of your bubble sheet in the area 
marked 1234. 

 
Erase mistakes as thoroughly as possible.  Ask for a fresh bubble sheet if you fear you cannot thoroughly 
erase mistakes. 
 
As you take the exam, circle the correct answers on your exam and  mark them on the bubble sheet.  
That way we can grade the exam, if your bubble sheet is lost. 

 
 
Possibly useful information: The magnitude of the acceleration of gravity: g = 9.8 m/s2. ! ~ 3.14.  
G = 6.67 x 10-11Nm2/kg2. 
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1.  A ball is thrown at an angle θ = 45o above the horizontal x-axis near 
the surface of the earth, with an initial speed vo, as shown at right.  If air-
resistance is negligible, which row on the following table identifies the v 
vs. t graphs below that best represent vx vs. t and vy vs. t. 
 
 vx vy 

                -------------------- 
A) 1 4 
B)  2 1 
C) 4 5 
D) 2 5 

E) 2 3 
 

 
 
 
 
 
2. A projectile is fired from ground level at a (non-zero) angle θ 
above the horizontal with an initial speed vo.   What is the correct 
expression for the speed of the projectile at the apex of its 
trajectory? 
 
 

A)   B) v0 cos!  C)   D)  E) zero 
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speed = ? 
 

ThereÕs no acceleration in the x-direction, so vs remains 
unchanged. So, plot #2 represents vx. vy starts out positive 
and is subjected to the negative acceleration of gravity. So, its 
slope is negative and constant. Plot #3 represents vy. 

At apex, all velocity is horizontal. ThereÕs no acceleration in the x-direction, so 
the horizontal velocity at apex is the same as the horizontal component of the 
initial velocity, or B. 
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3. Consider the projectile again in #2. Neglecting air resistance, which of the following expressions 
gives the time when the projectile will reach its apex? 
 

A)  B)   C)
   

v0 sin!

g    D) 
  

v0 cos !

g
  E)  

 
 

0 = v0 sin! " gt   #   t =
v0 sin!
g  

4. A trout swimming up Boulder Creek has to leap over many obstacles. The trout altitude record is a 3 
m high jump. Assuming that in this jump the fish took off at an angle of , what was its speed on 
emerging from the water? Ignore friction. 
 

A) 29.4 m/s  B) 117.6 m/s  C) 10.8 m/s  D) 5.4 m/s E) 7.6 m/s 
 
 

The y-component of the troutÕs initial velocity is vy0 = v0sin! . Because " = 
45¡, sin" = 1/(2)1/2 and sin2"  = 1/2. We can use the following equation for the 
y-component of its velocity to find vo:  

vy
2 = vy0

2   ! 2gy

At apex, vy = 0 :

0 = (vo sin" )2 ! 2gy  #   v0
2 =

2gy
sin2"

= 4gy

v0 = 2 gy = 10.8m/ s

 

 

At apex, the y-component of velocity, vy, is zero. Thus, we can use the 
equation v = vy0 Ð gt:   
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Problems 5 and 6 require the following information. Your mass on the Earth is 24 kg. 
The acceleration of gravity on the Moon is about 1/6 that on Earth. 
 
5. Approximately what would be your mass on the Moon? 
 

A) 144 kg  B) 4 kg  C) 39 kg  D) 24 kg E) 235 kg 
 
 
 
 
 
 
6. Approximately what would be your weight on the Moon? 
 

A) 144 N  B) 4 N   C) 39 N  D) 24 N  E) 235 N 
 
 
 
 
 
7. A sailboat is being blown across a lake at a 
constant velocity. What is the direction of the net 
force on the boat? 
 
A) Right  B) Left   C) Down 

D) Up  E) Net force is zero. 
 
 

 
 
 
 
 

Mass is the same everywhere. 

W=mg/6=24 kg(9.8 m/s2)/6 = 39 N 

Velocity is constant, so acceleration is zero. Thus, net force 
must be zero: Fnet =ma = 0. 
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Problems 8 and 9 require the following information: an glider coasts along a level 
horizonal air track at constant velocity as shown. Let F = an external force, Fg = force of 
gravity, N = normal force, and Ffr = force of friction. 
 

 
 
 
 
 
 

8. Which of the following free-body diagrams indicates all forces on the glider if we ignore friction and 
air resistance? 
 
 

 
 
 
Note: because the object is moving with a constant velocity 
without friction, there are no horizontal forces. 
 
9. Which of the following free-body diagrams indicates all forces on the glider in the presence of 
friction? 
 

 
 

Note: because thereÕs friction, an external force F must 
exist to balance it so that velocity can remain constant.  
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10. A box of mass m = 5 kg is pushed across a frictionless surface. It accelerates at 2 m/s2. What force 
is applied to the box? 
 

A) 0.4 N  B) 2.5 N  C) 10 N  D) 5 N  E) 2 N 

 
F=ma = (5 kg)(2 m/s2) = 10 N 
 
 
11. Two boxes of masses 3m and m are in contact as shown 
in the figure at right. A horizontal force F is appled to Box 1. 
The boxes accelerate and remain in contact. What is the 
contact force fc that Box 1 exerts on Box 2? 

 
A) F/4  B) F/3  C) F/2  D) F   E) 3F 

For the larger mass: F = (4m)a   !    a =
F

4m

For the smaller mass: fc = ma = m
F

4m
"
#$

%
&'

=
F
4

 

 
12. Two objects of mass m and 2m are attached by a massless string over a massless, 
frictionless pulley as shown (an Atwood machine).  Assume that the positive direction is 
downward for the mass 2m and upward for the mass m. Neglecting air resistance, what is the 
acceleration of the masses? 
 

A) g  B) (4/3)g C) (3/2)g D) g/2  E) g/3 

NII  for the larger mass: (2m)a = (2m)g ! T   "   T = 2mg ! 2ma

NII  for the smaller mass: ma = T ! mg = (2mg ! 2ma) ! mg = mg ! 2ma

3ma = mg   "    a = g / 3
 

m 

2m 



  7 of 11 

vers 0001  3/2/2009 

 
13. A person is standing in an elevator that is accelerating upward 
with acceleration a.  The person is standing on a scale. How does 
the reading on the scale W compare with the person's mass times 
the acceleration of gravity: mg? 
 

A) W > mg B) W < mg C) W = mg 

D) Impossible to tell from information given. 

 

ma = W-mg   or W = m(a+g) > mg 
 
 
14. A mass m is pulled along the surface of a frictionless table 
by a constant external force of magnitude F at some non-zero 
angle θ above the horizontal. What is the magnitude of the 
normal force exerted by the table on the mass? 
 
 

A) mg B) mg - Fcos" C) mg – Fsinθ 
D) mg Ð F  E) mg + Fsin" 

 
0 = may = N + Fsin" Ð mg    or   N = mg - Fsin" 
 
 
15. A box of mass m = 10.0 kg is initially sitting stationary on a flat rough floor where the coefficient of 
static friction is µS = 0.4 and the coefficient of kinetic friction is µK = 0.3.  An external horizontal force 
of magnitude F = 100.0 N (100.0 newtons) is then applied to the box.  What is the magnitude of the 
force of friction between the box and the floor after the external force has been applied and the box 
begins to move? 
 

A) 29.4 N  B) 39.2 N  C) 10.0 N   D) 4.0 N    E) 3N 
 

First, F > maximum value of static friction which is µS mg = 
39.2N, so the object will be in motion.  
Thus,  Ff = µKmg = (0.3)(10 kg)(9.8 m/sec2) =29.4N.  
 
 

moving up 
|v| increasing 

no friction 
F 

θ 
m 
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16. Two objects with masses M1 and M2 are connected by a string 
suspended over a frictionless pulley as shown. The coordinate system is 
chosen to be positive down for mass M2 and to the right for mass M1. M1 
is sitting on a frictionless table. If M=M2=M1, what is the resulting 
acceleration of the system? 

A) g       B) 2g     C) g
2

    D) Mg    E) 
M
2g  

For the sitting mass: ma = T

For the hanging mass: ma = mg ! T = mg ! ma  "   2ma = mg

Or: a=
g
2

 

 
17. A block of mass m is sliding downward on a rough inclined 
plane with coefficient of kinetic (sliding) friction µK as indicated 
in the figure. A student derives the following correct pair of 
equations for NewtonÕs second law in the coordinate directions, 
where Fg is the force of gravity, g is the acceleration of gravity, 
N is the normal force, and f is the force of friction: 
 
ma = mgsin! " f

0 = N " mgcos!  

 
WhatÕs the acceleration a of the block? 
 
 

A) g(sin! - µK )         B) µK g         C) gsin!          D) sin! " µK cos!         E) g(sin! -µK cos! )    

 

y-component: 0 = N ! mgcos"   #  N = mgcos"

Ff = µK N = µK mgcos"

x-component: ma = mgsin" ! µK mgcos"

a = gsin" ! µK gcos" = g(sin" ! µK cos" )
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18. An astronaut in inter-galactic space twirls a rock of mass m on a string of length R.  The rock moves 
in a circle with constant speed and the tension in the string is T. [For this problem, assume no gravity.] 

What is the speed v of the rock? 

A)    B)   C)  D) 
 

T R
m   E) None of these. 

 
 

T =
mv2

R
  !   v =

TR
m  

 
 
 
19. A little girl of mass m = 20 kg is holding on for dear life to a speeding merry-go-round with radius r 
= 3 m. If the period of rotation of the merry-go-round is # = 5 sec, about with what force does the girl 
have to hold on to keep from flying off? 
 

A) 30  N  B) 196 N  C) 48 N  D) 24 N  E) 95 N 

 
 

F =
mv2

r
=
m
r
4! 2r2

" 2
#

$%
&

'(
=
4! 2mr

" 2
=
4! 2 (3)(20)

25
N = 95N

 

 
 
 
 
 
20. The ÒWall-of-DeathÓ at an amusement park 
spins fast enough so the that riders are pinned 
against the wall and remain stuck even though the 
floor drops away beneath them. Which of the 
free-body diagrams at right correctly depicts the 
forces on the rider? 
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21. A small rock of mass m is near a large planet of mass M.  The force of 
gravity on the rock from the planet has magnitude Fon rock . The force of 
gravity on the planet from the rock has magnitude Fon planet.  What is the 

ratio of the size of the forces ? 

A) m/M B) M/m C) (m/M)2 D) (M/m)2             

By NewtonÕs 3rd Law. 
 
 
 
 
22.  Two spherical masses m and M are a distance r apart. The distance between them is decreased by a 
factor of 3 to a distance r/3. What happens to the magnitude of the force of gravity between them? The 
force  
 
A) increases by a factor of 3 
B) increases by a factor of    

C) increases by a factor of 9 
D) decreased by a factor of 3 
E) decreases by a factor of  
 

F1 !
1
r2

F2 !
1

(r / 3)2 =
9
r2 = 9F1  

 

 

 

M
  

m  

E) 1 (forces have same magnitude) 
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23. KeplerÕs third law states that the ratio #2/r3 is constant for all planets, where # is a planetÕs orbital 
period and r is its orbital radius. Consider an asteroid X with orbital radius rX = 2 AU (2 Astronomical 
Units, or twice as far from the Sun than the Earth is). What is the asteroidÕs orbital period around the 
Sun? (Recall: EarthÕs orbital period is 1 yr.) 
 

A) 8 yr   B) 2 yr C) 21/3 yr  D) 81/3 yr  E)  

 
By KeplerÕs 3rd law, the square of two planetÕs periods divided 
by the cube of their orbital radii are constant: 

! E
2

rE
3 =

! X
2

rX
3 =

! X
2

(2rE )3 =
! X

2

8rE
3   "   ! X

2 = 8! E
2 = 8yr2

Or: ! X = 8yr  

 
24. An astronaut of mass m stands on a scale on the surface of planet X and measures his weight W. 
The radius of the planet is r. What is the planetÕs mass? 
 

A) Wm/Gr     B) Wr2/Gm    C) Wr/Gm    D) WG/mr2  E) Gm/Wr2 

 

W =
GmM

r 2   !   M =
Wr 2

Gm  

 
 
25. A planet orbits the Sun, as shown in the accompanying  
figure. According to KeplerÕs second law, which of the points A, B, C, 
D, or E is the planetÕs speed greatest? 

By KeplerÕs 2nd law, planets closest to 
the Sun move fastest. 


