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Physics 2211ABC Test form   842 Name ___________________________ 
Spring 2018 
Test 4  Recitation Section (see cover page):__________ 
1) Print your name, test form number (above), and nine-digit student number in the section of the answer card labeled 

"STUDENT IDENTIFICATION". 
 
2) Bubble your test form number (ABOVE) in columns 1-3, skip column 4, then bubble in your student number in 

columns 5-13. A 
 
3) For each free-response question, show all relevant work supporting your answer.  Clearly box or underline your final answer.  “Correct” 

answers which are not supported by adequate calculations and/or reasoning will be counted wrong. 
 
4) For each multiple-choice question, select the answer most nearly correct, circle this answer on your test, and bubble it in on your answer 

card.  Show all relevant work on your quiz. 
 
5) Be prepared to present your Buzzcard as you turn in your test.  Scores will be posted to WebAssign after they have been been graded.  Test 

grades become final when the next quiz is given. 
 
6) You may use a simple scientific calculator capable of logarithms, exponentials, and trigonometric functions.  Programmable engineering 

calculators with text or graphical capabilities are not allowed.  Wireless devices are prohibited. 
 
 
[I] (20 points)  You are pulling your little brother on a sled (combined mass M). 

The sled rests on snowy ground, with coefficient of kinetic friction !! 
between the sled’s runners and the ground.  Starting from rest, you pull the 
tow-rope with a horizontal tension force T.  After pulling for a distance d you 
let go of the rope and jump onto the sled yourself, raising the total mass from 
M to 2M.  You slide an additional distance 2d before the sled finally comes to 
a stop. 
 
(i)  Identify all forces acting on the sled throughout the motion, from start to 

finish.  Write out an expression for the work done by each such force. 

(ii)  Use the Work-Energy principle to determine the tension in the rope while 
you were pulling.  Express your answer as a multiple of Mg. 
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The following problem will be hand-graded.   Show all your work for this problem.  Make no marks and leave no space on your 
answer card for it. 
 
[II] (20 points) A “totally inelastic Newton’s Cradle” apparatus is 

constructed from three sticky spheres of mass m, each suspended from 
the ceiling by a cord of length L.  One sphere is pulled back such that its 
cord makes an angle ! relative to the vertical.  When it swings to the 
bottom of its arc, it sticks to the other two, and they all rise together, 
coming to a stop with each of their cords making an angle ! relative to 
the vertical. 
 
Find an expression for the final angle ! in terms of the initial angle !.  
Your answer should include no physical parameters other than !. 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Extra credit! (+4 points)  Find an expression for the tension in each of the cords, immediately after the first sphere collides 

and sticks to the other two.  (Hint: all three tensions are the same, so you only need to calculate one value.)  Express your 
answer in terms of the weight of one sphere, mg, and the angle !. 
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The following problem will be hand-graded.   Show all your work for this problem.  Make no marks and leave no space on your 
answer card for it. 
 
[III] (20 points)  Two bumper-cars are traveling with the velocities shown at top right 

when they have a collision.  Immediately after the collision (as shown at bottom 
right), the first car (mass m) is seen to be traveling 30° west of north, while the 
second car (mass 2m) is seen to be traveling 30° east of north. 
 
Determine the speed of each car immediately after the collision.  Express each 
answer in terms of v. 
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Question value  8 points 
(1) A tow-rope pulls a skier of mass m up a hill at constant speed v, 

along a steep slope of height H and length d.  On the other side of the 
hill, another tow-rope pulls a skier of the same mass m up a shallow 
slope of the same height H but length 2d, at the same speed v.  
Compare the average power provided to the skiers by the tow ropes, 
during their ascents. 
 

(a) !!"##$ = !
!!!!!""#$ 

(b) !!"##$ = 4!!!!""#$ 

(c) !!"##$ = 2!!!!""#$ 

(d) !!"##$ = !!!!""#$ 

(e) !!"##$ = !
!!!!!""#$ 

 

 

 
 
 
 
 
 
 
 
 

Question value  8 points 
(2) A ground-to-orbit shuttle places a communications satellite into a circular orbit of 

radius R.  In that orbit the satellite has total mechanical energy !o.  A booster 
rocket attached to the satellite ignites, lifting it to a higher circulat orbit of radius 
2R.  Which of the statements below best characterizes the energy changes within 
the system consisting of Earth + satellite  
 
(a) Negative work is done by the booster, The potential energy of the 

system increases and the kinetic energy increases. 
 
(b) Postive work is done by the booster, The potential energy of the 

system increases and the kinetic energy decreases. 
 
(c) Zero net work is done by the booster, The potential energy of the 

system decreases and the kinetic energy increases. 
 
(d) Postive work is done by the booster, The potential energy of the 

system increases and the kinetic energy increases. 
 
(e) Negative work is done by the booster, The potential energy of the 

system decreases and the kinetic energy increases. 
 

 

 
 

  



Page 5 of 6 

842 

Question value  4 points 
(3) Starting from rest, a 2500 kg automobile experiences a net propulsive force 

given by the graph at right.  What will be the speed of the car when it starts to 
coast? 
 
(a) 25 m/s 

(b) 7.1 m/s 

(c) 10 m/s 

(d) 5.0 m/s 

(e) 13 m/s 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Question value  4 points 

(4) A 2.5 kg medicine ball strikes the ground travelling straight down at a speed of 
3.5 m/s.  The graph at right diplays the net vertical force acting on the ball 
while in contact with the ground.  With what speed will the ball rebound 
upward? 
 
(a) 0 m/s (i.e. no rebound at all) 

(b) 3.5 m/s 

(c) 4.9 m/s 

(d) 2.5 m/s 

(e) 0.5 m/s 
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Question value  8 points 
(5) A particle is subject to a conservative force, resuling in the potential 

energy curve at right.  The total mechanical energy of the particle is 
indicated by the horizontal line.  Which of the following statements 
about the graph is not true? 
 
(a) Starting from rest at x = 2m, the particle 

can move either to the right or left. 

(b) The particle’s speed is maximum at x = 6m. 

(c) The particle is at rest when it is at x = 2m. 

(d) The particle has a turning point at x = 8m. 

(e) There are two points of stable equilibrium 
for this potential energy function. 

 

 

 
 
 
 
 
 
 
 
 
 
 
 

Question value  8 points 
(6) Three different blocks are suspended from the ceiling by three different springs.  

Each of the blocks is in equilibrium.  Rank, from greatest to least, the stored 
potential energy in each spring.  [Hint: do not assume the springs have the same 
unstretched lengths.] 
 
(a) !! > !! > !! 

(b) !! > !! > !! 

(c) !! > !! > !! 

(d) !! > !! = !! 

(e) !! = !! > !! 

 

 

 


