
Physics 135-1 Midterm Solutions and Comments 
 
1)  A track with a vertical loop of radius 9 cm is setting on 
a table.  An 80-gm mass is at the top of an “on-ramp” 
which is 35 cm high relative to the bottom of the loop.  
There is no friction.  When the mass is released and goes 
sliding around the loop, what will be the magnitude of the 
force acting between the track and the mass when the 
mass is at the top of the loop? 
 
Solution:  The mass has an acceleration of v2/r as it 
circles the loop.  The acceleration always points toward 
the loop’s center, so it points downward if one is at the 
top of the loop.  v2/r is the net acceleration of the mass, so 
it goes on the right-hand side of F = ma and our force equation is  –mg + N = –mv2/r, where N is the normal 
force the track is exerting on the mass.  To find v, we equate the kinetic energy of the mass to the change in 
its gravitational potential energy.  It has fallen 35 cm – 2 x 9 cm = 17 cm, so we have ½ mv2 = mgDh, or  
v2 = 2g(0.17) = 3.33 m2/s2.  [An enormous number of students used 35 cm for the height, but that gives you 
the kinetic energy of the mass at the bottom of the loop, not the top.]  We have N = –m(3.33 /0.09) + mg =  
–2.96 + 0.784 =  –2.18 N.  The minus sign shows that the track is pushing downward on the mass, as 
expected.  This problem could also be solved from the viewpoint of a fly riding on the mass.  In that case one 
has “centrifugal force” pointing upward, gravity pointing downward, and the two forces add to give the 
“weight” of the fly, which must equal –N. 
 
Problem average:  4.9  Number skipping it:  20 
------------------------------------------------------------------- 
2)  You are pushing an open crate full of sand along a level sidewalk.  The coefficient of friction m = 0.35 for 
the crate and sidewalk.  The crate originally had a mass of 40 kg, but it has started to rain and now water is 
soaking into the sand at a constant rate of 0.12 kg for every meter the crate is pushed.  How much energy will 
you need to expend to push the crate 300 meters beyond the point where it started to rain? 
 
Solution:  The frictional force is F = mmg.  However, the mass is not constant in this case, but is changing at 
a rate of 0.12 kg/m.  Writing the mass change as m = 40 + 0.12 x, where x is how far the crate has moved, 
gives us a force function of F(x) = (0.35)(9.8)(40 + 0.12 x).  The work done will be the integral of F(x)dx, or  
W = 137.2 x + 0.2058 x2, evaluated from 0 to 300.  We have W = (137.2)(300) + (0.2058)(300)2 = 59,682 J.  
The problem can also be solved using the crate’s average mass, or ½ [(40 + 0) + (40 + 0.12 x 300)] = 58 kg.  
Then W = mmgd = (0.35)(9.8)(58)(300) = 59,682 J as 
before.  (This averaging trick only works because the 
mass-change function is linear.) 
 
Problem average:  6.8  Number skipping it:  28      
-------------------------------------------------------------------- 
3)  A movie stunt calls for an air-cannon which is angled at 
q = 55° from the horizontal to launch a Halloween 
pumpkin such that it will land on a point on a cliff that is 
exactly 195 meters away and 155 meters high.  What must 
the initial velocity v0 of the pumpkin be? 
 



Solution:  The general equations of motion for the x- and y-axes are x = x0 + vXt and y = y0 + vYt – ½ gt2.  
We can put the coordinate origin at the cannon so that x0 = y0 = 0, and since vX = v0cosq and vY = v0sinq, the 
equations then become 195 = v0 cos(55°)t and 155 = v0sin(55°)t – 4.9 t2.  Solving the left equation for t and 
substituting into the right equation, we have:  155 = v0 sin(55°)(195)/v0 cos(55°) – (4.9)[195/v0

 cos(55°)]2, or 
155 = 195 tan(55°) – (4.9)(340/v0)

2 , or v = 67.7 m/s.  Some students semi-solved this problem by assuming 
that the pumpkin would have zero y-velocity when it reached the top of the cliff.  This is an incorrect 
assumption, but if one works through the numbers it turns out that the pumpkin is only rising at 6.2 m/s when 
it hits the edge of the cliff, so the answer obtained by assuming zero y-velocity is close to the correct one.  
We gave significant credit for this, under the theory that students might be using physical intuition to 
guessimate the answer quickly, due to time pressure . . . 
 
Problem average:  7.9  Number skipping it:  4 
------------------------------------------------------------------- 
4)  Two people are trying to hold a barge still as a river 
floods past.  They can just do this if one of them exerts 
130 N at 34° to the barge's x-axis, and the other pulls at 
45° to the barge's x-axis from the opposite bank, as 
shown in the illustration.  Assume that the river's flow 
is entirely along the barge's x-axis.  How much force is 
the river exerting on the barge? 
 
Solution:  The barge is not moving across the river's 
flow (along the y-axis), so the forces being exerted by 
the people must be equal and opposite in that direction.  
We have (130)sin(34°) = T sin(45°), where T is the 
unknown tension being exerted by the top person.  
Inserting numbers yields T = (130)(0.5592)/(0.7071) = 102.8 N.  The x-axis tensions exerted by both people 
must equal the force of the river, so F = (130)cos(34°) + (102.8)cos(45°) = 180.5 N. 
 
Problem average:  8.7  Number skipping it:  2 
------------------------------------------------------------------- 
5)  A level, frictionless table has two masses on it of 2.2 kg and 3.2 kg, as shown at right.  They are 
connected by a frictionless pulley to a third mass of  
5 kg, which is falling under the influence of gravity.  
What are the tensions T1 and T2 in the cords? 
 
Solution:  We start by finding the acceleration of the 
system.  Since the gravity acting on the 5 kg mass is 
the only force in the problem, we have F = ma or 
(5 kg)(9.8) = (2.2 + 3.2 + 5.0)a, or a = 4.71 m/s2.  T1 
only has to accelerate the 2.2 kg mass, so  
T1 = (2.2 kg)(4.71 m/s2) = 10.4 N.  T2 must accelerate both masses on the table, so we have 
T2 = (2.2 kg + 3.2 kg)(4.71 m/s2) = 25.4 N.  (There were a lot of tens on this problem, and a lot of zeroes.  I 
suspect this correlates well with those students who carefully studied Quiz 2, Problem 2 . . .) 
 
Problem average:  5.6  Number skipping it:  15 
 



6)  A mass of 0.2 kg is being spun in a circle on a frictionless, 
level surface.  It is held in place by an elastic cord which has a 
spring constant of k = 100 N/m, and a relaxed length of x0 = 1 
meter.  The mass is initially moving in a circle of r1 = 1.1 m, but 
then the mass is sped up (the method is irrelevant) and it moves 
outward to a radius of r2 = 1.4 m. 
 
a)  What was the kinetic energy of the mass when it was at r1? 
Solution:  The force from the cord is F = k(x – x0) = (100)(1.1 – 1) = 10 N.  For circular motion this force 
must equal mv2/r, so F = 10 N = mv2/r quickly gives us ½ mv2 = (0.5)(10 N)(1.1 m) = 5.5 J. 
 
b)  How much energy had to be added to the system to move the mass out to r2 = 1.4 m?      
Solution:  As before, we find the kinetic energy from k(x – x0) = mv2/r.  We have ½ mv2 = ½ kr(x – x0) = 
(50)(1.4)(1.4 – 1) = 28 J.  The kinetic energy change for the mass is thus 28 – 5.5 = 22.5 J.  The spring's 
elastic energy has changed from E = ½ k(x – x0)

2 = (50)(1.1 – 1)2 = 0.5 J  to (50)(1.4 – 1)2 = 8 J.  The change 
in energy for the spring is (8 – 0.5) = 7.5 J.  The total energy change is then E = 22.5 + 7.5 = 30 J. 
 
Problem average:  4.0  Number skipping it:  39 
-------------------------------------------------------------------- 
Quickies 
(For the most part, these questions were graded as exactly right, or wrong, no partial credit.  I did not keep 
statistics for each problem.  The overall average on the Quickies was 6.2 out of 10.) 
 
7)  How many calories does it take to power a 75-watt light bulb for 18 minutes? 
Solution:  (75 W)(18 min)(60 s/min)/(4.186 J/cal) = 19,350 cal 
 
8)  The gravitational acceleration on Mars is g = 3.8 m/s2.  If I throw a baseball from a flat frozen Martian 
lake (m = 0.2 kg, v = 40 m/s) at an angle of q = 45° from the horizontal, what kinetic energy will the baseball 
have when it lands? 
Solution:  Since the baseball lands at the same height from which it was thrown, it has only kinetic energy 
when it lands.  E = ½ mv2 = (0.5)(0.2)(40)2 = 160 J. 
 
9)  You are in a rocket sled on a flat desert whose acceleration is increasing by:  a = (3 m/s3)t.  If the sled 
starts at x = 0, v = 0, t = 0, where will you be when t = 11 seconds? 
Solution:  a = 3t means v = ½ 3t2, which in turn means d = 1/6 3t3 = (0.5)(11)3 = 665.5 meters. 
 
10)  You buy a one-pound bag of cookies on Earth, then travel to Mars.  What weight will a metric scale 
show for the cookies once you reach Mars?  (See question 8). 
Solution:  One English pound = 4.45 N, which is the metric weight of the cookies on Earth.  On Mars, they 
will have a metric weight of (4.45 N)(3.8 / 9.8) = 1.73 N. 
 
11)  A skydiver with a mass of 82 kg leaps from an airplane and soon reaches a constant downward velocity 
of 105 m/s.  What is the frictional force acting on him due to air resistance? 
Solution:  Since his velocity is constant, there is no net force acting on him.  Thus, the air friction must equal 
gravity.  We have F = (82)(9.8) = 803.6 N. 
 
Midterm Average:  38.7 out of 60, or 64.5% 
Low score:  6 /60 High score:  60/60   


