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Homework Problem Set 6 - Solution 

Problem 1 

Work is the product of force times displacement in the direction of that force. Since the 
force you have to exert by carrying the backpack is required to counteract its weight 
(straight down), that force is straight up. But your movement is horizontal, at 90 degrees 
relative to the force. So no part of the displacement is in the direction of the force, and 
hence no work (in the Physics definition) is done. 

Problem 2 

Since the total mechanical energy of a pendulum is (largely) conserved, the sum of kinet-
ic and potential energy must be constant and hence the potential energy is highest when 
the kinetic energy is lowest and vice versa. The highest potential energy is when the pen-
dulum reaches its maximum angle with the vertical, which also is the point where the bob 
has the greatest height above ground. Here, the kinetic energy is zero (momentarily the 
velocity is zero while it reverses direction). On the other hand, the bob has its lowest pos-
sible height when it hangs straight down, which means that the kinetic energy (and hence 
the speed) of the bob will be highest at that point. Given that the sum of hoth is always 
the same, having ½ of the maximum kinetic energy means that potential energy will also 
have ½ of the maximum possible relative to its lowest value at the center point. 

Problem 3 

Twice the speed means the hammer has 4 times the kinetic energy (1/2 mv2). Hence, it 
can do 4 times as much work before it comes to a complete stop, and assuming a constant 
force, that means 4 times the distance over which it comes to a stop. So the nail will be 
driven into the wall 4 times as far with a hammer moving with twice the speed, and 9 
times as far with a hammer moving with 3 times the speed. 

Problem 4 

Ignoring friction and air resistance, the total energy of the roller coaster car will be con-
served, and will be the sum of gravitational potential energy and kinetic energy. At the 
beginning, the roller coaster has zero velocity and hence a total energy E = Upot = mgh, 
where h is the height of the first summit. To avoid stopping, the potential energy at any 
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later point along the track must be (at least slightly) smaller than this, so that there is a 
non-zero kinetic energy ½mv2 = E – mgh. But this condition is met as long as each subse-
quent summit is lower in height than the first one. If a lower summit is followed by a 
higher one (but both are lower than the first one), you will simply have more kinetic en-
ergy on the lower summit (the car is going faster), but the energy is still conserved. 

Problem 5 
Kinetic energy doesn't have a direction - only the speed counts in 1/2 mv2. However, 
momentum is the product of mass and velocity, and hence has the same direction as ve-
locity. Because the car changes direction, it changes momentum but not kinetic energy. 

Problem 6 
The brakes would convert the potential energy of the car into heat. (The force from the 
brakes is non-conservative, so the sum of potential and kinetic energy decreases). For a 
hybrid car, the electric motors would convert potential energy into electric energy, which 
is stored in the car’s batteries and can be used later to accelerate the car (or move it back 
up a mountain). 

Problem 7 
The string tension is everywhere perpendicular to the bob’s direction of motion, which 
means there is no component of tension along the bob’s path, and therefore no work done 
by the tension. The force of gravity, on the other hand, has a component along the direc-
tion of motion everywhere except at the bottom of the swing, and does work, which 
changes the bob’s KE. At the bottom (center) position, the bob moves exactly perpendic-
ular to its weight (force of gravity), meaning no work is being done. At any other point, 
moving the bob sideways also means changing its height, so there is a component of the 
displacement in the direction of the force – gravity does do work. 

Problem 8 
With a single ball popping out with twice the speed, momentum would indeed be con-
served, but energy wouldn’t. The kinetic energy of a single ball with twice the speed 
would be double that of the 2 balls with their initial speed. Since there is no other force 
doing work on the balls, such an increase of energy is not possible. Because the kinetic 
energy is conserved here, this is an example of elastic collisions, which we couldn’t real-
ly discuss before we had introduced the concept of kinetic energy (and energy overall). 
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Problem 9 
Whenever two bodies of different masses have the same momentum, the lighter one not 
only is the faster of the two, it also has the greater KE. That’s because in the formula KE 
= 1/2 mv2, the mass m enters once but the speed v enters twice (that is, it is squared). 
That means that the effect of higher speed for the lighter truck more than offsets the ef-
fect of smaller mass. 
For the same momentum, the lighter truck must have double the speed. Hence it has 
twice the KE and thus requires more work to stop.  

Problem 10 

a) If I set my reference height h=0 at the point where I start pushing the cart, I am 
increasing its potential energy from zero to mgh = 0.5*10*0.3 J = 1.5 J. At the 
same time, I increase its kinetic energy from zero to ½mv2 = ½*0.5*2*2 = 1 J. So, 
the total energy increased by 2.5 J, and hence the total work I did must be equal to 
2.5 J. 

b) Since the kinetic energy will be zero at the highest point (when it stops), all of its 
energy (2.5 J) must be in the form of potential gravitational energy at that point. 
Dividing 2.5 J by mg = 5 N gives a height of 0.5 m above the starting point. 
That’s 0.2 m higher than when I stopped pushing. 

c) As it passes the starting point, it will have zero potential energy, and hence the ki-
netic energy must be equal to its total energy of 2.5 J. Dividing by ½ m, I find that 
v2 = 10 m2/s2. Taking the square root, I get a speed of about 3.16 m/s. 

Problem 11 
Assume the boxer would have to stop his backward motion by himself – in that case, his 
kinetic energy would be lost (muscle force is non-conservative). And then he would have 
to apply extra work to move in the opposite direction. By “falling” into the elastic ropes, 
he converts his kinetic energy (due to his backward motion) into potential elastic energy 
of the ropes, which then give that energy back to him in form of the same kinetic energy 
(same speed, but in the opposite direction – towards his opponent).  
 
 
 


