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Problem 1: 

a. A person is initially standing inside a closed box that rests on a 
scale. The person jumps in the air. While the person is in the air 
inside the box, does the scale change its reading from when the person 
is standing on the floor? Assume the scale can adjust instantaneously 
to any change in applied force. Briefly explain your answer. 

b. A hummingbird is also in a closed box that is resting on a scale. The 
hummingbird is initially resting on the floor. The hummingbird then 
takes off from the ground and hovers at a fixed height above the floor of 
the box. Does the scale change its reading from when the hummingbird 
is resting on the floor? Assume the scale can adjust instantaneously to 
any change in applied force. Briefly explain your answer. 

Problem 2: 

A punt kicked at 60◦ travels down a field a distance of 60.0 yards. If the 
football were kicked with the same speed but at an angle of 45◦, how  far  
would it go? You may assume that distances down field are measured when 
the ball returns to the same height it was kicked from. What is the hang 
time for the punt in both cases? 
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1a) Yes, the scale does change its reading when the person is in the air inside the box. 
The person, in free fall, exerts no forces on the floor or the walls of the box. This 
contrasts with the situation when the person is standing on the floor of the box. The floor 
of the box transmits the downward force from the weight of the person to the scale and 
this is balanced by an upward force from the scale in response. 

1b) No, there is no difference in the reading on the scale depending on whether or not the 
hummingbird is resting on the floor of the box or hovering within the box. In both cases, 
the weight of the hummingbird is supported by the box which transmits the force of this 
weight to the scale. When the hummingbird is hovering, the force of its weight is 
countered by the force of air pressure underneath its wings. This air presses down on the 
box in a fashion that transmits the force of the weight of the hummingbird to the box. 

2) First, find the time that the football stays in the air. Do this by determining when the y 
position of the football is zero. The initial velocity of the football in the y direction is 
v0 sinθ . 

2y = 0 = (v sinθ ) ⋅ t − 1 
gto 2 

Solving this, we find that the find that the football stays in the air for a time given by: 

2v0 sin θ 
t = . 

g 

The x velocity of the football remains unchanged at v0 cosθ , so during the time that the 

football is in the air, it travels a distance: 
2v0 sin θ cosθ v0 2 sin θ

x = or, simplifying this formula: x = . 
g g 

On the first kick, the ball travels a known distance x1 = 
v0 2 sin θ1 . On the second kick, it 

g 

v0 2 sin θ 2travels an unknown distance x2 = . In each case, v0 is the same value. To find 
g 

x2 , we simply divide the second equation by the first equation and then multiply by x1 . 
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