
Problem Set #4 due beginning of class, Monday, Oct. 20. 65 pts. total 
2 pts extra credit per extra person in the group – up to 8 points possible! 
3 pts extra credit if you don’t use a calculator: if so, write and sign a statement at the top of the problem set: “I 
[your name] did not use a calculator for any part of this problem set.” 

 
#1 The classic lawn mower problem: Imagine that you need to cut the grass with a 20 kg push lawn mower 
with a force of 200 N via the 2 m handle that makes a 40° angle with the horizon and the grass is very high, 
so it presents a significant amount of friction and we can think of it as having a coefficient of friction.  I am 
considering which would be better: to push the lawn mower or to turn it around and pull the lawn mower.  I 
would like to minimize the force exerted by my arms, or minimize the force on the handle.  Please fully 
explain to me why one way would be better than the other, or why both ways are equally good. Keep in mind 
that like pulling a string, the force you exert on the handle is oriented parallel to the handle – unlike a string, 
you can push via a handle. 
a) Explain why you know this is a dynamics problem. And explain why you should draw a really good 

picture that is worth a significant number of points for this problem, and it should be big. 
b) With explicit use of the protocol, please solve this problem and answer the question – which minimizes 

the force I need to push and why? 
c) Imagine you are pushing the lawn mower with a force of 200 N along and enter an area of long grass with 

the coefficient of friction of 1.2. What is the resulting acceleration? 
d) You then decide to try pulling the lawn mower. What is the resulting acceleration? 
e) Let’s say starting from a speed of 3 m/s, I pull the lawn mower for a distance of 2 m. Find the work I do 

on the mower and the work that friction does on the mower. Using the work/energy theorem, find the 
final speed of the mower. 

f) Let’s say starting from a speed of 3 m/s, I push the lawn mower for a distance of 2 m. Find the work I do 
on the mower and the work that friction does on the mower. Using the work/energy theorem, find the 
final speed of the mower. 
 

#2 I slide boxes down from a height of 2 m down an inclined plane making a 30° angle with the horizon. 
There is a coefficient of (kinetic) friction of 0.8 between the cardboard boxes and the smooth wood. 
a) Please find the work of friction as the block slides down the incline. If the box starts from rest, please find 

the kinetic energy it has at the bottom. What’s curious about your answer?  Does this mean that the box 
never makes it to the bottom? Mass can be mo, or if you like, pick 10 kg or whatever. 

b) Using conservation of energy, please find the initial speed that I would have to give the boxes in order for 
them to make it to the bottom of the inclined plane. 

c) Using your answers above, what is the amount of time that it takes the box to get to the bottom? 
d) Using your answers above, what is the acceleration of the box on the inclined plane? Include direction. 
e) Please check your acceleration, by finding it using dynamics – using the protocol.	   

 
#3 According to the hydrodynamic flow equations you’ll learn in PHYS-132, the speed of water coming 
from a 200 PSI fire house is about 45 m/s. Wikipedia claims these hoses are 25 mm in diameter. Imagine if 
you were hit with water by one of these hoses, like if you were protesting government support of fossil fuels, 
and the city called in the fire department to clear the area (please see 
some drama: https://www.youtube.com/watch?v=K3Iv9okL4QU). I’d 
like to know the force that this water puts on someone’s body. Let’s 
model the water as a moving column that hits you and disperses in all 
directions (360°) perpendicular to its original direction of travel, as in 
the figure of the demonstrator at right.  
a) Clearly map out why this problem should be solved with 

conservation of momentum. What is the sum total of momenta of 
the water after it hits your body? 

b) Find the force that this water puts on your body. Could it knock you 
over? To solve this, it may be a good idea to follow some length 
(like 1 meter) of water over time, considering its momentum. 
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