
Work, Energy and Power 
 
W= work 
F= force 
d= displacement  
 
J= (newtons)(meters) 
J= work  
 
(don’t mix up J=joules and J=work. One is a unit and the other holds a place in a formula)  
 
 

 
 
you can’t multiply 20 by 10 because it’s a diagonal. We know that a diagonal is composed of a vertical 
and horizontal. In this problem, we don’t care about the lift, so use SohCahToa to find the horizontal.  
 

Cos(30)=x/20 
● when you solve, you find that the horizontal that you need is 17.3 Newtons 

W=Fd 
W=(17.3)(10) 

W=173 J 
 

● because heat (energy) and work are both things that are Joules 
● therefore, work=energy 

 
the difference between them is that work is what is done to receive potential or kinetic energy.  
 
 
 
Solve for work;  
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● you can’t do this problem without a force, newtons. So you multiply 5 and 9.8 to get the weight, a 

force.  
W=Fd 

W=(49)(10) 
W=490 J 

 
to get something going, you need a force even the tiniest bit greater than the object itself. But once it 
starts moving, you only need a force equal to the object to let it continue because inertia will keep it 
moving.  
 
 
 

���������	������; 	��� 
�������	������; 	1/2	��2 

 
A child climbs up a 3 meter ladder and slides down the slide. What is the velocity of the child at the 
bottom of the slide?  
 

● can’t use 9.8 acceleration because it’s not free fall  
● at the top of the slide, the child only had potential energy, because they were high up but they 

weren’t actually moving.  
● while going down the slide, it’s kinetic energy 
● according to the law of conservation of energy, the initial equals the final  
● this means that the potential energy must equal the kinetic energy at the bottom.  
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❖ we have the height (3) and the gravity (9.8), but we don’t know the mass of the child  
❖ the mass doesn’t matter because there is mass in both formulas, so you can cancel the out  
❖ cross out mass in both formulas  

 
 

A pink pong ball rolls off of a table with a height of 3 meters. The ball is moving at a velocity of 2 
meters per second. What is its new velocity? 

�� = �� 
��� + 1/2��12=1/2��22 
�� + (1/2)�12 = (1/2)�22 

(9.8)(3) + (1/2)(2)2 = (1/2)�22 
31.4=1/2v2^2 

divide both sides by .5 to get v2 by itself  
v2=62.8 

v=7.9 
 
A 5 kilogram object falls from rest from a height of 3 meters. It attains a speed of 7 meters per 
second the instant before it hits the ground. How much energy is lost to friction?  

● we can’t directly solve for friction because we don’t have mue  
● friction is then calculated by loss.  

 
~at the top, it’s all potential energy because it wasn’t moving.  
~at the bottom it’s only kinetic because it lost its height, it’s at the ground.  
~the potential should then equal the kinetic  

 
 
 
 
 

Top Bottom 

�� = �� + �� �� = �� + �� 

�� = ��� �� = 1/2��2 

(3kg)(9.8)(3m) 1/2(5��)(7)2 

=147 J =122.5 J 

 
● the energy at the top does not equal the energy at the bottom, so we know that some of it was lost 

to friction  
● subtract the two answers to find the difference  

24.5 J was lost to friction 
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Total Energy Finish = Potential Energy Start + Kinetic Energy Start + Q (heat) 
 
Everything with energy that we have been just doing is mechanical energy 

● some of the energy in mechanical form is going into heat which is lost in the air so that heat 
energy is just lost 

● height makes for potential and velocity makes for kinetic 
 
A 5 kilogram object is raised to height of a 6 meters and released (no friction). It comes down and 
hits a 3 centimeter nail into a piece of wood. How much force does it exert on the nail? 
 

�� = ��� 
�� = (5)(9.8)(6) 

�� = 294	������ 
energy comes from work and can result from work 

294J and be set equal to W 
294	������ = �×� 

● change centimeters to meters so that the terms are alike  
3/100 

● that gives you .03 centimeters  
294	������/	.03	�� 
� = 9800	������� 

 
 
 
Spring 
 
★ We said that potential energy is (mass)(gravity)(height). But in reality, there is more than one 

type of potential energy.  
★ the one that we learnt is gravitational potential energy  

■  PE (grav) = (mass)(gravity)(height) 
★ there is another potential energy which is potential energy stored in a spring  

■ PE (spring) = ��2 
■ it gets compressed, so there is potential energy right before it is let go.  

The formula for the potential energy of a spring is ��� = 1/2��2 
The formula for a string that’s being pulled apart and the formula for a spring that is about to be sprung 
back together is the same formula because they both have potential energy.  
 
Hooke’s Law says that �� = ��  

~the x is the change in distance, the stretch itself  
~the k is the constant number 
 

● if the x is made smaller, then the new x is the how much shorter the string is compared to what it 
used to be. It’s not the whole.  
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● x is elongation  
  
 
Q; There is a 10 centimeter spring. Someone stretches it and makes it 15 centimeters. Someone else 
stretches it to 20 centimeters. How much more force do you need to stretch it to get it to 20 as 
opposed to getting it to stretch to 15?  
 

● it’s double, it’s ten because the stretch from 10 to 15 is 5 centimeters. The stretch from 15 to 20 is 
another five.  

● so five and five is ten. Double five is ten. 
● the force needed to stretch it is double.  

 
Q; What is k (the constant) dependant on? 
We know that F=kx. So technically, k=F/x. If k was a big number, then we know that the force would be 
big and that the distance would be small because mathematically, that would leave you with the biggest 
number.  
It depends on the force and the distance.  
 

● if the constant is big, then that means that the force is big and the stretch is small, making the 
spring tight 

● if the constant is small, you have a small force and big stretch. The spring is loose. 
 
The potential energy stored in a spring is ��� = 1/2��2 
 
Q; You’re given a force and a stretch of a spring. What is the potential energy stored in the spring? 
 

1. Plug the force and the stretch into the formula � = �� 
2. Then you solve for the constant, k.  
3. Once you have the constant, plug it into the formula ��� = 1/2��2to solve for the potential 

energy of the spring.  
 
 
 
 
A weight of 5 kilograms comes down a hill from 10 meters high, goes down the hill, and then goes 
up a shorter hill of 4 meters high and then comes down again. How compressed is the spring given 
that the constant is 20 N/m? 

● there is no friction in this problem, all of the energy is present.  
● the Potential Energy for the first time, is at the top, the beginning of the problem.  

solve for the Potential Energy by using the formula �� = ��� 
�� = (5)(9.8)(10) 

�� = 490	������ 
● we also know that it must end up with the same amount of energy that it started with, so not only 

is the Potential Energy 490 Joules, but the Kinetic Energy is as well.  
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● so plug 490 Joules into the Kinetic Energy formula  
�� = 1/2��2 

490 = 1/2(5)(�2) 
● now, paying attention to the second time the mass goes up, calculate the Potential Energy.  

 
�� = ��� 

�� = (5)(9.8)(4) 
�� = 196	������ 

● now, plug that into the Kinetic Energy formula  
● there is Kinetic Energy here because it originally had the energy to go up a 10 meter hill, but 

instead it only went up 4 meters, so therefore it has energy left over. Therefore, after it hits the top 
of the 4 meter hill, it doesn’t stop, it continues moving, so there’s Kinetic Energy at the top.  

● to find the KInetic Energy at the bottom, you subtract 196 from 490. This is because since the 
energy must stay the same, (490) the entire time, but we know that the second time it didn’t use 
all of it’s energy to go up, so the remainder will be the Kinetic Energy.  

490 − 196 = 294	������ 
�������	������ = 294	������	 

● Now use the formula 490 = 1/2��2 
 

490� = 1/2��2  
490 = 1/2(20)�2 

490 = 10�2 
49 = �2 

� = 7������ 
 

 
 
 

Power 
 

● power is the rate at which energy is used 
the rate of something is how fast or how slow it is going. If something takes a lot of time to get 
to a certain point, it will have less power than something that can do it in a shorter amount of 
time.  
 ~for this reason, t is on the bottom of the formula.  

� = �/� 
� = ����� 

● both energy and work aren’t time dependent, but power is 
● if it has time in it but asks for work you ignore the time because work is not time 

dependant.  
● power is rapid 
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P = W/t = F x d/ t = Fv (line over v) 
 
 
 
Work done against friction; loss of energy 
This means that if you get an object at the top of hill and you get the potential energy, and then it gets to 
the bottom energy and the kinetic energy at the bottom doesn’t come out to what the potential energy. 
You can blame friction for the loss.  
 
Work done against gravity; potential energy 
This is because raising something is going against gravity. The higher something is, the more potential 
energy it has.  
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