
ENERGY
Chapter 7



WORK
• In physics work is the product of force in 

the direction of motion times the distance 
the moved.  For a constant force 


• The unit of work is the joule (J).  A joule is 
equal to a Newton times a meter, which is 
a kg m2/s2 from the definition of a Newton.

<latexit sha1_base64="lovvetSVvQDGbuR14Qw2ugtMEt0=">AAAB/HicdVDJSgNBEO2JW4xbNEcvjUHwFKZDyHIQgoJ4jGAWyAyhp9NJmvQsdNcIYYi/4sWDIl79EG/+jT1JBBV9UPB4r4qqel4khQbb/rAya+sbm1vZ7dzO7t7+Qf7wqKPDWDHeZqEMVc+jmksR8DYIkLwXKU59T/KuN71M/e4dV1qEwS3MIu76dByIkWAUjDTIF7r4HF8NscNCnTgw4UDng3zRLtm2TQjBKSG1qm1Io1EvkzomqWVQRCu0Bvl3Zxiy2OcBMEm17hM7AjehCgSTfJ5zYs0jyqZ0zPuGBtTn2k0Wx8/xqVGGeBQqUwHghfp9IqG+1jPfM50+hYn+7aXiX14/hlHdTUQQxcADtlw0iiWGEKdJ4KFQnIGcGUKZEuZWzCZUUQYmr5wJ4etT/D/plEukWqrcVIrNi1UcWXSMTtAZIqiGmugatVAbMTRDD+gJPVv31qP1Yr0uWzPWaqaAfsB6+wTeF5RR</latexit>

W = Fd cos ✓



EXAMPLE 7.1
• Calculating the Work You Do to Push a Lawn Mower Across a Large Lawn: How 

much work is done on the lawn mower by the person in the Figure, if he exerts a constant force of  
75.0N at an angle 35º below the horizontal and pushes the mower 25.0m on level ground? Convert the 
amount of work from joules to kilocalories and compare it with this person’s average daily intake 
of 10,000kJ (about 2400kcal) of food energy. One calorie (1 cal) of heat is the amount required to warm 
1 g of water by 1ºC and is equivalent to  4.186J while one food calorie (1 kcal) is equivalent to 4186J.

F = 75.0 N
θ = 35
d = 25 m
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W = Fd cos ✓

W = ?

<latexit sha1_base64="UqKIsY2r61NVVcATotTc+Uah5MU="></latexit>

W = 1536J
1kcal

4186J
= 0.367kcal
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0.367kcal

2400kcal
= 1.53⇥ 10�4
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= (75N)(25m) cos 35 = 1536J
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velocity of train =  80mph = 80 (1000m/0.62mi)(1hr/3600s) = 35.8 m/s

distance to stop =  5 blocks? =0.25mi(1000m/0.62mi) ~ 400m
mass of train =  8 cars? = 8 (38,000kg) ~ 300,000kg

assume constant force, which implies constant acceleration

v2 = v20 + 2ax => a = � v20
2x

= � (35.8m/s)2

2(400m)
= 1.6m/s2

F = ma = (300, 000kg)(1.6m/s2) = 480, 000N this makes spidey super strong, 

this is equal to lifting 50,000kg

W = Fd = (480, 000N)(400m) = 192, 000, 000 J

a big mac is 2,300kJ, so to make up this energy spidey would have to eat 

192, 000, 000J

2, 300, 000J
= 84 big macs

How much work does Spiderman do stopping the train?



WORK ENERGY THEOREM
• What happens when you do work on an object? It gains energy.


• If we apply a constant net force for a distance x we would get 


• We know from our constant acceleration formula that 


• So we can replace ax in the above formula with 


• we call 1/2mv2 kinetic energy (KE)
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W = Fx = max
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v2 = v20 + 2ax
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W = m(
1

2
(v2 � v20))
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W =
1

2
mv2 � 1

2
mv20



KINETIC ENERGY

• The energy an object has because it is moving is called kinetic energy. 


• It takes work to change an objects kinetic energy.


• Kinetic energy depends on mass and velocity squared, so a 10 times 
more massive object has 10 times more kinetic energy.


• But an object going 10 times faster has 100 times the energy.



EXAMPLE 7.2
• Calculating the Kinetic Energy of a Package: Suppose a 

30.0-kg package on the roller belt conveyor system in the Figure is 
moving at 0.500 m/s.  What is its kinetic energy?
m = 30.0 kg
v = 0.500 m/s

KE = ? <latexit sha1_base64="X0SUoN0cPaY9QrPQlH+bTyWoo0g="></latexit>

KE =
1

2
mv2 =

1

2
(30.0kg)(0.500m/s)2 = 3.75J



EXAMPLE 7.3
• Determining the Work to Accelerate a Package: Suppose that you push on 

the 30.0kg package in the Figure with a constant force of 120 N through a distance of 
0.800 m, and that the opposing friction force averages 5.00 N.  Calculate the net work 
done on the package.

m = 30.0 kg
Fp = 120N 

Ffr = 5.00N

Wnet = ?

d = 0.800m 
<latexit sha1_base64="0vxh+hUFa9+4ldo73ToALeo6xfA="></latexit>

Wnet = Fnetd = (Fp � Ffr)d = (120N � 5N)0.8m = 92J



EXAMPLE 7.4
• Determining Speed from Work and Energy: Find the 

speed of the package in the Figure at the end of the push, using work 
and energy concepts.
m = 30.0 kg
KE0= 3.75J
W = 92J
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W =
1

2
mv2 � 1

2
mv20v = ?
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v =

s
2

(30.0kg)
(92J + 3.75J) = 2.53m/s
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v =

r
2

m
(W +KE0)
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1

2
mv2 = W +KE0



POTENTIAL ENERGY

• What if we do work by lifting a block up in the air? Or throwing a 
ball into the air? Clearly we have done work, but the block would 
have no velocity and the ball would reach a point where it has no 
velocity.  Where did the energy go?


• When we do work against a force, we give the object potential 
energy.  The block and ball have zero velocity, but if we let them fall 
they will gain kinetic energy from their potential energy.



GRAVITATIONAL POTENTIAL ENERGY

• If we lift an object on Earth at zero velocity to a height h then the 
work we do will be  W= Fd = mgh.  


• Thus the potential energy gained must be this much. The change in 
gravitational potential energy is given by
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�PEg = mgh



SPRING POTENTIAL ENERGY
• Instead let us consider pushing on a spring at constant velocity.  The 

spring force changes from 0 to kx at the maximum compression.  The 
average force will be Favg = 1/2(kx +0) = 1/2kx.  


• Applying this average force for the distance x gives us a potential energy


• Every conservative force has an associated potential energy.

<latexit sha1_base64="P+DiLZrkSc2icYoRjwGy1xSu6qw="></latexit>

�PEs =
1
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kx2



GOLDEN EYE (1995)

What is the spring constant of the bungee cord?



This stunt was done for real and the dam used is in Switzerland. You can go today and make 
the jump yourself. The dam has a height of 220m. At the bottom before Bond shoots his 

grapple his velocity has slowed to zero. That means his original potential energy has now been 
entirely converted to the potential energy of the bungee cord which acts just like a spring.

where x is the distance the bungee cord has stretched. If we assume the bungee cord is 80m 
long then x = 220m – 80m = 140m where we have neglected the fact that Bond is a couple 

of meters from the bottom when he shoots his grapple. Note that the bungee cord is 
stretched to 2.75 times its original length, which is fairly typical for bungee cords. If we take 

Bonds mass to be 80kg, we then have

The upward force on Bond when 
he reaches the bottom is

mgh =
1

2
kx2

k =
2mgh

x2
=

2(80kg)(9.8m/s2)(220m)

(140m)2
= 17.6N/m

F = kx = (17.6N/m)(140m) = 2, 464N

This force would give 
an acceleration of

a = F/m = 2464N/80kg = 30.8m/s2

or 3.14g which is also 
typical in bungee jumping.



EXAMPLE 7.4
• Using Conservation of Mechanical Energy to Calculate the Speed of a Toy 

Car: A 0.100-kg toy car is propelled by a compressed spring, as shown in the Figure. The car 
follows a track that rises 0.180 m above the starting point. The spring is compressed 4.00 cm and 
has a force constant of 250.0 N/m. Assuming work done by friction to be negligible, find (a) how 
fast the car is going before it starts up the slope and (b) how fast it is going at the top of the slope.

m = 0.100 kg
h = 0.180 m

k = 250.0 N/m
x = 0.040 m

v1 = ?
v2 = ?
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1

2
kx2 =

1

2
mv21
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v1 =

r
k

m
x
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=

s
250N/m

0.1kg
(0.04m) = 2.00m/s
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1
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mv22 +mgh
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v2 =

r
kx2

m
� 2gh
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=
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(0.1kg)
� 2(9.8m/s2)(0.18m) = 0.687m/s



CONSERVATIVE FORCES
• Potential energies don’t exist for all forces, a force has to be conservative for it to have a 

potential energy.


• What that means is that when you do work against the force and then let the force push you back 
to where you started you have to end up unchanged. 


• For example a ball bounces up and down against gravity or a mass oscillates up and down on a 
spring. These are conservative forces.


• However, if you push something back and forth against friction, you do work both ways.


• Friction like forces are not conservative and do not have an associated potential energy.  When 
these forces act they convert mechanical energy to heat which is then lost from the system.



EXAMPLE 7.9
• Calculating Distance Traveled: How Far a Baseball Player 

Slides: Consider the situation shown in Figure 7.16, where a baseball 
player slides to a stop on level ground. Using energy considerations, 
calculate the distance the 65.0-kg baseball player slides, given that his initial 
speed is 6.00 m/s and the force of friction against him is a constant 450 N.

m = 65kg
v = 6.00 m/s
f = 450N
d = ?
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1

2
mv2 = fd

<latexit sha1_base64="fgwkYVFrOitQchG2hCWtXNBnDmQ=">AAACCXicdVC7SgNBFJ2NrxhfUUubi0GwCjsh5FEIQRvLCCYGkhhmJ7PJkNmdZWc2EJZtbfwVGwtFbP0DO//G2SSCip7qcM493HuPEwiutG1/WJmV1bX1jexmbmt7Z3cvv3/QVjIKKWtRKWTYcYhigvuspbkWrBOEjHiOYDfO5CL1b6YsVFz613oWsL5HRj53OSXaSIM8DOEMem5IaIyTuJRA7MH0tgQ9aVLgJjDIF+yibdsYY0gJrlZsQ+r1WgnXAKeWQQEt0Rzk33tDSSOP+ZoKolQX24HuxyTUnAqW5HqRYgGhEzJiXUN94jHVj+efJHBilCG40qyWvoa5+j0RE0+pmeeYSY/osfrtpeJfXjfSbq0fcz+INPPpYpEbCdAS0lpgyENGtZgZQmjIza1Ax8TUok15OVPC16fwP2mXirhSLF+VC43zZR1ZdISO0SnCqIoa6BI1UQtRdIce0BN6tu6tR+vFel2MZqxl5hD9gPX2CVUmmN8=</latexit>

d =
1

2

mv2

f

<latexit sha1_base64="+kCCP9pf6pjZba4yy32rz/M4hSE="></latexit>

=
1

2

(65kg)(6.00m/s)2

450N
= 2.6m



EXAMPLE 7.10
• Calculating Distance Traveled: Sliding Up an Incline: 

Suppose that the player from Example 7.9 is running up a hill having 
a 5.00º incline upward with a surface similar to that in the baseball stadium. 
The player slides with the same initial speed, and the frictional force is still 
450 N. Determine how far he slides.

m = 65kg
v = 6.00 m/s
f = 450N
d = ?

<latexit sha1_base64="7m7+d5EkmUqfAOODtkop89zgyMs=">AAACBXicdVDLSgMxFM34rPVVdamLYBEEoUxK6WMhFN24rGAf0I4lk8m0ocnMkGQKZejGjb/ixoUibv0Hd/6NmbaCih64cDjnXu69x404U9q2P6yl5ZXVtfXMRnZza3tnN7e331JhLAltkpCHsuNiRTkLaFMzzWknkhQLl9O2O7pM/faYSsXC4EZPIuoIPAiYzwjWRurnjnq+xCRB06Q4hQKOb4vwHPoePINiMOzn8nbBtm2EEEwJqpRtQ2q1ahFVIUotgzxYoNHPvfe8kMSCBppwrFQX2ZF2Eiw1I5xOs71Y0QiTER7QrqEBFlQ5yeyLKTwxigf9UJoKNJyp3ycSLJSaCNd0CqyH6reXin953Vj7VSdhQRRrGpD5Ij/mUIcwjQR6TFKi+cQQTCQzt0IyxCYWbYLLmhC+PoX/k1axgMqF0nUpX79YxJEBh+AYnAIEKqAOrkADNAEBd+ABPIFn6956tF6s13nrkrWYOQA/YL19Auislu4=</latexit>

1

2
mv2 = fd+mgh

<latexit sha1_base64="5kG2Cg6RdHkPjV+j2HWA+kZD4Vo="></latexit>

1

2
mv2 = fd+mgd sin(5)

<latexit sha1_base64="lXFA1HEuQwtLcbNvszBZXY9Blac="></latexit>

d =
1
2mv2

f +mg sin(5)
<latexit sha1_base64="V6COfVCb93f4JH88DNvWnjE8BGU="></latexit>

=
1
2 (65kg)(6m/s)2

450N + (65kg)(9.8m/s2) sin(5)
= 2.31m



POWER

• Power is the rate of energy use over time. It has units of Watts (W).


• Many devices are constricted by the power they require, not the 
energy they use.  With a big enough tank of gas you can drive any 
distance, but a car will have a maximum velocity it can reach because 
there is a maximum power the engine can produce.

<latexit sha1_base64="pHZRakGKhKZhSVKwY1gAR8TI1Eo=">AAAB+HicdVDLSgMxFM34rPXRUZdugkVwVSal9LEQim5cVrAPaIeSSTNtaCYZkoxQh36JGxeKuPVT3Pk3ZtoKKnogcDjnXO7NCWLOtPG8D2dtfWNzazu3k9/d2z8ouIdHHS0TRWibSC5VL8CaciZo2zDDaS9WFEcBp91gepX53TuqNJPi1sxi6kd4LFjICDZWGrqFFryAaRcOpE1BMx+6Ra/keR5CCGYE1aqeJY1GvYzqEGWWRRGs0Bq674ORJElEhSEca91HXmz8FCvDCKfz/CDRNMZkise0b6nAEdV+ujh8Ds+sMoKhVPYJAxfq94kUR1rPosAmI2wm+reXiX95/cSEdT9lIk4MFWS5KEw4NBJmLcARU5QYPrMEE8XsrZBMsMLE2K7ytoSvn8L/SadcQtVS5aZSbF6u6siBE3AKzgECNdAE16AF2oCABDyAJ/Ds3DuPzovzuoyuOauZY/ADztsni3mSaA==</latexit>

P =
W

t



EXAMPLE 7.11
• Calculating the Power to Climb Stairs:  What is the power 

output for a 60.0-kg woman who runs up a 3.00 m high flight of 
stairs in 3.50 s, starting from rest but having a final speed of 2.00 m/s?

m = 60.0 kg
h = 3.00 m
t = 3.50 s
v = 2.00 m/s

<latexit sha1_base64="Uv447Qj0BBjGap8ONTNtNO5SL2I="></latexit>

W = �KE +�PE =
1

2
mv2 +mgh

P = ?

<latexit sha1_base64="+LbHJSul0ot7UQXXC3c90InKwSU="></latexit>

=
1

2
(60kg)(2m/s)2 + (60kg)(9.8m/s2)(3.00m) = 1884J

<latexit sha1_base64="pHZRakGKhKZhSVKwY1gAR8TI1Eo=">AAAB+HicdVDLSgMxFM34rPXRUZdugkVwVSal9LEQim5cVrAPaIeSSTNtaCYZkoxQh36JGxeKuPVT3Pk3ZtoKKnogcDjnXO7NCWLOtPG8D2dtfWNzazu3k9/d2z8ouIdHHS0TRWibSC5VL8CaciZo2zDDaS9WFEcBp91gepX53TuqNJPi1sxi6kd4LFjICDZWGrqFFryAaRcOpE1BMx+6Ra/keR5CCGYE1aqeJY1GvYzqEGWWRRGs0Bq674ORJElEhSEca91HXmz8FCvDCKfz/CDRNMZkise0b6nAEdV+ujh8Ds+sMoKhVPYJAxfq94kUR1rPosAmI2wm+reXiX95/cSEdT9lIk4MFWS5KEw4NBJmLcARU5QYPrMEE8XsrZBMsMLE2K7ytoSvn8L/SadcQtVS5aZSbF6u6siBE3AKzgECNdAE16AF2oCABDyAJ/Ds3DuPzovzuoyuOauZY/ADztsni3mSaA==</latexit>

P =
W

t

<latexit sha1_base64="m14HsELyeWmmTLWSBO4gf3XRSWw=">AAACBnicdVDLSgMxFM34rPU16lKEYBFcDZM+pwuh6EZcVbAPaIeSSdM2NPMgyQhl6MqNv+LGhSJu/QZ3/o2ZtoKKHggczjmXm3u8iDOpbPvDWFpeWV1bz2xkN7e2d3bNvf2mDGNBaIOEPBRtD0vKWUAbiilO25Gg2Pc4bXnji9Rv3VIhWRjcqElEXR8PAzZgBCst9cwjeAYT5DjFK9gNdRAWrJKcarFUcGCrZ+Zsy7ZthBBMCaqUbU2qVSePHIhSSyMHFqj3zPduPySxTwNFOJayg+xIuQkWihFOp9luLGmEyRgPaUfTAPtUusnsjCk80UofDkKhX6DgTP0+kWBfyonv6aSP1Uj+9lLxL68Tq4HjJiyIYkUDMl80iDlUIUw7gX0mKFF8ogkmgum/QjLCAhOlm8vqEr4uhf+TZt5CZat4XczVzhd1ZMAhOAanAIEKqIFLUAcNQMAdeABP4Nm4Nx6NF+N1Hl0yFjMH4AeMt0/cdpWV</latexit>

=
1884J

3.5s
= 538W



HOME WORK

• Chap 7 - 6, 9, 13, 17, 22, 24, 32,


