Test - Lesson 4 - Energy-Work-Power - Answer Key
1. What is the maximal height for the
second hump on a roller coaster if the roller
𝑘𝑚
coaster is traveling at 108 ℎ𝑟 just before
climbing the second hump?

The second hump cannot be higher than
45.9 meters.

2. By accident, a roller coaster car with a
mass of 500 kg breaks loose and rolls down
an incline from a height of 49 meters.

(A) 39.9 m
(B) 41.9 m
(C) 43.9 m
(D) 45.9 m
(E) 47.9 m
This problem asks you to convert pure
kinetic energy into potential energy.

It strikes another 500 kg roller coaster car
sitting at the bottom of the incline and,
together, they roll along the track. At what
speed do they roll along the track?

Kinetic energy is ½ mv2 and potential
energy is mgh.
½ mv2 = mgh
Mass cancels out, leaving ½ v2 = gh, and h
𝑣2

=2𝑔.
Once 108

𝒎

(A) 15.5 𝒔𝒆𝒄
𝑘𝑚
ℎ𝑟
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𝑚

𝑣2

is converted to 𝑠𝑒𝑐, 2𝑔 = 𝑎

height of 45.9 meters.

m

(B) 17.5 sec
m

(C) 18.5 sec
m

(D) 21.5 sec
m

(E) 23.5 sec
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Does the combined potential and kinetic
energy of the two cars before the collision
have to equal the potential and kinetic
energy of the two cars after the collision?
because this type of collision is an inelastic
collision, meaning that somehow energy
was lost in this collision in crumpling their
bumpers, or generating heat and noise.
Only in elastic collisions, where two objects
bounce off each other without losing
energy, is the combined potential and
kinetic energy of both objects before
impact equal to the combined potential and
kinetic energy after impact.
Unlike potential and kinetic energy before
and after a collision, the combined
momentum of two objects before impact
does equal the combined momentum of the
two objects after impact, regardless of
whether the collision elastic or inelastic. In
this case, the total momentum before
impact is the mass of the first car, m1, times
its velocity, v1 right before impact, plus the
mass of the second car, m2, times its
velocity, v2. The total momentum after
impact is m1 plus m2 times their combined
velocity, v3.
Since v2 is zero, m1v1 = m1 + m2 x v3. In
order to figure out v3, we need to figure out
v1 just before impact.
v1 results when the roller coaster car’s
potential energy, from starting out 49
meters off the ground, is converted into
kinetic energy.
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mgh = ½ m(v1)2
Which means 2gh = v12.
When the values for the acceleration of
gravity and height of 49 meters are plugged
m
in, v1 turns out to be 31.0 sec.
Plugging this value for v1 into the equation
for total momentum before and after
impact, we get,
m

500 kg x 31.0 sec= 1000 kg x v3 and
m

v3 = 15.5 sec.

3. How much force is needed to stop a
10,000 kilogram truck in 4 seconds if the
𝑘𝑚
truck is traveling at 108 ℎ𝑟 ?
(A)
(B)
(C)
(D)
(E)

55,000 N
65,000 N
75,000 N
85,000 N
95,000 N
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In a velocity versus time graph, the initial
𝑘𝑚
speed of the truck is 108 ℎ𝑟 .
𝑚

1 ℎ𝑟

Multiplying by 1000 𝑘𝑚 by 3600 𝑠𝑒𝑐, we get
𝑚

an initial velocity of 30 𝑠𝑒𝑐.
The truck’s mass is 10,000 kilograms.
𝑚

Its deceleration is 30
divided by the time
𝑠𝑒𝑐
it takes to stop: 4 seconds. The deceleration
𝑚
is 7.5 𝑠𝑒𝑐 2 .
Force equals mass times acceleration, so
force equals 10,000 kilograms times 7.5
𝑚
𝑘𝑔 𝑚
, which is 75,000 𝑠𝑒𝑐 2 , or 75,000
𝑠𝑒𝑐 2
newtons.

Stopping a moving car takes energy. Energy
can be described as force times distance, or
as kinetic energy, or even as potential
energy. A moving car is pure kinetic energy,
1
𝑚𝑣 2 .
2
To overcome the car’s kinetic energy, we
have to exert the exact same energy but in
the opposite direction. That force will be
exerted over whatever distance it takes to
bring the car to a halt, force times distance.
Since these two opposing energies have to
1
equal each other, 2 𝑚𝑣 2 must equal force
times distance. For a car traveling 50
1

𝑘𝑚
ℎ𝑟

,

𝑚𝑣 2 is constant. Force and distance,
however, can both vary, depending on how
much force is applied to the brakes.
2

4. What is the minimal distance to stop a
𝑘𝑚
car traveling at 50 ℎ𝑟 with a coefficient of
rubber on concrete of 0.8?
(A)
(B)
(C)
(D)
(E)

8.3 m
9.3 m
10.3 m
11.3 m
12.3 m

If maximal force is applied to the brakes so
that the car’s wheels completely stop, the
distance that the car travels depends on the
friction of the car’s wheels with the road.
The force opposing the car’s kinetic energy
is the force of friction, which is µ, the
coefficient of static friction, times the
weight of the car, which is the car’s mass
times the acceleration of gravity.
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1
2

𝑚𝑣 2 is thus µ times mass times g times
distance traveled.

𝑚
)
𝑠𝑒𝑐2
𝑚
2 𝑥 0.8 𝑥 9.8
𝑠𝑒𝑐2

½ (27.8
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= a distance of 49.3 meters.

Mass cancels out, leaving,½ v2 equal to µ
times the acceleration of gravity times
distance traveled.
The distance traveled equals the velocity
squared divided by2µ times the
acceleration of gravity.
Since mass is no longer present, it makes no
difference whether a heavy truck or a
lightweight car is trying to stop. The only
thing that matters is the speed of the
vehicle and the coefficient of friction. And
speed is far more important because v is
squared.

5. Shooting a rifle causes the rifle to kick
back, or recoil, into your shoulder. What is
the velocity of the recoil for a rifle weighing
3.6 kg and shooting a 4 g bullet at 900 m/s?

In our example, we first have to convert 50
𝑘𝑚
𝑚
𝑘𝑚
𝑚
into 𝑠𝑒𝑐. 50 ℎ𝑟 is 13.9 𝑠𝑒𝑐.
ℎ𝑟
𝒎

𝑚
13.9
𝑠𝑒𝑐2

Distance = 2 𝑥 0.8 , the coefficient of
friction between rubber and concrete,
𝑚
times 9.8 𝑠𝑒𝑐 2.

(A) 1.0 𝒔𝒆𝒄
𝑚

(B) 2.0 𝑠𝑒𝑐
𝑚

(C) 3.0 𝑠𝑒𝑐
𝑚

(D) 4.0 𝑠𝑒𝑐
𝑚

d equals 12.3 m. The car takes 12.3 meters
to come to a halt.
Notice that a car traveling twice as fast, 100
𝑘𝑚
, requires four times the distance to
ℎ𝑟
stop.
100

𝑘𝑚
ℎ𝑟

𝑚

is 27.8 𝑠𝑒𝑐

(E) 5.0 𝑠𝑒𝑐
Before the bullet is shot, nothing is moving,
so the total momentum is zero. The bullet’s
momentum after being shot has to equal its
momentum before being shot, namely zero.
Therefore, after the trigger is pulled, the
bullet’s momentum out the barrel has to
equal the rifle’s recoil momentum so that
the two vectors cancel each other out and
leave a zero total momentum.
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The bullet’s momentum is 0.004 kg times
𝑚
900 𝑠𝑒𝑐, which equals 3.6 kg times the rifle’s
recoil velocity. The rifle recoils with a
𝑚
velocity of 1.0 𝑠𝑒𝑐. This is only about 2.2
miles per hour.
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Momentum is mass times velocity. Before
they were released, the blocks weren’t
moving, so their total momentum was zero.
Their momentum after being released also
has to be zero. The mass of block X times its
velocity after release, Vx, plus the mass of
block Y times its velocity after release, Vy,
equals zero.
That means that the Mx times Vx equals
negative My times Vy, and the velocity of
block Y after release is therefore minus the
mass of block X times its velocity after
release, Vx, divided by the mass of block Y.

6. Here are two blocks connected by a
spring. One block has a mass of X and the
other, a mass of Y. When pulled apart and
then released, the two masses move
toward each other with different velocities.
After release, which block has more kinetic
energy?

(A) the smaller block
(B) the larger block
(C) their kinetic energies are equal
No energy was added or subtracted after
the blocks were released. This means two
things. One is that the total momentum
before and after release remains the same,
and two, the total potential and kinetic
energy before and after release remains the
same.

The momentum of each block equals the
negative momentum of the other block,
because they’re moving in opposite
directions. Will the kinetic energy of each
block also equal the kinetic energy of the
other block, or because kinetic energy
involves v squared, should we expect the
smaller block to be moving faster and
therefore have more kinetic energy? Let’s
see.
Immediately before the blocks were
released, all the energy was potential and
after they were released, all kinetic. So, the
total potential energy before release equals
the total kinetic energy after release.
The total kinetic energy after release is
1
mv2 for each block.
2
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Since, from the momentum equation, Vy
equals negative MxVx over My, total
potential energy PE equals ½ MxVx2 + ½ My
times the square of negative MxVx over My.
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In other words, the kinetic energy of each
block is inversely proportional to its mass,
so yes, the smaller block ends up having
more kinetic energy than the larger block.

Algebraically, the total potential energy, PE,
works out to be ½ MxVx2 times (1 +
Mx/My).
½Mx Vx2 is the kinetic energy of X. So the
total potential energy of both blocks is the
kinetic energy y of block X times 1 plus the
mass of X over the mass of Y.
By algebra, the total potential energy works
out to be the kinetic energy of mass X times
the mass of block Y squared plus the mass
of block X times the mass of block Y, all over
the mass of block Y squared.

𝑚

7. If a 140 g baseball is thrown at 20 𝑠𝑒𝑐 and
struck by a 900 gram bat for 10 msec, and
𝑚
the ball leaves that bat at 50 𝑠𝑒𝑐, how much
force did the bat strike the ball with?

By solving this equation for the kinetic
energy of block X, we get, the total
potential energy of both blocks times the
mass of block Y divided by the total mass of
both blocks.
Going through the same calculations for
block X, we get the kinetic energy of block Y
equaling the potential energy of both blocks
times the mass of block X over the total
mass of both blocks.
By dividing these two equations, we get the
ratio of the kinetic energy of block X over
the kinetic energy of block Y. That equals
the ratio of the mass block Y over the mass
of block X.

(A)
(B)
(C)
(D)
(E)

880 newtons
980 newtons
1080 newtons
1180 newtons
1280 newtons

Force times distance is the definition of
work. What is force times time?
Force times time is impulse.
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The impulse a baseball bat delivers to a
baseball is the force of the bat times the
time that the bat remains in contact with
the baseball.
An impulse changes the speed and direction
of the baseball. Speed and direction is just
another way of saying velocity, so an
impulse changes the velocity of a moving
mass.
A mass times its velocity is called
momentum, so by changing the velocity of a
mass, an impulse changes a mass’
momentum. Mathematically, force times
time, impulse, equals the change in
momentum. The change in momentum is
the mass times velocity after being
impulsed minus the mass times velocity
before being impulsed.
Since the mass doesn’t change, F times t
equals m times the change in velocity.
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𝑘𝑔 𝑚

The force of the baseball bat is 980 k 𝑠𝑒𝑐 2 ,
or 980 newtons.
How does that force compare to the force
of gravity? If a mass weighed 980 newtons,
its mass would be

980 𝑘𝑔 𝑚
𝑠𝑒𝑐2
𝑚
9.8
𝑠𝑒𝑐2

, or 100 kg.

A baseball bat weighs about a kilogram, so a
batter swings with enough force to make
that one kilogram baseball bat appear to
weigh 100 kg.
Moreover, with a force of 980 newtons, the
batter would be able to accelerate a
stationary baseball 714 times the
acceleration of gravity. We know this
because a force of 980 newtons divided by
𝑚
the mass of 140 grams = 7000 𝑠𝑒𝑐 2, which is
𝑚

714 times greater than the 9.8 𝑠𝑒𝑐 2
acceleration of gravity.

The change in the baseball's velocity is the
difference between its velocity headed
toward home plate and its velocity leaving
the bat. Since velocity is a vector, the
direction of travel is important. If travel
toward the plate is positive, travel in
opposite direction is negative.
The change in velocity for the baseball in
𝑚
𝑚
this problem, then, is 20 𝑠𝑒𝑐 minus a -50 𝑠𝑒𝑐.
Force times one-one hundredth of a second
𝑚
equals 0.140 kg times 70 𝑠𝑒𝑐.
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8. How much energy did it take to hit the
𝑚
baseball and send it sailing off at 𝑠𝑒𝑐 ?
(A)
(B)
(C)
(D)
(E)

147 newton-meters
247 newton-meters
347 newton-meters
447 newton-meters
547 newton-meters

The energy that went into hitting the ball is
the change in the baseball’s kinetic energy.
Kinetic energy, like the change in
momentum, depends on the baseball’s
velocity. Kinetic energy is one-half m v
squared.

9. If it requires 5 newtons of force to
stretch a spring 0.5 meter beyond its resting
length, how much work will it take to
stretch the spring 1.5 meters beyond its
resting length?

However, unlike change in momentum,
kinetic energy is not a vector, so the
direction of ball movement is irrelevant.
The kinetic energy of the ball before being
𝑚
hit is ½ x 0.14 kg x 20 𝑠𝑒𝑐 2 , or 28 newtonmeters.
The kinetic energy of the ball after being hit
𝑚
is ½ x 0.14 kg times 50 𝑠𝑒𝑐 2 , or 175 newtonmeters. This means the batter supplied 175
- 28, or 147 newton-meters, or joules, of
energy.
Since energy is force times distance, 147
newton meters is the equivalent of lifting a
15 kg mass 1 meter.

(A) 8.25 newton-meters
(B) 9.25 newton-meters
(C) 10.25 newton-meters
(D) 11.25 newton-meters
(E) 12.25 newton-meters
The work needed to stretch or compress a
spring away from its resting position is force
times distance. The difficulty calculating the
work performed is that the force increases
as the spring is stretched or compressed.
The measure of how much the force
changes with distance is called the spring
constant, K. The spring constant tells you
how much the force increases per distance
stretched or compressed.
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In this problem it takes 5 newtons of force
to stretch the spring 0.5 meters. The spring
constant measures the force increase for
every 1 unit. Dividing a fraction always
results in the denominator being 1, so 5
newtons over 0.5 meters equals 10
newtons per 1 meter, which is the spring
constant.
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𝑛𝑒𝑤𝑡𝑜𝑛𝑠

Since K is 10 𝑚𝑒𝑡𝑒𝑟 , it takes 11.25 newtonmeters or 11.25 joules to stretch the string
1.5 meters.

Force over distance, which is the spring
constant, allows you to calculate the force
at any distance away from the resting
position, because force equals k times the
distance from the resting position.
In a force versus distance graph, the area
under the graph line is a measure of the
work performed in stretching or
compressing a spring. The slope of the
graph line is the spring constant.

10. A 1.3 kg block of wood is kicked up a 37
𝑚
degree incline at an initial velocity of 12 𝑠𝑒𝑐,
traveling 8.3 meters up the incline before it
stops. What was the force of friction acting
on the block of wood?

Because the force starts out at zero at the
resting position, the area under the graph
line is ½ the force, which is k times the
distance, times the distance, or ½ k times
distance squared.
This is the work needed to stretch or
compress a spring. It’s also the potential
energy gained by the spring as it’s stretched
or compressed.
In this case, stretching the spring 1.5 meters
beyond its resting length requires ½ k x 1.5
m2 newton-meters of energy.

(A)
(B)
(C)
(D)
(E)

1.6 newtons
2.6 newtons
3.6 newtons
4.6 newtons
5.6 newtons
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In a frictionless world, as a block of wood
climbs an incline, all of its kinetic energy is
converted to potential energy. In that case,
kinetic energy goes on one side of the equal
sign and potential energy on the other since
they equal each other.
In a friction world, additional work is needed
to overcome the force of friction as the
wooden block slides up the incline. On which
side of the equal sign does the force of
friction times distance traveled belong?
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Mathematically, 93.6 newton meters equals
mgh plus the force of friction times 8.3
meters.
The height that the block of wood reaches is
8.3 meters times the sine of 37 degrees.
Since the sine of 37 degrees is 0.6, the block
of wood ended up 0.6 times 8.3 m, or 5.0
meters off the ground.
If h equals 5 meters, the force of friction
𝑚
works out to be 3.6 kg-𝑠𝑒𝑐squared, or 3.6
newtons.

Since kinetic energy is being used up in order
to overcome the force of friction and push
the block of wood up the incline, the force of
friction belongs on the same side of the
equation as potential energy, because they
are both absorbing the block of wood’s
kinetic energy.
In this case, the block of wood’s kinetic
1
energy is 2one-half m v squared, or
𝑚

0.5 times 1.3 kg times 12.0 𝑠𝑒𝑐 2 . The block
of wood starts out with a kinetic energy of
93.6 newton meters, or 93.6 joules.
Part of these 93.6 newton meters of energy
is converted into potential energy, equal to
mgh.
The other part is used to overcome the force
of friction as the block of wood slides 8.3
meters up the incline. The energy needed to
do this is the force of friction times the
distance traveled: 8.3 meters.

11. If this same block of wood now slides
back down the incline, what will its speed be
when it reaches the bottom of the incline?

𝑚

(A) 3.2 𝑠𝑒𝑐
𝑚

(B) 4.2 𝑠𝑒𝑐
𝑚

(C) 5.2 𝑠𝑒𝑐
𝑚

(D) 6.2 𝑠𝑒𝑐
𝒎

(E) 7.2 𝒔𝒆𝒄
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This time, as the block of wood slides down
the incline, the block of wood’s potential
energy is giving up its energy to create
kinetic energy and to overcome the force of
friction.
So now the force of friction times the
distance traveled down the incline belongs
on the same side of the equal sign as the
kinetic energy.
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What’s the truth? Was one car speeding,
both speeding, or neither speeding?
The facts are that the mass of the car
headed east was 1100 kg and the mass of
the car headed north was 1300 kg. After the
cars collide, they come to a rest 18.7 meters
from the intersection in a 30 degree
direction. The coefficient of friction for
rubber on asphalt is 0.8.

When the values for mass, the acceleration
of gravity, height, the force of friction, and
distance traveled are inserted into the
𝑚2
𝑠𝑒𝑐2
𝑠𝑒𝑐 2

52

𝑚

equation, v2 =
, and v = 7.2 𝑠𝑒𝑐,
considerably slower than its speed up the
incline.

(A)
(B)
(C)
(D)

12. Accident reconstruction is helpful in
establishing whether one car was speeding.
Two cars approach an intersection with no
stoplight, and collide. The car headed north
claims that the car headed east was
exceeding the posted speed limit of 100
𝑘𝑚
and is therefore responsible for the
ℎ𝑟
accident.

The car headed north was speeding.
The car headed east was speeding.
Both were speeding
Neither was speeding.

At the moment the two cars struck each
other and began to slide as a single mass,
their combined energy was all kinetic
energy: one-half their combined mass, m1
plus m2, times their combined velocity, v3,
squared.
The energy that went in to stopping the two
vehicles was supplied by the force of
friction times the distance the two vehicles
traveled after impact, which we’ll call d.
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Therefore, the energy exerted by the force
of friction must equal the kinetic energy of
the two cars at impact.
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This diagonal momentum vector is the sum
of a horizontal momentum vector,( m1 +
m2) v3 cos 30o, and a vertical momentum
vector, (m1 + m2) v3 sin 30o.

The force of friction is the weight of a mass
times the coefficient of friction, in other
words, mass times the acceleration of
gravity times μ.

The horizontal momentum vector was
provided only by the momentum of the car
headed east, m1v1.

This force times the distance traveled
equals the kinetic energy of the two cars at
1
the moment of impact, which is 2 of their
combined mass times their combined
velocity squared.

Therefore, m1v1 can be substituted for m1
+ m2 x v3 x the cosine of 30 degrees, and
m1v1 = (m1 + m2) v3 cos 30o.Since the
cosine of 30o is 0.866, v1 works out to be 32
𝑚
𝑘𝑚
, or 115 ℎ𝑟 .
𝑠𝑒𝑐

The masses cancel out, and when the values
for mu, gravity, and distance are inserted,
𝑚
v3 becomes 17 𝑠𝑒𝑐,

Likewise, the vertical vector m1 plus m2
times v3 times the sine of 30o came
exclusively from the momentum of the car
headed north, m2v2. So m2v2 = m1 + m2 x
v3 x the sine of 30o.

Even in inelastic collisions, the total
momentum before the collision has to
equal the total momentum after the
collision.
The momentum before the collision is the
mass of vehicle 1 times its velocity, v1, plus
the mass of vehicle 2 times its velocity, v2.

Since the sine of 30o is 0.5, v2 works out to
𝑚
𝑘𝑚
be 16 𝑠𝑒𝑐, or 58 ℎ𝑟 .
The car headed east was indeed exceeding
𝑘𝑚
the 100 ℎ𝑟 speed limit.

The momentum after the collision is the
combined mass, m1+m2, times their
combined velocity, v3.
The velocity vector representing the two cars
is pointed in a 30 degree direction. The
momentum vector for the two cars still points
30 degrees but its length is m1 + m2 x v3.
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13. A railroad car weighing 3000 kilograms
breaks loose from its train and smashes at
𝑘𝑚
42.1 ℎ𝑟 into a 2000 kg railcar at rest. The
railroad cars become attached and travel up
a steep slope a distance, h.
What is the momentum of the two railroad
cars just before impact, and what is the
velocity of the two railroad cars
immediately after impact?

Momentum
Before Impact
(A) 50,000 kg-m/sec

Velocity
After Impact
𝑚
3.1 𝑠𝑒𝑐

(B) 110,000 kg-m/sec

4.8 𝑠𝑒𝑐

(C) 245,000 kg-m/sec

5.8 𝑠𝑒𝑐

𝑚
𝑚

𝑘𝑚

42.1 ℎ𝑟 is 11.7 m/sec, to the total
momentum just before impact is 351,000
kg-m/sec.
The momentum of the two cars after the
collision is unchanged, because momentum
is always conserved after both elastic and
inelastic collisions.
The total momentum before impact is
351,000 kg-m/sec. After impact, the two
cars together, with a total mass of 5000 kg,
travel at a velocity that makes their
momentum, m times v, equal to 351,000
kg-m/sec.
351,000 kg-m/sec equals 5000 kg times
their combined velocity.
Their combined velocity is 7 m/sec.

𝑚

(D) 310,000 kg-m/sec

6.6 𝑠𝑒𝑐

(E) 351,000 kg-m/sec

7.0 𝒔𝒆𝒄
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𝒎

Momentum is mass times velocity. The
momentum of the two railroad cars before
impact is the mass times velocity of each
𝑘𝑚
car, or 3000 kg times 42.1 ℎ𝑟 . The car that’s
stationary has no momentum.
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14. What is the kinetic energy of the
railroad cars after collision? How high up
the slope do the two railroad cars travel?

Page 14

Traveling up the slope of the track converts
all of the kinetic energy into potential
energy. Kinetic energy, one-half m v
squared, becomes mass times the
acceleration of gravity times the height the
mass travels.
Since mass is on both sides of the equal
side, mass cancels out and height equals
one-half velocity squared divided by the
acceleration of gravity.
𝑚

With a velocity of 7 𝑠𝑒𝑐, height works out to
be 2.5 meters.
Kinetic Energy
After Impact
(A) 88,600 joules
(B) 102,400 joules
(C) 107,700 joules
(D) 114,400 joules
(E) 122,500 joules

Height Attained
1.1 meters
1.5 meters
1.7 meters
2.1 meters
2.5 meters

Because this collision is an inelastic
collision, only momentum remains
unchanged. Kinetic energy changes. The
kinetic energy of the two railroad cars after
impact is one-half m v squared. After
impact, the moving mass is 5000 kg and its
velocity is 7 m/sec.
½ times 5000 kg times the square of 7
m/sec equals 122,500 kg-m2/sec2, or
122,500 joules.

15. A pile driver is a machine that slams a
heavy weight onto a concrete or steel
column in order to drive the column into
the ground, for example, to serve as a
support column for a new building.
This pile driver pounds with a 1000 kg
weight positioned 5 meters above a
concrete column. When the pile drive is
released, it drives the concrete column 0.5
meters into the ground. What was the force
delivered by the pile driver?
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If 53,900 newton meters of energy was
used to exert a force, F, over a distance of
0.5 meters, the pile driver exerted a force
𝑘𝑔 𝑚
𝑠𝑒𝑐2
𝑠𝑒𝑐 2

equal to the energy expended, 53,900
divided by the distance, 0.5 meters. The
𝑘𝑔 𝑚
force works out to 107,800 𝑠𝑒𝑐 2 .

Does this answer make sense? Had the pile
driver driven the column only 0.25 meters
into the ground, it would have delivered
215,600 newtons of force, twice as much
force.

𝑘𝑔 𝑚

(A) 38, 900 (B) 138, 900
(C) 10,780

𝑠𝑒𝑐 2
𝑘𝑔 𝑚

𝑠𝑒𝑐 2
𝑘𝑔 𝑚
𝑠𝑒𝑐 2
𝒌𝒈 𝒎

(D) 107,800
(E) 59,700

𝒔𝒆𝒄𝟐
𝑘𝑔 𝑚

You’d think that with more force, the pile
driver would have driven the concrete
column further into the ground, not less.

𝑠𝑒𝑐 2

The pile driver begins with potential energy,
𝑚
mgh. In this case, mgh is 1000 kg x 9.8 𝑠𝑒𝑐 2
times what? Does the pile driver drop 5
meters or 5.5 meters?
5.5 meters, because the pile driver dropped
a total of 5.5 meters.
Its potential energy, then, is 1000 kg x 9.8
𝑚
𝑠𝑒𝑐 2

x 5.5 meters, or 53,900

,

𝑘𝑔 𝑚
𝑠𝑒𝑐2
𝑠𝑒𝑐 2

The pile driver can only deliver 53, 900
newton-meters of energy. If the pile driver
was only able to drive the concrete column
one-tenth of a meter into the ground, it
means that the ground was very hard and
more force was needed, but the force times
distance delivered by the pile driver was
still only 53, 900 newton-meters of energy.

.

This 53,900 newton meters of energy was
used to drive the column 0.5 meters into
the ground. Energy is force times distance.

Copyright ©|Fascinating Education LLC|www.fascinatingeducation.com

Test - Lesson 4 - Energy-Work-Power - Answer Key
16. What is the mechanical advantage of
each?

Page 16

The longer distance for the jack screw is the
circumference turned by the handle, 2πl.
The shorter path is the pitch, the vertical
distance traveled with one complete turn of
the handle.

(A) inclined plane: s/h; wedge: s/h; jack
screw: l/h
(B) inclined plane: s/h; wedge: l/h; jack
screw: h/l
(C) inclined plane: s/h ; wedge: l/h; jack
screw: 2πl/h
(D) inclined plane: s/l; wedge: s/h; jack
screw: h/2πl
(E) inclined plane: l/s; wedge: h/s; jack
screw: 2πh/l

17. A coconut falls from a height of 10
meters. What is its speed 1.5 meters from
the ground?

Mechanical advantage is the ratio of greater
force over the weaker force, which is also
the ratio of the longer path over the shorter
path.
The only requirement is that force pushing
the rock up the incline must be parallel to
the incline.
The longer path for the incline is the length
of the incline and the shorter one is vertical
path of lifting.

𝒎

(A) 12.9 𝒔𝒆𝒄
𝑚

(B) 13.1 𝑠𝑒𝑐
𝑚

The longer path for the wedge is the
distance it moves, l.

(C) 13.5 𝑠𝑒𝑐
𝑚

(D) 14.2 𝑠𝑒𝑐
𝑚

(E) 15.6 𝑠𝑒𝑐
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One way to do this problem is to graph out
the velocity of the coconut in a velocity
versus time graph, as we’ve done in earlier
problems. Another way is to calculate the
total potential and kinetic energy of the
coconut before it falls, and then when it’s
fallen to one and a half meters above the
ground.
The total energy of the coconut in the tree
is all potential energy, because the coconut
is not moving and has no kinetic energy.
Its potential energy is mgh, mass times the
acceleration of gravity times its height, 10
meters.

18. When trying to sink a pool ball, you
have to keep in mind where the shooting
ball will end up after impact. It’s been said
that if there’s no English on the shooting
ball, the shooting ball will always deflect
away from the ball it strikes at a particular
angle. That angle is:

After the coconut has fallen, its total energy
is still the sum of its kinetic energy and
potential energy, which has to equal the
coconut’s total energy before it fell.
½ mv2 + mgh before has to equal ½ mv2 +
mgh when h is 1.5 after is 1.5 meters.
The mass of the coconut doesn’t matter
because mass cancels out on both sides of
the equation.
When the acceleration of gravity and the
heights above the ground are inserted, the
velocity of the coconut a meter and a half
𝑚
above the grounds works out to be 12.9 𝑠𝑒𝑐

(A)
(B)
(C)
(D)
(E)

30o
45o
60o
75o
90o
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We know that in any collision, elastic or
inelastic, the momentum of the two objects
before collision equals the momentum of
the two objects after collision.

This mathematical equation means if we
add the two post-collision velocity vectors
together, they will equal the velocity vector
of the cue ball before collision.

The mass times velocity of the cue ball and
the stationary pool ball before collision
equals their mass times velocity after
collision.

What we don’t know is the angle between
the two velocity vectors.

Before
After
mcb vcb + mpb vpb = mcb vcb + mpb vpb
Since the velocity of the stationary pool ball
before collision is zero, the momentum of
the cue ball, alone, equals the momentum
of the two pool balls after collision.
And since the mass of cue ball is the same
as the pool ball, mass on either side of the
equal sign cancels out, and we’re left with a
mathematical expression that says the
velocities of the cue ball and the pool ball
after collision add up to the velocity of the
cue ball before collision.
Before
vcb =

After
vcb + vpb

That angle is derived from the fact that the
collision between the cue ball and the pool
ball is an elastic collision, meaning that not
only is the momentum before and after
collision the same, but so is the kinetic
energy.
1

𝑚𝑣 2 of the cue ball and the stationary
pool ball before collision equals one-half m
v squared of the cue ball and pool ball after
collision.
2

Before
After
2
2
½ mcb vcb + ½ mpb vpb = ½ mcb vcb2 + ½ mpb
vpb 2
Again, because the velocity of the pool ball
before collision is zero, and because both
balls have the same mass, this equation
simplifies to the velocity of the cue ball
before collision, squared, equals its velocity
squared after collision plus the velocity of
the pool ball squared.
Before After
vcb2 = vcb2 + vpb 2
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19. The efficiency of any engine is a
measure of how much electrical or chemical
or heat or nuclear energy you put into the
engine, and how much work energy you get
out. The energy that goes up the
smokestack is wasted energy. If you know
the amount of energy you put into the
engine and the amount wasted, the energy
ouput is simply energy in minus energy
wasted.
That’s the Pythagorean theorem. So not
only do the two velocity vectors after
collision add up to the length of the cue
ball’s velocity vector before collision and
allow us to make the three vectors into a
triangle, but the triangle they form is a right
triangle.

The formula for engine efficiency is work
energy produced by the engine divided by
the amount of work put into the engine. If a
gasoline engine burns 204.5 joules of
energy and 153.3 joules of energy is lost out
the tail pipe, what is its efficiency?

If there’s no English on the cue ball, and if
we ignore friction, the cue ball will always
deflect away at a 90 degree angle from
whatever pool ball it strikes.

(A)
(B)
(C)
(D)
(E)

15%
20%
25%
30%
35%

Engine efficiency is energy output divided
by the energy put into the engine.
Energy output is the energy put into the
engine minus the energy wasted.

If there’s no English on the shooting ball,
the shooting ball will always deflect away at
a 90 degree angle from the ball it strikes.

If this gasoline engine burned 204.5 joules
of energy and 153.3 joules of energy were
lost out the tail pipe, 204.5 minus 153.3, or
51.2 joules of energy, must have been
captured by the engine to push the pistons
down.
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51.2 joules divided by the joules of energy
put into the engine, 204.5 joules, equals
0.25, or 25.0% efficiency.
Nuclear power plants are about 33%
efficient. Coal burning power plants are a
little higher at 36-40% efficient. Solar panels
have gotten up as high as 40-42% efficient,
but most are running below 20% efficiency.
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