Mechanical energy

Introduction B3 ESAH)

All objects have energy. The word energy comes from the Greek word energeia (évépyeia),
meaning activity or operation. Energy is closely linked to mass and cannot be created or
destroyed. In this chapter we will consider gravitational potential and kinetic energy. See
introductory video: (® Video: VPgjm at www.everythingscience.co.za)

Potential energy &3 ESAHK

The potential energy of an object is generally defined as the energy an object has because
of its position relative to other objects that it interacts with. There are different kinds of
potential energy such as gravitational potential energy, chemical potential energy, electrical
potential energy, to name a few. In this section we will be looking at gravitational potential
energy. (® See video: VPfhw at www.everythingscience.co.za

DEFINITION: Potential energy

Potential energy is the energy an object has due to its position or state.

DEFINITION: Gravitational potential energy

Gravitational potential energy is the energy an object has due to its position

in a gravitational field relative to some reference point.

Quantity: Gravitational potential energy (E'p) Unit name: Joule Unit
symbol: J
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Tip

You may sometimes
see potential energy
written as PE. We will
not use this notation
in this book, but you
may see it in other
books.
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In the case of Earth, gravitational potential energy is the energy of an object due to its posi-
tion above the surface of the Earth. The symbol Ep is used to refer to gravitational potential
energy. You will often find that the words potential energy are used where gravitational
potential energy is meant. We can define gravitational potential energy as:

where Ep = potential energy (measured in joules, ))

m = mass of the object (measured in kg)

g = gravitational acceleration (9,8 m - s72)

h = perpendicular height from the reference point (measured in m)

You can treat the gravitational acceleration, g, as a constant and you will learn more about
itin grade 11 and 12.

Let’s look at the case of a suitcase, with a mass of 1kg, which is placed at the top of a
2m high cupboard. By lifting the suitcase against the force of gravity, we give the suitcase
potential energy. We can calculate its gravitational potential energy using the equation
defined above as:

Ep = mgh
(1kg)(9,8m - s7%)(2m) = 19,6 )

If the suitcase falls off the cupboard, it will lose its potential energy. Halfway down to the
floor, the suitcase will have lost half its potential energy and will have only 9,8 left.

Ep = mgh
= (1kg)(9,8m-s7%)(1m) =9,8])

At the bottom of the cupboard the suitcase will have lost all its potential energy and its
potential energy will be equal to zero.

Ep = mgh
(1kg)(9,8m - s7%)(0m) =0}

This example shows us that objects have maximum potential energy at a maximum height
and will lose their potential energy as they fall.

444 Physics: Mechanics



CHAPTER 22. MECHANICAL ENERGY 22.2

I ___The potential energy is a maximum.

" Ep = mgh = (N9,8)2) = 19,6

v
I IThe potential energy is a minimum.
Ep = mgh = (1)(9,8)(0) = 0}

Example 1: Gravitational potential energy

QUESTION

A brick with a mass of 1 kg is lifted to the top of a 4 m high roof. It slips off the roof
and falls to the ground. Calculate the gravitational potential energy of the brick at
the top of the roof and on the ground once it has fallen.

SOLUTION

Step 1 : Analyse the question to determine what information is provided
e The mass of the brick is m = 1 kg

e The height lifted is h = 4 m

All quantities are in SI units.

Step 2 : Analyse the question to determine what is being asked
e We are asked to find the gain in potential energy of the brick as

it is lifted
onto the roof.

e We also need to calculate the potential energy once the brick is
on the
ground again.

Step 3 : Use the definition of gravitational potential energy to calculate the

answer
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Ep = mgh
= (1kg)(9,8m -s~2)(4m)
= 39,2)

Example 2: More gravitational potential energy

QUESTION

A netball player, who is 1,7 m tall, holds a 0,5 kg netball 0,5 m above her head and
shoots for the goal net which is 2,5 m above the ground. What is the gravitational

potential energy of the ball:
1. when she is about to shoot it into the net?

2. when it gets right into the net?
3. when it lands on the ground after the goal is scored?

SOLUTION

Step 1 : Analyse the question to determine what information is provided
e the netball net is 2,5 m above the ground

e the girl has a height of 1,7 m
e the ball is 0,5 m above the girl’s head when she shoots for goal

e the mass of the ball is 0,5 kg

Step 2 : Analyse the question to determine what is being asked
We need to find the gravitational potential energy of the netball at three

different positions:
e when it is above the girl’s head as she starts to throw it into the

net
e when it reaches the net

e when it reaches the ground

Step 3 : Use the definition of gravitational potential energy to calculate the
value for the ball when the girl shoots for goal
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Ep = mgh

First we need to calculate h. The height of the ball above the ground
when the girl shoots for goal is h = (1,7 + 0,5) = 2,2 m.

Now we can use this information in the equation for gravitational
potential energy:

Ep = mgh
= (0,5kg)(9,8m - s7%)(2,2m)
= 10,78

Step 4 : Calculate the potential energy of the ball at the height of the net
Again we use the definition of gravitational potential energy to solve
this:

Ep = mgh
= (0,5kg)(9,8m -s7?)(2,5m)
12,25

Step 5 : Calculate the potential energy of the ball on the ground

Ep = mgh
= (0, 5kg)(9,8m - s72)(0m)
= 0]

Exercise 22 -1

1. Describe the relationship between an object’s gravitational potential en-
ergy and its:
a. mass and
b. height above a reference point.
2. A boy, of mass 30 kg, climbs onto the roof of a garage. The roof is 2,5m
from the ground.
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a. How much potential energy did the boy gain by climbing onto the
roof?
b. The boy now jumps down. What is the potential energy of the boy
when he is 1m from the ground?
c. What is the potential energy of the boy when he lands on the ground?
3. A hiker, of mass 70 kg, walks up a mountain, 800 m above sea level, to
spend the night at the top in the first overnight hut. The second day she
walks to the second overnight hut, 500 m above sea level. The third day
she returns to her starting point, 200 m above sea level.
a. What is the potential energy of the hiker at the first hut (relative to sea
level)?
b. How much potential energy has the hiker lost during the second day?

c. How much potential energy did the hiker have when she started her
journey (relative to sea level)?

d. How much potential energy did the hiker have at the end of her jour-
ney when she reached her original starting position?

More practice @ video solutions @ or help at www.everythingscience.co.za

(1) 00an (2.) 00ap (3.) 00aq

Kinetic energy &3 ESAHL

DEFINITION: Kinetic energy

Kinetic energy is the energy an object has due to its motion.
Quantity: Kinetic energy Fx Unit name: Joule Unit symbol:

J

Kinetic energy is the energy an object has because of its motion. This means that any
moving object has kinetic energy. Kinetic energy is defined as:

1
Fr = imv2
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where E is the kinetic energy (measured in joules, J)
m = mass of the the object (measured in kg)
v = velocity of the object (measured in m - s~ 1).

Therefore the kinetic energy Fx depends on the mass and velocity of an object. The faster
it moves, and the more massive it is, the more kinetic energy it has. A truck of 2000 kg,

1

moving at 100 km - hr=! will have more kinetic energy than a car of 500 kg, also moving at

100 km - hr=1.

Consider the 1 kg suitcase on the cupboard that was discussed earlier. When it is on the
top of the cupboard, it will not have any kinetic energy because it is not moving:

2

EFrx = muv

(1kg)(Om-s7H)2 =0]J.

DN = N =

When the suitcase falls, its velocity increases (falls faster), until it reaches the ground with a
maximum velocity. As its velocity velocity increases, it will gain kinetic energy. Its kinetic

energy will increase until it is a maximum when the suitcase reaches the ground. If it has

1

a velocity of 6,26 m - s—! when it reaches the ground, its kinetic energy will be:

1
EFrx = Zmu?

= %(1 kg)(6,26 m-s~1)% = 19,6 ).

I ___The kinetic energy is a minimum.

Ex = Imv? =(3)(1)(0)2= 0

¥
I IThe kinetic energy is a maximum.
Ex = ymv® = (3)(1)(6,26)> = 19,6

Tip
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Example 3: Calculation of Kinetic Energy

QUESTION

A 1 kg brick falls off a 4 m high roof. It reaches the ground with a velocity of 8,85

-1

m - s—+. What is the kinetic energy of the brick when it starts to fall and when it

reaches the ground?

SOLUTION

Step 1 : Analyse the question to determine what information is provided
e The mass of the brick m = 1 kg

o The velocity of the brick at the bottom v = 8,85 m - s~!

These are both in the correct units so we do not have to worry about
unit

conversions.

Step 2 : Analyse the question to determine what is being asked

We are asked to find the kinetic energy of the brick at the top and the
bottom. From the definition we know that to work out Ex, we need to
know the mass and the velocity of the object and we are given both of
these values.

Step 3 : Calculate the kinetic energy at the top
Since the brick is not moving at the top, its kinetic energy is zero.

Step 4 : Substitute and calculate the kinetic energy

Ex = =
K 2mv

= %(1 kg)(8,85 m-s™1)?
= 39,2)
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Example 4: Kinetic energy of 2 moving objects

QUESTION

A herder is herding his sheep into the kraal. A mother sheep and its lamb are both
running at 2,7 m - s~ towards the kraal. The sheep has a mass of 80 kg and the
lamb has a mass of 25 kg. Calculate the kinetic energy for each of the sheep and
the lamb.

SOLUTION

Step 1 : Analyse the question to determine what information is provided
e the mass of the mother sheep is 80 kg

e the mass of the lamb is 25 kg

e both the sheep and the lamb have a velocities of 2,7 m - s—!

Step 2 : Analyse the question to determine what is being asked
We need to find the kinetic energy of the sheep and the kinetic energy
of its lamb

Step 3 : Use the definition to calculate the sheep’s kinetic energy

1
E = oy 2
K 3 muv

- %(80 ke)(2,7 m - s~1)2
— 291,6)

Step 4 : Use the definition to calculate the lamb’s kinetic energy

1
Ex = imv2

%(25 kg)(2,7 m-s~1)?
91,13 )

Note: Even though the sheep and the lamb are running at the same
velocity, due to their different masses, they have different amounts of
kinetic energy. The sheep has more than the lamb because it has a
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higher mass.

Checking units B3 ESAHM

According to the equation for kinetic energy, the unit should be kg-m?-s~2. We can prove
that this unit is equal to the joule, the unit for energy.

(kg) (m - s‘l)2 = (kg-m-s72)-m
= N-m (because Force (N) = mass (kg) x acceleration (m-s~?2))

= J (Work (J) = Force (N) x distance (m))

We can do the same to prove that the unit for potential energy is equal to the joule:

(kg) (m-s72)(m) = N-m

Example 5: Mixing units & energy calculations

QUESTION

A bullet, having a mass of 150 g, is shot with a muzzle velocity of 960 m - s—1.

Calculate its kinetic energy.

SOLUTION

Step 1 : Analyse the question to determine what information is provided
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22.3

e We are given the mass of the bullet m = 150 g. This is
not the unit we want mass to be in. We need to convert
to kg.

Mass in grams = 1000 = Mass in kg
150 g+ 1000 = 0,150 kg

e We are given the initial velocity with which the bullet
leaves the barrel, called the muzzle velocity, and it is v
=960 m-s L
Step 2 : Analyse the question to determine what is being asked
e We are asked to find the kinetic energy.

Step 3 : Substitute and calculate

We just substitute the mass and velocity (which are known) into the

equation for kinetic energy:
EFx = imv
1
= 5(0, 150 kg)(960 m-s~1)?
= 69120]

Exercise 22 -2

1. Describe the relationship between an object’s kinetic energy and its:
a. mass and
b. velocity
2. A stone with a mass of 100 g is thrown up into the air. It has an initial
velocity of 3m - s~1. Calculate its kinetic energy:
a. as it leaves the thrower’s hand.
b. when it reaches its turning point.
3. A car with a mass of 700 kg is travelling at a constant velocity of 100 km -
hr=!. Calculate the kinetic energy of the car.
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More practice @ video solutions @ or help at www.everythingscience.co.za

(1.) O0ar (2.) O0as (3.) O0at

Mechanical energy B3 ESAHN

DEFINITION: Mechanical energy

Mechanical energy is the sum of the gravitational potential energy and the
kinetic energy of a system.

Quantity: Mechanical energy (Ej) Unit name: Joule Unit
symbol: ]

Mechanical energy, Ey, is simply the sum of gravitational potential energy (Ep) and the
kinetic energy (Fx). Mechanical energy is defined as:

Tip

’EM:EP"FEK‘

You may see mechan-

ical energy written as En = mgh + 17’77,1}2
U. We will not use 2

this notation in this

book, but you should

be aware that this no- )
tation is sometimes Example 6: Mechanlcal energy
used.

QUESTION

Calculate the total mechanical energy for a ball of mass 0,15 kg which has a kinetic
energy of 20 ] and is 2 m above the ground.

SOLUTION
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Step 1 : Analyse the question to determine what information is provided
e The ball has a mass m = 0, 15 kg

e The ball is at a height h = 2 m

e The ball has a kinetic energy Ex = 20 )

Step 2 : Analyse the question to determine what is being asked
We need to find the total mechanical energy of the ball

Step 3 : Use the definition to calculate the total mechanical energy

Ey = Ep+ Eg
= mgh—i—%mv2
= mgh+20
= (0,15kg)(9,8m-s1)(2m) +20)
= 2,94)+20)

= 22,94)

Conservation of

: ESAHO
mechanical energy =

DEFINITION: Conservation of Energy

The Law of Conservation of Energy: Energy cannot be created or destroyed,
but is merely changed from one form into another.

So far we have looked at two types of energy: gravitational potential energy and kinetic
energy. The sum of the gravitational potential energy and kinetic energy is called the
mechanical energy. In a closed system, one where there are no external dissipative forces
acting, the mechanical energy will remain constant. In other words, it will not change
(become more or less). This is called the Law of Conservation of Mechanical Energy.

Tip
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DEFINITION: Conservation of mechanical energy

Law of Conservation of Mechanical Energy: The total amount of mechanical
energy, in a closed system in the absence of dissipative forces (e.g. friction,
air resistance), remains constant.

This means that potential energy can become kinetic energy, or vice versa, but energy
cannot “disappear”. For example, in the absence of air resistance, the mechanical energy
of an object moving through the air in the Earth’s gravitational field, remains constant (is
conserved).

See simulation: (® Simulation: VPgoo at www.everythingscience.co.za)

Using the law of conservation of energy & ESAHP

Mechanical energy is conserved (in the absence of friction). Therefore we can say that the
sum of the Ep and the Ex anywhere during the motion must be equal to the sum of the
Ep and the Ex anywhere else in the motion.

We can now apply this to the example of the suitcase on the cupboard. Consider the
mechanical energy of the suitcase at the top and at the bottom. We can say:

IA.

— — — The mechanical energy (Ey;1 = Ep1 + Ek1) at the top.

The mechanical energy will remain
constant throughout the motion.

v

IAI

The mechanical energy (Ey;o = Eps + Eg») at the bottom.
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Eyi = Eme
Ep1+Exk1 = Epa+ Eko
1 1
mgh+§m1)2 = mgh+§mv2
1
(1kg)(9,8m-s"H)(2m)+0 = 0+§(1kg)(fu2)
1
19,6 = 5(1;2)
v? = 39,2m?.s72
v = 6,26m-s!

The suitcase will strike the ground with a velocity of 6,26 m - s~ 1.

From this we see that when an object is lifted, like the suitcase in our example, it gains
potential energy. As it falls back to the ground, it will lose this potential energy, but gain
kinetic energy. We know that energy cannot be created or destroyed, but only changed
from one form into another. In our example, the potential energy that the suitcase loses is
changed to kinetic energy.

The suitcase will have maximum potential energy at the top of the cupboard and maximum
kinetic energy at the bottom of the cupboard. Halfway down it will have half kinetic
energy and half potential energy. As it moves down, the potential energy will be converted
(changed) into kinetic energy until all the potential energy is gone and only kinetic energy
is left. The 19, 6] of potential energy at the top will become 19, 6] of kinetic energy at the
bottom.

Activity: Conversion of energy

Materials:

A length of plastic pipe with diameter approximately 20 mm, a marble, some
masking tape and a measuring tape.

To do (1):

First put one end of the pipe on the table top so that it is parallel to the top of
the table and tape it in position with the masking tape.

Lift the other end of the pipe upwards and hold it at a steady height not too high
above the table.

Measure the vertical height from the table top to the top opening of the pipe.

Now put the marble at the top of the pipe and let it go so that it travels through
the pipe and out the other end.

Questions:

e What is the velocity (i.e. fast, slow, not moving) of the marble when you first
put it into the top of the pipe and what does this mean for its gravitational
potential and kinetic energy?
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e What is the velocity (i.e. fast, slow, not moving) of the marble when it reaches
the other end of the pipe and rolls onto the desk? What does this mean for its
gravitational potential and kinetic energy?

To do (2):

Now lift the top of the pipe as high as it will go.

Measure the vertical height of the top of the pipe above the table top.

Put the marble into the top opening and let it roll through the pipe onto the
table.

Questions:

e What is the velocity (i.e. fast, slow, not moving) of the marble when you put it
into the top of the pipe, and what does this mean for its gravitational potential
and kinetic energy?

e Compared to the first attempt, what was different about the height of the top
of the tube? How do you think this affects the gravitational potential energy of
the marble?

e Compared to your first attempt, was the marble moving faster or slower when
it came out of the bottom of the pipe the second time? What does this mean
for the kinetic energy of the marble?

The activity with the marble rolling down the pipe shows very nicely the conversion be-
tween gravitational potential energy and kinetic energy. In the first instance, the pipe was
held relatively low and therefore the gravitational potential energy was also relatively low.
The kinetic energy at this point was zero since the marble wasn’t moving yet. When the
marble rolled out of the other end of the pipe, it was moving relatively slowly, and therefore
its kinetic energy was also relatively low. At this point its gravitational potential energy was
zero since it was at zero height above the table top.

In the second instance, the marble started off higher up and therefore its gravitational
potential energy was higher. By the time it got to the bottom of the pipe, its gravitational
potential energy was zero (zero height above the table) but its kinetic energy was high since
it was moving much faster than the first time. Therefore, the gravitational potential energy
was converted completely to kinetic energy (if we ignore friction with the pipe).

In the case of the pipe being held higher, the gravitational potential energy at the start was
higher, and the kinetic energy (and velocity) of the marble was higher at the end. In other
words, the total mechanical energy was higher and and only depended on the height you
held the pipe above the table top and not on the distance the marble had to travel through
the pipe.
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Example 7: Using the Law of Conservation of Mechanical
Energy

QUESTION

During a flood a tree trunk of mass 100 ——
kg falls down a waterfall. The waterfall is
5 m high.

If air resistance is ignored, calculate:
1. the potential energy of the tree trunk at the top of the waterfall.

2. the kinetic energy of the tree trunk at the bottom of the waterfall.

3. the magnitude of the velocity of the tree trunk at the bottom of
the waterfall.

SOLUTION

Step 1 : Analyse the question to determine what information is provided
e The mass of the tree trunk m = 100 kg

e The height of the waterfall h = 5 m.

These are all in SI units so we do not have to convert.

Step 2 : Analyse the question to determine what is being asked
e Potential energy at the top

e Kinetic energy at the bottom

e Velocity at the bottom

Step 3 : Calculate the potential energy at the top of the waterfall.

Ep = mgh
(100kg)(9,8m - s~ 1) (5 m)
4900

Step 4 : Calculate the kinetic energy at the bottom of the waterfall.
The total mechanical energy must be conserved.

Eg1+ Ep1 = Ego + Eps

Since the trunk’s velocity is zero at the top of the waterfall, Ex; = 0.
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At the bottom of the waterfall, h = 0 m, so Epy = 0.

Therefore Ep; = Ex5 or in words:

The kinetic energy of the tree trunk at the bottom of the waterfall is
equal to the potential energy it had at the top of the waterfall. Therefore
Ex = 4900 ).

Step 5 : Calculate the velocity at the bottom of the waterfall.
To calculate the velocity of the tree trunk we need to use the equation

for kinetic energy.

1

Ex = §mv2

4900 = %(100kg)(v2)
98 = o2
v = 9,899...m-s !
v = 9,90m-s!

Example 8: Pendulum

QUESTION

A 2 kg metal ball is suspended from a rope as a pendulum. If it is released from

point A and swings down to the point B (the bottom of its arc):
1. show that the velocity of the ball is independent of its mass,

2. calculate the velocity of the ball at point B.
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SOLUTION

Step 1 : Analyse the question to determine what information is provided
e The mass of the metal ball is m = 2 kg

e The change in height going from point A to point B is h = 0,5 m

e The ball is released from point A so the velocity at point, v4 =

Om-s 1.

All quantities are in SI units.

Step 2 : Analyse the question to determine what is being asked
e Prove that the velocity is independent of mass.

e Find the velocity of the metal ball at point B.

Step 3 : Apply the Law of Conservation of Mechanical Energy to the situation
Since there is no friction, mechanical energy is conserved. Therefore:

Eyvi = Ewp
Epi+FEg1 = Epy+ Eko
1 1
mghy + im(vl)Q = mghy + im(vg)Q
1
mghy +0 = 0+ im(vg)2
mghy = im(vg)2

The mass of the ball m appears on both sides of the equation so it can
be eliminated so that the equation becomes:

1
gh1 = 5 (v2)?
2ghy = (v2)*

This proves that the velocity of the ball is independent of its mass. It
does not matter what its mass is, it will always have the same velocity
when it falls through this height.

Step 4 : Calculate the velocity of the ball at point B

We can use the equation above, or do the calculation from “first prin-
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ciples”:

2ghy

(2)(9.8m -s71)(0,5 m)
9,8m-s~t-m
V9,8 m?. 52

3,13 m-s!

Alternatively you can do:

Er1+ Ep:
1
mghy + Em(m)2
mghy + 0
(v2)?
(v2)?
V2
V2

= FEgko+ Eps
1
= mghsy + Em(w)2

1
= O+ 5771(’1)2)2

2mghq

m
2(2 kg)(9,8 m-s72)(0,5 m)
2 kg

= /9,8m?.572

= 3,13 m-s!

Example 9: The roller coaster

QUESTION

A roller coaster ride at an amusement Roller coaster

park starts from rest at a height of 50 m

above the ground and rapidly drops down
along its track. At some point, the track
does a full 360 degree loop which has
a height of 20 m, before finishing off at
ground level. The roller coaster train it- e

1\

self with a full load of people on it has a Photograph by Upsilon Andromedae on

mass of 850 kg.

Flickr.com

If the roller coaster and its track are frictionless, calculate:

462
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1. the velocity of the roller coaster when it reaches the top of the
loop

2. the velocity of the roller coaster at the bottom of the loop (i.e.
ground level)

SOLUTION

Step 1 : Analyse the question to determine what information is provided
e The mass of the roller coaster is m = 850 kg

e The initial height of the roller coaster at its starting position is
hy =50 m

e The roller coaster starts from rest, so its initial velocity v; = Om -

g1

e The height of the loop is ho = 20 m

e The height at the bottom of the loop is at ground level, h3 = 0 m

We do not need to convert units as they are in the correct form already.

Step 2 : Analyse the question to determine what is being asked
e the velocity of the roller coaster at the top of the loop

e the velocity of the roller coaster at the bottom of the loop

Step 3 : Calculate the velocity at the top of the loop
From the conservation of mechanical energy, We know that at any two
points in the system, the total mechanical energy must be the same.
Let’s compare the situation at the start of the roller coaster to the situa-
tion at the top of the loop:

Eyi = Enpe
Exi+Ep1 = FEgo+ Eps
1
0+mghy = im(vz)Q + mghs

We can eliminate the mass, m, from the equation by dividing both sides

by m.

ghh = %(U2)2+9h2

(v2)? = 2(gh1 — ghs)

(v2)? = 2((9,8m-s72)(50 m) — (9,8 m-s~2)(20 m))
va = 24,25m-s7!
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Step 4 : Calculate the velocity at the bottom of the loop

Again we can use the conservation of energy and the total mechanical
energy at the bottom of the loop should be the same as the total me-
chanical energy of the system at any other position. Let’s compare the
situations at the start of the roller coaster’s trip and the bottom of the

loop:

Enrs

Eks3 + Eps
5m(vs)? + mg(0)
Sm(vs)’

2ghq

2(9,8 m-s72)(50 m)

31,30 m-s!

Example 10: An inclined plane

QUESTION

A mountain climber who is climbing a
mountain in the Drakensberg during win-
ter, by mistake drops her water bottle
which then slides 100 m down the side
of a steep icy slope to a point which is 10
m lower than the climber’s position. The
mass of the climber is 60 kg and her water
bottle has a mass of 500 g.

1. If the bottle starts from rest, how fast is it travelling by the time it

reaches the bottom of the slope? (Neglect friction.)

2. What is the total change in the climber’s potential energy as she

climbs down the mountain to fetch her fallen water bottle? i.e.

what is the difference between her potential energy at the top of

the slope and the bottom of the slope?

SOLUTION
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Step 1 : Analyse the question to determine what information is provided
e the distance travelled by the water bottle down the slope,

d=100m

e the difference in height between the starting position and
the final position of the water bottle is h = 10 m

e the bottle starts sliding from rest, so its initial velocity

vp=0m-s!

e the mass of the climber is 60 kg

e the mass of the water bottle is 500 g. We need to convert
this mass into kg: 500 g = 0,5 kg
Step 2 : Analyse the question to determine what is being asked
e What is the velocity of the water bottle at the bottom of
the slope?

e What is the difference between the climber’s potential
energy when she is at the top of the slope compared to
when she reaches the bottom?

Step 3 : Calculate the velocity of the water bottle when it reaches the bottom

of the slope
Eyn = Eume
Exi+Ep1 = FEgo+ Eps
1 1
im(vl)2 +mghy = im(vg)2 + mghso
1
0+mgh, = §m(vg)2 +0
2mgh
2 _
(v2)° = -
(v2)* = 2gh
(12)%2 = (2)(9,8m-s72)(10 m)
vy = 1ldm-s!

Note: the distance that the bottle travelled (i.e. 100 m) does not play
any role in calculating the energies. It is only the height difference that
is important in calculating potential energy.

Step 4 : Calculate the difference between the climber’s potential energy at
the top of the slope and her potential energy at the bottom of the slope
At the top of the slope, her potential energy is:

Ep;

mghy
= (60kg)(9,8m-s71)(10 m)
= 5880
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At the bottom of the slope, her potential energy is:

Eps

mghq
(60kg)(9,8m -s1)(0)
0])

Therefore the difference in her potential energy when moving from the

top of the slope to the bottom is:

Ep1 — Epy = 5880 — 0 = 5880 )

Exercise 22 - 3

. A tennis ball, of mass 120 g, is dropped from a height of 5 m. Ignore air

friction.

a. What is the potential energy of the ball when it has fallen 3 m?2
b. What is the velocity of the ball when it hits the ground?

. A ball rolls down a hill which has a vertical height of 15 m. Ignoring

friction, what would be the

a. gravitational potential energy of the ball when it is at the top of the
hill?
b. velocity of the ball when it reaches the bottom of the hill?

. A bullet, mass 50 g, is shot vertically up in the air with a muzzle velocity

of 200 m - s~!. Use the Principle of Conservation of Mechanical Energy to
determine the height that the bullet will reach. Ignore air friction.

. A skier, mass 50 kg, is at the top of a 6,4 m ski slope.

a. Determine the maximum velocity that she can reach when she skis
to the bottom of the slope.
b. Do you think that she will reach this velocity? Why/Why not?

. A pendulum bob of mass 1, 5 kg, swings from a height A to the bottom of

its arc at B. The velocity of the bob at B is 4m - s~. Calculate the height
A from which the bob was released. Ignore the effects of air friction.
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6. Prove that the velocity of an object, in free fall, in a closed system, is in-
dependent of its mass.

More practice @videosolutions @orhelpatwww.everythingscience.co.za

(1.) 00au (2.) 02u1l (3.) 00av (4. O0aw (5.) O0ax (6.) OOay
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Chapter 22 | Summary

See the summary presentation ((® Presentation: VPfvd at www.everythingscience.co.za)

The gravitational potential energy of an object is the energy the object has because
of its position in the gravitational field relative to some reference point.

The kinetic energy of an object is the energy the object has due to its motion.

The mechanical energy of an object is the sum of the potential energy and kinetic
energy of the object.

The unit for energy is the joule (J).

The Law of Conservation of Energy states that energy cannot be created or destroyed,
but can only be changed from one form into another.

e The Law of Conservation of Mechanical Energy states that the total mechanical en-
ergy of an isolated system (i.e. no friction or air resistance) remains constant.

The table below summarises the most important equations:

Potential Energy Ep = mgh

Kinetic Energy Ex = tmv?

Mechanical Energy | Eyy = Ex + Ep

Physical Quantities
Quantity Unit name | Unit symbol
Potential energy (Ep) joule J
Kinetic energy (E'x) joule J
Mechanical energy (Ey) joule J

Table 22.1: Units used in mechanical energy

Chapter 22 End of chapter exercises

1. Give one word/term for the following descriptions.
a. The force with which the Earth attracts a body.
b. The unit for energy.
c. The movement of a body in the Earth’s gravitational field when no
other forces act on it.
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d. The sum of the potential and kinetic energy of a body.
e. The amount of matter an object is made up of.

2. Consider the situation where an apple falls from a tree. Indicate whether
the following statements regarding this situation are TRUE or FALSE. Write
only “true” or “false”. If the statement is false, write down the correct
statement.

a. The potential energy of the apple is a maximum when the apple lands
on the ground.

b. The kinetic energy remains constant throughout the motion.

c. To calculate the potential energy of the apple we need the mass of
the apple and the height of the tree.

d. The mechanical energy is a maximum only at the beginning of the
motion.

e. The apple falls at an acceleration of 9,8 m - s2.

3. A man fires a rock out of a slingshot directly upward. The rock has an
initial velocity of 15m - s=1,
a. What is the maximum height that the rock will reach?
b. Draw graphs to show how the potential energy, kinetic energy and

mechanical energy of the rock changes as it moves to its highest point.
4. A metal ball of mass 200 g is tied to a light string to make a pendulum.
The ball is pulled to the side to a height (A), 10 cm above the lowest point
of the swing (B). Air friction and the mass of the string can be ignored.
The ball is let go to swing freely.
a. Calculate the potential energy of the ball at point A.
b. Calculate the kinetic energy of the ball at point B.
c. What is the maximum velocity that the ball will reach during its mo-
tion?
5. A truck of mass 1,2tons is parked at the top of a hill, 150 m high. The
truck driver lets the truck run freely down the hill to the bottom.
a. What is the maximum velocity that the truck can achieve at the bot-
tom of the hill?
b. Will the truck achieve this velocity? Why/why not?
6. A stone is dropped from a window, 6 m above the ground. The mass of
the stone is 25 g. Use the Principle of Conservation of Energy to determine
the speed with which the stone strikes the ground.

More practice @videosolutions @orhelpatwww.everythingscience.co.za

(1.) 00az (2.) 00bO (3.) 00b1 (4.) 00b2 (5.) 00b3 (6.) 00Ob4
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