Let's Read |
Hl Work and Energy

Work

Sometimes in science we use words in a different sense to the way they are normally used in
everyday life. In its everyday sense, the term work means to do something that takes physical or
mental effort. But in physics, work has a distinctly different meaning. When a force acts upon
an object to cause a displacement of the object, it is said that work was done upon the object.

Work is defined as the force times the distance moved in the direction of the force.

This means that if there is no movement in the direction of the force, then no work is done.

Work is a scalar quantity and is measured in joules. It is independent of the mass of the
object being moved and the path taken. It only depends on the magnitude of the force and the
distance moved in the direction of the force.

The equation for work is: W=Fs

Energy

Types of Energy
Energy is the ability to do work. The unit of energy is the joule [J]. Energy is a scalar
quantity. We usually classify energy as the following forms:

1 Kinetic energy 2 Gravitational potential energy
3 Elastic potential energy 4 Thermal or heat energy

5 Light energy 6 Sound energy

7 Chemical energy 8 Electrical energy

9 Magnetic energy 10 Nuclear energy

Kinetic energy

Kinetic energy (K) is the energy an object has because it is in motion. The word kinetic refers
to motion.

The kinetic energy of an object with mass m moving at a velocity v is one half the product of
the mass of the object and the square of its velocity, i.e., K= 1/2 mv *.

Kinetic energy depends on both an object’s speed and its mass. If a bowling ball and a
volleyball are traveling at the same speed, which do you think has more kinetic energy? You
may think that because they are moving with identical speeds they have exactly the same kinetic
energy. However, the bowling ball has more kinetic energy than the volleyball traveling at the
same speed because the bowling ball has more mass than the volleyball.
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Gravitational potential energy

Gravitational potential energy (U) is the energy stored in an object because of its position,
in particular, its vertical height relative to a given point.

For example, a stone resting on the edge of a cliff has potential energy due to its position in
the earth's gravitational field. If it falls, the force of gravity (which is equal to the stone's
weight) will act on it until it strikes the ground; the stone's gravitational potential energy is equal
to its mass times free-fall acceleration times the distance it can fall, i.e., U=mgh.

Note that the height, h, is measured from an arbitrary zero level. In the example of the stone,
if the ground is the zero level, then h is the height of the cliff, and mgh is the gravitational
potential energy relative to the ground. Alternatively, if the edge of the cliff is the zero level,
then h is zero. Thus, the potential energy associated with the stone relative to the edge of the cliff
is zero.

Conservation of mechanical energy
In the absence of friction, the total mechanical energy remains the same. This principle is

called conservation of mechanical energy. Although the amount of mechanical energy is
constant, mechanical energy itself can change form. This law is one of the most important laws
that we use in physics. For instance, consider the forms of energy for the falling egg. As the egg
falls, the potential energy is continuously converted into kinetic energy. If the egg were thrown
up in the air, kinetic energy would be converted into gravitational potential energy. In either case,
mechanical energy is converted.

172 mv * inisiat + m@hiniiar = 1/2 mv ? finat + mgh finai

1/2 mv ? initiat + 1/2 kx ? iniiat = 1/2 mv 2 fina + 1/2 kX ? finat

Understanding Main Concepts
1. Two small balls, A and B, of equal mass m

attached to strings of length 50 cm and 30 cm e
respectively. If the balls are released from rest at a . _/i B
height h above the ground, which velocity of the hl -_r;I“

balls is higher at the bottom of the swing?
a. A is higher b. B is higher c. Both are the same

2. If the ball is released from rest at point P, then the string breaks at point Q. Assume negligible
air resistance throughout the motion, the motion of the ball after the string breaks is
a. A b. B c.C

‘Higher than P| lSame as P}

P _é B P XLower than P |
® e wapes @0 @ o o
srﬁppia./ . /PP; e /pp/d. o C 9 e
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[Vocabulary)

A3

work noun |ftEF a force acting upon an object to cause a
movement

distinctly adv |- &0 & BARE

e

force noun |7/J

act verb  [BI<, 1EHIT%

object noun |k

displacement noun |27

direction noun | J7Al a course along which someone or something
move

scalar quantity noun |AN 77—

joule noun |¥ = —L {xTxb

X — D HAL)

magnitude noun | K&

unit noun | Hf7 a fixed quantity that is used as a standard
measurement

classify verb |WETD

kinetic energy noun |JEE)TR/LF— the energy an object has because it is in motion

motion noun |EjX | JEE) in motion: B\ TV %

mass noun |H& the quantity of matter which a body contains

velocity noun | the speed of something in a particular direction

depends on (IZX-oORkED

travel verb e, #<

identical adj [F]l—®

gravitational potential noun |HLJJIZ X B & T |the energy stored in an object because of its

energy FILFX— position

gravity noun |HEJ/J the force that attracts a body towards the center
of the earth

store verb |&£ A5

vertical height noun [FREHE S

rest verb |FFIEL T35

gravitational field noun |E )

times verb | D

free-fall acceleration noun | H 7 EE the acceleration due to gravity

arbitrary adj EED

zero level noun |[ErL~L

absence noun |RW\NZ &

friction noun | the resistance of one surface to another surface

mechanical energy noun | JFHT LT —

principle noun |JFER, EH] a general or scientific law that explains how
something works or why something happens

conservation of noun | /) A= /L % — |the total mechanical energy in a system remains

mechanical energy DERAT constant as long as the only forces acting are
conservative forces

convert verb | ZE#T D

g

uniform motion noun | % EL R EE)

A is proportional to B

AXBIZHHBIT D
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H Conservation of Mechanical Energy

jon
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pie chart bar graph line graph correlation diagram box plot
30 ———— I —
20 20 Yt @ %
[] 3’@ §
10 10 ¢ ol 0
0 0O —m——
vertical axis blue portion — solid line thin line
--------- dotted line thick line
= double line
horizontal axis 777U broken line
Figure: image, diagram, or photograph
Table : information presented in columns and rows
W75 7DHARR
B X A IZHBIT S B is proportional to A.
APKRETIEREWNIZEE, BHREL 2D the + LLE# A, the + btk B
Bl A lZRHHBIT D B is inversely proportional to A.
ANEINT % & B LM 5 B increases as A increases
ADBEEINT 5 & BT 2 B decreases as A increases
BBR LN remain constant
It's Your Turn -Activities with TA-
[Role play]
A: What does Fig 1. show? B: Acceleration is proportional to force.
What does Fig 2. show? The bigger the force, the greater the acceleration.
What does Fig 3. show? Gravitation is inversely proportional to distance.
What does Fig 4. show? Lifting power increases as velocity of the wind increases.
What does Fig 5. show? Current decreases as distance increases.
. . be inversely ... increases ... decreases
be proportional to  The bigger, the greater  rqhortional to as _ increases as _ increases
g g = 5)
= = S) = =
s = = 2 5
= o < &
E 2 E L 2 5 \\
(0] o=
g g < o
Force Force Distance velocity of the wind Distance
Fig. 1 Fig. 2 Fig. 3 Fig. 4 Fig. 5



English Science

ant! . :
}P(%é' Test with an Experiment

Scientific Approach

Make an Observation Do Background
Think why?, how? Research

—_—

Construct a Hypothesis

——
Design a Science
Approach
T
Test with an
Experiment
—

Analyze the Results

——

Discussion

Words learned through English Science

@ E A RIT D -0 OB M FIED 1 012, £, B8, HES O FIER R % sl
L, BHTLZ L Y ET,

EHEMEOBLEN S, EFUIHBETRETRITNIERY A, T72bb, MoOuEER
B UM CRICEREIT o726, FIUKERICRORITNERY A, 207D, Fik
TIX, EBROFEM (i L7 Bl materials, #%HE instruments, i#7F2 procedures used, Feff
conditions) ZM_RDLMEMRH Y FF, EHIIZIE, EH LTHEDHIEEH N -ON, &
I L RO RFECE Y 72 DO EARZ DMERH Y £,

CCTR, RBRRERICEELEADMOER FEER Influence factor) #EH@L
TERZTV., ERBERZIV I IICRBATHIHEZFUVELL S,

MR KR EREET 21213, EREEZITVETR, AYOZo 5T, TH3RE)
REREAT) ZENTERVEENDY T, TOL S EETHLLOMRNPHILTEE
T2 2 L a RS DIERHIERT &\ 5 FiERDH Y £,

. Hypothesis & Science Approach

@ Aim of your research

To confirm experimentally whether
mechanical energy is conserved using a

swing.

1
Equation of free fall: H= > gt?

Understanding Energy 1

P 5 FEERER
S blade Uniform motion
h_I 5 =
_Z_ero level P+K’ K Horizontal direction
T ty/?
BHET
0.810m = H Free fall

Vertical direction

L

Figure 1: The motion of a ball after a string has broken

The diagram above shows the the motion of a ball after a string has broken at the bottom of the
swing. Use the diagram, answer the questions that follows.

[TAs Question]
Ql.

Q2.
Q3.
Q4.
Qs.

Q6.

[Your Answer]

Ql.~ Q6.
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Exercise 1
1. After the string has broken, in the vertical direction, the motion of the ball is in free fall. If the
height of the desk is 0.810m, calculate the time taken to reach the floor. Use g = 9.8 [m/s?].

Solution
. 1 2
© H=—gt
hint : 79 Ans. [s]
2. In the horizontal direction, what is the motion of the ball?
Ans.

3. If the ball moves L[m] to the horizontal direction when the ball hits the floor, represent V using L.

Because, V = [m/s]
Ans.

@ Hypothesis & Design a Science Approach
In order to test this hypothesm you design the following experiment (Figure 1).

Hypothesis : The gravitational potential energy at the top of the swing is equal to the
kinetic energy at the bottom of the swing.

Independent variable : The height of a ball at the top of the swing

Dependent variable : The velocity of a ball at the bottom of the swing

Methods ! Measure the gravitational potential energy at the top of the swing and the
kinetic energy at the bottom of the swing. Then compare the amount of
both energies.

n Test with an Experiment
If you construct a hypothesis, the next step is to test the hypothesis through an experiment.
Activity 1
Before you start the experiment, look at the apparatus of other groups. In this experiment, the
independent variable is the height of a ball and the dependent variable is the velocity of a ball.
1. Write down other values/factors/things/variables which are different from your group.

2. Talk about whether each of the values can have an effect on the results of this experiment, and
whether you should keep the same throughout the experiment, then divide the values into two
groups.

Controlled variable (Values you should keep the same) Values you do not need to keep the same

E Analyze the Results -Present your data in a useful format-

B Organizing Data
Activity 2
Create a table in which to record your data, then start the experiment.

Group m[kg] h[m] ulJ] L[m] V[Im/s] v’ K[J]
mgh ve_L 1,
~ 70.405 2 mv

Group__
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B Organizing Data
Exercise 2 Use the data below, put the error bar on a dot. h=0.15 and h=0.20 are done for you.

In order to express the results of an experiment more exactly, error bars which represent the
uncertainty or variation of the corresponding coordinates of each point are put on the graph.

Table 1 : Relationship between height and v* (n=10)

h [m] V? [m%/s?] average SD |
1st | 2nd | 3rd | 4th 5th 6th | 7th | 8th 9th | 10th || [m%/s%]
0.10 ||2.04 | 188 [1.99 | 196 |1.96 |2.10 | 1.93|1.54 |1.90 | 2.02 1.93 0.15
0.15 ||2.79 | 2.76 |2.82 |2.34 |2.89 |2.86 |2.89|2.86 |2.89 (292 | 2.80 0.17
0.20 || 4.20 | 3.69 [4.04 |3.50 |4.12 |3.72 |3.88|3.96 |4.08 [4.12 || 3.93 0.23
error bar Average + SD
{ Average TR =
Average - SD Standard deviation (SD) =
® Constructing Graphs
4.50
4.00 z
x-axis = independent variable 7
y-axis = dependent variable 3.50 e
3.00 > 7
NQ 2.50 /// ]
§. 2.00 £
3 ]
1.50
1.00 /
0.50
0.00
0.00 0.05 0.10 0.15 0.20 0.25
Height [m]

Figure 2 : Relationship between height and v* (n=10)

B Describing Graphs
Exercise 3

Describe the experimental results and fill in the spaces to complete the sentences.

Table 1 shows velocity squared as the height increases.

If data is plotted in the graph of velocity squared versus height, the graph shows velocity squared
the height (Figure 2).
If the relation between velocity squared versus height is approximately represented in a regression line
(1*=0.993) is obtained. This is shown

through the origin using the least squares method, then,
in the solid line in the figure 2.
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. Discussion

B Making Predictions & Evaluating Results
Exercise 4
Evaluate results and fill in the spaces to complete the sentences.

If the gravitational potential energy at the top of the swing changes into kinetic energy at the bottom of

. 1 . . . .
the swing, mgh= ‘Z—mVZ , then we get the equation . This is shown in the broken line

in the figure 2.
Although there is slight difference between the slopes when comparing calculated and experimental lines,

the calculated line falls within one standard deviation from the mean.

B Drawing Conclusions
In conclusion, we have confirmed that the gravitational potential energy at the top of the swing is equal to
the kinetic energy at the bottom of the swing.

B Evaluating Methods
Exercise 4
What source of experimental error might have affected your results?

Exercise 5
You are going to give a short presentation by using four slides with the title "The Relationship
between Kinetic Energy and Gravitational Potential Energy." The second slide followed by the title
slide, and the third slide and its scripts are as shown below. The last slide's title is "Conclusion."

2nd slide 3rd slide Script
Methods ) * Look at this table.
V= 0405 . .
Kinetic energy(Ek) & Gravitational potential energy(Ep) U KL : ThlS IS the reSU|t Of our
- mike] | him] Uml | Viw/s] |V , .
Potential energy mgh mv/2 expen me nt

Group1 | 036 | 020 | 070 | 075 18 34 061

] |z e cworion Lo Lon fon Lo L Lo ) - From our experiment, we

. _7 mv: & &
Zero level hl v e j — Group4 | 0067 | 020 0.13 080 20 39 0.13 could say that

- Group5 | 0067 | 020 | 013 | 079 | 20 38 0.13
" Group6 | 036 | 015 | 053 | 065 16 25 046
Group7 | 036 | 015 | 053 | 065 16 25 046
. Group8 | 0067 | 015 | 010 | 064 | 16 25 | 0084
T Group9 | 0067 | 015 | 010 | 069 17 29 0.0
Group10] 0067 | 015 | 010 | 069 17 29 010

1. Choose the most suitable title for the third slide from the following O ~@.
@ Introduction @ Background Research @ Hypothesis @ Results
2. Choose the most suitable sentence to fill the blank for the third slide from the following O ~@.
@ the higher the height of the ball, the greater the amount of potential energy at the top of the
swing if the mass of the ball remains constant.
@ the smaller the mass of the ball, the smaller the kinetic energy at the bottom of the swing.
@ the length L which the ball moves to the horizontal direction is proportional to velocity at the
bottom of the swing.
@ the amount of potential energy at the top of the swing is almost equal to the amount of
kinetic energy at the bottom of the swing.
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[ Presentation Exercise]

Introduction

The Relationship between
Kinetic Energy and
Gravitational Potential Energy

Aim of research

To confirm experimentally whether mechanical
energy is conserved.

Body 1

Methods

Kinetic energy(Ek) & Gravitational potential energy(Ep)

Potential energy

. ;?ade Kinetic energy
Zero level h U+K (K % v
P . -
E e
H |
i N
L
Body 2
Results
V= 5405
ULl KLJ]
mkg | hml Um | Mnvs] v
meh m?/2

Gowp1| 036 020 0.70 0.75 18 34 0.61

Gow?2 | 0.36 020 0.70 0.77 19 36 0.64

Gow3 | 0.36 020 0.70 0.80 20 39 0.69

Gow 4 | 0.067 020 0.13 0.80 20 39 0.13

Gow 5 | 0.067 020 0.13 0.79 20 38 0.13

Gow 6 | 0.36 015 0.53 0.65 16 25 0.46

Gow 7| 0.36 015 0.53 0.65 16 25 0.46

Gowp8 | 0.067 | 015 0.10 0.64 16 25 0.084

Gow 9 | 0.067 015 0.10 0.69 17 29 0.10

Goup 10| 0.067 | 015 0.10 0.69 17 29 0.10

Conclusion

Conclusion

potential energy

- N
e o
m | X
- } ™ Kinetic energy

Conservation of mechanical energy

Let's try to have a presentation using the following slides and script.

+ Hello everyone! My name is

- Today I'm going to talk about the relationship

between Kinetic Energy and Gravitational

Potential Energy.

« In order to confirm whether mechanical energy

is conserved, we designed the following
experiment.

- By making these kinds of apparatus, we
measured the potential energy at the top of the
swing and the kinetic energy at the bottom of the
swing.

- Look at this table.

» This is the result of our experiment.

+ From our experiment, we could say that the
amount of potential energy at the top of the

swing is almost equal to the amount of kinetic
energy at the bottom of the swing.

- This relationship is called conservation of

mechanical energy.

+ Thank you for listening.
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