Physics Content Structure

Topic Heading

Sub-topic (with approximate instructional time)

1 Basic scientific skills
(5% weighting)

1.1 Physical quantities, units and measurement (1 hour)
1.2 Problem solving techniques (1 hour)
1.3 Graph drawing, analysis and interpretation (2 hours)

2 Mechanics

2.1 Vectors (4 hours)

(55% weighting) 2.2 Motion in 1-dimension (12 hours)
2.3 Force, Newton's Laws (10 hours)
2.4 Momentum and impulse (3 hours)
2.5 Work, power and energy (3 hours)
3 Waves 3.1 Transverse and longitudinal waves (3 hours)
(10% weighting) 3.2 Geometrical optics (2 hours)
4 EleCtr.l city and 4.1 Electrostatics (5 hours)
Magnetism 4.2 Electric circuits (7 hours)
(30% weighting) '

4.3 Magnetism (1 hour)
4.4 Electromagnetism (4 hours)
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Topic 1. Basic Scientific SKkills

Introduction

The basic scientific skills that you learn in this section will be applied in all of the other
sections of the Physics component of this course. You should try to spend enough time
on this section at the beginning of your studies, to make sure that you are confident in

the basic skills needed to be able to tackle the rest of the course.

In the curriculum, this topic is assigned 4 hours of contact time (and about 1 % hours
self-study time). However, if you are very unfamiliar with these basic scientific skills,
you might need to spend more time on this topic than is shown in the curriculum.

Sub-topic 1. Physical quantities, units and measurement

Content:
Unit 1: Scientific notation

Unit 2: Physical quantities, SI units and conversions

Unit 1. Scientific notation

Learning outcomes:
When you have completed this unit, you should be able to:

e display numerical values in scientific notation.

1.1. Exponents
P Exponent: the small raised

The number 1 000 can be written in three ways: integer that is written after a
1000=10 % 10 x 10 = 103, number to tell us how many

The small 3 written after the 10 is called an exponent, by itself. e.g.y2=y X y.
and tells us how many times the number 10 has been

times the number is multiplied

multiplied by itself.
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1.2. Scientific notation

Scientific notation is a way of writing very large or small numbers so that they are
more readable. In scientific notation, the number is written as a number between 1 and
10 multiplied by a power of 10. The following example shows how to write a large
number in scientific notation:

Example:

Write the number 750 000 in scientific notation.
Solution

750 000=7,5x100000=7,5 x 105

HINT: We can work out the exponent by counting how many places the decimal comma
needs to move to the left to go from 750 000 to 7,5. In this example the decimal comma
needs to move 5 spaces to the left, so this is our exponent:

750000 =75x10°
L ol vl ol o

We can also write a very small number, such as 0,001, as a power of ten:

Example:
Write the number 0,0005 in scientific notation.

Solution

0,0005 = =5x 104

10 000

HINT: Another way of working out the exponent is to work out how many places the
decimal comma needs to move to the right to go from 0,0005 to 5. In this example the
decimal comma needs to move 4 spaces to the right, so this is our exponent:

0,0005 =5x104
~— 7 7T

In Science, we also use exponents when we describe units. For example, the units for
velocity are m/s or m's-L. In this way, we treat units like any other algebraic variables.

From these examples, you can see that a large number always has a positive exponent
when it is written in scientific notation, and a small number always has a negative
exponent.
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Activity 1: Practice scientific notation
1. Convert the following numbers into scientific notation:
a. 22
b.8 100
c. 26 550 000
d. 55
e.0,1
f.0,00068
g.20010 000

2. Write the following numbers out fully:
a.6,5x 102
b.7 x 101
c. 1,693 x 10°6
d. 2,78 x 10->

1.3.  Scientific notation using a calculator

If you use your calculator to enter a number that is written in scientific notation, you
use the EXP button. For example, to enter the number 6,5 X 104 on your calculator you
will push the following buttons:

(6] [.I[5]Exp [4

To enter the number 3 X 10-2 you will push the following buttons on your calculator:

You can use your calculator to convert numbers into scientific notation. Different
calculators have different ways of doing this. Some calculators do this conversion if you

push the button that looks like this: or . This button will help you to convert
backwards and forwards between ordinary numbers and scientific notation.

Take some time to explore your calculator, and make sure that you can enter numbers
in scientific notation, and convert between scientific notation and ordinary numbers.

MAIN IDEA: Numbers can be written in scientific notation, e.g. 1,5 X 103
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Unit 2. Physical quantities, SI units and conversions

Learning outcomes:

When you have completed this unit, you should be able to:

e write physical quantities as a numerical magnitude and a unit;

e recall the following base quantities and their SI units: mass (kg), length (m),

time (s), current (A), temperature (K);

e convert between various scales of measurement: temperature (Celsius and
Kelvin), length (km, m, cm, mm), mass (kg, g), pressure (kPa, atm);

¢ use the following prefixes and their symbols: nano (n),

centi (c), deci (d), kilo (k), mega (M), giga (G);

micro (p), milli (m),

o relate the different orders of magnitude to the sizes and masses of common

objects, ranging from an atom to the Earth.

2.1. Physical quantities and their units

In Science we measure different physical quantities, for
example mass, length or temperature. When we write down
our measurements, it is important that we use the correct
units to show exactly what the measurement means. In this
course we will use SI units. The table below shows some of

SI units: the international
system of unit
measurements, from “Le
Systeme International
d’Unites”

the SI units for different scientific quantities.

SI unit
Quantity

Name Symbol
Length metre m
Mass kilograms kg
Time seconds S
Force newton N
Pressure pascal Pa
Current strength ampere
Temperature Kelvin
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Activity 1: Practice writing the correct units for scientific quantities

For each of the measurements below, fill in the correct symbol for the SI units:
1. Thembi’s massis90 ___

The temperature of the air outside is 300 ____

The length of a plankis6 ___

The force that pulls Mandla toward the earth is 980

The time for an egg to boil is 600

The air pressure is 101 000

N o 1ok W

The currentis 0,5

MAIN IDEA: Physical quantities are measured using SI units, e.g. meters
(m), seconds (s) and newtons (N).

2.2. Conversion of units

Sometimes the SI units as they stand are not the most suitable units for measurements
that are very large, or very small. It is therefore sometimes necessary to convert them
into more appropriate units.

For example, if you measure the diameter of a nail to be
0,002 meters, this can be written more neatly as prefix: part of a word that
2 millimeters (mm). Here “milli-” is called a prefix. It is a is added at the beginning of
short way of saying “1000 times smaller”, or “x10-3". We call a word.

this way of writing numbers prefix notation.

Another example is the measurement of the distance between Gauteng and Cape Town.
Instead of writing this as 1 400 000 meters, you could rather express it as 1 400
kilometres (km), where the prefix is “kilo-", which means “1000 times bigger”, or “x103”.

The following table shows some of the prefix conversions that are often used by
scientists.
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Name Prefix Meaning Exponent
(prefix) Symbol

giga G 1000 000 000 times bigger than the ST unit | 10°

mega M 1 000 000 times bigger than the SI unit 106

kilo k 1 000 times bigger than the SI unit 103

deci d 10 times smaller than the SI unit 101

centi C 100 times smaller than the SI unit 10-2

milli m 1 000 times smaller than the SI unit 103
micro 1 1 000 000 times smaller than the SI unit. 10-6

nano n 1000 000 000 times smaller than the SI unit | 10-°

Here is an example of how to convert between different units:

Example: (Try to solve this problem on your own or with a fellow student while
covering the solution, and then check your work using the solution below).

1. 600mm=__ m

2.5m=___ cm

Solution

1. The conversion factor from mm to m is X 10-3.
So 600 mm =600 X 103m = 0,6 m.

2. The conversion factor from cm to m is X 10-2. Therefore to convert from m to cm the
conversion factor will be x 102.

So5m=5X102cm =500 cm.

Activity 2: Practice converting units

Develop your skill of converting between units by doing the following exercises:

(@) 80cm= m (b) 025m= mm

() 1kg= g (d) 2500mg= g

(e) 1500Pa= kPa (f) 150 000 000 nm = m
(g) 8%x107m= nm (h) 5% 108 uym = m

(i) 15nm= m () 3000 nm = pum
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MAIN IDEA: We use prefix notation to write small or large numbers, e.g.

e 1 millimeter = 1x10-3 m, meaning “1000 times smaller”
e 1 kilopascal = 1x103 Pa, meaning “1000 times bigger”.

2.3. Units of area and volume

Area describes the size of a surface, and is calculated by multiplying two lengths
together. For a rectangle, area = length X breadth. Since the SI units of length are m, the
SI units of area are m?2.

Example: (Try to solve this problem on your own or with a fellow student while
covering the solution, and then check your work using the solution below).

Calculate the area of the soccer field shown in the picture below.

100m
€&—— length —>

IRENOREI

<&—— 75m Width

Solution

Area = length X breadth
=100m X 75 m
=7500 m?

Volume describes the amount of space an object takes up. The volume of a box is
measured as length X breadth X height. Each of these is a length, measured in m, so
volume is measured in m X m X m = m3.

The units of area (m?2) and volume (m3) are derived units, since they are formed from
base SI units (m).

2.4. Other scientific units

When working in certain fields, scientists have sometimes found it useful to derive a
new unit that is very specific for the quantity that is being described. One example of
this is temperature. In our everyday language, we express temperature in units of
degrees Celsius (°C). In Science, the SI unit for temperature is Kelvin (K). The
temperature of 0 K is defined as absolute zero, and is equal to -273 °C.
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To convert from degrees Celsius into Kelvin we write:

Temperature (K) = Temperature (°C) + 273.

Example: (Try to solve this problem on your own or with a fellow student while
covering the solution, and then check your work using the solution below).

1. Convert the temperature 25 °C into units of Kelvin.
2. Convert the temperature 200 Kelvin into units of °C.
Solution

1. Temperature = 25°C + 273 =298 K.

2. Temperature = 200 K- 273 =-73 °C.

Another example of this is pressure. In Science, the SI unit for pressure is Pascal (Pa). In
some applications, for example atmospheric science, pressure is measured in units of
atmospheres (atm). 1 atm = 101 325 Pa = 101,325 kPa.

Example: (Try to solve this problem on your own or with a fellow student while
covering the solution, and then check your work using the solution below).

a. What is a pressure of 15 atm in Pa?

b. What is a pressure of 100 Pa in atm?

Solution:

a. If 1 atm = 101 325 Pa, then 15 atm = 15 X 101 325 Pa=1 519 875 Pa
b. 100 kPa =100 x 103 Pa

If 1 atm =101 325 Pa, then 1 Pa = atm
101 325

So 100 Pa = atm = 9,87 x 10-4 atm.

101 325

When recording time measurements in science, the SI units are seconds (s). Sometimes
we measure time in minutes (min) or hours (hr). There are 60 seconds in 1 minute, and
60 minutes in 1 hour. Using units, we write this as 60 min/hour, or as 60 min-hr-1.

When converting between different units, if we keep a record of the units through all
steps of a problem, then if we haven’t made a mistake, our final answer should have the
correct units for the kind of quantity that it is. In this way we can use our units as a
guide when trying to work out how to solve a problem. This is called dimensional
analysis. The following example shows how to use dimensoinal analysis when
converting time units.
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Example: (Try to solve this problem on your own or with a fellow student while
covering the solution, and then check your work using the solution below).

Work out how many minutes there are in 1 day.

Solution:

There are 60 minutes in 1 hour. Using units, we can write this as 60 min-hr-1.
There are 24 hours in one day. We can write this as 24 hours-day-1.

To work out how many minutes there are in 1 day, we do the following calculation:
60 minhr-t X 24 hours-day-!

At this point we can treat the units as variables, and cancel them using the rules of
algebra:

60 minhx! X 24 hrs-day! = 1440 min-day-!

We can also use dimensional analysis to convert from units of km-hr-! to m-s-1:

Example: (Try to solve this problem on your own or with a fellow student while
covering the solution, and then check your work using the solution below).

A taxi travels with a speed of 72 km-hr-1. Write this speed in units of m-s-1.
Solution:

The conversion factor from km to m is X103

Therefore speed = 72 km'hr! X 103=7,2 X 104 mhr?

There are 60 minutes in 1 hour, and 60 seconds in 1 minute

Therefore 1 hour = 3600 seconds, which we can write as 3600 sechr-!

Theref ’ 7,2x10% m-he~1 20 .
erefore speed = =20 ms
P 3600 sec-hr™1

Activity 3: Practice converting between units

Test your understanding of physical quantities, units and measurement by doing the
following practice exercises:

1. The length of a pencil is 12 cm. Write this length in mm and m.

2. The mass of a cup of tea is 220 g. What is this mass in mg and in kg?

3. The diameter of a hydrogen atom is 0,1 nm. What is this diameter in m? (Write your
answer in scientific notation).

4. The distance between the Earth and the Sun is 1,5 X 101! m. What is this distance in
km?
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5. Ifthe mass of a grain of sand is 2 X 10-¢ g, what is this mass in pg?

6. The mass of the Earth is 5,97 X 1027 g. What is this mass in kg?

7. Convert the temperature 25 °C into units of Kelvin.

8. Convert the temperature 200 Kelvin into units of °C.

9. How old is someone (in years) if their age is 7 884 000 minutes?

10. The pressure inside a balloon is 22 atm. What is this pressure in Pa, and in kPa?

11. The earth travels around the sun at a speed of 1,08 x 106 km-hr-1. How fast does the
earth travel around the sun in m-s-1? Show how you get your answer using
dimensional analysis.
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Sub-topic 2. Problem solving techniques

Content:

Unit 1: Problem solving strategies

Unit 1. Problem-solving strategies

Learning outcomes:
When you have completed this unit, you should be able to:
e use diagrams as problem solving tools;

e apply steps in problem solving procedures to solve single- and multi-step
problems;

e reflect on and interpret answers to calculations..

1.1.  Useful steps in problem solving

When you are trying to solve a problem in science, the solution will not always be
obvious straight away. It is therefore useful to have a strategy that you follow which will
help you in tackling a difficult problem. The list of steps below describes some possible
strategies that you could try.

Draw a diagram of the scenario

Write a list of the given information

Read the question carefully to decide what is being asked

Select an appropriate equation or scientific concept for solving this problem

Do the calculation carefully

Reflect on your answer, making sure that the value you obtained is sensible, and
that you have answered the question identified in Step 3. Check that the units of
your answer are correct.

otk Wi

You will not always need to use all of these steps, but you will find some of these
strategies useful at different times. In the following section you will see some examples
of how you could use these strategies.

1.2.  Using scientific formulae

We use scientific formulae to show the mathematical relationship between scientific
concepts.
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For example, for an object moving with a constant speed, the mathematical relationship
between speed (s), distance (D) and time (t) is that the speed of an object is the distance
traveled divided by the time. This is given by the scientific formula:

D
s=—
t

If we know the speed and the time, we can calculate the distance covered by changing
the subject of the formula to D:

D=sxt

If we know the distance traveled and the speed, we can calculate the time by changing
the subject of the formula to t:

D

S

Example (Try to solve this problem on your own or with a fellow student while
covering the solution, and then check your work using the solution below).

The mathematical relationship between current (I), potential difference (V) and

resistance (R) for a resistor in an electric circuit is:
\%

I

Calculate the potential difference across the resistor if is has a resistance of 3 Q and a
current of 0,1 A through it.

Solution:

Step 1 - Draw a diagram

Step 2 -Given: R=3Qand1=0,1 A

Step 3 - Work out what is being asked:

We are asked to calculate the potential difference (V) across the resistor.

Step 4 - Select equation or concept:

The equation that we need to use in this case is:
\%

I

NASCA STUDENT WORKBOOK Natural Sciences Page 13



Step 5 - Do the calculation:

We need to change the subject of the formula to V, we multiply both sides of the
equation by I.

\%
R><I=T><I

The I's on the RHS cancel, and we can rewrite this as:
V=RxI
=30 x0,1A
=0,3V

Step 6 - Reflect on your answer:

This is a very important step in problem solving, since it is easy to make a mistake when
entering numbers into your calculator. Study the answer that you have found, and check
that your value for the voltage looks reasonable. If it is, write down your final answer:

The potential difference across the resistor is 0,3 V.

Activity 1 - Working with scientific formulae

The relationship between the density (d), mass (m) and volume (V) for an object is
given by the formula:
m

\%

Use this formula to answer the following questions:

1. Ayanda finds the mass of a stone to be 15 g, and its volume is 5 cm3. What is the
stone’s density?

2. Fizile measures a cup of flour (250 cm3) and wants to know its mass. She looks up
the density of flour, and finds that it is 0,4 g.cm-3. What is the mass of the flour?

3. Fizile now wants to measure the volume of 500 g of flour. How many cups of flour
does she need?
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Sub-topic 3. Graph drawing, analysis and interpretation

Content:
Unit 1: Constructing and analysing straight line graphs

Unit 2: Interpreting the shapes of non-linear graphs

Unit 1. Constructing and analysing straight line graphs

Learning outcomes:
When you have completed this unit, you should be able to:
e select appropriate variables and scales for graph plotting;
e accurately construct a straight-line graph from given data;
e analyse a graph to extract meaningful information, namely:
o value and physical meaning of the gradient of a straight-line graph;
o value and physical meaning of the intercepts of a straight-line graph;

o physical interpretation of the shape of a non-linear graph.

Introduction

Many relationships in science can be represented using graphs. It is therefore important
to be able to draw clear and accurate graphs, as well as being able to read and interpret
graphs. There are many different types of graph which can be used, but we will only
look at straight-line graphs in this introduction.

1.1.  Properties of a straight line graph

A straight line graph in science shows
that there is a clear mathematical Straight line graph: y=mx + c
relationship between the two
quantities that we are showing on the y
graph. We can use the mathematical - - _
equation to represent the straight line: T

y=mx+c & AY _|AC

\j Ax 1BC

Here m is the gradient of the graph, intercept ¢ B~ T — —— —=C
and c is the y-intercept. We plot the :
dependent variable on the y-axis, and |
the independent variable on the x- |
axis. = Ax =

gradient m=
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(If you are unsure about this equation, revise the section of your mathematics course on
straight line graphs).

When finding the gradient of a straight line, choose two points that lie on the line, but
which are quite far apart. Then the gradient is found in the following way:
: Ay y2—Y1
gradient=— =—7""—
AX  Xp,—Xq
In science, once you have calculated the gradient, the units give you an idea of the

quantity that this is describing.

1.2. Drawing a straight line graph using experimental readings

When you plot a graph in science, it is important to choose a set of axes that allows you
to plot the data points accurately. Here are some hints for choosing your axes:

e Determine a scale (the value for each square on your x- and y-axis) that best fits

the range of each variable.
e Use a scale that lets you plot your data as large as possible in the space you

have.

e The range of each axis might be different, but each one consistent: unchanging

must be consistent. If one box represents one metre at the
beginning of the graph, then one box must always represent one metre for that

axis.
e Number and label each axis,including the units of measurement.

The picture below shows a set of numbered axes with labels.

Voltage (V)

2 4 6 8 10
Current (A)
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When we draw a graph in science, we are
plotting experimental (measured) values
on our graphs. In other words, the
readings are not always exactly accurate,
but contain some uncertainty. As a result,
when we plot a graph they will not always
lie in a perfect straight line. For this
reason, we do not connect the dots
exactly as they lie, but we draw a best-fit
line, which is our best estimate of the line
that is represented by these points. In
drawing our best fit line, we should try to
have an equal number of points above the
line as below the line.

The example below shows how to draw a
straight line graph and then calculate and
interpret the gradient of the graph.

:
==

Best-fit line

Volume (dm?)

Example (Try to solve this problem on your own or with a fellow student while
covering the solution, and then check your work using the solution below).

Nathi measured the voltage across a resistor and the current through that resistor. The
table below contains the data from his measurements.

Voltage (V) | Current (A)
1,0 0,18
2,0 0,42
3,0 0,60
4,0 0,79
1. Plot a graph of the voltage and current values given in this table. Draw a best-fit
line through the points.
2. Calculate the gradient of this line. What physical quantity does this gradient tell
you about?
Solution:
1. The graph of the voltage vs current for the resistor is shown below, together with
the best fit line:

NASCA STUDENT WORKBOOK Natural Sciences

Page 17




A

G o :

~ Lo, :
> 3 ;
" .
v 5

=1 :

g 2 L :
S s
> ;
1 +-----2 AT TITE RETTTTEREE TR PERRE.

| i t —>
02 04 06 08
Current (A)
2. To find the gradient of this line, we choose two points that lie exactly on the line.

In this case we could choose the points:
(x1,y1) =(0 A, 0V) and (x2,y2) = (0,8 A, 4 V).

: Ay y2—yi1 __4V-0V
gradient =— = = =
Ax xX,-x; 08A-0A

5Q

This tells us that the resistance of the resistoris 5 (.

A straight line graph that goes through the origin tells us that the values that we have
plotted on the x- and y-axis are directly proportional to each other. In the example
above, we can write this as “voltage is proportional to current”, or V o L.

Another way of writing this is:

\'

I )
where k is the constant of proportionality. In this example the constant of
proportionality is the resistance of the resistor.

Some straight line graphs don’t go through the origin, but have an intercept on the x- or
y-axis. This intercept can give us useful information.

NASCA STUDENT WORKBOOK Natural Sciences Page 18



Unit 2. Interpreting the shapes of non-linear graphs

Learning outcomes:
When you have completed this unit, you should be able to:
e analyse a graph to extract meaningful information, namely:

o physical interpretation of the shape of a non-linear graph.

Introduction

Not all scientific graphs are straight line graphs. In this unit you will be introduced to
the shape and meaning of some of the different kinds of graphs.

2.1. Curved graphs

Sometimes the y-values don’t rise linearly with the x-values, but form a curve. We need
to look carefully at the shape of the curve to see how the relationships between the y
and x values change. For example, in the graph below, the y-values rise more quickly at
the beginning, and more slowly at the end.

The y-values rise more
slowly at the end

The y-values
rise quickly at
first

2.2. Periodic graphs

There are many situations in nature where a quantity will change periodically with
time, in other words there is a regular repeated pattern. An example is when a ball
attached to a rope swings backwards and forwards repeatedly. The graph below is an
example of a periodic graph.
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2.3. Inverse proportion graphs 5 l

The graph on the right has a hyperbola shape,
and this shows that the quantities on the

graph are inversely proportional to each
other. What this means is that, as the x-value

increases, the y-value decreases in value.

[ ]

For the graph shown on the right, we say that
Ais inversely proportional to B. We can
write this mathematically as: —
. 1 i 1 0 2 3 4 5
X = or Bou-—
B A B
Page 20
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Assessment Activity: Basic Scientific Skills Total marks = 30

Assess your understanding of this topic by answering the following questions.

1.

The diameter of a needle is 0,1 mm. What is this diameter in the following units

(write your answers in scientific notation): (6)
a. nm
b. pum
C. km

Use the steps in the problem solving strategy to answer the following question:

A glass container has a mass of 0,12 kg. This container is filled with 250 cm3 of
water. A teaspoon of salt (5 cm3) is added to the water. The density of water is

1 gcm3, and the density of salt is 2 gcm3. What is the total mass of the water, the
salt and the container together? Give your answer in g and in kg. (Use the

m
equation d = V). (6)

Sandile did an experiment with an electric circuit consisting of a variable power
supply, a resistor and an ammeter. He attached the voltmeter in parallel to the
resistor. He took the current reading on the ammeter for different settings on the
power supply. His results are shown in the table below:

Voltage across R (V) Current through R (A)
1,5 4,2
2,0 9,3
2,5 6,7
3,0 8,3
3,5 9,3
a. Plot these points on a set of axes like the one below. (5)
3 4
PSRN E RN RN
4té[) ......
S
> .......
1 1
2 4 6 8 10
Current (A)
b. Draw a best-fit line through your points. (D
c. Find the gradient of the best-fit line. (5)
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d. What physical quantity does this gradient tell us about? (D

In your own words, describe the relationship between the two variables shown

in the following graphs.
a. (2)

position (m)

30

20

10

——+—+—=time (s)
O 5 10 15
b. (2)

)
&

e

z.

g
=W

Volume (cm?)
C. (2)
Displacement
&
- Time
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My Notes

/Use this space to write your own questions, comments or key points.

.

~

\_

Summary of key learning:

e Numerical values can be expressed in scientific notation, e.g.
o 280 can be written as 2,8 x 102
o 0,005 can be writtenas 5 x 103
e Physical quantities are measured using SI units, e.g.
o meters (m), seconds (s) and newtons (N).
e We use prefix notation to write small or large numbers, e.g.
o 1 millimeter = 1x10-3 m, meaning “1000 times smaller”.
o 1 kilopascal = 1x103 Pa, meaning “1000 times bigger”.
e When solving problems in science it is important to use steps to help
us to answer the problems clearly and carefully. Important steps are:
o Draw a diagram
o Write a list of the given information
o Read the question carefully to decide what is being asked
o Select an appropriate equation or scientific concept for solving
this problem
o Do the calculation carefully
o Reflect on your answer.
e The shape of scientific graphs tells us important information about
the relationships between the physical quantities. Some graphs are:

o straight line graphs

o curved graphs

o periodic graphs

o inverse proportion graphs
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Topic 2. Mechanics

Introduction

Mechanics is the study of motion and its causes. The greatest contribution to the
development of mechanics was by Isaac Newton, who developed the three laws of
motion and his law of universal gravitation to predict and explain phenomena. He
showed that the physical world can be explained by a few special laws that can be
expressed using mathematical formulae.

Sub-topic 1. Vectors

Content:
Unit 1: Introduction to vectors and scalars

Unit 2: Vectors in 2-dimensions

Unit 1. Introduction to vectors and scalars

Learning outcomes:
When you have completed this unit, you should be able to:

e state what is meant by scalar and vector quantities, and give examples of
each;

e add vectors that are co-linear (in 1-dimension) using a graphical method
(head-to-tail) as well as by calculation;

Introduction

In Physics there are different types of physical quantities that we can measure. These
can be divided into two categories, scalars and vectors. In this unit you will learn about
the difference between scalars and vectors, and you will learn how to represent these
and solve problems using them. In this unit you will also learn about adding vectors in
1 dimension, that is, vectors that are in a straight line. In the following unit you will
extend your knowledge to adding vectors in 2 dimensions.
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1.1. The difference between scalars and vectors
In Physics there are two kinds of quantities, scalars and
vectors.

A scalar is a physical quantity that has a magnitude (size),
but not a direction.

e Example: temperature, because it does not have a
direction.

scalar - a physical quantity
that has a magnitude (size)
but not a direction

vector - a physical quantity
that has a magnitude (size)
and a direction

A vector is a physical quantity that has a magnitude (size) and a direction.

e Example: force, because it has a clear direction.

When we write a vector quantity we need to write it with the magnitude and the

direction.

Activity 1: Identify vectors and scalars

Identify whether the following physical quantities are scalars or vectors:

a. Temperature
. Force

. Mass

. Volume
. Weight

b

C

d. Density
e

f

g. Heat

direction.

MAIN IDEA: A scalar is a physical quantity that has a magnitude but not
a direction. A vector is a physical quantity that has a magnitude and a

1.2. Representing vectors

We represent vectors using arrows to show that they have a direction. The length of the
arrow shows the magnitude of the vector. We use a scale to explain what the length
means (see the example below). We show the direction of the vector by the direction

that the arrow is pointing in.

A negative vector has the same magnitude as the original vector, but it has the opposite

direction.
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Example:
Show the following forces using vector diagrams.

a) A force F10f 100 N is pulling towards the right.

b) A force F20f 40 N is pulling towards the left.
c) The force -F1

Solution:
Scale:1cm =20 N
a) F1 =100 N right
>
«—
-F1 =100 N left
c) <€

Notes from the example:

e Choose a scale for your vector diagram, and clearly show the scale.
e Itisimportant to clearly label your vector diagrams.

Activity 2 - Representing vectors
Draw the following vectors:
a) A force Fa of 600 N to the left.

b) A force Fs of 300 N to the right.
c) Force -Fa.
d) Force -2Fs.

opposite direction.

MAIN IDEA: A vector can be represented by an arrow, where:

o the length of the arrow shows the magnitude
e the direction of the arrow shows the direction
A negative vector has the same magnitude as the original vector, with
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1.3. Adding vectors in 1 dimension

When adding vectors in 1 dimension (in a straight line), we can then find the resultant
vector by placing the tail (end) of one of the vectors next to the head (start) of the other
vector. This is called the head-to-tail method. The resultant vector is the final vector
that we draw from the tail of the first vector to the head of the last vector.

Example:

A truck pulls a trailor with a force of 5 000 N to the right. There is a force of friction of
1 000 N to the left on the trailor. What is the resultant force on the trailor?

Solution:
We can draw a vector diagram of our forces, showing their magnitude and direction.
Scale:let1cm=1 000N

We draw the vectors by placing the tail of one of the vectors next to the head of the
other vector (the head-to-tail method):

5 000 N right

—
1 000 N left

We can now find the resultant force: 5 000 N right

»
>

[

Resultant force - 1 000 N left
=5000N—-1000N
=4 000 N right

The resultant force is therefore 4 000 N to the right.

Activity 3 - Adding vectors in 1 dimension
You are given the following force vectors:

Fa=90 N to the left Fg =30 N to the right Fc =60 N to the left
Use vector diagrams to find the resultant vectors:

a. Fa+Fs

b. Fa-2Fc

MAIN IDEA: When adding vectors in 1 dimension we use the head-to-
tail method:

e place the tail (end) of one of the vectors next to the head (start)
of the other vector;

e the resultant vector is the final vector that we draw from the tail
of the first vector to the head of the last vector.
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Unit 2. Vectors in 2 dimensions

Learning outcomes:
When you have completed this unit, you should be able to:

e add two vectors that are at right angles to determine the resultant using a
graphical method (head-to-tail or tail-to-tail) as well as by calculation;

e determine the x- and y-components of a vector on the Cartesian plane.

Introduction

In the previous unit you learnt about adding vectors in 1 dimension (in a straight line).
In this unit you will extend your knowledge to adding vectors in 2 dimensions (at right

angles to each other).

2.1. Mathematical tools needed for 2 dimensional vectors

In a right-angled triangle, if we know the lengths of any two sides of the X n
triangle, we can find the length of the remaining side using Pythagoras’
theorem:
o
L Y
)
%
%
adjacent
0 L Given a right-angled triangle with one known
o side and a known angle 6, we can calculate the length of any of
P :; the other side using the following trigonometric identities:
2, 3
G opposite adjacent
’%, sinf=—————— c0sf=———————
Y% hypotenuse hypotenuse
tang— opposﬂe
adjacent
We can also use these identities to calculate an unknown angle if we know the length of
any two sides of the triangle.
ty
2.2. Frame of reference for vectors in 2 dimensions ;
When we work with vectors in 2 dimensions, we need to seta frame | 0 _______ > +x

of reference, which includes a zero point and a positive direction for
each of the dimensions that we are looking at. In other words, our
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frame of reference will look like a small coordinate system, showing the zero point for

each axis at the origin, and showing the
positive x and y directions. This is called the
Cartesian plane. The diagram on the right
shows what our frame of reference would
look like in 2 dimensions.

North

A+y

The compass directions of North, East,
South and West can be expressed in terms
of the Cartesian plane. We can choose to let
the +y direction correspond to North, and
then the East direction will be the +x
direction, as the diagram shows.

West

Example 1:

Describe the direction of vector A shown on the right
on the Cartesian plane.

Solution:

The direction of A is 30° below the +x axis.

+X East

South

Activity 1 - Directions of vectors in 2 dimensions
Give the direction of the following vectors:

a.
209
b.
300
C.

200
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2.3.  The resultant of two perpendicular vectors using the tail-to-head method

When we add two vectors that are perpendicular to each other, we can sketch them on
the Cartesian plane, and then use Pythagoras’ theorem to find the resultant vector. One
method that we can use the tail-to-head method, where we place the tail (end) of one
of the vectors next to the head (start) of the other vector. The resultant vector is the
arrow from the tail of the first vector to the head of the second vector.

If you construct the diagram carefully, you can measure the resultant vector from your
diagram using a ruler and a protractor. You can also use trigonometry to calculate the
magnitude and direction of the resultant vector.

Example:

Boipelo walked 300 m toward the East, then 400 m toward the North. What was her
resultant displacement?

Solution:
Frame of reference: Let the +y direction be North.

We can then draw a head-to-tail vector diagram of
Boipelo’s movements Rx and Ry. This is shown on
the right. (The frame of reference is shown on the
diagram). Her resultant displacement is therefore:

R= |RZ+ R} = v300% + 4002 =500 m

400 m

R, =

opposite Ry 400m

Therefore 6= 53,1°

Boipelo’s resultant displacement is therefore 500 m in a direction of 53,1° above the +x-
axis.

MAIN IDEA: To find the resultant of two vectors using the tail-to-head method:
e The vectors are joined tail-to-head.

e The resultant vector is the arrow from the tail of the first vector to the head
of the second vector.
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2.4. The resultant of two perpendicular vectors using the tail-to-tail method

We can also use a tail-to-tail method to find the resultant vector. Here we place both of

the tails of the vectors together at the origin of the Cartesian plane, and we then
complete a parallelogram to find the resultant.

Example:

Two ropes pulled on an object. One rope pulled with a force of 30 N in the -x direction,
and the second rope pulled with a force of 50 N in the +y direction. What was the
resultant force on the object?

Solution:

The diagram on the right shows the forces on the object,
connected tail-to-tail. (The frame of reference is shown on the
diagram)

In the second diagram the vectors have been redrawn to form a
parallelogram. We can use this parallelogram to find the resultant

vector. 30N
Magnitude of resultant = /(30 N)? + (50 N)? =58,3 N 30 N
i N
Using trigonometry, we know that tan6 = Op-pOSIte = >0
adjacent 30N ’%@
(P
Therefore 6= 59° 50 N %?,
The resultant force on the object is therefore 58,3 N at an angle of
590 above the -x axis.
B
30N

MAIN IDEA: To find the resultant of two vectors using the tail-to-tail method:

e The vectors are joined tail-to-tail. A parallelogram is then formed using
these vectors.

e The resultant vector is the arrow from the position where the tails join
towards the opposite corner of the parallelogram.

Activity 2: Practice adding vectors in 2 dimensions

Solve the following problem using a vector diagram and calculations:

A jogger travels 6 km toward the South. He then jogs 5 km toward the West. What is
his resultant displacement? Use the tail-to-head method.
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2.5. Finding vector components

If we are given the magnitude and direction of a vector relative to the Cartesian plane,
we can use trigonometry to work out the x- and y-components of the vector. The
following example shows you how this is done.

Example:

A vector A has a magnitude of 80 N, and a direction of 30° above the -x axis. Find the x-
and y-components of this vector.

Solution:

The diagram on the right shows the vector and its components
on the Cartesian plane.

Using trigonometry, we know that
opposite adjacent
PP and  cosf = I

sin=—"—— —_—
hypotenuse hypotenuse

. o A,
Therefore sin 30° = K

SoAy=+Asin30°=+80Nsin30°=+40N
Similarly, Ax=- A cos 30°=-80 N cos 30°=-69,3 N

(This component has a negative sign since it is in the —x direction.)

Once we have found the components of a set of vectors, we can add the vectors by
adding their components in the following way:

e add together all of the components that are parallel to the x-direction to find the
resultant component in the x-direction (Rx)

e add together all of the components that are parallel to the y-direction to find the
resultant component in the y-direction (Ry)

¢ find the resultant of Rx and Ry using Pythagoras and trigonometry.
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MAIN IDEA: For a vector with magnitude A and direction 0 from the x axis:

e The magnitude of the x-component of the vector can be found using the
equation Ax= A cos (0)

e The magnitude of the y-component of the vector can be found using the
equation Ay= A sin (0)

e We can find the resultant of two or more vectors by adding together the
x-components (Rx) and the y-components (Ry), and finding the resultant
of Rxand Ry.

Activity 3 - Finding components of vectors

Find the x- and y-components of the following vectors, and hence find the resultant
vector A + B:

a. Vector A that has a magnitude of 40 N and a direction of 45° above the +x axis.

b. Vector B that has a magnitude of 65 N and a direction of 30° above the -x axis.

Assessment Activity: Vectors Total marks = 30

Answer the following questions to assess your understanding of vectors:

1. What is the difference between a scalar and a vector? (3)
2. List two examples of a scalar, and two examples of a vector quantity. (4)
3. Nonhle walked 300 m in the +x direction, and then 600 m in the +y direction.
What was her resultant displacement? Use the tail-to-head method. (6)
4, Force A has a magnitude of 48 N and points towards the West. Force B has
the same magnitude, but points towards the South. Use the tail-to-tail method
to determine the magnitude and direction of A + B. (6)
5.
a. Find the x- and y-components of the following vectors: 4)

i. Vector A= 30 N at a direction of 15° above the +x axis.
ii. Vector B =40 N at a direction of 25° below the —x axis.

b. Find the resultant of vectors A and B. @)
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My Notes

Use this space to write your own questions, comments or key points.
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Summary of key learning:

A scalar is a physical quantity that has a magnitude but not a
direction.
e Avector is a physical quantity that has a magnitude and a direction.
e Avector can be represented by an arrow, where:

o the length of the arrow shows the magnitude

o the direction of the arrow shows the direction
e A negative vector has the same magnitude as the original vector,

with opposite direction.

e When adding vectors in 1 dimension we use the head-to-tail
method:

o place the tail (end) of one of the vectors next to the head
(start) of the other vector;

o the resultant vector is the final vector that we draw from the
tail of the first vector to the head of the last vector.

e To find the resultant of two vectors using the tail-to-head method:

o The vectors are joined tail-to-head.
o The resultant vector is the arrow from the tail of the first
vector to the head of the second vector.
e To find the resultant of two vectors using the tail-to-tail method:

o The vectors are joined tail-to-tail. A parallelogram is then
formed using these vectors.
o The resultant vector is the arrow from the position where the
tails join towards the opposite corner of the parallelogram.
e The x- and y-components of a vector with magnitude A and direction
0 from the x axis are:
o Ax=Acos (0)

o Ay=Asin (6)
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Sub-topic 2. Motion in 1-dimension

Content:

Unit 1: Position, displacement, distance
Unit 2: Speed, velocity, acceleration
Unit 3: Graphs of motion

Unit 4: Equations of motion

Unit 5: Projectile motion

Unit 1. Position, displacement, distance

Learning outcomes:

When you have completed this unit, you should be able to:
e define position, displacement and distance;
e define position relative to a frame of reference;

e determine displacement and distance for 1-dimensional motion.

1.1. Frame of Reference

When we describe the position or movement of an object, we need to have a frame of
reference to tell us where our zero point is, and what direction we are moving in. When
we are describing our direction, we could use terms like East or West, up or down,
backwards or forwards. In 1 dimensional motion it is useful to choose one direction as
positive, and then the opposite direction is negative.

1.2. Position

An object’s position describes where it is relative to a frame of reference. Position is a
length reading, and so we measure it in units of meters (m). In one dimension, positions
are either positive or negative, depending on which side of the zero point they lie.
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Activity 1 - Finding positions
Study the diagram below and answer the questions that follow:

1. Frame of reference: Positions to the left of the zero point are negative, and
positions to the right of the zero point are positive.

a. What are the positions of Sindi, Ken and Mzi?

2. Frame of reference: Let Mzi be the reference point. Positions to the left of Mzi are
negative, and positions to the right of Mzi are positive.

a. What is Sindi’s position relative to Mzi?

b. What is Ken's position relative to Mzi?

3. Frame of reference: Let Ken be the reference point. Positions to the left of Ken
are positive, and positions to the right of Ken are negative.

a. What is Sindi’s position relative to Ken?

b. What is Mzi’s position relative to Ken?

MAIN IDEA: Position describes where an object is relative to a frame of reference.

1.3. Distance and Displacement

As an introduction to some of the terms we use to describe movement, we will use an
example.

Example: (Try to solve this problem on your own or with a fellow student while
covering the solution, and then check your work using the solution below).

Thabo walked home after school. His home was 3,6 km east of his school. The path that
he took was not a very straight one, and he ended up walking quite a long way! The
diagram shows the path that he took.
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School

ome|

3.6 km

1. What is the total length of the path that Thabo walked?
2. What is the length between Thabo'’s starting point and his ending point?
Solution

1. The total length of the path that Thabo walked is 7,2 km.

2. The length between Thabo’s starting point and his ending point is 3,6 km.

From this example you can see that we need two different words to describe these two
lengths, distance and displacement.

We use the word distance for the total length of the path. The symbol that we use for
distance is D, and it is measured in SI units of meters (m).

From the example of Thabo walking home, you can see that his path was in lots of
different directions at different times. The total distance that he covered was 7,2 km.
Distance is a scalar quantity because it does not have a specific direction.

We use the word displacement to measure the change in position from the starting
point to the ending point of the motion. This displacement will always be in a straight
line. It is a vector quantity because it has a very clear direction.

From the example of Thabo walking home, you can see that his displacement from the
pub to his home was 3,6 km East.

You can see that the distance covered can often be much greater than the displacement.

Since displacement is defined as the change in position, the symbol that we use for
displacement is Ax. It is measured in SI units of meters (m).

We calculate displacement in the following way:  Ax =xf- xi

where Xt is the final position, and xi is the initial position.
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Example: (Try to solve this problem on your own or with a fellow student while
covering the solution, and then check your work using the solution below).

a) Keletso walked from a position of 0,6 m to a position of -1,2 m. What was her
displacement?

b)  Keletso then walked from her position of -1,2 m to a position of 1 m. What was her
displacement?

c) What was Keletso’s total distance covered in (a) and (b)?

Solutions:

a) Given: xi=0,6 mandxf=-1,2m
Displacement: Ax=xf-xi=-1,2m-0,6 m=-1,8 m

b) Given: xi=-1,2mandxfr=1m
Displacement: Ax=xr-xi=1m-(-1,2m) =+2,2m

c) TotaldistanceD=1,8m+2,2m=4m

Activity 2 - Finding displacements

Answer the following questions. Show your working clearly.

1.

Sindisiwe starts at a position of +2,5 m. She walks to a position of -4 m. What is her
displacement? (Remember to show the direction with a + or a - sign)

Themba walks from a position of -5 m to a position of -3,5 m. What is his
displacement?

If Celani starts at a position of -4 m and walks in the positive direction for 2 m,
what is her new position?

The number line below shows Felix’s movement.

-4 -2 0 +2 +4 +6

Start <

a. What was Felix’s starting position?

b. What was the position where Felix changed his direction of movement?
c. What was his ending position?

d. What was the total distance covered by Felix?

e. What was Felix’s displacement?

NASCA STUDENT WORKBOOK Natural Sciences Page 39




NASCA STUDENT WORKBOOK Natural Sciences Page 40



Unit 2. Speed, velocity, acceleration

Learning outcomes:
When you have completed this unit, you should be able to:
e define speed, instantaneous velocity and average velocity;
e determine speed, instantaneous velocity and average velocity for 1-
dimensional motion;
e define acceleration;

e determine acceleration for 1-dimensional motion with uniform acceleration.

Introduction

When we work with motion, we need to be able to describe how fast something is
moving. In the same way that there are two terms to describe path lengths, there are
also two terms that we use when we are measuring the fastness of an object: speed and
velocity. We also need to work out how the velocity of the object is changing. This is
called acceleration. In this unit you will learn about speed, velocity and acceleration.

2.1. Speed

If we want to calculate the speed, we divide the total distance (D) covered by the time
(At) that it took him to travel that distance.

d distance covered D
speed = = —
p total time taken At

Since distance is a scalar quantity, it means that the speed is also a scalar. Scientifically
we say that speed is the rate at which distance is covered. Because the SI unit for
distance is meters (m), and for time is seconds (s), speed is measured in units of meters
per second (m/s or m-s-1).

When we have units like m/s, what we mean is the number of meters traveled in one
second (or the number of meters per second). So the word “per” just means “in one".

2.2.  Average Velocity

The average velocity is found by dividing the displacement (or change in position) by
the time taken:

displacement

average velocity = total time taken
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You will notice that velocity is also measured in m's-1. Displacement is a vector quantity,
in other words, it has a specific direction. This means that the velocity is also a vector
quantity, as it has the same direction as the displacement.

. . . . A
Mathematically we write the equation for the average velocity as: v = A_)t(

2.3. Instantaneous Velocity

instantaneous - done in an

The instantaneous velocity is found by dividing the instant (right now)

displacement (or change in position) by an infinitesimal

time interval:

displacement
small time interval lnflnlteSlmal = Very Small

instantaneous velocity =

Instantaneous velocity is also measured in m's'1, and it is a vector quantity that has the
same direction as the displacement.

. : . . : dx
Mathematically we write the equation for the instantaneous velocity as: v = I

where dx is the small displacement, measured in m, and dt is the small time interval,
measured in s.

The instantaneous speed of the object is the magnitude of the instantaneous velocity. So
the instantaneous speed has a magnitude but does not have a direction, and it is
therefore a scalar quantity.

Examples: (Try to solve this problem on your own or with a fellow student while
covering the solution, and then check your work using the solution below).

Zama walked with a constant pace from a position of +2 m to a position of +6 m in 2s.
1.  What was her instantaneous velocity at the time 1 second?

Zama then walked with a constant pace to a position of +3m in a time of 3 s.

2. What was Zama's instantaneous velocity after 1 second of this motion?

3. What was her instantaneous speed?

4.  What was Zama'’s average velocity for the total movement in parts 1 and 2?

Solution:

1. Given: xi=+2 m and xf= +6 m;

The velocity is constant from 0 s to 2 s, so we use this time interval to find the
instantaneous velocity at 1 s.

. dx 6m-2m +4 m
Instantaneous velocityat1s: v= —= = =+2 ms1
dt 2s—0s 2s

2. Given: xi=+6mand xr=+3 m

The velocity is constant from for this 3 s, so we use this time interval to find the
instantaneous velocity after 1 s.
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dx 3m—-6m_ —-3m

i . = — = = =- .g-1
Instantaneous velocity after1s: v It- 35°0s 35 1ms
3 Instant dafter 1s= 2= 50— 1ms
: nstantaneous speed after 1s = &= 3——~=1ms

OR Instantaneous speed =magnitude of Instantaneous velocity =1 m-s-1

4. Given: xi=+2mandxf=+3m;At=2s+3s=5s

. Ax  3m—2m 1m
o =S 0o = = 51
Average velocity: v I TS o = +0.2ms

Activity 1 - Test your understanding of speed and velocity
Answer the following questions.

1. Look back at the example of Thabo walking home from school.

(a) If Thabo took 30 minutes to get to his home, calculate the average speed of his
total journey in ms1.

(b) Calculate Thabo’s average velocity in m-s-1L.

(c) Calculate Thabo’s average velocity in km-hr-1.

2. Isihle walked with a constant velocity from a position of +3 m to a position of -3 m in
6 seconds.

(a) Calculate her instantaneous velocity after 3 seconds of this motion.
[sihle then ran with a constant velocity to a position of +6 m in 2 seconds.
(b) What was her instantaneous velocity after 1 second of this motion?

(c) What was Isihle’s average velocity for her total movement described in (a) and
(b) above?

(d) What was Isihle’s average speed for her total movement?
Isihle then moved from her position of +6 m with a velocity of -3 m's-1 for 6 seconds.

(e) What was Isihle’s final position after this movement?
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MAIN IDEAS:

e Speed is the total distance covered divided by the time taken:
speed = —

# At
e Speed is a scalar and is measured in units of meters per second (m-s1).

e Average velocity is found by dividing the displacement by the time:
Ax

At
o Instantaneous velocity is found by dividing the displacement by an
infinitesimal time interval:

VvV =

dx
dt

e Velocity is a vector and is measured in meters per second (m-s1).

VvV =

2.4. Acceleration

Acceleration is the rate of change of velocity. It is found by dividing the change in
velocity by the time it takes for that velocity change:

change in velocity

acceleration = -
total time taken

Acceleration is a vector, and its symbol is a. Mathematically we can write the equation

as:
Av

T At

Acceleration is measured in meters per second per second (m/s/s), or meters per

second squared (m/s 2, or m's=2).

a

Example: (Try to solve this problem on your own or with a fellow student while
covering the solution, and then check your work using the solution below).

1.  Carol starts from rest, and pedals her bike for 4 seconds until it has a velocity of

8 m's'l. What is her average acceleration?

2.  She now rides at a constant speed for 6 seconds. What is her average acceleration

during this time? (Justify your answer using a calculation).

3.  She applies her breaks for 3 seconds and slows down so that her speed becomes

2 m's'l. What is her average acceleration during this time?
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Solution:

Av vi—vi 8msTl-0ms™?
L. g8 —= = = +2 ms?
At At 4s
Av ve—vi 8ms~!-8msT!
2. a=——= = = 0 ms2
At At 6s
Av vi—vi 2ms l-8ms™? -e6msT?
3 asS—cs = = = —2m-s2
At At 3s 3s

Activity 2 - Investigating acceleration

Calculate the acceleration for each of the following:

1. A cartravels in the positive direction with a constant velocity of 4 m's-1 for 2
seconds.

2. A car starts from rest (v = 0 m's'1), and after 2 seconds it is travelling with a
velocity of 4 m-s-1.

3. A caris moving with a velocity of 8 m's-1. After 2 seconds it has slowed down to a
velocity of 4 m-s-1.

4, A car is travelling with a velocity of -4 m's-1. It slows down to a stop in 2 s.
Calculate its acceleration.

5. A caris travelling with a velocity of -4 m's'1. It increases its speed, and reaches a
velocity of -8 ms'1in 2 s.

From your calculations, write a summary of the kind of movement which will give you
an acceleration that is:

o Zero
o Positive
o Negative

Acceleration is a vector, and so we have to write it with a magnitude and a direction. For
1 dimensional motion the direction is given by the sign + or -.

From the previous activity you should notice the following:

e Acceleration is zero when there is no motion, or when motion is uniform
(constant velocity).

e Acceleration is positive when the movement is getting faster in a positive
direction, or when the movement is getting slower in a negative direction

e Acceleration is negative when the movement is becoming slower in a positive
direction, or when the movement is getting faster in a negative direction..
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It is important to note that we cannot use the word deceleration to describe negative
acceleration. The word deceleration describes the motion of an object that is slowing
down, but negative acceleration can mean that an object is speeding up in the negative
direction. To avoid making mistakes, it is a good idea to never use the word deceleration
in Physics.

You will also notice that the acceleration does not tell us any information about the
direction of the motion. It only describes how the velocity is changing.

—
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Unit 3. Graphs of motion

Learning outcomes:

When you have completed this unit, you should be able to:

e plot graphs of position vs time, velocity vs time and acceleration vs time;

e interpret and determine information from graphs of position vs time, velocity

vs time and acceleration vs time for 1-dimensional motion with uniform
acceleration.

Introduction
There are three different kinds of graphs that describe the motion of an object:

e Graphs of position vs time
e Graphs of velocity vs time
e (Graphs of acceleration vs time
We will explore these graphs in this unit.

3.1.  Graphs of position vs time

A position vs time graph is constructed with position values given on the y-axis, and
time values given on the x-axis. A typical position-time graph is shown in the example
below.

Example: (Try to solve this problem on your own or with a fellow student while
covering the solution, and then check your work using the solution below).

The position-time graph below describes Andile’s movement while he is walking.

x (M)

3--
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1. What was Andile’s position at a time of 6 seconds?

2. Describe Andile’s motion in words.

3. What was Andile’s total displacement?
Sindi started from a position of 2,5 m and walked for 6 seconds with the same speed as
Andile, but in the opposite direction to Andile’s motion.

4. On the same graph, draw a sketch to show what the position-time graph would

look like for Sindi.
5. Will Sindi and Andile pass each other? At what time?

Solution:

1. Andile’s position at a time of 6 seconds was 2 m.

2. Andile moved from a starting point of 0,5 m with a uniform (constant) velocity in
the positive direction.

AX=xf-Xi=2m-0,5m=1,5m.

4. The position-time graph for Sindi’s motion is shown with the dark line below:

&

X (m)

3--

1 1 [l 1 1 [l ~
T T T T T T

1 2 3 4 5 6 @ t(s)

5. Yes, Sindi and Andile pass each other at a time of 4 seconds (we can see this
from where the graphs intersect).

The position-time graphs for different types of constant motion are shown below:

X A X A Fast constant X A
Slow constant motion in a No motion
motion in a positive (velocity is zero)

positive direction

_—

direction

\ 4
\ 4

t
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N N

X X
Slow constant Fast CthSFant
motion in a motion |tn a
negative direction Qﬁ‘ggﬂl(\)’ﬁ

\

~
7

\ 4

t

The position-time graph is a straight line for constant motion. On a position-time graph,
the value gives the object’s position at a specific time. The gradient (slope) of the graph
tells us the velocity (how fast the movement is, and in what direction).

The example below shows how to calculate velocity from a position-time graph.

Example: (Try to solve this problem on your own or with a fellow student while
covering the solution, and then check your work using the solution below).

The position-time graph below describes the motion of a man on a bicycle.

X (m)
A
31
2
]_-
1 1 1 1 1 N
0 . -
1 2 3 4 5 6 t (s)

1. Calculate the man’s velocity between 0 s and 4 s.

2. Calculate the man’s velocity between 4 s and 6 s.

Solution:
. AXx 2m-2m
1. Velocity=—=—""——=0ms!
At  4s-0s
. Ax O0m-2m
2. Velocity=—=—"—=-1ms1

T At 6s—4s
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Activity 1 - Position-time graphs for uniform motion
Answer the following questions:

1. How would you need to walk to create the following position-time graphs?
X X X

t
Graph 1 Graph 2 Graph 3

2. Sketch the shape of the position-time graphs for the following motion:
a. Start at the zero position, and walk in a positive direction with a constant
velocity.
b. Start at some positive position, and walk in a negative direction with a
uniform velocity.
c. Stand still for some time at a positive position, then walk in a negative
direction with uniform velocity.

3. The position-time graph below describes the motion of a woman who is running.

X (m)

15

0 — >
1 2 3 4 5 &6 t(s)
a. Describe the woman’s movement during the 6 seconds.
b. Calculate the woman'’s velocity between
i. Osand2s
ii. 2sand4s

ili. 4sand6s
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Position-time graphs for changing motion

Motion does not always have a constant velocity. When an object is accelerated with
constant acceleration, we call this uniformly accelerated motion. Here the velocity is
changing at a constant rate. The position-time graphs for uniformly accelerated motion
have a curved shape. Some examples of position-time graphs for uniformly accelerated
motion are shown below:

N
X | Getting faster in X
a positive
direction

Slowing down in
a positive

direction

\ 4
\ 4

Slowing down
in a negative

direction

Getting faster

in a negative
direction
>t >t
MAIN IDEA:
e On a position-time graph, the value gives the object’s position at a certain
time

e The gradient (slope) of the graph tells us the velocity:

Velocity = gradient of x-t graph = i—)t(

Go to https://www.youtube.com/watch?v=x2ve5yucNPQ to see a video on position-
time graphs.
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3.2. Graphs of velocity vs time

We can also use graphs of velocity vs time to represent < 5 VA
the motion of an object. The velocity vs time graph is = §
constructed with velocity values given by the y-axis, and % =
time values given on the x-axis. Velocity values that are =+

above the time-axis are positive, which means that the 0
direction of the motion is positive. Velocity values that
are below the time-axis are negative, which means that
the direction of the motion is negative.

v

Motion in a
- direction

For uniform motion (motion with a constant velocity) the velocity-time graph is a
straight horizontal line. The velocity-time graphs for different types of uniform motion
are shown below:

Uniform motion A ) ] A
V| ina positive vl Uniform motion v
direction in a negative
direction Zero motion
(v=0)

For uniformly accelerated motion the velocity-time graph is a straight line that is not
horizontal. The gradient of the velocity-time graph tells us the value of the acceleration
of the object. The velocity-time graphs for different types of uniformly accelerated
motion are shown below:

Getting faster, in

v/} apositive v/ slowing down, in
direction a positive
direction
0 > 0 >
t t
v A v A
Getting faster, in Slowing down, in
a negative a negative
direction direction
0 > 0
t t
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For constant motion, the velocity-time graph is a straight, horizontal line. The graph is
above the time-axis for movement in the positive direction, and below the time-axis for
movement in the negative direction. When there is no movement (zero velocity), the
velocity-time graph is on the time-axis. The gradient of the velocity-time graph tells us
the acceleration of the object.

Example: (Try to solve this problem on your own or with a fellow student while
covering the solution, and then check your work using the solution below).

The velocity-time graph below describes a the motion of a taxi.

v (ms?)
A
24
14
0 ' -
1 2 3 4 5 6 t (s)

Describe the taxi’s motion in words.
What was the taxi’s acceleration between 0 s and 4 s?

What was the taxi’s acceleration between 4 s and 6 s?

= N

A second taxi is moving with a constant velocity of -1 m's'! for 4 seconds, and
then slows to a stop in a time of 2 seconds. Draw its velocity-time graph.

Solution:
1. The taxi moved with a constant positive velocity of 1,5 m's-1 for the first 4
seconds. It then slowed to a stop in a time of 2 seconds.

~vi 1,5ms 1-15m=s™1

At 4s-0s
1

=0 ms2

2. a=gradient of v-t graph = M

vi—vi Oms~1-1,5m-s”
3. a= =
At 6s—4s
4. The velocity-time graph for the second taxi is:

=-0,75 m's2

v (ms?)
A
O [ 1 [ 1 : [ 1 ! [ 1 >
1 2 3 4 5/6 t(s)
1 o
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Finding displacement from the velocity-time graph

The area underneath the velocity-time graph tells us the value of the displacement of
the object during that time interval. This does not give us any information about the
starting position of the object, it only tells us the change in position of the object.

Example: (Try to solve this problem on your own or with a fellow student while
covering the solution, and then check your work using the solution below).

For the velocity-time graph given below, calculate the total displacement of the object.
Y (m'S'l)

2
1
0 1 2 3 4 5 6 s
Solution: .
v (M'S™)
Ax = area underneath v-t graph 2
= area under triangle A + area under square B
1
= (% base x height) + (base x height)
:(%xzsx2m-s-1)+(4sx2m-s'1) O 1 2 3 4 5 & t(s)
=2m+8m
=10 m

Activity 3 - Velocity-time graphs

Answer the following questions:

1. Draw the velocity-time graphs for the following movements:
a. Walk in a positive direction with a constant but slow velocity
b. Walk in a negative direction with a constant but fast velocity

c. Walkin a negative direction, starting from rest and speeding up

e

Walk in a positive direction, with a high velocity at first, and gradually
slowing to a stop.
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2. Cameron rode his bicycle. The velocity-time graph for his motion is shown
below:

v (ms?)

L L [ L L [ N
T T T T T T

1 2 3 4 5 6  t(s)

Describe Cameron’s motion in words.
Calculate Cameron’s acceleration in the following time intervals:
i. betweenOsand2s
ii. between2sand4s
iii. between4sand6s
What was Cameron’s total displacement?
Draw the position-time graph for the first 2 seconds of Cameron’s motion.

oo

a o

MAIN IDEAS:

e For uniform motion, the velocity-time graph is a straight, horizontal line.
The line is above the time-axis for movement in the positive direction, and
below the time-axis for movement in the negative direction.

e When there is no motion (zero velocity), the velocity-time graph is on
the time-axis.

e On avelocity-time graph, the value gives the object’s velocity at a certain

time

e The area underneath the velocity-time graph gives a value for the
displacement.

e The gradient of the velocity-time graph gives a value for the
acceleration.

Av
acceleration = gradient of v-t graph = e

Go to https://www.youtube.com/watch?v=rD0tmgMdbQg to see a video on velocity-
time graphs.
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3.3. Graphs of acceleration vs time

In addition to using graphs of position vs time and a
velocity vs time to represent motion, we can also use
graphs of acceleration vs time. An acceleration vs time
graph has acceleration values on the y-axis, and time
values on the x-axis.

Positive
acceleration

Since we will only look at motion that has uniform
acceleration, the acceleration-time graph is always a
horizontal line. The sketches of the three acceleration-
time graphs for uniformly accelerated motion are shown
below:

Negative
acceleration

Uniform positive A _ .
a’| acceleration a’l’ Uniform negative a
acceleration

Zero
acceleration

o
\'4
o
v
o
~V

The area underneath the acceleration-time graph tells us the change in the object’s
velocity during that time interval (Av).

\ 4

Example: (Try to solve this problem on your own or with a fellow student while
covering the solution, and then check your work using the solution below).

The acceleration-time graph given below describes the motion of an object. Calculate
the change in the object’s velocity.

a (m-si%

Solution:
Av = area underneath a-t graph
= area under square A + area under square B
= (base x height) + (base x height)
=(2sx1ms?)+(4sx2ms?) 0 ;

1 2 3 4 5 6 t (s)
=2msl+8ms!l =10ms?
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Activity 4 - Acceleration-time graphs

Answer the following questions:

An object started from rest and accelerated uniformly for 5 seconds, as shown in the

graph below:

a (m‘S'Z) A

2-

l-

.
7

0 1 2 3 4 5 t(9

What was the object’s velocity after 5 seconds?
Sketch the shapes of the velocity-time and position-time graphs for this
object’s motion.

The object now comes to rest after slowing down for 2 seconds,

Calculate the acceleration of the object in the 2 seconds.

d. Draw the acceleration-time graph and velocity-time for this part of the

object’s motion.

MAIN IDEAS:

The gradient of the velocity-time graph gives the acceleration of the object.

For an object with a constant positive acceleration, the acceleration-time
graph will be a straight horizontal line above the x-axis.

For an object with a constant negative acceleration, the acceleration-
time graph will be a straight horizontal line beneath the x-axis.

The area underneath the acceleration-time graph gives a value for the
amount that the velocity has changed as a result of that acceleration.

Go to the website https://www.youtube.com/watch?v=|rFfi3t9FG4 to see a video on
linking position graphs with velocity and acceleration graphs.
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Unit 4. Equations of motion

Learning outcomes:
When you have completed this unit, you should be able to:

e use the kinematics equations of motion to solve problems for 1-dimensional
motion.

Introduction

4.1. The equations of motion

We can represent motion that has constant acceleration using equations. These
equations give us a way of linking displacement, velocity and acceleration. They are
very useful, as they give us a way of solving problems for different situations involving
motion. (These are sometimes called the “kinematics equations of motion”).

The four equations of motion for objects that have constant acceleration are:
vf=vi+ aAt
AX = ViAt + Y2aAt?
vi2 = vi? + 2aAx

Ax = Y5 ( v+ Vi) At

In these equations, vi is the initial velocity, in units of m-s-1
vt is the final velocity, in m-s1
a is the acceleration, in ms2
At is the time interval of the motion, in seconds (s)

Ax is the displacement of the object, in meters (m)

Below is an example of how to solve a problem using these equations of motion.
(Here we have used the steps for problem solving given in Topic 1 of this
workbook).
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Example: (Try to solve this problem on your own or with a fellow student while
covering the solution, and then check your work using the solution below).

A marble was rolled to the right along a rough surface, and came to rest after it rolled
for 1 metre. The acceleration of the marble was -2 m-s-2.

a. Calculate the marble’s initial velocity.

b. Find the time that the marble took to come to a stop.

Solution

Step 1: Diagram of the scenario:

AXx=1m vi=0ms?
- N
i a= -2 ms?
«— >
) om *

Step 2: Given:a=-2m-s?2 and Ax=1m and vfi=0 m-s-1
Step 3: a. We are asked to find the marble’s initial velocity, vi.
b. We are asked to find the time for the marble to stop, At
Step 4: a. The equation that we will use is vi2 = vi2 + 2aAx
b. The equation that we will use is vf = vi + aAt
Step 5: Calculation:
a. From the equation vf2 = vi 2 + 2aAx
We can solve for vi:
vi2=vf2-2aAx=0-2x(-2ms?)x1m=4ms!
b. From the equation vf = vi +aAt
We can solve for At:

At= (vf-vi)/a=(0-4ms1)/(-2ms?2)=2s

Step 6: a. The marble had an initial velocity of +4 m's-! to the right.

b. The time for the marble to stop is 2 seconds.
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Activity 1 - Solving Problems with Equations of Motion

Use the equations of motion to solve the following motion problems.

1.  Acaris travelling with a velocity of 40 m-s-1 and applies its brakes. It comes to a
stop after breaking for 10 seconds. Calculate the acceleration of the car.

2. A skier starts from rest, and accelerates down a slope at 1,6 m-s2 for 5 s.
How far does she travel during the first 5 seconds?

b. She then continues with a constant velocity for another 5 s. How far does
she travel during this time?

c. After this she skis up a slight slope and comes to a stop after traveling for
8 m. What is her acceleration as she travels up the slope?

MAIN IDEAS: The four equations of motion for objects that have constant
acceleration are:

V= Vi + aAt
AX = ViAt + YoaAt?
vi2 =vi2 + 2aAx

Ax = Y5 ( v+ Vi) At
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Unit 5. Projectile motion

Learning outcomes:

When you have completed this unit, you should be able to:

o verify that the gravitational acceleration of objects in free-fall is constant
using experimental data of ball-bearings of different masses in free-fall;

e explain that objects in free-fall (projectiles) accelerate towards the earth with
a constant acceleration of 9,8 m's-?;

e apply graphs and kinematics equations of motion to objects in free-fall, in
familiar and novel contexts..

5.1. Objects in free-fall

Projectile motion describes the motion of objects that are falling freely under the
influence of gravity. In the following exercise you will calculate the gravitational
acceleration of a ball that is dropped in the air.

Activity 1 - Gravitational acceleration of a falling object

On the right you will see a picture of a ball that is falling through the air. The ball’s
velocity and time values are shown at various times.

Frame of reference: The downward direction is positive, and __y =08, v=0 ms"
the starting position of the ball is zero. ——>»t=1s,v9.8 ms"
Use this information to answer the following questions: T 25, v-19,6 ms?
1. Below is a set of axes that will allow you to draw a T 2
. . . . t=3s, v=29 4 ms
graph of velocity on the y-axis against time on the x-
axis for these values. On this set of axes, plot each of
the points of velocity and time from the diagram on T eds. v=39 2 ms?

the right.

T t=5s, V49 ms*

t=6s, v=58,8 ms™
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60 T

50

40

30

velocity (m.s™?)

20

10

v

time (seconds)

2. Draw a best-fit line through your points.
Describe the shape of your velocity vs time graph.

4, From the information given in the diagram on the right, calculate the
acceleration of the ball between the following times:

a. between Os and 1s
b. between 2s and 3s
c. between 3s and 6s

5. Use your calculations to complete the following table:

Acceleration (m's2) Time (s)

1

QN U1 B W N

6. Construct a set of axes that will allow you to draw a graph of acceleration on
the y-axis against time on the x-axis. Label your axes carefully. On your set of
axes, plot each of the points of acceleration and time from your table. Draw a
best-fit line through your points.

7. What do you notice about the shape of your acceleration vs time graph for an
object that is falling through the air? (D

8. The diagram below shows the positions of two balls at various times. Ball B
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has three times the mass of Ball A. What can you conclude about the
relationship between the acceleration of the balls and their masses? (2)

BallA BallB

What you should have found in this activity is that the acceleration of the ball is

9,8 m's2, and that the acceleration does not depend on the mass of the ball. We call this
the acceleration due to gravity, which has the symbol g. Its direction is always
downwards (towards the earth).

MAIN IDEAS: For projectile motion (objects in free-fall) the acceleration due to
gravity is g = 9,8 m's-2 downward.

5.2.  Strategies for solving different scenarios for projectile motion

There are three scenarios for projectile motion that we will explore by working
through examples:
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Case 1: An object is dropped from rest

Example:
Ayanda was standing on a bridge, and dropped a stick into the river, which was
3 m below the height that he dropped the stick from.

a. Calculate the final velocity of the stick just before it hit the water.
b. Calculate the amount of time that it would take for the stick to hit the water.

Solution:
Step 1 and 2: Diagram of the scenario with given information:
Frame of reference: Choose down as +

As ball leaves the hand:
v, =0 mes?
a=49,8 mes?

+ 5
N Y
h=3m As ball reaches the ground:
a=+9,8 mes?
Ax=+h=3m
\ / Py

Step 3: a. We are asked to find the stick’s final velocity, vt

b. We are asked to find the time taken for the stick to hit the water, At.
Step 4: a. The equation that we will use is vf2 = vi2 + 2aAx

b. The equation that we will use is vf = vi + aAt

Step 5: Calculation:

a. From the equation vi2 =vi2 + 2aAx =0 + 2 x (9,8 m's2) x 3 m = 58,8 m2s-2
Therefore vi=+/58,8m2-s=2=7,67 ms!
b. From the equation vf = vi +aAt

We can solve for At:
At= (vi-vi)/a=(7,67ms1-0)/(9.8ms2)=0,78s
Step 6: a. The stick had a final velocity of +7,67 m's'1 downwards.

b. The time for the stick to hit the water is 0,78 seconds.
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The three graphs of motion for an object that is dropped from rest (with down as
the + direction) are shown below:

A v (m.s?) a(m-s?)
A A
Y T
+9,8
0 0

t (ss; t (5)>

t (s)>

Case 2: An object is thrown upward, and then falls back to the same height
that it was thrown from

Kagiso threw a ball upward with an initial velocity of 5 m-s-1.

a. What was the maximum height reached by the ball?
b. After how much time did the ball fall back to the position that Kagiso threw
it from?

Solution:
Step 1 and 2: Diagram of the scenario with given information:
Frame of reference: Choose up as +

At maximum height:

vi=0

As ball leaves hand: a=-9,8 mes?
v, =+5 mes? o
a=-9,8 mes? s

V As ball reaches

A hand again:

O_T-I____;{___,, _______ V= -v;= -5 mes?
¢_ \) T a=-9,8 mes?
Ax=0m
o =

Step 3: a. We are asked to find the maximum height, Ax, where v¢ = 0.

b. We are asked to find the time for the full motion, At, where vt = - vi.

Step 4: a. The equation that we will use is vi2 = vi2 + 2aAx

b. The equation that we will use is vf = vi + aAt

Step 5: Calculation:
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a. From the equation vi2 = vi2 + 2ZaAx we solve for Ax:
Ax= (vf2-vi?) /2a=(0-(5ms1)2) /(2x(-9,8ms?2))= +1,28m
b. From the equation vr = vi + aAt we can solve for At:
At= (vi-vi)/a=(-5ms!-(+5ms1))/(98ms2)=1,02s
OR we can find the time to the maximum height:
At= (vi-vi)/a=(0ms!-(+5ms1))/(98ms2)=0,51s
Therefore total time =0,51s x2=1,02s
Step 6: a. The maximum height reached is 1,28 m above the starting position.

b. The total time of the motion is 1,02 seconds.

The three graphs of motion for an object that is thrown upward, and then falls
back to the same height that it was thrown from (with up as the + direction) are
shown below:

x(m) | v (m-s?) a (m.s?)
F Fi
maXx

height

\(s)> ts)
V=V -9,8

Example 3: An object is thrown up and then falls down to a position below
its starting position

A flea jumps from a table to a height of 0,6 m above the table, and falls to the ground
below the table 1 second after it jumped. What is the height of the table above the
ground?

Solution:
Step 1 and 2: Diagram of the scenario with given information:
Frame of reference: Choose up as +
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At maximum height:

As ball leaves hand: vi=0
v, =+ . a=-9,8 m-s2
a=-9,8 mes? 1 Ax=+0,6m
Mo I
A 0- -l: -/-J-- - - — - -
o As ball reaches the
; ground:
h At=1s
a=-9,8 mes?
: Ax=-h
Y 'y

Step 3: We are asked to find the height of the table, which is the magnitude of the
displacement for the flea’s full motion, Ax. To be able to do this, we need to find the
initial velocity, vi.

Step 4: We will first use the equation v¢2 = vi2 + 2aAx to find vi

We will then use the equation Ax = viAt + %2aAt? to find Ax.

Step 5: Calculation:

From the equation vf2 = vi2 + 2aAx we solve for vi:

viZ = vf2-2aAx=02- (2 x(-9,8 ms2) x 0,6 m)= 11,76 m?s-2

Therefore vi = /11,76 m2 - s~2 = +3,43 ms'1
Therefore Ax = viAt + 2aAt2 =343 ms1x 1s+ (%2 x (-98ms2) x1s)=-1,47m

(This displacement is negative, since we chose up as the positive direction, and the
ground is below the table.)

Step 6: The height of the table is 1,47 m above the ground.

The three graphs of motion for an object that is thrown up and then falls down to
a position below its starting position (with up as the + direction) are shown
below:
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x (m) v (m.s?) a(m.s?)
A N N
max
height Vi max
\ height
0 > 0 >
t(s)
-9,8
B R |
t (s)
Assessment Activity: Motion in 1 dimension Total marks = 100

Assess your understanding of this topic by answering the following questions.

1.  Complete the table below by giving one word for the quantity that is described,
showing the units that each of the quantities is measured in, and showing
whether each is a scalar or a vector quantity: (15)

Description Name of quantity | Units | Scalar / Vector

The total length of the path of motion

The change in position from starting
point to ending point

The rate at which distance is covered

The rate of change of position

The rate of change of velocity

2. Njabulo walked with a constant velocity from a position of -4 m to a position of
+5 min 3,6 seconds.

a. Calculate his average velocity. Show your working clearly. (2)
Njabulo then ran with a constant velocity to a position of -6 m in 2 seconds.
b. What was his velocity for this 2 seconds? (2)
C. What was his average velocity for the total movement described in a and
b? (3)
3. Acyclist, starting from rest, accelerates down a slope at 2 m-s-2.
a. Explain in your own words what 2 m-s-2 means. (3)
b. What is the cyclist’s velocity at the end of
(i) 1 second? (ii) 2 seconds? (iii) 5 seconds? (6)
C. How far has he travelled at the end of 5 s? (4)
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d. Sketch the shapes of the graphs of the cyclist’s position, velocity and
acceleration against time. (You don’t need to include values on your

graphs). (9)

The velocity of a train is 28 m's'L. It applies its brakes, and has an average
acceleration of -1,50 m-'s-2.

a. How much time is needed for the train to reach a velocity to 10 ms1? (4)

b. Sketch the shapes of the graphs of the train’s position, velocity and
acceleration against time. (You don’t need to include values on your
graphs). (9)

A stone is dropped from a bridge that is 8 m above a river. What is the stone’s
velocity just before it hits the river? (4)

A ball is thrown straight upward and reaches a maximum height of 6 m.

a. Calculate the time that the ball takes to return to the height that it was
thrown from. (5)

b. Sketch the shapes of the graph of the ball’s velocity against time. 3)

C. Sketch the shapes of the graph of the ball’s acceleration against time.  (3)

If a ball is thrown vertically upward, and it takes 6 s for it to return to its point of
release, calculate its initial velocity. (5)

A ball is thrown straight upward with an initial speed of 8 m's-! from the roof of a
building that is 9 m above the ground. The ball falls to the ground below the
roof. Let the upward direction be positive.

a. Calculate the final velocity of the ball as it hits the ground. (5)
b. Sketch the shape of the graph of the ball’s velocity against time. (3)

The graph below represents the motion of an object in the air.

v (ms?)
2.45+
0 |
075 10 ()
-71.35F
a. Use this graph to find the object’s total displacement. (4)
b. What is the object’s velocity at 0,5 s? (3)
C. Sketch a graph of the object’s acceleration against time. (3)
d. Describe the motion of this object in words. Include a description of the
frame of reference. (5)
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My Notes:

Use this space to write your own questions, comments or key points.
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Summary of key learning:

e Position describes where an object is relative to a frame of reference.
Position is measured in units of meters (m).

e Distance (D) is the total length of the path of movement, measured in
units of meters (m). It is a scalar quantity.

e Displacement (Ax) is the change in position, measured in units of
meters (m). Ax = xf - xi. Displacement is a vector quantity.

e Speed is the total distance divided by the time: speed = %

e Speed is a scalar and is measured in meters per second (m-s1).

e Average velocity is the displacement divided by the time: v = ﬁ—)t(

e Instantaneous velocity is the displacement divided by an infinitesimal

. . dx
time interval: v = q

e Velocity is a vector and is measured in meters per second (m-s-1).

e Acceleration is the change in velocity divided by the total time, and is a

. Av
vector quantity: a = At

e Acceleration is measured in units of m's-2.
e On a position-time graph, the value gives the object’s position at a
certain time .

e The gradient (slope) of the graph tells us the velocity:
Ax

v = gradient of x-t graph = i

¢ For uniform motion, the velocity-time graph is a straight, horizontal
line.

e When there is no motion (zero velocity), the velocity-time graph is on
the time-axis.

e On avelocity-time graph, the value gives the object’s velocity at a
certain time.

e The area underneath the velocity-time graph gives a value for the
displacement.

e The gradient of the velocity-time graph gives a value for the

Av
acceleration: a = gradient of v-t graph = At
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e For an object with a constant positive acceleration, the acceleration-
time graph will be a straight horizontal line above the x-axis.

e For an object with a constant negative acceleration, the acceleration-
time graph will be a straight horizontal line beneath the x-axis.

e The area underneath the acceleration-time graph gives a value for the
amount that the velocity has changed as a result of that acceleration.

e The four equations of motion for objects that have constant acceleration
are:

vf=vi+ aAt

AX = ViAt + Y2aAt?
vi2 = vi? + 2aAx
Ax = Y5 ve+ Vi) At

e For projectile motion (objects in free-fall) the acceleration due to gravity
is g = 9,8 ms?2 downward.
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Sub-topic 3. Force and Newton’s laws

Content:
Unit 1: Forces

Unit 2: Newton’s Laws of Motion

Unit 1. Forces

Learning outcomes:
When you have completed this unit, you should be able to:

e differentiate between mass and weight;

e calculate the weight of an object on earth;

¢ identify all of the forces acting on an object, including weight, normal force,

applied force, frictional force and tension force;

e draw free body diagram(s) to represent the forces acting on an object.

Introduction

In this unit you will be introduced to the concept of forces, and you will learn about

some of the different types of forces.

1.1. What is a force?

A force is a push or a pull exerted upon an object. A force
can also be a twist exerted on an object. Force is measured
in units called newtons (N). Since all forces have a clear
magnitude and direction, forces are vector quantities. We

exerted - applied to, or
acting on an object

can therefore represent a force that acts on an object using an arrow.

F

a——

Some of the forces that we will look at in this unit are the net force, the gravitational
force, the normal force, resistance forces (such as friction and air resistance), and

tension forces. These are explained below.
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1.2. The net force

The resultant or net force on an object (Fnet) is the combined effect of all of the forces
acting on that object. If forces are balanced there is no net force, and so the forces will
not have an effect on the motion of the object. To have an effect, the forces must be
unbalanced, so that there is a net force acting on an object.

Sometimes
forces are

balanced

The net force
is therefore

Zzero

When we both pull on with the same
force, but in opposite directions, the

the rope does not move.

MAIN IDEAS:

e The net force, Fret, is the sum of all of the forces acting on an object. It is also
called the resultant force.
e Ifforces are balanced there is no net force: Fnet=0

1.3. Applied force

When an external force is exerted on an object, for example a push by a person’s hand
or the push from a car’s engine, this is called the applied force (Fa). To correctly
identify an applied force, you need to be able to identify the person or object that is
exerting the force. For example, when a netball is being thrown upward, the applied
force is exerted by the hand on the ball.

We only include the applied force in our calculations while it is acting on the object.
For example, if a person kicks a soccer ball along the floor, the applied force on the ball
only has an effect on the ball while the ball is in contact with the foot. After the ball has
left the foot, there is no applied force on the ball. The only force on the ball is the
gravitational force that attracts it toward the earth (if we ignore the effects of air
resistance).
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Applied force on the ball
from the soccer boot

o,
T D\
\\\ et 8 FA
No applied force
on the ball after
it has left the
soccer boot
MAIN IDEAS:
e The applied force, Fa, is an external force that is exerted on an object (push
or pull).
e We only include the applied force in our calculations while it is acting on
the object.

1.4. Gravitational force

The gravitational force is the force of attraction
(pull) that objects/bodies have on one another
due to their masses.

For example:

e the attraction of the Sun and planets,

e the attraction between the Earth and
the Moon,

e the attraction between the Earth and
objects on the surface of the Earth.
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Objects with greater mass have more gravitational pull on each other. The gravitational
force decreases as the distance between the objects increases.

We use the symbol Fg for the gravitational force, and it is measured in newtons (N).

Activity 1 - Observing the gravitational force

You will need:

A piece of scrap paper, rolled up
into a ball

Throw your ball of paper up in the air and observe what happens. Answer the following
questions:

1. Describe the ball’s motion.

2. Can you explain what is happening to the ball in terms of the forces acting on
it? (Ignore he air resistance force).

3. Why does the ball not continue moving upward forever?

Now hold the ball and let it drop towards the Earth.

1. Describe the ball’s motion.
2. Can you explain what is happening to the ball in terms of the forces acting on
it?
Weight and mass

The weight of an object is the gravitational force

exerted on it by the Earth (or the Moon, or another Gravitational force

planet). Since weight is a force, it is also measured in or weight
newtons (N).
The mass of the object stays the same no matter Fg

where it is measured. However, the weight of an
object will change when it is weighed in different places with different gravitational
force. For example, an object on the moon has a lower weight than on Earth.

To calculate an object’s weight on Earth we use the equation:
weight = mass in kg X 9,8 ms2
We can write this as a mathematical formula:

Fe=mg

Note about units: If you work out the units in the formula above, you will see that 1 N is
equivalent to 1 kgm-s2
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Example: (Try to solve this problem on your own or with a fellow student first while
covering the solution, and then check your work using the solution below).

Nkosi has a mass of 60 kg. What is his weight on Earth?
Solution:

Fg=mg =60kg X 9,8ms2 =588N

Nkosi’'s weight is 588 N downward.

Think about this:

Does a bathroom scale measure mass or weight?

Activity 2 - Calculate mass and weight

Complete the following table by filling in the missing information:

Mass (g) Mass (kg) Weight (N)
500g 500g-+1000=0,5kg [ 05%x98=49N
100 g
5kg
98 N
20 kg
05¢g
0,03 kg
3500 kg
2500g
882 N
MAIN IDEAS:

e The gravitational force, Fg, is the downward force exerted by the Earth on
an object. It is also called the weight of the object.
e We calculate weight using the equation: Fg=m g
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1.5. The normal force

When a book is on a table, the gravitational force acts
downward on the book. But the book is not moving.
This means that the downward force on the book
must be balanced by an upward force, to keep the
two forces balanced. Therefore the upward force
must be equal in magnitude, but opposite in
direction, to the weight. This upward force is exerted
on the book by the table surface, and is called the
normal force, Fn. (This force is called the normal
force since it acts perpendicularly, or normally, to the
surface that the object is in contact with). As a result
of the downward weight being balanced by the
upward normal force, there is no net force on the
book.

When an object is on a surface that is not horizontal, the
direction of the normal force on this object is again
perpendicular to the surface. In this case you can see that
the normal force is not equal and opposite to the weight.

Normal force

v Weight

Normal
force

Force due
to gravity
(weight)

perpendicular - at right
angles

MAIN IDEAS:

contact with it.

e The normal force, Fy, is the force exerted by a surface on an object that is in

e The normal force is always perpendicular to the surface.
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1.6. Resistance forces

When an object moves in a certain direction, there are forces that oppose the motion of
the object, in other words, they act in the opposite direction to the motion. For example,
when you kick a ball it does not move long the ground forever, because there is a force
of friction that acts in the opposite direction to its movement. This force is caused by
the interaction of the two surfaces. This frictional force is parallel to the surface, and
opposes the motion of the object.

Soccer ball is rolling
along the ground
towards the right

N

v

\

Fy

\
Frictional force # "\

Another example of a resistance force is air resistance. When an
object is moving through the air, its motion is opposed by the air
resistance force (Fa).

Airiresistance

In the following activity you will investigate this force.

Activity 3 - The effect of air resistance on a falling object

You will need:

A feather

A stone

1. Hold the feather and the stone at the same height above the Earth.

2. Drop the feather and the stone at the same time. Which one hits the ground
first?

3. Can you explain your observations? (Hint: identify all of the forces acting on

each object)

4. If the feather and the stone were dropped at the same time on the moon,
where there is no air, what would you observe?

Go to https://www.yvoutube.com/watch?v= X]JcZ-KoL9o to see ... a video that shows a
ball bearing and a feather falling in a vacuum.
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https://www.youtube.com/watch?v=_XJcZ-KoL9o

MAIN IDEAS:

e The frictional force, Fy, is the force that opposes the motion of an object
that is moving on a surface. The frictional force acts parallel to the surface
that the object is in contact with.

o The air resistance force, F,, is the force that opposes the motion of an
object that is moving through the air.

1.7. Tension forces

When an object that is hanging from a rope, and is not moving,
the object’s weight causes a downward force on the object,
pulling it towards the earth. But since the object is not moving,

there must be an upward force on it from the rope. This force Tension
is equal and opposite to the weight. We call this force the
tension (due to the rope). - Net force = 0
Q9 VWeight
i
i
E We can have more than two forces that are in
E equilibrium. The diagram on the left shows an object
; that is hung from two ropes. If the ropes have tension T1
N and T2, then, since the net force must equal zero, the
T, : T, .
: weight must be equal to T1 + T2.
Net force =0
Weight When a rope is attached to two objects at each end of

the rope, the tension pulls equally on the objects on the
opposite ends of the rope.

Fr Fr
4—
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MAIN IDEAS:

that is attached to the object.

rope.

e The tension force, Fr, is the force exerted on an object by a rope or string

e The tension force pulls equally on the objects on the opposite ends of the

Activity 4 - Identifying forces

1) Try to identify and name all of the forces in the pictures.

2) Can you see the effect of the force that the man is exerting on the wall? Does this
mean that there are no forces acting? Explain your answer.

= L Lq\i
' I o

.
oy

AR
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1.8. Force diagrams and free body diagrams

We can represent the forces acting on an object using a force diagram, which is a picture of
the object with all of the forces acting on it drawn in as arrows. We can also represent these
forces in a free body diagram. Here we represent the object with a dot, and all the forces
acting on the object are shown as arrows pointing outward from this dot. The diagrams
below show the difference between a force diagram and a free body diagram.

NN
\K'
FA
¢ >
v F
g g
Force diagram Free body diagram

Activity 5 - Free body diagrams
Answer the following questions:

Bernard threw an apple up in the air, and watched it move up to its maximum height
and fall back down again. Draw a free body diagram of the forces on the apple for the
following times. (Include air resistance forces in your diagrams):

While the apple is still in contact with the hand, which is pushing up on the apple
When the apple is rising in the air

When the apple is at its maximum height

When the apple is falling back down to the ground.

0o

MAIN IDEAS:

e A force diagram shows a picture of an object with all of the forces acting on
it drawn in as arrows.

e A free body diagram shows the object as a dot, and all the forces acting on
the object are shown as arrows pointing outward from this dot.

NASCA STUDENT WORKBOOK Natural Sciences Page 82



1.9. Forces in 2 dimensions

Finding the components of a force

Not all forces act parallel or perpendicular to a surface. Some forces are at an angle to a
surface. When this is the case, it is useful to find the components of the force. The
diagram below shows the x- and y-components of a force F that makes an angle 6 with
the x-axis.

F
Fy

Fx=Fcos 9

Fy Fy=Fsin 6

Here Fx is the component of the force in the x direction (parallel to the surface), and Fy is
the component of the force in the y direction (perpendicular to the surface). Once we
have found the components of a force, we can replace the force itself with these
components to help us in solving problems.

Activity 6: Find the components of a force

Dave is pulling with a rope on a box with a force of 100 N at an angle of 30° with the x-
axis. Calculate the x- and y-components of the force that Dave exerts on the box.

100 N
P
30°

MAIN IDEAS: The x- and y-components of a force F that makes an angle 6 with the
X axis are:

e Fx=Fcosb6
e Fy=FsinO

Finding the net force in 2 dimensions

When we are dealing with forces that are in two dimensions, then we need to find the
net force in the x direction, and the net force in the y direction. The net force in the x
direction Fretx is a vector sum of all the components in the x direction. The net force in
the y direction Frety is a vector sum of all the components in the y direction.
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Example: (Try to solve this problem on your own or with a fellow student first while
covering the solution, and then check your work using the solution below).

A 50 N weight that is attached to a rope is being pulled upward with a force of 120 N. An
applied force is pushing on the weight with a force of 20 N to the left. What is the net

force on the weight?

Solution:

The free body diagram of the forces is shown on the
right.

We use the Cartesian plane as our frame of reference.
Forces in the x direction:
There is only one force in the x direction, so

Fnetx = Fa=-20 N (This is negative since the -x
direction is left).

Forces in the y direction are:

Tension force Fr=+ 120 N
and weight Fg=-50 N
Therefore Fnety =+ 120N-50N=+70N

We use Pythgoras’ theorem to find the magnitude of
the net force.

Fnet = /(20 N)2 + (7ON)? =72,8N

opposite 70N
adjacent 20N

Using trigonometry, tanf =

Therefore 0= 74,1°

The net force on the weight is therefore 72,8 N at an
angle of 74,1° above the -x axis.

Fy=20N

Fnetv = 70N

tFr=120N

+-—y

| F,=50N
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Assessment Activity: Types of force

Answer the following questions to assess your understanding of forces:

1. Describe what each of the following terms means in your own words:
Gravitational force

Tension force

Applied force

Frictional force

Normal force

© o0 o

2. Thandi has a mass of 5,5x10% g.
a. Calculate her mass in kg.
b. Calculate her weight on Earth.
c. Ifa 2 kgmass has aweight of 3,26 N on the moon, what is Thandi’s weight
on the moon?

3. Two children are pulling on a box that has a weight of 20 N. The box is sitting on
a smooth floor. Thabo is pulling on the box with a force of 12 N to the left. Roy is
pulling on the box with a force of 8 N to the right. (Ignore friction)

a. Draw a free body diagram that shows all of the forces on the box.
b. What is the normal force on the box?
c. What is the net force on the box?

4. A child is hanging from two ropes. Her weight is 250 N, and all of the forces are in
equilibrium.
a. Ifthe tension is equal in the two ropes, what is the tension in each one?
b. The child shifts her weight so that the tension in the rope on the left
increases by 50 N. What is the tension in the rope on the right?

5. Jonas pushes his toy car with a force of 2 N at an angle of 60° to the
x-axis, as the diagram shows.
a. Draw a free body diagram that shows all of the forces on
the car.
b. Calculate the x- and y-components of the force that Jonas
exerted on the car.

6. Two donkeys are hitched to a cart and have
been pulling in the same direction. They get a
fright and one donkey suddenly pulls to the
right, as the diagram shows. What is the net
force on the cart? Cart >

|| 60 N

20N
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My Notes:

Use this space to write your own questions, comments or key points.
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Summary of key learning:

e Aforce is a push or a pull exerted upon an object. Force is measured
in units called newtons (N).

o The net force, Fnet, is the sum of all of the forces acting on an object.
It is also called the resultant force. If forces are balanced there is no
net force: Fnet=0

e The applied force, Fa, is an external force that is exerted on an
object. We only include the applied force in our calculations while it
is acting on the object.

e The gravitational force, Fg, is the downward force exerted by the
Earth on an object. It is also called the weight of the object. We
calculate weight using the equation: Fg=m g

e The normal force, Fy, is the force exerted by a surface on an object
that is in contact with it. The normal force is always perpendicular
to the surface.

e The frictional force, Fy, is the force that opposes the motion of an
object that is moving on a surface. The frictional force acts parallel to
the surface that the object is in contact with.

e The air resistance force, F,, is the force that opposes the motion of
an object that is moving through the air.

e The tension force, Fr, is the force exerted on an object by a rope or
string that is attached to the object. The tension force pulls equally
on the objects on the opposite ends of the rope.

e A force diagram shows a picture of an object with all of the forces
acting on it drawn in as arrows.

e A free body diagram shows the object as a dot, and all the forces
acting on the object are shown as arrows pointing outward from this
dot.

e The x- and y-components of a force F that makes an angle 0 with the
x axis are: Fx=Fcos0 and Fy=Fsin 6
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Unit 2. Newton’s Laws of Motion

Learning outcomes:
When you have completed this unit, you should be able to:

e state Newton'’s first, second and third laws of motion;

e apply Newton’s laws of motion to various scenarios involving forces in
equilibrium and non-equilibrium (include multiple coupled objects, but
exclude object on an inclined plane), in familiar and novel contexts.

Introduction

Isaac Newton was a scientist who lived more than 350 years ago. When he was only 23
years old he developed three laws of motion which were so simple but important that
they formed the basis of scientific thinking for the next 300 years, and are still used in
many scientific areas today.

2.1. Newton’s First Law

Newton'’s first law of motion states:

An object continues in a state of rest or uniform (moving with constant) velocity unless it is
acted upon by an unbalanced (net or resultant) force.

In other words:

e If no net force acts on an object, the object will either remain at rest, or if it is
moving, it will continue moving with a constant velocity in a straight line.

e Ifthere is a net force acting on an object, it will cause a change in that object’s
velocity.

e Ifan objectis at rest, or travelling in a straight line with constant velocity, then
there is no net force acting on the object.

Discussion point: Discuss these questions with a fellow student, or reflect on them yourself

e  When you throw a stone in the air, why does it not continue moving in a straight line

forever?
e Ifyouroll a ball along a horizontal surface, why does it not continue moving in a straight
\ line forever? y
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What Newton’s first law implies is that if there is a net force acting on an object, this will
cause a change in that object’s velocity, in other words it will cause the object to
accelerate. This relationship between the force and the acceleration is described in
Newton’s second law.

MAIN IDEAS: Newton'’s first law states: “An object continues in a state of rest or
uniform velocity unless it is acted upon by an external unbalanced force.”

2.2. Newton’s second law

Newton’s second law of motion states:

When a net force Fnes, is applied to an object of mass m, the object accelerates in the
direction of the net force. The acceleration a is directly proportional to the net force and
inversely proportional to the mass.

We can write Newton’s second law as a mathematical equation:
Fpet =ma
where Fnet is the net force on an object, measured in units of newton (N)
m is the mass, measured in kg

a is the acceleration of the object, measured in m/s?

Force is always measured in units of newton (N). 1 N of force is the amount of force that
will cause an object with a mass of 1 kg to accelerate at 1 m/s2. So 1 N = 1 kgm/s2.

Because acceleration is a vector quantity, force is also a vector quantity. The force
always has the same direction as the acceleration.

The following points should be kept in mind when we apply Newton'’s second law:

e When we apply this equation, we must apply it to one object at a time. Then we
need to identify all of the forces acting on that object.

e Itis helpful to draw free body diagrams showing all of the forces acting on the
object.

e [Ifall of the forces on an object are in equilibrium, they balance each other out
and the net force is zero. This means that the object will remain at rest, or will
travel with a constant velocity.

e If the forces on the object do not balance each other out (non-equilibrium),
there is a net force on the object. This means that the object will have a non-zero
acceleration.

¢ The components of the forces in the vertical (y) direction should be looked at
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separately to find Fnety. This can then be used to find the acceleration in the y
direction: Fpery = m-ay,

e Similarly, the forces in the horizontal (x) direction should be looked at
separately to find Fnetx. This can then be used to find the acceleration in the x
direction: Fpetx = m - a,

Example 1: (Try to solve this problem on your own or with a fellow student first while
covering the solution, and then check your work using the solution below).

A box with a mass of 5 kg is being pushed along the ground in the +x direction with a
force of 30 N. There is a frictional force of 10 N between the box and the ground.
Calculate the acceleration of the box.

Solution:

We first draw a free body diagram of all of the forces on the box.

4 Fy
Fr=10N FA=30N
v Fg

The forces perpendicular to the surface are in equilibrium, so Fnety = 0.
The net force parallel to the surface is Fnetx =30 N - 10 N = +20 N.

S = B2 X . _4ms?
0 ax - S ke m-s

The acceleration is 4 m's2 in the +x direction.
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Example 2: (Try to solve this problem on your own or with a fellow student while
covering the solution, and then check your work using the solution below).

A car with a mass of 800 kg was being towed using a tow rope. The tension in the tow
rope was 1 500 N, and the acceleration of the car was 1,25 m/s2. There is a fricitonal
force between the car and the road surface. (Ignore the mass of the tow-rope).

. . 1500 N

‘ —>
fiction - A DY

4__
m = 800 kg

a. Draw a free body diagram of all of the forces on the car.
b. Calculate the frictional force beteen the car and the road.

Solution:

a. The free body diagram shows the the forces on the car:

+ Fy

Fe Fr=1500N

b. We first need to find the net force:
Fret =ma=800kg X 1,25m/s2=1 000 N
The forces in the y direction are in equilibrium, so we don’t need to use these to
find the frictional force.
In the x direction: Fnetx = Fr + Ft
Therefore Ff= Fnetx- Fr=1000N-1500N=-500N
Therefore frictional force is 500 N in the opposite direction to the tension force.
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Example 3: (Try to solve this problem on your own or with a fellow student while
covering the solution, and then check your work using the solution below).

A car with a mass of 1 000 kg is being lifted vertically upward at a constant speed of

5 ms'1 by a strong cable. The tension in the cable that is lifting the car is 10 000 N. There
is an air resistance force acting on the car, and there are no horizontal forces acting on
the car.

a. Draw a free body diagram of the forces acting on the car.
b. Calculate the magnitude of the air resistance force.

Solution:

a. The picture on the right shows the free body diagram of the forces Fr
acting on the car. (The direction of the air resistance force is down,
since it opposes the upward motion of the car.)

b. Fnetx = 0 N since there are no horizontal forces.

Since the motion is upward, we choose up as the positive Fa
direction.

The vertical speed is constant, so ay = 0 ms-2

Therefore Fnety =may=0N Fq

But Fnety = F1 + Fg + Fa

Therefore 0 = Fr + Fg + Fa

Therefore Fa=-Fr-Fg=-10000N - (1 000 kg x (-9,8 m's2))
=-200N

The air resistance force is 200 N in a downward direction.
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Example 4: (Try to solve this problem on your own or with a fellow student while
covering the solution, and then check your work using the solution below).

A box with a mass of 500 g is sitting on a horizontal

surface, and is connected by a rope that is threaded M Fr

over a frictionless pulley to an object that has a mass —>

of 300 g, which is hanging from the end of the rope. L
There is a frictional force of 1,2 N between the -

surface and the box. Find the tension in the rope. +

Solution:

Let the box be m1 and the mass hanging from the
rope be ma. + l

Frame of reference: Since m1 will move to the right,
we choose right as + for this object, and since m2 will m»
move down, we choose down as + for this object.

Free body diagram Free body diagram
for my: for my:
+: A
9
ng L
Calculation: \

The net force on object m1 can be expressed as Fret1 = mia = 0,5a
But we can also express the net force as: Fnet1 = Fr + F¢
~0,5a= Fr+(-1,2) (1)

The weight of object mz is: Fg2 = m2g = 0,3 X 9,8 = 294N
The net force on object m2 can be expressed as Fret2 = m2a = 0,3a

But we can also express the net force as: Fnet2 = Fg2 + Fr
~0,3a=2,94+ (-Fr) (2)

From equation (2): Fr=2,94 -0,3a

Substitute this into equation (1): 0,5a=(2,94-0,3a) - 1,2
~08a=1,74

~a=2,175 m-s2

Substitute this back into equation (2): Fr=2,94-0,3a=2,29 N
The tension in the rope is 2,29 N.
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MAIN IDEAS:

e Newton’s second law states: “When a net force Fret, is applied to an object of
mass m, the object accelerates in the direction of the net force. The
acceleration a is directly proportional to the net force and inversely
proportional to the mass.”

e We can write this as an equation: F,,; =ma

Activity 1: Newton'’s first and second law
Answer the following questions:

1. An object with a mass of 150 kg has an acceleration of 2 m's-2. Calculate the
magnitude of the net force on the object.

2. The net force on a 25 kg object is 500 N. Find the acceleration of the object.

3. Thomas gave a 50 g ball a push so that it rolled along a horizontal surface, and the
ball eventually slowed down to a stop.

a. Why did the ball not continue to move with a constant velocity after it had been
pushed by Thomas’ hand? Use Newton'’s first law in your explanation.

b. Ifthe friction force between the ball and the surface is 0,2 N, calculate the
acceleration of the ball.

4. A car with a mass of 1000 kg is pulled along a horizontal road with a force of 5000 N
to the right. There is a frictional force opposing the car’'s movement. As a result the
net force on the car is 4000 N to the right.

a. Draw a free body diagram of all of the forces acting on the car.
b. Calculate the acceleration of the car.
c. What is the magnitude and direction of the frictional force?

5. A car with a mass of 1,4x103 kg is being towed by a tow-truck. The car is accelerating

at arate of 0,5 m's2. There is a frictional force of 200 N between the car’s wheels and
the road. What is the magnitude of the tension in the tow-rope?

6. An object with a mass of 1,2 kg is falling in air with an acceleration of 9 m-s-2. What is
the magnitude and direction of the force due to air resistance? (The weight of the
objectis 11,76 N)

NASCA STUDENT WORKBOOK Natural Sciences Page 94



2.3. Newton’s Third Law

Newton’s third law of motion states:

When object A exerts a force on object B, object B simultaneously exerts an oppositely
directed force of equal magnitude on object A.

Normal
Another way of stating this law is: “For every action there is \(reaction force)

an equal and opposite reaction.”

I;———AI

Forces always take place in pairs, which are known as "action-
reaction force pairs." If we look at the example of a book that

is placed on a table, the action force is the weight of the book \

acting downward on the table. The reaction force is the Weight
normal force that the surface of the table is exerting on the (action force)
book. - -

So the properties of action-reaction force pairs are:

e the reaction force is equal in magnitude to the action force
e the reaction force is opposite in direction to the action force
e the two forces take place simultaneously (at the same time)

Newton’s third law is applied in many examples of motion. In a rowing boat, the action
force is the force of the oar pushing backward on the water. The reaction force is the
forward movement of the boat.

X . - .
%\ Reaction of boat moving
SN N \\ /

-

Action of oar pushing the water

When a donkey pulls a cart, the force that the donkey exerts on the cart is the action
force. The reaction force is the force that the cart exerts on the donkey.
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Reaction force of cart on donkey

Action force of donkey on cart

N
<Y (\

philiprartincom

Activity 2: Newton’s third law

Identify the action and reaction forces in each of the pictures shown below:

1.

&//“\Q
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MAIN IDEAS:

e Newton’s third law states: “When object A exerts a force on object B, object B
simultaneously exerts an oppositely directed force of equal magnitude on
object A.”

e Action-reaction force pairs are equal in magnitude but opposite in direction
to each other.

Assessment Activity: Newton’s Laws Total marks =70

Answer the following questions to assess your understanding of Newton’s Laws:

1. State Newton’s first law of motion. (2)

2. Thabo has attached a rope to a box, and is pulling on the rope, but the box does
not move at all.
a. What is the net force on the box? (D
b. Explain what is keeping the box from moving. (2)
c. Draw a free body diagram of the box, and label all the forces acting on it. (4)

3. Mandy is riding her bicycle, and is pushing on the peddles with a force of 50 N,
and as a result she is moving with a constant velocity. What is the net force on the
bicycle? Explain your answer. (3)

4. A 50 gball is sitting on the ground.

a. What is the size of the force that the earth exerts on the ball? (3)

b. What is the name of this force? (D

c. What is the size of the force that the ball exerts on the earth? Give a reason
for your answer. (2)

d. Aforce of 10 N is applied to this object parallel to the ground, and there is a
frictional force of 2 N acting on the object. Find the object’s acceleration. (5)

5. An object with a mass of 10 kg is being pushed, and as a result it has an
acceleration of 2 m's-2,

a. Calculate the magnitude of the net force on the object. (3)
b. Ifthere is a frictional force of 5 N that is opposing the movement of the object,
what is the magnitude of the applied force on the object? (5)

6. Two people are pulling a box that has a mass of 15 kg. Grace is pulling on the box
with a force of 20 N in the +x direction. Sam is pulling on the box with a force of
12 N in the -x direction. There is a frictional force of 3 N opposing the box’s

movement.
a. Draw a free body diagram that shows all the forces on the box. (5)
b. What is the acceleration of the box? (6)
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7. A child pushes his 50g toy car with a force of 0,06N at the angle of 60° to the
ground. As a result, the car moves forward with a constant acceleration of
0,4 m-s2, Calculate the frictional force on the car. (6)

8. A 1200 kg car is towing a trailer with a mass of 400 kg. The engine of the car
applies a total pushing force of 2 000 N.
a. What is the acceleration of the car and trailer if we ignore friction? (5)
b. Calculate the force that is exerted on trailer. (3)
c. The car and trailer move onto a sandy road to that there is a frictional force of
100 N on the trailer, and 150 N on the car. The car’s engine applies the same
pushing force of 2 000 N. Find the net force on the car. (6)

9. Abook with a mass of 2 kg is sitting on a horizontal surface, and is connected by a
rope that is threaded over a frictionless pulley to an object that has a mass of 1 kg,
which is hanging from the end of the rope, as shown in the diagram below. There
is a frictional force of 3 N between the surface and the book. Find the acceleration
of the book. (8)

Book
m = 2 kg

N

1 kg
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My Notes

Use this space to write your own questions, comments or key points.
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Summary of key learning:

Newton’s first law states: “An object continues in a state of rest or uniforh
velocity unless it is acted upon by an external unbalanced force.”
Newton’s second law states: “When a net force Fnet, is applied to an object
of mass m, the object accelerates in the direction of the net force. The
acceleration a is directly proportional to the net force and inversely
proportional to the mass.”

We can write Newton'’s second law as an equation: F,. = ma

Newton’s third law states: “When object A exerts a force on object B,
object B simultaneously exerts an oppositely directed force of equal
magnitude on object A.”

Action-reaction force pairs are equal in magnitude but opposite in
direction to each other.

/
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Sub-topic 4. Momentum and impulse

Content:
Unit 1: Linear momentum and impulse

Unit 2: Momentum in collisions

Unit 1. Linear momentum and impulse

Learning outcomes:
When you have completed this unit, you should be able to:

e define linear momentum and impulse;
e calculate the momentum of a moving object;
e calculate the change in momentum of an accelerating object;

e define force as the rate of change of momentum.

1.1. Momentum

Reflection Question:

Imagine rolling a ball along a frictionless surface.
e What will you observe about the ball’s velocity?
e What is the net force on the ball after it has left your hand?
e What is it that keeps the ball moving forward after it has left your
hand?
Discuss your ideas with another student, or write down your ideas.

Newton’s first law tells us that a ball that is moving with a constant velocity has no net
force acting on it. But there is some property that is keeping it moving forward. This
property is called momentum, which is not a force.

Momentum is defined as the quantity of motion of a moving body (or the property that
keeps an object moving in a certain direction). The momentum of a moving object is
proportional to its mass, and to its velocity.

We can write this mathematically as:

Momentum = mass x velocity
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The equation for this is:
p=mv

where p is the momentum of the object, measured in kgm-s-1,
m is the mass of the object, measured in kg, and
v is the velocity of the object, measured in m-s-1.

Momentum is a vector quantity. The momentum will always have the same direction
as the velocity.

Activity 1 -Momentum

Answer the following questions:

1. A car that has a mass of 1,2 X 103 kg is travelling at a speed of 72 km-hr-1.
Calculate the momentum of the car.

2. A 20 kg child is riding on his go-cart, which has a mass of 7,5 kg, with a speed
of 8 m's-l. What is the momentum of the child and the go-cart together?

3. The child applies the breaks of the go-cart so that it is now moving with a
speed of 6 m's'l. By how much has its momentum changed?

4. Which has more momentum: a 900 kg car moving at 100 km-hr-1 or a
1800 kg vehicle moving at 20 m's-1?

MAIN IDEA: Momentum (symbol p) is defined as the quantity of
motion of a moving body. It is the property that keeps a body in motion:

p=mv

Momentum is measured in units of kgm-s-1

1.2. Impulse

Newton’s first law can also be written in this way: In order to change the momentum of
an object, a net force must be applied to that object.

We can write this mathematically as:
Change in momentum = force x time interval
The equation for this is:
Ap =F At

where Ap is the change in the momentum of the object, measured in kgm-s-1,
F is the force exerted on the object, measured in newtons (N), and
At is the time for which the force acts, measured in seconds (s).

The name that is given to the force multiplied by the time interval is the impulse.
We can therefore write: Impulse = F At
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But since Ap means the change in momentum, we can write itas Ap =m Av
Therefore: Impulse = F At=m Av

Example: (Try to solve this problem on your own or with a fellow student while
covering the solution, and then check your work using the solution below).

A 5 kg ball falls into a sand pit with an initial velocity of 4 m's-1, and comes to rest in a
tenth of a second. What is the force that the ball exerted on the sand?

Solution:
Given: m=5kg; vi=4ms1;vi=0ms1;At=1/10s=0,1s
From the equation F At = m Av we can rewrite this to make F the subject of the formula:
mAv 5kgx (4m=s~1-0m-=s™1)
= = = 200 N
At 0,1s

The force that the ball exerted on the sand was 200 N downward.

Example: (Try to solve this problem on your own or with a fellow student while
covering the solution, and then check your work using the solution below).

A 0,02 kg ball is travelling towards a wall with a velocity of 20 m-s-L. It bounces off the
wall, and returns in the opposite direction with a velocity of 18 m-s-1. The ball is in
contact with the wall for 0,2 seconds.

a. Calculate the net force exerted on the ball.
b. Calculate the acceleration of the ball.

Solution
Frame of reference: Let the direction of the initial velocity of the ball be positive
Given: m = 0,02 kg; vi=20 m's'1; vi=-18 m's1; At=0,2 s

pi=0,02 X 20 =0,4 kg'm's'1; pr=0,02 X (-18) =-0,36 kg'm-s’!

Calculation:
Ap -0,76
d. Fret=— = =‘3,8N
At 0,2
The net force exerted on the ball is 3,8 N in the opposite direction to its initial
velocity.
Av -18ms 1-20m-s™1
b. B=— = =-190 m-s2
At 0,2s
, F -38N
OR from Newton’s second lawa=— = =-190 m-s2
m 0,02 kg
The acceleration of the ball is 190 m-s-2in the opposite direction to its initial
velocity.
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Activity 2 -Momentum and Impulse

1. A 50 gbullet hits a block of wood with an initial velocity of 500 m's-1, and comes to
rest in 0,025 seconds.

a. What s the force that the block exerted on the bullet?
b. What is the force that the bullet exerted on the block?

2. During a bungee jump, a person jumps off a high bridge with a very strong elastic
rope tied to their ankles. Explain, in terms of impulse and momentum, why a
bungee rope can not be made out of normal non-elastic rope.

3. A0,1 kg ball is falling towards the floor with a velocity of 10 m's-L. It bounces off
the floor with a velocity of 8 m-s-1. If the ball was in contact with the floor for 0,2
seconds, what was the force exerted on the ball by the floor?

MAIN IDEA:
e Impulse is the change in the momentum of an object, which is
equal to the force on an object multiplied by the time interval:
Impulse = F At=m Av
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Unit 2. Momentum in collisions

Learning outcomes:
When you have completed this unit, you should be able to:
e state the principle of conservation of momentum;
e apply the principle of conservation of momentum to solve problems

involving collisions between two bodies in 1-dimension, in familiar and novel
contexts.

2.1. The momentum of colliding objects

When two objects come into contact with one another, we say that they are involved in
a collision. In the following activity you will explore the combined momentum of objects
before and after they collide with one another.

Activity 1: Exploring the momentum of colliding objects

You will need:

2 marbles or balls that have the same size and mass
A piece of wood or desktop that has a groove cut into it

2 stop-watches
A mass measuring scale
A ruler or measuring tape

1. Measure the mass of each marble (or ball), and record the mass in the table below.
(If you do not have a mass measuring scale, assume the mass of each marble or
ball to be 10 g).

m; (kg) | Aty (s) Vi1 m;yvi m; (kg) | Atz (s) V2 mzv;
(m-s1) (kg'm's (m's1) | (kgm-s1)
1)

2. Place one marble (m1) at one end of the groove, and the other marble (mz2) half
way along the groove.
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3. Measure the distance from marble m1 to marble mz, and from marble mz to the
end of the groove.

4. Start one of your stop-watches as you flick marble m1 towards marble mz, and
stop the stop-watch as it collides with marble mo.

5. Start your second stop-watch as marble m1 strikes marble m2, and stop the stop-
watch as marble m2 reaches the end of the groove.

6. Use your values for the distances and times to calculate the velocity and
momentum of marble m1 before the collision, and the velocity and momentum of
marble m2 after the collision. Fill these values into the table above. (Let the
direction of marble m1 be positive).

7. Repeat this experiment 3 times to verify your findings.
8. Answer the following questions:

a) How did the combined momentum of the marbles before the collision
compare with the combined momentum of the marbles after the collision for
each experiment?

b) Do your answers verify the law of conservation of momentum? If not, can you
explain any experimental errors in your results?

In this activity you should have found that the combined momentum of the objects
before the collision was equal to the combined momentum of the objects after the
collision. The total amount of momentum in this system is therefore conserved during
the collision. This is called the Principle of Conservation of Momentum, which states
that in an isolated system the total linear momentum remains constant, in magnitude
and direction. (An isolated system is one where there are no external forces acting on
the objects.)

In other words, the total momentum before the collision is equal to the total momentum
after the collision. We can write this mathematically as:
Pbefore = Pafter
Therefore mivii + mzviz = mivs + mavp

where vi refers to the initial velocity and v the final velocity.

NOTE: When solving problems with momentum it is very important to choose a frame
of reference to make sure that the directions are correct!
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Example: (Try to solve this problem on your own or with a fellow student while
covering the solution, and then check your work using the solution below).

An 40 g green block is moving with a velocity of 5 m-s-1towards a yellow 50 g block that
is standing still. After hitting the yellow block, the green block bounces backwards along
the path it has travelled with a velocity of 1 m-s-1. Calculate the velocity of the yellow
block after the collision.

Solution:
Frame of Reference: Let the direction of the green block’s initial velocity be positive.
Given: Let the mass of the green block be m1 and of the yellow block be ma.
Then m1=40g=0,04kg; m2=50g=0,05kg;
Before the collision vii=5 m-s1; viz= 0 m-s1;
After the collision vri=-1 m-s1; vpp=?
Calculation:
From the equation mivii + mzviz = miva + mavye
We get: v = ((m1vi + maviz) - mive) / m2
(0,04 X 5)+ (0,05 X 0)— (0,04 X (-1))
0,05

The final velocity of the yellow block is 4,8 m's'! in the direction that the green block
was initially travelling in.

Vpp = 4.8 m-s!

Activity 2 - Conservation of momentum

1. Thandi, who has a mass of 50 kg, is standing still on her ice skates, and throws a
1,5 kg ball to her friend. If the ball leaves her hands with a speed of 8 m's'1, what
was Thandji’s velocity as a result of the throw?

2. Karlis running along the passage with a speed of 3 m's-1, and runs straight into his
father, who is walking in the opposite direction to Karl with a speed of 2 m's'1. As a
result of the collision, his father comes to a stop. If Karl has a mass of 65 kg, and
his father has a mass of 130 kg, what was Karl’s final velocity?
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MAIN IDEA: Momentum (symbol p) is defined as the quantity of
motion of a moving body. It is the property that keeps a body in motion:

p=mv
Momentum is measured in units of kgm-s-1

Assessment Activity: Momentum and impulse Total marks = 40

Answer the following questions to assess your understanding of momentum and impulse:

1. Aballis thrown upward in the air, and after it has reached its maximum height it
falls back down to its starting point. Complete the following table for the different
parts of the ball’s motion by writing only UP / ZERO / DOWN in each block: (9)

Movement of the
ball

Net force on the
ball (UP / ZERO /
DOWN)

Momentum of the
ball (UP / ZERO /
DOWN)

Acceleration of
the ball (UP /
ZERO / DOWN)

Ball is moving
upward

Ball is at its
maximum height

Ball is moving
downward

2.  Which has more momentum, a 150 g cricket ball with a velocity of 100 km-hr-1, or a
10 kg child walking at 0,5 m's-1? Show your calculations clearly. (5)

3. What do we mean by the term impulse? (2)

4. A4 gdartisthrown at a dartboard that is hanging on a wall, and it strikes the board
with an initial velocity of 50 m's-1. If comes to rest in 0,05 seconds, what is the force
that the dartboard exerted on the dart? (4)

5. State the law of conservation of momentum. (2)

6. Kopano throws a 20 g ball at a wall with a velocity of 15 m-s-1. It bounces off the
wall, and returns back to him with a velocity of 14 m-s-1. The ball is in contact with
the wall for 0,1 seconds.

a. Calculate the force exerted on the ball by the wall. (4)
b. What is the net force exerted on the wall by the ball? (D
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c. Calculate the acceleration of the ball. (3)

Solution

Frame of reference: Let the direction of the initial velocity of the ball be positive

Given: m = 0,02 kg; vi= 20 m's1; vi=-18 m's1; At=0,2 s

pi=0,02 x 20 = 0,4 kg'm's}; pr= 0,02 X (-18) =-0,36 kg'm-s-1

Calculation:
Ap -0,76
d. Fret=— = =-3,8N
At 0,2
The net force exerted on the ball is 3,8 N in the opposite direction to its initial
velocity.
Av  —-18m-s~1-20m-=s™1
b. a=— = =-190 m-s2
At 0,2s
, F -38N
OR from Newton’s second lawa=— = =-190 m-s2
m 0,02 kg

The acceleration of the ball is 190 m-s-2in the opposite direction to its initial
velocity.

7. A5 gbulletis fired from a gun that has a mass of 400 g. The bullet has a velocity of

360 m's1as it leaves the gun barrel. What is the recoil velocity of the gun? (5)

ANS: Let the bullet be mi, and let the gun be m2. Choose the bullet’s direction
as positive.

Given: mz = 0,005kg; vi1 = 0m-s1; mz = 0,400kg; viz = 0m-s1; vp =360m-s1
What is being asked: vsz = 7

Calculation:

mzi vii + mz viz = mi vy + mz vyz

But since both vii and viz are 0, then the initial momentum is zero.

The equation becomes: 0 = mi vf1 + mz vy

Sovz =miva /mz =-0,005kg X 360m's1 / 0,400kg = =-4,5ms1!
Therefore the gun'’s recoil velocity is 4,5 m's-1 in the opposite direction to that
of the bullet.

8. A 35 kg child running at 6 m's1 jumps onto a 10 kg go-cart which was initially at

rest. What will be the velocity of the child and the go-cart together immediately
after the child jumps on the go-cart? (5)
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My Notes:

Use this space to write your own questions, comments or key points.

Summary of key learning:

K Momentum (symbol p) is defined as the quantity of motion of a moving \
body. It is the property that keeps a body in motion: p = mv

¢ Impulse is the change in the momentum of an object, which is equal to the
force on an object multiplied by the time interval:

e Impulse = FAt=m Av
¢ Momentum and impulse are measured in units of kgm-s-1.

e The Principle of Conservation of Momentum states that in an isolated
system the total linear momentum remains constant, in magnitude and

\ direction: mivi1 + mzviz = miva + mavp /
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Sub-topic 5. Work, power and energy

Content:
Unit 1: Energy conversion and conservation

Unit 2: Work and power

Unit 1. Energy conversion and conservation

Learning outcomes:
When you have completed this unit, you should be able to:

e list examples of different forms of energy, including kinetic energy, potential
energy (gravitational, chemical, elastic), electrical energy, light energy,
thermal energy and nuclear energy;

e define kinetic energy and gravitational potential energy in words and using
mathematical expressions: Ex = %2 mv? and Ep = mgh;

e define mechanical energy;

e state the principle of the conservation of mechanical energy;

e apply the principle of conservation of mechanical energy to various contexts,
including objects that are dropped or thrown vertically upwards, and the
motion of a swing or pendulum.

Introduction

Energy is a very important concept. Everything we do in our everyday lives requires
some kind of energy. In this unit you will learn the scientific meaning of energy.

All forms of energy can be categorised into two main types of energy - potential energy
and kinetic energy.

e Potential energy is energy that is stored in some way
¢ Kinetic energy is the energy of movement.

We will begin by looking at gravitational potential energy, as this helps us to understand
the concept of potential energy.
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1.1.  Gravitational Potential Energy

When we lift an object, the effort, or work, that we put into lifting it is stored in this
object as energy. This stored energy is called gravitational potential energy. Since
gravitational potential energy is a form of energy, it is measured in the units of energy,
namely joules (J). In the following activity you will explore the factors that affect the
gravitational potential energy of an object.

Activity 1: Exploring gravitational potential energy

You will need:

2 objects, one that has a larger mass than the other
A scale for measuring mass

A tape measure or ruler

A chair and a desk

1. Measure the length from the floor to the seat of the chair. Record this length
as hi. Now measure the length from the floor to the desktop. Record this
length as ho.

Length from floor to chair: h1 =
Length from floor to desk: hz =

2. Measure the mass of each of your objects, and record these as m1 for the
lighter object and m: for the heavier object.

Lighter object: m1 =
Heavier object: mz2 =

3. Lift object m1 to the height of the chair. Now lift object m2 to the height of the
chair. Which do you think needed more effort (work) to lift it to this height?

4. The work done in lifting an object to a height above the ground is stored in
the object as gravitational potential energy. Which object has the greater
gravitational potential energy, m1 or mz?

5. Return your objects to the floor. Now lift object m2 to the height of the desk
(hz). Did this require more work to be done than lifting object mz to the
height of the chair (h1)?

6. Which object has the greater gravitational potential energy, the one lifted to
h1 or to hz?

7. From your investigations, complete the following sentences:
e The greater the mass of an object that is lifted, the the

gravitational potential energy of the object.

e The greater the height that an object is lifted to, the the
gravitational potential energy of the object.
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When an object is lifted upward from a reference point, for example the floor, the
greater the mass of the object being lifted, the more effort needs to be done in lifting it,
and therefore the greater the amount of stored energy. In other words, the gravitational
potential energy is proportional to the mass of an object.

When an object is lifted to a greater height above the reference point, the effort needed
to lift the object is greater than if the object is lifted a small height from the reference
point. So the gravitational potential energy is proportional to the height of an object.

We can calculate the gravitational potential energy of an object using the following
equation:

E, =mgh
where Ep is the gravitational potential energy, measured in joules (])

m is the mass of the object, in kg

g is the gravitational acceleration (on earth g = 9,8 m's-?)
h is the height of the object above the zero point, in metres (m)

If you study the units in this equation, you can see that 1 ] = 1 kgm?s-2.

Example: (Try to solve this problem on your own or with a fellow student while
covering the solution, and then check your work using the solution below).

A professor lifts a pile of books that has a mass of 6 kg from the floor to the top of
his bookshelf, which is at a height of 1,5 m above the floor. By how much has the
gravitational potential energy of the pile of books increased?

Solution

Given: m=6kg, h=15m, g=9,8 m.s2

Ep=m-g-h
6 kgx9,8m.s2x 1,6 m

88,2 kgm?s2 = 88,2 ]

Example: (Try to solve this problem on your own or with a fellow student while
covering the solution, and then check your work using the solution below).

When a mass m is lifted to a height h above its starting point, its gravitational
potential energy increases by 1 000 J. If a mass of 2m is lifted to a height of 3h above
this same starting point, by how much will its gravitational potential energy
increase?

Solution

The equation E, = m g h shows that E, is proportional to m and h.

So if we double the mass, and the height is increased by a factor of 3, the potential
energy will increase by a factor of 3x 2 = 6.

Therefore Ep =6 x 1 000 ] = 6 KJ.
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Activity 2 - Gravitational potential energy
Answer the following questions.

1. Nonhlanhla lifts her child straight up onto a platform. Cindi pushes her child
in a pram up a ramp onto the same platform so that her child is at the same
height as Nonhlanhla’s child. The two children have the same mass. How
does the potential energy of these two children compare with each other?

2. Ataxi has amass of 1 200 kg. It drives up a hill so that its vertical height has
increased by 20 m. Calculate the increase in the taxi’s gravitational potential
energy.

3. When a mass m is lifted to a height h above its starting point, its gravitational
potential energy has increased by 1 500 J. If an object with half the mass is
lifted by four times the height of the first object, by how much will its
gravitational potential energy increase?

MAIN IDEAS:
e Gravitational potential energy is the stored energy of an object because of
its position above some reference point.
e The gravitational potential energy of an object can be calculated by the
equation: E, =mgh

1.2. Kinetic Energy

Kinetic energy is the energy of movement. The greater the mass of a moving object, the
higher the value of the kinetic energy when it moves. Similarly, the faster the object is
moving, the greater its kinetic energy.

The kinetic energy can be calculated using the following equation:
Ex = -mv?
kK — s mv

where Ek is the kinetic energy of the object, measured in joules (]), m is the mass of the
object, in kg, and v is the velocity of the object, in m's-1.
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Example: (Try to solve this problem on your own or with a fellow student while
covering the solution, and then check your work using the solution below).

A woman is running with a netball that has a mass of 500 g. The woman’s mass is
82 kg and she is running with a velocity of 6 m-s'1. What is the total kinetic energy of
the woman and the ball together?

Solution

Given: m=82kg+0,5kg=825kg, v=6m.s1

1
Ek :Esz

% x 82,5 kg x (6 m's1)?

1485]

Activity 3 - Kinetic energy
Answer the following questions:

1. You are standing by the roadside waiting for a taxi, while holding a heavy
suitcase. Does this involve kinetic energy?

2. The taxi that you get into has a mass of 900 kg (including your mass). When
itis traveling at a speed of 100 km'hr-1, what is its kinetic energy in kJ?

3. Ifthis taxi reduces its speed to 50 kmhr-1, by what factor has its kinetic
energy decreased?

MAIN IDEAS:
e The kinetic energy of an object is the energy of the object’s movement.

e The kinetic energy is calculated by the equation: Ey = %m v?

1.3. Mechanical Energy

The mechanical energy is the sum of the gravitational potential energy and the kinetic
energy of the object. We can write this as an equation:

EM = Ep + Ek
where Ey is the total mechanical energy, Ej, is the potential energy, and Ey is the kinetic
energy of the object, all measured in units of joules (]).
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To understand this we will look at the example of a book that falls to the ground. When
you hold the book above your head, it has gravitational potential energy as a result of its
position. While the book is being held by the hand, the

velocity is zero, and therefore the kinetic energy is zero. Max E,

— 1 1 No E,

As the book is dropped, its velocity increases in a
downward direction. At the same time its height above
the ground is decreasing. Therefore its kinetic energy is
increasing, while its gravitational potential energy is Decreasing E,
decreasing. Increasing E,

Just above the floor the book will have zero
gravitational potential energy, as its height above the
floor is zero. All of its gravitational potential energy has

been converted into kinetic energy. mm IIEE
|—|;’—| ax E,

What this means is that the mechanical energy of the object is conserved. The
gravitational potential energy and kinetic energy are converted from one form to
another, but the total remains constant.

This conversion of energy from potential energy to kinetic energy and back again takes
place in many forms of motion. Another example of this is a ball that is swinging from a
rope. The diagram below shows how energy is converted between potential energy and
kinetic energy as the ball swings.

----- SRR B RN T R
(@)
Max E, ‘ Max
E, —» E, E. —» E, B
Max
E,

We can use an equation to show the conservation of mechanical energy.

Since the mechanical energy before some change is equal to the mechanical energy
afterwards, we can write this as:

EM =EM

where Ey, is the total mechanical energy before the change, and Ey, is the total
mechanical energy after the change.

1 2
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We can write this equation using symbols for the kinetic and potential energy:
Ep1 + E:k1 = Epz + Ekz

where E, is the initial potential energy, Ey is the initial kinetic energy, E, is the final
potential energy after the change, and Ey, is the final kinetic energy.

In reality, we know that a ball like this one can not keep swinging forever. Air resistance

and frictional forces cause the ball to lose some of its total
mechanical energy. In this way, energy is dissipated from the dissipated - lost, or given
system, and as a result, the ball swings to a slightly lower height out

each time, until it eventually stops.

Example: (Try to solve this problem on your own or with a fellow student while
covering the solution, and then check your work using the solution below).

A trailer with a mass of 2 000 kg is at rest on a slope at a height of 50 m above the
ground. The trailer is released and rolls downhill until it has a height of 25 m above
the ground. What is the speed of the trailer at this new height? (Assume that there
is no energy dissipation.)

Solution
Given: m = 2x103 kg; h1 =50 m; h2 = 25 m; g = 9,8 m's2
vi=0mstvz="?

From the equation: E, +Ey, = Ep, +Ey,

We first find the total initial mechanical energy:

E,, +Ex, =mgh; + %mvl2
=(2x103kg x 9,8 m's2x 50m) + 0
=9,8x105]

Therefore total initial mechanical energy = 9,8x10%] = Ep, + Ey,
Therefore 9,8x105] = mgh, + %m v,2
= (2x103kg x 9,8 ms2x 25 m) + (0,5 x 2x103 kg x v,2)
=4,9x105] + (0,5 x 2x103 kg x v,2)
9,8x10%] - 4,9%10° ]

Sov,%= =49 x 102 m2s-2
0,5%2x103 kg

Sov, =22,14ms1
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MAIN IDEAS:
e Mechanical energy = gravitational potential energy + kinetic energy:
EM = Ep + Ek

e The total mechanical energy in a system is conserved when there is no loss
of energy to the environment.

Activity 4 - Mechanical energy

A 500 g ball is lifted to a height of 1,5 m above the ground. Answer the following
questions:

a. By how much has the ball’s gravitational potential energy increased?

b. Ifthe ball is dropped from this height, what is its kinetic energy just before it hits the
ground?

c. Find two ways of calculating the ball’s velocity just before it reaches the ground.
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Unit 2. Work and power

Learning outcomes:
When you have completed this unit, you should be able to:

e define work done as the force multiplied by the distance moved in the
direction of the force W = Fx Ax;

e apply the relationship for work done to various related problems, in familiar
and novel contexts;

e define power as the work done divided by the time taken to do the work;

e apply the relationship for power to various related problems, in familiar and
novel contexts.

2.1. Work

Work is done on an object if a force is applied to the
object, and if this force causes displacement of the object
in the direction of the force.

e When a force acts at some angle 0 to the direction
of motion of an object, we only consider the
component of the force that acts in the direction
of the motion of the object. We can therefore
calculate the work done by the force on the object
using the equation: - =

W = Fx Ax movement

where Ax is the magnitude of the displacement.

e To calculate the x-component of the force F, we use the equation: Fx =F cos 0

2.2. Power

Power is defined as the amount of work done per unit time, or the rate at which work is
done. In other words, we can calculate power by dividing the amount of work done by
the time taken to do that work. In equation form, we write:
w
At
where P is the power, measured in watts (W), W is the work done, measured in joules
(J), and At is the amount of time taken to do the work, in seconds (s).
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Example: (Try to solve this problem on your own or with a fellow student while
covering the solution, and then check your work using the solution below).

Blessing pulls a box with mass 25 kg on a horizontal surface for a distance of 10 m by
applying a force of 12 N to a rope that is attached to the box, at an angle of 30° to the
horizontal. A frictional force of 2 N opposes the motion of the box.

a. Calculate the work done on the box by Blessing.

b. If Blessing pulled the box for 30 seconds, what was the power that he exerted in
this time?

c. Calculate the work done by the frictional force.

d. What is the work done by the gravitational force?

Solution:

The free body diagram of all of the forces on the box is F

shown on the right. F =12 N
N

applied

a. We first find the x-component of the applied force:
Fappliedx = Fapplied c0s 8 = 12 N X cos 30°= 10,4 N F;
Therefore work done on the box by Blessing is:
W=FxAx=10,4N X 10 m=104]

b. We use the equation:
W 104]

TAt 305
c. We first find the x-component of the frictional force:

Frx=Frcos =2 N X cos 180°=-2 N
Therefore work done on the box by the frictional force is:
W=FxAx=-2N X 10m=-20]

d. The work done by the gravitational force is 0 ], since this force is perpendicular to
the displacement of the object, so it has no component in the direction. We can
show this using a calculation:

Fgx =Fgcos 0 = (25 kg X 9,8 m's2) X cos 90°=0 N

=347 W g

NASCA STUDENT WORKBOOK Natural Sciences Page 120




Activity 1 - Work and Power

1. Read each of the scenarios below, and answer the question for each one.

a) Naledi spent all afternoon sitting at his desk writing an essay for homework.
Did Naledi do work according to the scientific definition?

b) Tebogo pushed her younger brother up a hill in his go-cart. Did Tebogo do
work? Did her brother do work?

c) Moses and Lydia had a tug-of-war by holding onto the opposite ends of a long
piece of rope and pulling. They were evenly matched, so they stayed in one
place, even though they pulled as hard as they could. Did either Moses or
Lydia do work?

d) A weight-lifter lifted a heavy weight and then held it steadily above his head.
i) Did the weight lifter do work by lifting the weight upward?

ii) Did the weight lifter do work by holding the weight above his head?

MAIN IDEAS:
e Work is done on an object if a force is applied, and causes displacement of
the object in the direction of the force: W = Fx Ax
e The x-component of the force F is: Fx =F cos 0
e Power is defined as the amount of work done per unit time, or the rate at
which work is done:
w

T At
e Power is measured in watts (W).

NASCA STUDENT WORKBOOK Natural Sciences Page 121



Assessment Activity: Work, energy and power Total marks = 60

Answer the following questions to assess your understanding of work, energy and power:

Multiple choice questions:

1. Mandla drops a stone into a pile of soft sand from two different heights:
Case 1: He drops the stone from a height h
Case 2: He drops the same stone from a height 2 h.

Which of the following is true for the mechanical energy and work in both the
cases? (3)

Work done

Mechanical energy

Case 2 <Case 1 Case 2> Case 1

Case 2 <Case 1

Case 2<Case 1

Case 2 >Case 1

Case 2 >Case 1

S| 0| W >

Case 2 >Case 1

Case 2 <Case 1

2. For the two cases described in Question 1, which of the following is true for the
acceleration of the stone and final velocity (just before hitting the sand) in both the

cases? (3)
Acceleration Final velocity
A. Case 2 =Case 1 Case 2 > Case 1
B. Case 2 =Case 1 Case 2 =Case 1
C. Case 2 > Case 1 Case 2 > Case 1
D. Case 2 > Case 1 Case 2 =Case 1

Written response questions:

1. Complete the table below by giving one word for the quantity that is described,
showing the units that each of the quantities is measured in, and writing the
equation that we use to calculate each one.

(12)

Description

Name of quantity

Units

Equation

Energy of movement
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Energy that an object has because of its
height above the earth

The sum of the gravitational potential
energy and the kinetic energy of the
object

The rate at which work is done

2. A 1,5 kg bookis lifted from the ground to a height of 300 cm above the ground.
By how much has the book’s gravitational potential energy increased? (3)

b. Ifthe book is dropped from this height, what is its kinetic energy just

before it hits the ground? (D
Calculate the book’s velocity just before it strikes the ground. (3)
d. Calculate the time taken for the book to fall to the ground. (3)

3. A 2000 kg car is parked at the top of a hill, as the diagram shows. The car is
allowed to roll down the hill. If no energy is lost through friction, what is the
car’s velocity at the bottom of the hill? (6)

4. Aball is attached to a rope that hangs from a hook. Kealeboga pulls back the ball
to a height that gives it an increase in gravitational potential energy of 1,176 X
10-2], and lets the ball go. The mass of the ball is 30 g. Ignore the effects of
friction.

a. Find the height that Kealeboga raised the ball to (above its rest position)

(3)

b. Calculate the kinetic energy of the ball at its lowest position (D
Calculate the speed of the ball at the lowest position (3)

d. What is the total mechanical energy of the system? (D

e. Explain why the ball does not keep swinging to the same height forever in
a real life situation. (3)
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5.Rashid moved a 20 kg box along the floor by pulling on a rope with a force of 30 N. The
rope made an angle of 40° with the horizontal. There was a frictional force opposing the
box’s motion.

a) Draw a free body diagram showing all of the forces acting on the box. (4)
b) If Rashid moved the box a distance of 5m along the ground, how much work

did he do on the box? (4)
C) If Rashid pulled the box for 2 minutes, what was the power that he exerted in

this time? (3)
d) If the box moved with a constant velocity as a result of the force that he

applied, what was the frictional force between the box and the floor? (5)
e) What was the work done on the box by the frictional force? (3)
f) What was the magnitude of the normal force on the box? (6)

My Notes:

Use this space to write your own questions, comments or key points.
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Summary of key learning:

o Potential energy is energy that is stored in some way.

e Gravitational potential energy is the stored energy of an object
because of its position above some reference point.

e The gravitational potential energy of an object can be calculated by
the equation: E, =mgh

e Kinetic energy is the energy of movement.

e The kinetic energy is calculated by the equation: Eyp = %m v2

e Mechanical energy = gravitational potential energy + kinetic
energy:

EM = Ep + Ek

e The total mechanical energy in a system is conserved when there is
no loss of energy to the environment.

e All forms of energy are measured in joules (]).

e Workis done on an object if a force is applied, and causes
displacement of the object in the direction of the force: W = Fx Ax.

e Work is measured in joules (]).

e The x-component of the force F is: Fx =F cos 0

e Power is defined as the amount of work done per unit time, or the
rate at which work is done:

w
P=—
At

e Power is measured in watts (W).
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Topic 3. Waves

Introduction

We experience waves all the time in the world around us, whenever we see or hear
anything. We can represent waves using simple diagrams that show their structure and
characteristics. By understanding waves we can predict their behaviour in different
conditions, and we can put them to use in many helpful ways.

In this topic you will learn about the two different types of waves, namely transverse
and longitudinal waves, and how we experience these in our everyday lives. You will

also learn about geometrical optics, which looks at the behaviour of light as it reflects
and bends, and how this can be applied in our everyday lives.

Sub-topic 1. Transverse and longitudinal waves

Content:
Unit 1: Transverse waves

Unit 2: Longitudinal waves

Unit 1. Transverse waves

Learning outcomes:
When you have completed this unit, you should be able to:

e describe wave motion as a vibration in a medium, resulting in the transfer of
energy without matter being transferred;

e define frequency, wavelength, period and amplitude;

e draw a diagram of a transverse wave and indicate the wavelength, amplitude,
particle movement and direction of propagation of the wave;

e give examples of transverse waves;

¢ define the wave speed as the product of the frequency and wavelength of a
wave v = f 1 (the wave equation);
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e apply the wave equation to solve problems involving transverse waves, in
familiar and novel contexts.

In the previous unit you learnt about transverse waves. In this unit you will learn about
a different kind of wave, called a longitudinal wave.

1.1. Whatis a wave?

A wave is a regular disturbance that takes place in a Medium - the substance
medium, resulting in a transfer of energy through the that a wave travels through

medium. In other words, a wave is a repeated
movement, where the particles of the medium move backwards and forwards in
a regular vibration.

Activity 1: Observing the movement of a wave

You will need:

A long spring (slinky), or a rope
A piece of coloured cloth

1. Put the spring or rope on a smooth floor or on a large desk top.

2. Two students should hold the ends of the spring so that the spring is slightly
stretched. If you are using a rope, make sure that the rope is quite loose and
free to move.

Move the end of the rope up and down quickly to make a wave on the slinky.
4. What do you observe?

Tie a piece of coloured wool somewhere in the middle of your spring or rope.
This will represent a particle.

6. Now send a wave along the spring or rope and observe what happens to the
coloured wool. Did the piece of wool move forwards with the wave?

7. Explain the movement of the piece of wool in your own words.

Go to https://www.youtube.com/watch?v=y66PSaiGH7Y to see a transverse wave

on a slinky.

wave, which is the type of wave where the particles of the medium move at right angles
(transverse) to the movement of the wave through the medium. The movement of the
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piece of wool in Activity 1 shows how the particles of the medium move as the wave
passes through the slinky or rope. We will now explore the characteristics of transverse

waves.

1.2. Characteristics of transverse waves

The wave shown in the diagram below is a transverse wave. (There is another
type of wave, called a longitudinal wave, which you will learn about in Unit 2.)

Peak
Amplltude

Rest position

NN /\ A 9.

/

Wavelength Trough

From this diagram, you will notice that the wave has a
regular pattern. Some of the key characteristics of a
transverse wave are described in the following points:

e The sections of the wave that are at a maximum
displacement above the rest position are called
“peaks”.

e The sections that are at a maximum displacement
below the rest position are called “troughs”.

rest position - the
position that the particles
of the medium would
have had if there was no
wave

e The amplitude of the wave is the distance between the peak of a wave and
its rest position, or the distance between the trough and the rest position.

e Positions on a wave that have a whole number of wavelengths between
them are in phase with each other. For example, the troughs of a wave are
in phase with each other. In the diagram below, points A, B and C are in

phase with each other.

AR VAN

\VALVARVARN

Points A, B and C are in phase
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e The wavelength is the horizontal distance between any two consecutive
points on a wave that are in phase. For example, the wavelength is the
horizontal distance between two consecutive troughs, or two consecutive
peaks, or the distance from A to B, or B to C in the above diagram. In
Physics the symbol A (called “lambda”) is used for the wavelength,
measured in metres (m).

e The particles of the medium vibrate from side-to-side, at right angles
(transverse) to the direction of the movement of the wave. They do not
move forward with the wave, it is the energy that moves forward through
the medium.

Particle
movement Wave movement

AN ANANVAN,
[AAVARVIRVIRV/

Movement of energy

e Examples of transverse waves are water waves and light waves.

MAIN IDEAS:
e Wavelength (A) is the distance between two parts of a wave that are
in phase
e Amplitude is the distance between the peak of a wave and its rest
position (or between the trough of a wave and its rest position)
e The particles of the medium move from side-to-side, transverse to
the direction of the movement of the wave.

1.3. Frequency, period and speed of a wave

The frequency (f) of a wave is the number of full wavelengths that pass a fixed
point in one second (per second). Frequency is measured in units of per second
(s1), which is also be called hertz (Hz).
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The period (T) of a wave is the time that it takes for a full wavelength to pass a
fixed point, measured in seconds (s). The period is mathematically related to the
frequency in the following way:

1

f

The wave equation links the speed of a wave with the frequency and
wavelength:

v=fXA
where v is the speed of the wave, measured in metres per second (m:-s1)
fis the frequency, measured in hertz (Hz) or (s1)
A is the wavelength, measured in metres (m).

Example 1 (Try to solve this problem on your own or with a fellow student while
covering the solution, and then check your work using the solution below).

Six full wavelengths of a wave that has wavelength of 20 cm pass by a fixed point
in a time of 3 seconds. Calculate the following for this wave:

a. frequency
b. period

c. speed.

Solution
Given: A=20cm=0,2 m

a. 6 full wavelengths pass a point in 3 seconds, so the number of wavelengths in
1 second are:
number of wavelengths 6

frequency = e =3 251

Therefore the frequency f = 2 Hz.

b. T= 7 = g = 0,5 seconds

c. v=fXA=2HzXx0,2m=0,4ms1
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Activity 2: Test your understanding of the characteristics of a wave
Answer the following questions.

Ntombi is sitting in a boat watching water waves. She observes that 4
wavelengths of a wave pass the front of her boat in 6 seconds, and that the
distance between three consecutive peaks is 60 cm. Calculate the following for
this wave:

a. The wavelength
b. The frequency
c. The period

e

The speed

MAIN IDEAS:

e The frequency (f) of a wave is the number of complete wavelengths (a peak
and a trough) that pass an observer in one second. Frequency is measured in
Hz.

e The period (T) of a wave is the time that it takes for a complete wavelength to
pass by a fixed point. The period is measured in seconds.

e The period is the inverse of the frequency: T = 1/f

e The speed (v) of a wave can be found using the wave equation: v=f X A
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Unit 2. Longitudinal waves

Learning outcomes:

When you have completed this unit, you should be able to:

o differentiate between transverse and longitudinal waves, and give examples

of longitudinal waves;

o define frequency, wavelength, period and amplitude for a longitudinal wave;

e apply the wave equation to solve problems involving longitudinal waves, in

familiar and novel contexts.

Introduction

In the previous unit you learnt about transverse waves. In this unit you will learn about

a different kind of wave, called a longitudinal wave.

2.1. Structure of a longitudinal wave

The diagram on the right shows a Longitudinal wave

longitudinal wave that is created by a

vibrating source. The particles of the Vibrating particle

medium vibrate forwards and backwards, >

in the plane of the direction that the
longitudinal wave is traveling in. In a Vibrating
similar way to the transverse wave, the source
particles do not move forward in the
direction of the wave, but just vibrate
backwards and forwards around a fixed
position. Energy is moved forward with the
wave.

&
ol

Direction of
movement of wave

Compression of air

particles as vibration 1s

The positions where the particles are closer passed along

together are called compressions, and the
positions where the particles are further apart are called
rarefactions.

The wavelength of a longitudinal wave is the distance between
two consecutive parts of the wave that are identical to one
another. The wavelength is therefore the distance between two
successive compressions, or two successive rarefactions.

successive - next to one
another, or one after each
other

rarefaction - a decrease in
density and pressure
caused by the passage of a
sound wave

compression - a squeezing
of the particles of a medium
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Activity 1: Making a longitudinal wave

You will need:

A long spring (slinky)

A piece of coloured cloth

1. Put the spring on a smooth floor or on a large desktop.

2. Two students should hold the ends of the spring so that the spring is slightly
stretched.

3. One student should hold their end of the spring steady while the other moves

theirs to create the wave. This student should move this end of the spring
forward and then backward in a continual movement. What do you observe
about the longitudinal wave? Write a description of this wave in your

workbooks.

4. Can you identify the wavelength of the wave? Discuss your ideas in your
group.

5. Tie a piece of coloured string to some point along the spring. This represents

a particle on the spring. Create a longitudinal wave, and observe the
movement of the string. What does this tell you about the movement of a
particle due to a longitudinal wave? Discuss your observations in your group.

6. Recall that the amplitude of a wave is the maximum displacement of a
particle from its rest position. By observing your piece of coloured string, can
you identify the amplitude of this longitudinal wave?

Go to https://www.youtube.com/watch?v=GlkeGBXgWWO0 to see a longitudinal wave
on a slinky.

The diagram below shows what a longitudinal wave looks like on a long spring. This
diagram shows the following:

e the compressions and rarefactions of the wave

e the wavelength of the wave

e the direction of motion of the wave

e the direction in which a particle of the medium moves
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Direction of movement
of a particle Direction of movement
of the wave

‘ ) I
/ \ wavelength

compression rarefaction

A longitudinal wave on a sprin

MAIN IDEAS:
e Inalongitudinal wave, the particles of the medium vibrate backwards and
forwards around a fixed position.
e The direction of the movement of the wave is away from the source.
The wavelength of a longitudinal wave is the distance between two
successive compressions, or two successive rarefactions.

2.2. Properties of longitudinal waves

Similar to transverse waves, the frequency (f) of a longitudinal wave is the number of
complete wavelengths that pass an observer in one second. The period (T) of a
longitudinal wave is the time that it takes for one complete wavelength to pass by a
fixed point. We can again express the period in terms of the frequency:

1

f
The amplitude of a longitudinal wave is the maximum displacement of a particles from

their rest position.

The speed of a longitudinal wave is the distance travelled by a wave compression or
rarefaction divided by the time taken. The wave equation can be applied to longitudinal
waves:
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v=fXA
where v is the speed of the wave, measured in metres per second (m-s-1)
fis the frequency, measured in hertz (Hz) or (s1)

A is the wavelength of the wave, measured in metres (m).

Example: (Try to solve this problem on your own or with a fellow student while
covering the solution, and then check your work using the solution below).

A longitudinal wave is formed on a slinky so that it travels along the slinky with a
speed of 15 cm's'1. The distance between two consecutive rarefactions is 0,1 m.
What is the frequency of this wave?

Solution
Given: A=0,1m;v=15cms?! x 102=0,15 m-s!

From the wave equation v =fx A we can solve for the frequency:

-1

Activity 2 - Properties of a Longitudinal Wave
Answer the following questions:

Alongitudinal wave is formed on a slinky so that it travels along the slinky with a speed
of 5 cm's'L. A particle of the medium moves a total distance of 1 X 10-3 m between its
maximum vibrations backwards and forwards. The distance between three successive

compressions is 2,5 X 10-2 m. Calculate the following for this wave:
a. The wavelength
b. The frequency
The period
d. The amplitude
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MAIN IDEAS:

e The frequency of a longitudinal wave is the number of complete
wavelengths (a compression and a rarefaction) that pass an observer in
one second.

e The period of a longitudinal wave is the time that it takes for a complete
wavelength to pass by a fixed point.

e The period is the inverse of the frequency: T = 1/f

e The amplitude of a longitudinal wave is the maximum displacement of a
particle from its rest position

e The wave speed of a longitudinal wave is the distance travelled by a wave
compression divided by the time taken.

e The speed (v) of a wave can be found using the wave equation: v=f X A

2.3. Sound waves as examples of longitudinal waves

Sound waves are longitudinal waves that are created by a vibrating source, which
causes the air particles closest to the source to vibrate. These particles then bump the
ones next to them, passing energy on to them. As a result, the vibrations are sent
outwards from the source of the sound as a pressure wave.

Activity 3: Observing the effect of a sound wave

You will need:

A bowl
Some plastic cling film
Some table salt

1. Pull the cling film over the opening of the bowl so that it is tight.
2. Pour some salt onto the cling film.
3. Make a loud noise by clapping your hands, or playing loud music nearby.

Watch what happens to the grains of salt on the cling film.

In this activity you should have observed the grains of salt vibrating with the sound.
This shows that sound causes a change in the air pressure, which sends out vibrations in
the air particles. The way that we hear sound is that the eardrums in our ears vibrate
when they receive the pressure vibrations, and send a message to our brain.
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MAIN IDEAS:
e Sound waves are longitudinal waves that are created by vibrations in a
medium in the direction of propagation.
e The vibrations cause a regular variation in the pressure of the medium.
Sound waves are therefore pressure waves.

Assessment Activity: Transverse and longitudinal waves Total marks =50

Answer the following questions to assess your understanding of waves:

1. Give an example of a transverse wave, and of a longitudinal wave. (2)

2. Draw a diagram of a transverse wave and label the following on your diagram (6)

a. The rest position
b. The wavelength
c. The amplitude
d. The peak
The trough
f. Use the letters P and Q to label two points on the wave that are in phase

with each other.

3. Five full wavelengths of a wave that has a wavelength of 25 mm pass by a fixed
point in a time of 2 seconds. Calculate the following for this wave:

a. frequency (4)
b. period (3)
c. speed. (3)

4. The diagram below shows a longitudinal wave that is formed on a spring. The
wave is moving from left to right.
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a. Provide labels for the letters A to C. (3)

b. Describe the movement of the particles of the medium as the wave travels

through it. (2)
c. Describe the movement of energy as the wave travels through the
medium. (2)

5. Khaya and Thembi formed a longitudinal wave on a 2m long slinky. The wave
took 1,6 seconds to move from one end of the slinky to the other. They tied a
piece of string to the slinky, and observed that it moved a total distance of 5 mm
backwards and forwards. They also observed that the distance between four
successive compressions is 60 cm.

a
b.

C.

&

. Explain how they should move the slinky to create this wave. (2)
Find the speed of the wave. (3)
What is the wavelength of the wave? (2)
Work out the number of complete wavelengths that pass the piece of
coloured string in one second. (3)
Find the time that it takes for one complete wavelength to pass a fixed
point. (3)
What is the amplitude of the wave? (2)

6. A sound wave with a frequency of 500 Hz travels 2,04 km through air in 6

seconds.
Calculate the speed of sound in air. (3)
b. Calculate the period of this sound wave. (3)

c. Calculate the distance between two successive rarefactions of the
sound wave. (4)
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My Notes:

Use this space to write your own questions, comments or key points.
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Summary of key learning:

e Wavelength (4) is the distance between two parts of a wave that are
in phase

e Amplitude is the distance between the peak of a wave and its rest
position (or between the trough of a wave and its rest position)

e The particles of the medium move from side-to-side, transverse to
the direction of the movement of the wave.

e The frequency (f) of a wave is the number of complete wavelengths
(a peak and a trough) that pass an observer in one second.
Frequency is measured in Hz.

e The period (T) of a wave is the time that it takes for a complete
wavelength to pass by a fixed point. The period is measured in
seconds.

e The period is the inverse of the frequency: T = 1/f

e The speed (v) of a wave is found using the wave equation: v=f X A

¢ Inalongitudinal wave, the particles of the medium vibrate
backwards and forwards around a fixed position.

e The direction of the movement of the wave is away from the source.

e The wavelength of a longitudinal wave is the distance between two
successive compressions, or two successive rarefactions.

e The frequency of a longitudinal wave is the number of complete
wavelengths (a compression and a rarefaction) that pass an
observer in one second.

e The period of a longitudinal wave is the time that it takes for a
complete wavelength to pass by a fixed point.

e The amplitude of a longitudinal wave is the maximum displacement
of a particle from its rest position

e The wave speed of a longitudinal wave is the distance travelled by a
wave compression divided by the time taken.

e Sound waves are longitudinal waves that are created by vibrations
in a medium in the direction of propagation.

e The vibrations cause a regular variation in the pressure of the
medium. Sound waves are therefore pressure waves.
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Sub-topic 2. Geometrical optics

Content:
Unit 1: Reflection
Unit 2: Refraction

Unit 3: Total internal reflection

Unit 1. Reflection

Learning outcomes:

When you have completed this unit, you should be able to:

e describe reflection of light;

e define normal, angle of incidence and angle of reflection;

e state that, for reflection, the angle of incidence is equal to the angle of

reflection;

e apply the concept of reflection in various familiar and novel contexts.

Introduction

Light is everywhere around us. We would not be able to see anything if it was not for
light. Nearly all of the energy on earth is caused by light that comes from the sun. In our
modern society we have found many ways of making use of the properties of light, for
example in microscopes, telescopes and eye-glasses.

In this unit you will start with learning about the properties of light, and then you will
discover what happens to light to enable you to see your reflection in a mirror.

1.1. Properties of light

When you stand in the sun, you will notice that you have a shadow. This shadow is
caused when we block the sun’s rays. This shows us that light travels in straight lines.
Sound waves can bend around corners, but light rays cannot. This is why you can hear
somebody that is around the corner but not be able to see them.
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When light is given off by the sun or by a light

bulb, the light waves are sent out in all different Light rays

directions. We can never actually see a single

light wave. In science we use the term “light ray”
to describe a group of light waves which are all
travelling in the same direction. We use arrows

to show the direction of these light rays.

Light travels with a constant speed as it travels

through a medium. When light travels through a

vacuum, it has a speed of 3 X 108 m-s-1. This is

the maximum speed that light can have. The

speed of light in air is slightly less, as it is 2,998 X 108 m's-1, but
in this course we will round this off to 3 X 108 ms-1.

Medium - the substance
that a wave travels through

Vacuum - a space that is
empty of matter

MAIN IDEA:
e Light travels in straight lines

a light ray
e Light travels with a constant speed in a medium
e The speed of light in a vacuum is 3 X 108 m-s1..

e A group of light waves that travel in the same direction are called

Surface

1.2. Reflection of light
When we shine light rays onto a surface, we I/

can measure the angle that these light rays
make by constructing a line that is at right
angles to a surface (or perpendicular to it).
This line is called the normal to the surface. Tgo‘@

For an example of this, see the diagram on the  |r----------------

right.

Normal - at right angles
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Incident ray The normal to the surface is important
because when we observe the behaviour
of light at surfaces, we always measure
angles from the normal. In other words,

Angle of incidence we put the zero line of our protractor

along the normal, and measure the angle

of the light ray from this line.

Incident - falling on, or

We call any ray striking something

that falls onto a

surface an

incident ray. The angle that this ray
makes with the normal is called the angle
of incidence.

Incident ray We call any ray that is reflected off a

surface the reflected ray. The angle that
this ray makes with the normal is called
the angle of reflection.

Normal

Angle of reflection

In the following activity you will explore
Reflected ray the relationship between the angle of
incidence and the angle of reflection.

Activity 1: Exploring the reflection of a ray of light

You will need:

a torch, a piece of cardboard, scissors
a piece of clean white paper, a mirror
a pencil, a protractor, a pin

(NOTE TO STUDENTS: If you need help with doing the diagrams in this activity,
you will see some hints after the activity.)

1. Cut a narrow slit in the cardboard.
2. Place your piece of white paper on a table top, and shine your torch through
the slit in the cardboard. Can you see the light ray coming through the slit?
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10.

11.
12.

13.

Position your mirror so that the light ray shines onto it. This is your incident
ray.

Now move the mirror from side to side. Can you see the reflection of the light
ray? This ray that is reflected from the mirror is called the reflected ray.

Can you notice any relationship
between the angle that the incident
ray makes with the normal to the
surface of the mirror, and the angle
that the reflected ray makes with the
normal? (This angle is called the angle
of reflection). Write down your
observations.

Fix your mirror in one position on the
page where you see a clear incident
and reflected ray. Draw a line along
the surface of the mirror.

Remove your mirror, and construct a
normal to the surface. Put the mirror

Incident ray

Normal

Reflected ray

Ray diagram showing angle of
incidence and angle of reflection

back into place as accurately as possible, making sure that you can see the
incident and reflected rays clearly. Adjust your torch and cardboard slightly
so that the incident ray hits the surface of the mirror at the same point where
the normal to the surface meets the surface. (Look at the diagram if you are
unsure about this.)

Use your pin to make three dots that lie along the path of the incident ray,
and three dots that lie along the path of the reflected ray.

Remove your mirror again, and use your ruler to draw in the incident ray by
connecting the three dots that you have made with your pin. Do the same for
the reflected ray. You have just constructed what is called a “ray diagram”.
Measure the angle of incidence and the angle of reflection using a protractor.
(Remember to measure these angles from the normal). Record your
readings.

What can you conclude from your measurements?

Repeat this experiment for 3 different angles of incidence, and record your
results in a table.

Write a conclusion to this activity based on your observations.

Look at the video at https://www.youtube.com/watch?v=ETF2-7Zz3]18 to see a practical
on the reflection of light.

Guidance for doing ray diagrams:

To construct a line that is the normal to a surface, do the following:

Draw a straight line along the surface

Make a mark on this line where the incident ray will strike the surface.

Position a protractor so that its zero line is along the surface line, and its centre is on this mark
that you have made on the surface.

Make a mark on the page at the 900 line of the protractor (see the diagram).
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https://www.youtube.com/watch?v=ETF2-Zz3J18

90°

Surface line
e  Remove the protractor and use a ruler to join the mark that is on the surface with the mark that

you have made at the 90° line of the protractor.
e Extend this line a little bit. This line is the normal to the surface.

Normal

Surface line

Normal

e  When you are measuring the angles of
incidence and reflection, make sure that 400
you position your protractor with the o
zero line along the normal, and the
centre of the protractor at the point ~a

Qe mark

where the ray strikes the surface. - 40° mark
e The diagram on the right shows how an
angle of 40° is measured.
Surface line
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In Activity 1, you should have observed that, when light is reflected (bounced) off a
surface, the angle of reflection is always equal to the angle of incidence. This is called the
law of reflection.

MAIN IDEA:

e The normal to a surface is a line that is at right angle to the surface.

e The angle that an incident ray of light makes with the normal to the surface
is called the angle of incidence.

e The angle that a reflected ray of light makes with the normal to the surface
is called the angle of reflection.

o The law of reflection states that for a light ray that is reflected off a surface:

angle of incidence = angle of reflection

Ray from the sun
1.3. How the eye sees an image formed by reflection

Rays that are reflected do not necessarily need to come
from a ray box or torch. If you stand an object in front of a
mirror and look into the mirror, you will see a reflection of
that object. Here light rays come from the sun and are I
reflected off the object into the mirror. They are reflected
from the mirror into your eyes.

Object

The image is formed at the same distance behind the
mirror as the distance between the object and the mirror.
The ray diagram shown below should help you to see this.

Light does not actually pass through the image that is ) AEYG
formed. For this reason we call it a virtual image. This

virtual image is upright, but is laterally inverted (in other words, the left and right hand
sides are swapped around).

Image ;
@ Distance to image i Distance to object Ob.] CCt
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Activity 2: Reflection from a mirror

Answer the following questions:

1. Nosipho is standing 2m from a
mirror, reading her book. Gareth
is standing 3m behind Nosipho.

a. If Nosipho looks at Gareth’s
reflection in the mirror,
where will she see his image
formed?

b. If Gareth looks at Nosipho’s image in the mirror, where will he see her
image formed?

2. The front of an ambulance has the word

written backwards, as shown in the E[ D V[ AJ U 8 M A

diagram on the right. Can you explain

this?

MAIN IDEA:

e When the eye sees a reflection in a mirror, the image is formed at
the same distance behind the mirror as the distance between the
object and the mirror, and is laterally inverted (the left and right
hand sides are swapped around).
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Unit 2. Refraction

Learning outcomes:
When you have completed this unit, you should be able to:

e define refraction as a change of wave speed in different media, while the
frequency remains constant;

e define angle of refraction, refractive index and optical density;

e draw ray diagrams to show the path of light as it travels between mediums
with different optical densities;

e apply the concept of refraction in various familiar and novel contexts.

Introduction

Sometimes when you look at a straw in water, it looks like the straw is broken or bent.
In this unit we will explore the scientific reason for this, and see some of the ways in
which this phenomenon is applied in everyday life.

2.1. Refraction of light

When light moves from one medium into a different medium, its speed changes. This
change of speed is called refraction. Each medium changes the speed of light by a
different amount. The measure of the speed of light in a medium is called the refractive
index of the medium. We can calculate the refractive index of a medium using the
following equation:

C

n=-—
\

where n is the refractive index of the medium (it has no units)
c is the speed of light in a vacuum =3 X 108 m/s

v is the speed of light in the new medium, measured in units of m/s

This refractive index is linked with the optical density of the medium. The optical
density is defined as “a measure of the extent to which a substance transmits light or
other electromagnetic radiation”. In other words, it is a measure of how much of the
light is absorbed by the substance. The more light the substance absorbs, the greater its
optical density. Also, the more optically dense a substance is, the slower a wave will

move through the material. So a substance with a high optical
density has a high refractive index, because it slows the light wave
down more than a substance with a low optical density.

absorbed - taken in, or
sucked in

As light enters a new medium and is refracted, although the speed of the light waves has
changed, their frequency is not changed, and remains constant. The wave equation
tells us that the relationship between wave speed, frequency and wavelength is v =f X
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A. So if the speed changes, and the frequency is unchanged, this means that the
wavelength is changed as the wave enters a new medium.

Example: (Try to solve this problem on your own or with a fellow student while
covering the solution, and then check your work using the solution below).

The speed of light in Perspex is 2,04 X 108 m-s-1. What is the refractive index of Perspex?

Solution

3x10%8m-s~1
2,04x108m's~1
Therefore the refractive index of Perspex is 1,47.

=1,47

C
NPerspex = — =
\%

Activity 1: Refractive index
Answer the following questions.

e. The speed of light in water is 2,25 X 10> km-s-1. Calculate the refractive index of
Perspex.

f.  Alight wave with a frequency of 7,5 X 1014 Hz enters glass that has a refractive
index of 1,5. Find the following:

a. The speed of the light wave in glass.
b. The frequency of the light wave in glass.
c. The wavelength of the light wave in glass.

g. The speed of a ray of red light in Substance X is greater than the speed of a ray of
red light in Substance Y. Answer the following questions, and explain your
reasoning in each case.

a. Which substance has a greater optical density, Substance X or Y?

b. In which substance is the wavelength of the red light the longest, in
Substance X or Y?

c. In which substance is the frequency of the red light the highest, in
Substance X or Y?
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2.2. Ray diagrams of refraction

In a similar way to what you learnt in Unit 1 (Reflection), whenever we work with light
rays shining onto a surface, we construct the normal to the surface. We therefore do this
when light shines onto the surface between one medium and another different medium.

Surface of new

medium

Normal

The angle that the incident ray makes with the normal is called the angle of incidence.

Incident ray

Angle of incidence
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The light ray that has entered the new medium is called the refracted ray. The angle that
this ray makes with the normal is called the angle of refraction.

Angle of refraction

Normal

Activity 2: Constructing ray diagrams for refraction

You will need:

a rectangular block of Perspex or glass

a ray box (OR a torch shining through a slit in a piece of cardboard)
a clean sheet of A4 paper

a pencil

aruler

a protractor

Experimental Procedure:

1. Place your Perspex block on the A4 paper, and position your ray box so that a
light ray shines onto one of the surfaces of your Perspex block at an angle (as
shown in the diagram). Draw a line around your rectangular block to mark its
position on the paper.

Refracted Emergent
ray
ray
O
Incident ei Normal

ray

\ Perspex
block
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2. What do you observe about the direction of the refracted ray inside the
block? Is it bent towards or away from the normal to the surface? Write down
your observations.

3. Now look carefully at the ray that comes out on the other side of the block, as
it shines back into the air (this is called the emergent ray). Is it bent towards
or away from the normal?

4, Use your pencil to make some marks on your piece of paper along the
incident ray.

5. Make a mark at the position where the refracted ray comes out of the Perspex
block. Remove the block and use your ruler to draw in the incident ray, the
refracted ray, and the emergent ray on your piece of paper.

6. Construct the normal to the surface at the position where the incident ray
strikes the surface, and at the position where the refracted ray strikes the
opposite surface before emerging into the air again.

7. Use your protractor to measure the angle of incidence and the angle of
refraction. Remember to measure your angles from the normal.

8. How does the angle of incidence compare with the angle of refraction?

See the video at https://www.youtube.com/watch?v=grUCxvpaRc8 to see a practical of
light refracted through a glass block.

When light is shone onto a surface along the normal to that surface, it is transmitted
into the new medium without bending, as the diagram below shows.

Incident ray

Normal

Light that is incident along the normal does not bend.

When the light ray hits the surface at an angle to the normal, this ray is bent as soon as it
travels into the new medium. If the ray is moving from a medium with a low optical
density (like air) to a medium with higher optical density (like glass), it is bent towards
the normal. In other words, the angle of refraction is smaller than the angle of
incidence.
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Incident ray
Glass Air

Normal

Refracted ray

Light ray from less dense to more dense medium bends
towards the normal (e.g. from air to glass)

If the ray is moving from a medium with a high optical density (like glass) to a medium
with lower optical density (like air), it is bent away from the normal. In other words,
the angle of refraction is greater than the angle of incidence.

Air | Glass Incident ray|

---------------------------

Normal

Light ray from more dense to less dense medium bends
away from the normal (e.g. from glass to air)
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Activity 3: Test your understanding of refraction

Answer

the following question.

Complete the ray diagrams shown below to show the path of light as the ray enters the
new medium.

(@)

(b)
Normal Normal
Air
Glass
Glass
Air Incident
ray
Incident
ray

MAIN IDEAS: When a light ray moves from one medium into a different
medium:

e ifitis moving from a medium with a high optical density to a medium

if it is incident at right angles to that surface (along the normal), it is
transmitted into the new medium without bending

if it is moving from a medium with a low optical density to a medium
with higher optical density, it is bent towards the normal

with lower optical density, it is bent away from the normal
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Unit 3. Total internal reflection

Learning outcomes:
When you have completed this unit, you should be able to:

e explain critical angle and total internal reflection;

e apply the concepts of critical angle and total internal reflection in various
familiar and novel contexts.

3.1. The critical angle

Recall from Unit 2 that a light ray that shines from a more dense to a less dense medium
is bent away from the normal.

Normal

Air
Glass

Incident
ray

Light shining from a more dense to a less
dense medium is bent away from the normal

If you keep increasing the angle of incidence, at some point the refracted ray that
emerges into the less dense medium disappears. The angle of incidence for which the
refracted ray just disappears (or shines along the surface of the incident medium) is
called the critical angle (6.).

Normal

900

Air ] _

Glass

Incident

ray 8

Critical angle = angle of incidence
when angle of refraction = 90°
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In other words, the critical angle is the minimum angle of incidence for which there is
no emergent ray. This only happens for light shining from a more optically dense to a
less optically dense medium. The greater the optical density of the medium, the smaller
the critical angle in that medium.

MAIN IDEAS:

e The critical angle is the minimum angle of incidence for which there is
no emergent ray. This only happens for light shining from a more
optically dense to a less optically dense medium.

e The greater the optical density of the medium, the smaller the critical
angle in that medium.

3.2. Total internal reflection

When the angle of incidence is bigger than the critical angle (6i > 0c), there is no ray
emerging into the air, and as a result there is total internal reflection inside the glass
block. This means that all of the light that shines onto the boundary between two media

is reflected, and none is refracted.
|
Normal

Air
Glass

Incident )
ray 8

Total internal reflection when
angle of incidence > critical angle

A video of the critical angle and total internal reflection can be seen at
https://www.youtube.com/watch?v=8VZHym6HqVU

The conditions that we need for total internal reflection to
take place are:

¢ light must be incident from the medium that has a
higher optical density, and must be approaching the
medium that has a lower optical density

e the angle of incidence must be bigger than the

critical angle (6i > 6¢)

Total internal reflection of a
light ray
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Activity 1: Observing total internal reflection

You will need:
A 2-litre plastic bottle

A torch
Sellotape
1. Make a small hole in the juice bottle, about a third of the way from the bottom of
the bottle. Cover this hole with sellotape.
2. Fill the bottle with water.
3. In the darkest place you can find, shine the torch into the bottle so that the light
from the torch falls onto the hole that you made.
4, Remove the sellotape and look at the stream of water that comes out of the
bottle?
MAIN IDEAS:

e Total internal reflection occurs when the angle of incidence is larger
than the critical angle (8i > 6c).

e Total internal reflection can only occur when light is incident from the
medium with the greater optical density, and is approaching the medium
that has a lower optical density.

3.3. Applications of total internal reflection

An optic fibre is made of glass that can be bent to any shape. The light
is totally internally reflected inside the optic fibre. In this way, light
can be transmitted from one place to another without any loss in the
strength of the light, since none of the light is absorbed or refracted at
the edges.

This principle of total internal reflection in optic fibres is applied in
medicine, in an instrument called an endoscope that is used by doctors
to examine parts of the body that cannot be seen by the human eye.

Total internal reflection
See the video at https://www.youtube.com/watch?v=0MwMKBET 51  of a light ray inside an
to find out more about how optic fibres work. optic fibre.
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Assessment Activity: Geometrical optics Total marks = 60

Answer the following questions to assess your understanding of geometrical optics:

Multiple choice questions:
Choose the correct answer for the questions below:

1. Kefilwe is running towards a mirror with a speed of 4 m's-1. To Kefilwe it appears
that her image in the mirror is moving: (3)
A. towards her with a speed of 4 m's'!
B. towards her at a speed of 8 m-s!
C. away from her with a speed of 4 ms1
D. away from her with a speed of 8 ms-1

2. Which of the following is correct for a light ray moving from medium X into
medium Y? (3)

medium X
medium Y
Optical density Speed of light

A. | medium X < medium Y speed in X <speedinY

B. | medium X > medium Y speed in X <speedinY

C. | medium X <mediumY speed in X >speedinY

D. | medium X > medium Y speed in X > speed in Y

3. Which of the following statements is true for medium X and medium Y: (3)

A. Alight ray moving from medium X into medium Y will be totally internally
reflected if the angle of incidence is greater than the critical angle.

B. Alight ray moving from medium X into medium Y will be totally internally
reflected if the angle of incidence is less than the critical angle.

C. Alight ray moving from medium Y into medium X will be totally internally
reflected if the angle of incidence is greater than the critical angle.

D. Alight ray moving from medium Y into medium X will be totally internally
reflected if the angle of incidence is less than the critical angle.
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Written response questions:

1. The diagram below shows reflection and refraction of a light ray. Choose the

correct label from the phrases in the box for each letter A to F. (6)
Incident ray Critical angle Angle of refraction
Refracted ray Angle of incidence Reflected ray
Refractive index Angle of reflection Total internal reflection
F
E=
2. State the law of reflection. (2)
3. Write a sentence that describes what the following terms mean:
a. Normal to the surface (2)
b. Angle of incidence. (2)
c. Angle of reflection. (2)
d. Angle of refraction. (2)
Critical angle. (2)
f. Total internal reflection. (2)
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4. The diagram shows a ray of light that is incident on a mirror.

Observer
V |°° ) Object
2cm
30° '
S\NN NN SR NN NN
mirror
What is the angle of incidence? (2)
b. What is the angle of reflection? (2)

c. What is the angle that the reflected ray makes with the surface of the
mirror? (2)

d. Ifthe objectis 2 cm away from the mirror, describe how and where an
image will be formed by an observer. (3)

5. Tumelo sits in a chair, looking into a mirror, which is 1,5 m away from him.
There is a soccer poster on the wall, which is 60 cm behind him. How far away
from his eyes does the poster appear to be? Show your working clearly. (4)

6. Alight wave has a frequency of 5 X 1014 Hz and a speed of 3 x 108 m's1 in air.
When this wave enters diamond, its speed changes to 1,25 x 108 m's-1. Find the

following:
a. The refractive index of the diamond. (3)
b. The frequency of the light wave in diamond. (2)
c. The wavelength of the light wave in diamond. (3)

7. Study the information in the table and answer the questions that follow:

Medium Refractive index
ice 1,31
ethanol 1,37
ruby 1,54
a. Which of these mediums has the smallest critical angle for a light ray
traveling from the medium into air? (2)
b. In which of these mediums does light slow down the most? (2)
c. Ifalight ray travels from ethanol into ruby, does it bend towards or away
from the normal? Explain your answer. (3)
d. Calculate the speed of light in ruby. (3)
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My Notes:

Use this space to write your own questions, comments or key points.

Summary of key learning:
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e Light travels in straight lines

e A group of light waves that travel in the same direction are called a
light ray

e Light travels with a constant speed in a medium

e The speed of light in a vacuum is 3 X 108 m/s.

e The normal to a surface is a line that is at right angle to the surface.

e The angle that an incident ray of light makes with the normal to the
surface is called the angle of incidence.

e The angle that a reflected ray of light makes with the normal to the
surface is called the angle of reflection.

e The law of reflection states that for a light ray that is reflected off a
surface: angle of incidence = angle of reflection

e When the eye sees a reflection in a mirror, the image is formed at the
same distance behind the mirror as the distance between the object
and the mirror, and is laterally inverted (the left and right hand sides
are swapped around).

e When light enters a new medium, its speed changes. This is called
refraction.

e The refractive index of a medium is the measure of the speed of
light in the medium.

e The refractive index of a medium can be calculated using the

equation:
C
n=-—
\%

e The optical density is defined as a measure of the extent to which a
substance transmits light or other electromagnetic radiation.
e When light enters a new medium its speed and wavelength changes,
but its frequency stays the same.
e When a light ray moves from one medium into a different medium:
o ifitisincident at right angles to that surface (along the normal), it
is transmitted into the new medium without bending
o ifitis moving from a medium with a low optical density to a
medium with higher optical density, it is bent towards the
normal
o ifitis moving from a medium with a high optical density to a
medium with lower optical density, it is bent away from the
normal
e The critical angle is the minimum angle of incidence for which there
is no emergent ray. This only happens for light shining from a more
optically dense to a less optically dense medium.
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4 )

e The greater the optical density of the medium, the smaller the critical
angle in that medium.

e Total internal reflection occurs when the angle of incidence is larger than
the critical angle (8i > 6c).

e Total internal reflection can only occur when light is incident from the
medium with the greater optical density, and is approaching the medium
that has a lower optical density.

- J
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Topic 4. Electricity and Magnetism

Introduction

Electricity and magnetism are very important aspects of Physics, because they underlie
many of the daily tools and instruments that we rely on. The ability to understand and
harness electricity has resulted in the development of lights, televisions and other
electrical devices. An understanding of the relationship between electricity and
magnetism has led to the development of motorcars and other machines.

In this topic you will learn about electrostatics, which is the force between electrical
charges that are not moving. You will also learn about electrical circuits, and how to
solve problems with these. You will be introduced to magnets and the magnetic field,
and then explore the relationship between electricity and magnetism
(electromagnetism).

Sub-topic 1. Electrostatics

Content:
Unit 1: Coulomb’s Law

Unit 2: The electric field

Unit 1. Coulomb’s Law

Learning outcomes:

When you have completed this unit, you should be able to:

e describe charge as either positive or negative, and measured in coulombs;
e state that unlike charges attract and like charges repel;

e explain the attraction between a charged object and a neutral object
(polarization);

e state Coulomb’s Law in words and mathematically: F = @ ;

e solve problems using Coulomb’s Law to calculate the force exerted on a
charge by one or more charges in 1-dimension.
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Introduction

Have you experienced a small shock when you touch a metal object? Or maybe you have
noticed sparks when you take your jersey off. You experience these things because of
static electricity, or electrostatics. In this unit you will explore the interactions between
different kinds of charges, and you will learn about how this links with some of your
everyday experiences.

1.1. Two types of charge

In the Chemistry component of this course you learn that all objects are made of atoms,
which have got two different types of charge, positive charges called protons, and
negative charges called electrons. Objects usually have an equal number of positive and
negative charges, and so the object is neutral.

TS o o= v
An object can be charged by friction, for example by rubbing S T ol 7
the object. The process of rubbing causes electrons to be added .
. . Neutral object
to, or removed from, an object. This causes an unbalanced
number of positive and negative charges, and as a result the -+ . .+
object becomes charged. T
e When there are more electrons than protons, the object Negatively charged
becomes negatively charged.
e When there are fewer electrons than protons, the object R
becomes positively charged. = v o +

Positively charged

1.2. Interactions between charges

When two charged objects are brought near to each other, there is a force between
them. In the following activities, you will investigate the forces between charged objects.

Activity 1: Investigating charge

You will need:

a plastic ruler or a perspex rod

a piece of paper that has been torn into small pieces

8. Rub the ruler or perspex rod with a piece of cloth. Bring this ruler near to
your small pieces of torn paper. What do you observe?

9. Rub the other objects that you have collected in the same way, and hold each
of them near to the pieces of paper. Do they all have the same effect on the
pieces of paper?
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When you rub a ruler with a piece of cloth, it becomes charged. The process of rubbing
causes the small negatively charged electrons to be added to, or removed from, an

object. These electrons are not created by the rubbing process, but already exist in all
objects.

The diagram below shows what happens when a perspex rod is rubbed by a piece of
cloth, causing the rod to be positively charged.

Rod loses electrons
and becomes
positively
charged

Electrons are
gained by
the cloth

Cloth

From your investigation you will notice that there is a force of attraction between the
charged ruler and the bits of paper.
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Activity 2: Investigating the interaction between two objects with the same charge

You will need:

A piece of paper that has been torn into small pieces

Some scotch magic tape

1. Stick a length of magic tape to your desktop, and pull it up very quickly. With the
sticky side facing upwards, bring this magic tape close to the bits of paper. What
do you notice?

2. Stick two lengths of magic tape to your desktop. Pull them up very quickly, and
hold them close to one another, and look carefully to see how they move. What
do you observe?

3. When two objects made from the same material are charged in the same way,
they must have the same type of charge on them (either both positive, or both
negative). We say that they have like charges. From your investigation, what
can you infer about the effect that objects with like charges have on each other?

What is happening?

In this investigation, you would have observed that two objects
that are charged in the same way push each other apart, or
repel one another. We can therefore conclude that like
charges repel one another.
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Activity 3: Investigating the interaction between two objects with opposite charge

You will need:

A piece of paper that has been torn into small pieces

Some scotch magic tape

1. Stick two lengths of tape on top of one another, so that the sticky side of one is
placed onto the non-sticky side of the other. Remove any excess charges that
might be on this combination of tape by rubbing the non-sticky side against your
lips. Test that there is no charge on this combination of tape using your torn
pieces of paper.

2. Now pull these two lengths of tape apart very quickly. Bring each of them near
to your pieces of paper. You will notice that they are both charged by pulling
them apart.

3. Stick your lengths of tape together again, rub them against your lips, and then
pull them apart again. Bring them near to one another, and look carefully to see
how they move. What do you observe?

4. When you pull two pieces of tape away from each other, you will notice that they
each become charged. Recall that objects are charged by either having electrons
added to them, or removed from them. Since the combination of tapes had no
charge, pulling them apart must have caused one of them to gain electrons, and
the other to lose electrons. They therefore have opposite charges to one
another. From your observations, what can you infer about the effect that
objects with opposite charges have on each other?

What is happening?

In this investigation you would have observed
that two objects that have opposite charges are
pulled towards each other, or attract one
another. We can therefore conclude that
unlike charges attract one another.

NASCA STUDENT WORKBOOK Natural Sciences Page 168



Activity 4: Test your knowledge of forces between charges

1. Aruleris negatively charged by rubbing it.

Were electrons added to the ruler or removed from it when it was charged?

b. Ifacharged piece of tape is attracted to the ruler, what is the charge on the
tape?

c. Ifacharged piece of tape is repelled by the ruler, what is the charge on the
tape?

d. What will you observe when you bring the two pieces of tape from (b) and (c)
above close to each other? Explain your answer.

2. Object A is charged, and as a result it is attracted to Object B. When Object B is
brought close to Object C there is a force of repulsion. If Object C is negatively
charged, what is the charge on Object A? Use a diagram to show how you get your
answer.

MAIN IDEA:
e Like charges repel one another.

F ( ) () F
e Unlike charges attract one another.

=G
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1.3. Polarisation

A charged object can attract an object that is uncharged. This is caused by a process
called polarisation. In the following activity you will investigate polarisation.

Activity 5: Investigating polarisation

You will need:

A balloon

A stream of smooth flowing water (e.g. from a tap)

1. Blow up the balloon and tie it so that it stays inflated.
2. Rub the balloon against your hair or a piece of material. This will charge the
balloon.

Open a tap so that a smooth stream of water is flowing.
4. Bring the charged balloon near to the stream of water. What do you observe?

Water is made up of polar molecules, which are positively charged on the one
side, and negatively charged on the other. If the balloon is negatively charged,
can you explain why it attracts the stream of water, which is neutral?

In the process of polarization, a positively —
charged object attracts the negative T e, t, Lt
charges in a neutral object, causing the + e
part of the neutral object that is nearby to ) .

. . o Neutral object becomes polarised
be negatively charged, and the part that is Positively charged

further away to be positively charged. object is brought

Some substances, such as water, are

made up of particles that have a

positive end and a negative end.

These are called polar substances. Positively

When a positively charged object is charged object
brought near to a polar substance, it +
causes the particles to turn around so = B
that their negative end is nearer to

the charged object, and their positive

NASCA STUDENT WORKBOOK Natural Sciences Page 170



end is further away. This results in a force of attraction between the positively charged
object and the negative ends of the particles in the polar substance.

Activity 6: Test your knowledge of forces between charged and neutral objects

1. Aneutral object experiences a force of attraction to a negatively charged object.

a. Explain what happens to the charges in the neutral object when the negatively
charged object is brought close to it.

b. What is the name of this process?
2. Aruleris negatively charged by rubbing it.

a. Describe what you will observe if you bring this ruler close to a continual
stream of water.

b. Explain your observations by describing what has happened to the water
molecules as the ruler is brought close to them.

MAIN IDEA:
e A charged object attracts an uncharged object because of
polarisation.

¢ In this process, a positively charged object attracts the negative
charges in a neutral object, causing the part of the neutral object
that is nearby to be negatively charged, and the part that is
further away to be positively charged.

1.4. Coulomb’s Law for calculating the force between charges

We can calculate the magnitude of the force between charged objects using Coulomb’s
law. This law states:

“The magnitude of the force of interaction between two point charges is directly
proportional to the product of the magnitudes of charges and inversely proportional to the
square of the distances between them.”

We can write this using a mathematical equation: F =k %
where F is the magnitude of the force between the charges, measured in newtons (N)
k is a proportionality constant, k =9,0x10°N-m2/C2

Q1 and Q2 are the magnitudes of the two point charges, measured in coulombs (C)
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r is the distance between the charges, measured in meters (m)

Notes on this equation:

e When we use this equation we do not include the + or - signs of the charges. We
use this equation to calculate the size (magnitude) of the force.

e The direction of the force can be worked out from the attraction or repulsion of
the + and - signs of the charges.

Example: (Try to solve this problem on your own or with a fellow student while
covering the solution, and then check your work using the solution below).

Two charges Q1 and Qz are placed a distance of 3 cm from each other.

Q,=2,0C Q,=-15C

@< >
3cm

a. What is the magnitude and direction of the force on charge Q1?
b. What is the magnitude and direction of the force on charge Q2?
c. Draw a free body diagram for each charge, showing the force on that charge.

Solution
Given: Q1=2,0C Q2=-15C r=3cm=3x102m

a. Magnitude of the force on charge Q1 due to charge Q2 is:

R =k 222 _ 9,100 Nmec 2 x 209XISC 5 iy
r (3x10°m)

Unlike charges attract one another.

Therefore, the force on charge Q1 is F,, = 3x10"°N to the right

b. Force on charge Q2 is equal and opposite to force on charge Q1 (Newton'’s 3rd
law). Therefore force on charge Q2 is:

Fi, =3x10°N to the left
c. Free body diagram for charge Qi:

L E—

Ql F21
d. Free body diagram for charge Q:

<

I:12 Q2
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MAIN IDEA: The magnitude of the force F between point charges Q1 and
Q2 that are a distance r apart can be found using Coulomb’s Law, which
we can write mathematically as:

e F=k Qigz where k =9,0x10°N-m?/C2.

Activity 7: Test your knowledge of Coulomb’s Law

Answer the following questions:

e Q,=2x10°C
1. Two charges Q1 and Qz are arranged as shown in the
diagram:
a. Find the magnitude and the direction of the force 0.3 mm
on charge Q1. '
b. Draw a free body diagram showing the force acting
on charge Q1.
c. Find the magnitude and the direction of the force
on charge Q2. ¢ Q=-6x10°C
d. Draw a free body diagram showing the force acting
on charge Q2.
2. The magnitude of the force between two unknown charges is 8 N. The

distance between the charges is then halved. What is the new force between
these charges? Explain your answer.

3. A 1,6 uC charge experiences a force of 7200 N to the right when it is placed
2 mm to the left of an unknown charge Q. What is the charge on Q?
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Unit 2. The electric field

Learning outcomes:
When you have completed this unit, you should be able to:

e describe an electric field as a region in which an electric charge experiences a
force;

e draw the electric field of an isolated point charge and recall that the direction
of the field lines gives the direction of the force acting on a positive test
charge;

e draw the electric field pattern between two isolated point charges

e define the magnitude of the electric field at a point as the force per unit
charge, E=F/q;

e calculate the electric field at a point due to a number of point charges in 1-

. . . . k
dimension, using the equation E = T—S .

Introduction

The electric field is a region in which an electric charge experiences a force. In this unit
you will learn how to show the electric field using electric field lines, and how to find the
magnitude and direction of the electric field.

2.1. Electric field lines

When a charge experiences a force, this is because there is an electric field at the
position where that charge is placed. The electric field is a vector, and so it has a
direction. The direction of the electric field is the same as the direction of the force that
a positive test charge q experiences when it is placed in the electric field.

»
»

p—>

Electric field

Force

+ @O

We use electric field lines to show the direction of the field. The arrow on the end of an
electric field line shows us the direction of the field. The more closely spaced the electric
field lines are, the stronger the electric field is at that point.
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2.2.  The electric field strength

The strength of the field is the amount of force that a +1 C test charge would experience.
In other words, we can calculate the magnitude of the electric field (E) by dividing the
magnitude of the force (F) experienced by some test charge by the value of its charge

()

F
Mathematically we write thisas: E=—

where E is the magnitude of the electric field strength, measured in units of N/C
F is the magnitude of the force on the test charge, measured in newtons (N)
q is the charge on the test charge, measured in coulombs (C)

Notes on this equation:

e When we use this equation we do not include the + or - signs of the test charge.
We use this equation to calculate the magnitude of the electric field. So we just
use the magnitude of the test charge.

e The electric field and the force are both vectors, and so they both have a
magnitude and a direction. We have already seen that the direction of the force

on a positive test charge is the same as the direction of the electric field at that
point.

Electric field

v

Force

+@ O
h 4
k)

P
L

e When a negative test charge is brought into a space where there is an electric

field, the direction of the force on the test charge is opposite to the direction of
the electric field at that point.

Electric field

Y

A J
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MAIN IDEA:
e The magnitude of the electric field E on a test charge q that

experiences a force F can be calculated using the equation:

F
E=—
q
e The direction of the force on a positive test charge is the same as

the direction of the electric field at that point.
e The direction of the force on a negative test charge is opposite to
the direction of the electric field at that point.

Example: (Try to solve this problem on your own or with a fellow student while
covering the solution, and then check your work using the solution below).

a. A positive test charge q = 2 nC experiences a force of 6 N to the right. What is the
electric field at this point?

b. What is the force on a negative test charge q = -3 uC that is brought into this
same electric field?

Solution

a. Given:q=2nC=2x10°C F=6N to the right
The electric field strength is:

E d 6N 3x109N/C
== = = X
q 2x107°C /
The electric field direction is the same as the direction of the force on the
positive test charge, so E =3 x 10° N/C to the right.

b. Given:q=-3uC=-3x106C E=3x10%N/C to the right
F
To find the magnitude of the force we can change the equation E = a to make F

the subject of the formula:

F=Eq=3x10°NC1x3x106C=9x103N
The direction of the force is opposite to the direction of the electric field on a
negative test charge, so F =9 x 103 N to the left.

2.3. The electric field around a charge

In the same way that a magnet has a magnetic field around it, there is an electric field
that exists around a charged object.

If we want to find the strength of the electric field at a distance r from a charge Q, we
kQ

can use the equation: E = —
r
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where E is the magnitude of the electric field strength, measured in units of N/C
k is a proportionality constant, k = 9,0x10 ° N-m?2/C?

Q is the magnitude of the charge that creates the field, measured in coulombs (C)

r is the distance from the charge, measured in meters (m)

Notes on this equation:

e When we use this equation we do not include the + or - signs of the charge. We
use this equation to calculate the magnitude of the electric field. So we just use
the magnitude of the charge.

e The direction of the electric field can be found using the sign on the charge. The
electric field points outward from a positive charge, and inward towards a
negative charge.

K Electric field
lines

-
~

\
\
\
N
N
N
——————— >
g
7
/
/
/
X

Example: (Try to solve this problem on your own or with a fellow student while
covering the solution, and then check your work using the solution below).

What is the electric field at a point that is 3 mm to the right of a charge Q = -2 nC?

Solution
i = = =3 = -
Given: r=3mm=3X103m Q=-2nC Q=-2nC E
(_
[ e >e
The electric field strength is:
3 mm

kQ 9x10°% x2x10~°
Ei===t= — = 3 x 106 N-C1

r? (3x1073)2

The electric field direction at this point is left, since the electric field points inwards
toward a negative charge.

So the electric field at this point is E = 3x10° N-C-! to the left.
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MAIN IDEA:
e The magnitude of the electric field E at a distance r from a charge
Q that is creating the field can be calculated using the equation:

e The direction of the electric field points outward from a positive
charge, and inward towards a negative charge.

Activity 1: Test your knowledge of the electric field
Answer the following questions:

1. A positive test charge q = 2 C experiences a force of 0,8 N downward. What is the
electric field at this point?

2. Anegative test charge q = -3 puC experiences a force of 90 N to the left. What is
the electric field at this point?

3. The electric field at point P is 5 x 104 N-C-1 to the left.

a. What is the force on a positive test charge q1 = 2 nC that is placed at this
point P?

b. Charge q1 is removed, and an unknown charge qzis placed in its place at
point P. This charge experiences a force of 500 kN to the right. What is the
charge on qz2?

4. What is the electric field strength and direction at a point that is 3 mm to the left
of a charge Q =1,8 uC?

2.4. Applications of electrostatics

Photocopying machines and printers use the
principle of electrostatics to make photocopies.
Light is reflected off the original page onto a rotating
drum. The drum becomes positively charged in the
places where light does not shine onto it (in other
words, the black parts of the page), and a negatively
charged black powder is attracted to these
positively charged parts of the drum. This is then
transferred to the blank paper. This makes it look Photocopying machine (image from

similar to the original page. http://ecx.images-
amazon.com/images/1/413fZwmNESL.jpg)

NASCA STUDENT WORKBOOK Natural Sciences Page 178



Electrostatics is also applied in spray painting, ]
where particles of paint are given a positive Electrostatic spray gun —s
charge as they leave the spray gun. The object _{

to be painted is earthed so that there is an th"““~\|
electric field between the spray gun and the Positively charged
object. The charged paint droplets follow the paint droplets

electric field lines, and are deposited evenly

over the object’s surface.

Lightning takes place when a thunder cloud
becomes charged by the rubbing together of air
and water particles moving past each other.
This creates an electric field between the cloud
and the ground. A lightning strike occurs when
there is a massive release of charge between
the cloud and the ground. Lightning
conductors are tall metal poles that are Sy
attached to the earth by a conducting wire. =
This creates a safe path for lightning to pass =

through. T
i Lightning
+| conductor
i -
4
+ + + +
+ + + + +
Reflection Activity

Have you noticed that large trucks
often have a small chain that hangs
down and touches the ground. Can
you think of a reason for this? Why
do you think this is especially
important for petrol tankers? Do
some investigation to find out why
this chain is necessary.

NASCA STUDENT WORKBOOK Natural Sciences Page 179



Assessment Activity: Electrostatics Total marks = 40

Answer the following questions to assess your understanding of electrostatics:

1. A positively charged object is brought close to a negatively charged object. What
do you observe? (D

2. Object A is a positively charged.

a.

Were electrons added to Object A or removed from Object A when it was

charged? (1)
Object B is a charged object that is repelled by Object A. What is the
charge on Object B? (D
If Object C is a charged object that is attracted to Object A, what is the
charge on Object C? (D

Will Object B and Object C attract each other, or repel each other? (D

3. Object X has an unknown charge, and is attracted to both a positively charged
object and a negatively charged object.

a.

What is the charge on Object X to make this possible? (positive / negative

/ neutral) (1)
Explain the process that happens in Object X to allow it to experience a

force of attraction to the negatively charged object. (3)
What is the name given to this process? (D

4. The force between two charged objects is F. Which of the following changes will
increase the force between the charges to 4F? (Just write YES or NO)

d.

© oo o

-

=

Double the charge on one of the objects. (D
Increase the charge on one of the objects by a factor of 4. (D
Double the charge on both of the objects. (D
Increase the charge on both of the objects by a factor of 4. (D
Halve the distance between the charges. (D
Double the distance between the charges. (D
Reduce the distance between the charges by a factor of 4. (D
Increase the distance between the charges by a factor of 4. (D

5. The electric field at point P in the diagram is 600 N-C-1 to the left.

P

Q 0,3m
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a. What is the charge on Q? (4)

b. Ifatest charge q = 4nC is placed at point P, what is the magnitude and
direction of the force it would experience? (4)

6. Two charges Q1 and Q2 are arranged as shown in the diagram below.
Q,=6x10°C Q,=-1x10%C

o< >@
3cm

a. Calculate the magnitude and direction of the force that charge Q1

experiences. (4)
b. If charge Q1 is removed, find the magnitude and direction of the electric
field at this position. Calculate this in two different ways. (7)
7. Describe one of the ways that electrostatics is applied in everyday life. (3)

My Notes:

Use this space to write your own questions, comments or key points.

NASCA STUDENT WORKBOOK Natural Sciences Page 181



Summary of key learning:

e There are two types of charge: positive charges, and negative
charges.

e When there is an unbalanced number of positive and negative
charges on an object, the object becomes charged.

e When there are more electrons than protons, the object is

negatively charged.

e When there are fewer electrons than protons, the object is
positively charged.

e Like charges repel one another, and unlike charges attract one
another.

e A charged object attracts an uncharged object because of
polarisation.

e In polarisation, a positively charged object attracts the negative
charges in a neutral object, causing the part of the neutral object that
is nearby to be negatively charged, and the part that is further away
to be positively charged.

o Coulomb’s Law states: “The magnitude of the force of interaction
between two point charges is directly proportional to the product of
the magnitudes of charges and inversely proportional to the square of
the distances between them.”

e The magnitude of the force F between point charges Q1 and Q2 that
are a distance r apart can be found using Coulomb’s Law, which we

Qigz where k =9,0x10°

can write mathematically as: F = k
N-m2/C2.
e The magnitude of the electric field E on a test charge q that

experiences a force F can be calculated using the equation:
F

q
e The direction of the force on a positive test charge is the same as the

direction of the electric field at that point.

e The direction of the force on a negative test charge is opposite to the
direction of the electric field at that point.

e The magnitude of the electric field E at a distance r from a charge Q
that is creating the field can be calculated using the equation:

_ka

T2
r
e The direction of the electric field points outward from a positive
charge, and inward towards a negative charge.
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Sub-topic 2. Electric circuits

Content:

Unit 1: Current, resistance and potential difference in electric circuits

Unit 2: Energy transfer in electrical circuits

Unit 1.

Current, resistance and potential difference in electric circuits

Learning outcomes:

When you have completed this unit, you should be able to:

state that current (I) is a rate of flow of charge, measured in amperes;
apply the equation I = Q/At;
explain conventional current;

define electromotive force (emf) as the work done in moving a unit charge
around a complete circuit, measured in volts;

define the potential difference (V) across an element in a circuit as the work
done to move a unit charge through the element, measured in volts;
draw diagrams to show how to connect an ammeter to measure current

through a circuit element, and a voltmeter to measure voltage across a circuit
element;

define resistance;

apply the formulae for the equivalent resistance of a number of resistors in
series and in parallel;

state that the current is constant through each element in a series circuit;

state that the total potential difference is equal to the sum of the potential
differences across the individual elements in a series circuit;

calculate the equivalent resistance of resistors connected in series:
Rs=Ri1+Rz2+ ... ;
state that the potential difference is constant across circuit elements that are
connected in parallel;

state that the current from the source is the sum of the currents in the
separate branches of a parallel circuit;

calculate the equivalent resistance of resistors connected in parallel:
1/Rp =1/R1+1/R2 + ... ;

NASCA STUDENT WORKBOOK Natural Sciences Page 183




e state that the potential difference across the separate branches of a parallel
circuit is the same and apply the principle to new situations or to solve
related problems;

e state Ohm’s Law in words and mathematically: R=V/I;

e solve problems for circuits involving resistors connected in series and
parallel.

1.1. Current

When charges move from one atom to another in an electrical
circuit, this forms a flow of charges around the circuit, which is
called an electrical current. When these charges move through
a light bulb, they rub against the metal of the bulb’s filament,

causing friction, and the bulb lights up. the bulb

Filament: thin wire inside a
light bulb that glows when
there is electrical current in

The word “current” describes how fast the charges move in a circuit. In other words, we
can define current as the rate of the flow of charges. We can express this in an equation:

_R
At
where I is the current, measured in amperes (A),
Q is the amount of charge, measured in coulombs (C), and
At is the time interval, measured in seconds (s).

From this equation we can see that 1 A =1 C/s. In other words, the current tells us how
many coulombs of charge are passing a point in the circuit in one second. The value of
the current affects the physical effect that this current has in a circuit. For example, the
greater the current that flows through a light bulb, the brighter the bulb will be.

Example: (Try to solve this problem on your own or with a fellow student while
covering the solution, and then check your work using the solution below).

1. 16 C of charge passes a point in a circuit in the time of 4 seconds. What is the value
of the current that passes this point in the circuit?

2. A current of 2 A flows through a resistor. How much charge flows through this
resistor in 30 seconds?

Solution

1. Given:Q=16C; At=4s
_ Q _ 16C_
At 4s

2. Given:1=2A; At=30s
From the equation I = % we can solve for Q:

Q=I1xAt=2Ax30s=60C

NASCA STUDENT WORKBOOK Natural Sciences Page 184



charges in a circuit:
_Q
At

1A=1C/s

MAIN IDEAS: Current (measured in amperes) is a measure of the rate of flow of

1.2. What is needed for current to flow in a circuit

The convention that has been chosen by scientists is that
current flows from the positive terminal of the battery to the
negative terminal. The term “conventional current” is
sometimes used to describe this direction for the current
flow.

Convention: an accepted
practice that people have all
agreed on

In the following activity you will investigate what is needed for an electrical current to

flow in a circuit.

Activity 1: Investigating closed circuits

You will need:

1 battery (a 1.5V torch battery is best)
1 torch bulb
2 electric leads (any pieces of wire which have both ends not covered in plastic)

10.  Using your torch battery, bulb and leads, try to find all of the ways in which
these can be arranged so that your bulb lights up. (You should be able to find

four different arrangements.)

11.  Write a list of the conditions that need to be met in order for a bulb to light up
in a circuit. (You can see when a current is flowing if the bulb lights up).

For current to flow in a circuit, the circuit elements need to be connected in a closed
loop, in other words there should be no gaps in the circuit. This is called a closed

circuit. We also need an electrical energy source, which is the
battery. Resistors are the elements of a circuit that use the
electrical energy for some purpose, for example to provide
heat, light or sound.

Circuit elements: parts of a
circuit, such as batteries,
bulbs and switches
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1.3. Circuit Diagrams

When we draw diagrams of electrical circuits, we do not show the physical shapes or
connections of the circuit elements. Rather, we use symbols to show the circuit
elements, and lines to show the electrical connections. This way of representing an
electrical circuit is called a circuit diagram. From a circuit diagram, we cannot tell how
close together the circuit elements are. This is because circuit diagrams do not show the
physical layout of the circuit. They show us the electrical connections.

The symbol for a battery, a resistor, a switch and a light bulb are shown in the diagrams
below.

|+

Symbol for a battery Symbol for a resistor

- — ) —

Symbol for a switch Symbol for a light bulb

The circuit diagram on the left below represents an open circuit with a battery, a
resistor and a switch. The circuit diagram on the right shows a closed circuit, which is
formed when the switch is closed, allowing the current to flow. When circuit elements
are connected together in a single loop this is called a series circuit.

-1|+ |+
1 ||
battery battery
switch \ current y
resistor resistor
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Activity 2: Test your understanding of current

Answer the following questions:

1. Draw a circuit diagram for a circuit containing a battery, a switch, a resistor
and a light bulb connected in a closed loop.

2. Explain in your own words what the term current means.

3. 6 C of charge passes a point in a circuit in the time of 3 seconds. What is the

value of the current at this point in the circuit?

4. A current of 0,2 A flows through a bulb. How much charge flows through this
bulb in 5 minutes?

5. In Circuit A half a coulomb of charge passes through a bulb in each second. In
a Circuit B 10 C of charge passes through a bulb in half a minute. In which
circuit will the bulb will be brightest, Circuit A or Circuit B?

MAIN IDEAS:
e Current flows from the positive terminal of the battery to the negative
terminal

e For current to flow we need a closed circuit with a power supply (battery)
e When circuit elements are connected together in a single loop this is called a
series circuit.

1.4. Measuring current n

When we want to measure the amount of current that is
flowing in a circuit, we use an instrument called an Ammeter
ammeter. The ammeter measures the current that
flows through it, so we connect the ammeter in series
with a circuit element.

The positive (red) terminal of the ammeter must always be connected to the positive
terminal of the battery, and the negative (black) terminal of the ammeter must be
connected to the negative terminal of the battery.
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Activity 3: Measuring current in a 1-bulb circuit

You will need:

1 battery

1 torch bulb

An ammeter
Electric leads

1. Create a circuit where the battery is connected in a 1‘
loop with a light bulb, as shown on the right. “
2. Connect your ammeter into the position marked1 14 i)
in this circuit. Write down the current reading.
(NOTE: If the ammeter has more than one scale,
always connect to the largest scale first so that the @
ammeter will not be damaged by having to
measure values that are too large).
3. Connect your ammeter into the position marked 2 in this circuit. How does
this current reading compare to the one at position 1?7
4, Write a summary of your findings from this experiment.
]
When we measure the current in a series circuit, we find that ‘
the current is the same at different points in the circuit. For 14 )

example, at points 1 and 2 in the circuit on the right the
current is the same.

MAIN IDEAS:
e We use an ammeter to measure electrical current.
e The ammeter must be connected in series in the circuit.
e The current is the same at all points in a series circuit.
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1.5. Potential difference

In a circuit the battery is the source of the electrical energy. There is no flow of charges
without a battery, since it gives a push which sends the charges around the wires in the
circuit. This push of the charges is called the electrical potential difference. Electrical
potetial difference is measured in units of volts (V).

The definition of potential difference across a circuit element is the work done to move
a unit charge through the element.

In a circuit, the battery creates an increase in the potential difference, and the
resistors cause a decrease in the potential difference. In other words, the resistors use
up all of the potential difference created by the battery. The potential difference that is
measured across the battery in a circuit is called the electromotive force (emf) of the
battery. We therefore define emf as the work done in moving a unit charge around a
complete circuit, measured in volts. We define the potential difference (V) across an
element in a circuit as the work done to move a unit charge through the element,
measured in volts.

MAIN IDEAS:
e The electrical potential difference across a circuit element is the work
done to move a unit charge through the element.
Electrical potential difference is measured in volts (V).
e The electromotive force (emf) is the potential difference across the battery
and is defined as the work done in moving a unit charge around a complete
circuit.

1.6. Measuring potential difference

When we measure the potential difference we use an

Voltmeter instrument called a voltmeter . The voltmeter measures the
- potential difference across its terminals, so we connect the
voltmeter in parallel to the circuit element. In the diagram
Sl on the left the voltmeter is connected in parallel to the

battery.

The positive (red) terminal of the voltmeter must be
connected to the positive terminal of the battery, and the
negative (black) terminal of the voltmeter to the negative

terminal of the battery.
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Activity 4: Measuring potential difference

You will need:

1 battery

1 torch bulb
1 voltmeter
Electric leads

1. Create a circuit where the battery is
connected in series with a switch and a
torch bulb, as shown in the circuit diagram.

2. Connect your voltmeter to measure the
potential difference across the battery. m
Record the voltage reading when you have \’VVV\_/

closed the switch in your circuit.

3. Connect your voltmeter to measure the potential difference across the bulb
when the switch is closed. Write down the voltage reading.

4. How does the potential difference across the resistor compare with the
potential difference measured across the battery?

5. Connect your voltmeter to measure the potential difference across the switch
when it is closed. Can you explain this reading?

MAIN IDEAS:
e We use a voltmeter to measure electrical potential difference.
e The voltmeter must be connected in parallel to the circuit element.
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1.7. Resistance

A resistor makes it more difficult for charges to
pass through it than through ordinary conductors.
Resistors oppose, or resist, the path of the current.
The greater the value of its resistance, the more a
resistor will resist the flow of current in the circuit.
Resistance is measured in ohms (€2).

A higher value for the resistance in a circuit causes
the current flowing in that circuit to decrease. This
is because resistors cause an obstacle to the flow
of current in a circuit. Therefore when the
resistance increases, the current in the circuit
decreases. The picture on the right gives you an
idea of how a resistor works in a circuit, by causing
a blockage to the flow of current.

1.8. Ohm'’s Law

In the following activity you will investigate the mathematical relationship between
current, voltage and resistance.

Activity 5: Investigating the relationship between current, voltage and resistance

You will need:

4 batteries and a battery holder,

2 resistors, one that has double the resistance of the other
1 ammeter and 1 voltmeter

Some connecting leads

1 switch
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1. Design and build a circuit consisting of one battery connected in series with
the smaller resistor and a switch.

2. Connect the ammeter and voltmeter in your circuit so that you can measure
the current through the resistor, and the voltage across it.

3. Measure the current through the resistor, and the voltage across it, for
circuits consisting of two, three and four batteries. (NOTE: only close your
circuit for a short time when taking your readings, because the temperature
must be kept constant.)

4. Record your measurements in a table like the one below:
Reading 1 | Reading 2 Reading 3 | Reading 4
(One (Two (Three (Four
battery) batteries) batteries) batteries)
Small Voltage (V)
resistor | current (A)
Large Voltage (V)
resistor | Current (A)
5. Using a piece of graph paper, plot a graph of voltage on the y-axis against

current on the x-axis. What do you notice about the shape of this graph? What
does this tell you about the relationship between voltage and current?

Draw a best-fit line through your points.
Calculate the gradient of the best-fit line.

Repeat steps two to four with the larger resistor.

o N o

On the same set of axes as your previous graph, plot the graph of voltage
against current for this larger resistor. Answer the following questions:

How do your two graphs compare with one another?
b. Which graph has the higher value for its gradient?

c. What would the graph look like for a resistor that has half the resistance
of the smaller resistor?

d. What can you infer about the physical quantity that the gradient of this
graph tells us about?

10.  Write a clear and precise summary of your conclusions.
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(Suggestion for alternative equipment

1. If you do not have two resistors with different resistances, you can use different
lengths of pencil lead, since pencil lead is made of graphite, which is a resistor. The
longer the length of pencil lead, the greater its resistance.

2. Ifyou do not have any of the equipment to do this experiment yourself, we have
provided some possible values for you to work with. These are shown in the table
below. Use these values to try to complete all of the steps from point 5 onwards.

Reading 1 | Reading 2 Reading 3 | Reading 4

(One (Two (Three (Four

battery) batteries) batteries) batteries)
Small Voltage (V) |09V 14V 26V 32V
TesiStor | current (A) | 1,2 A 25 A 41A 5.8 A
Lewse Voltage (V) |15V 25V 45V 59V
Tesistor | current (A) | 1,3 A 2,6 A 45 A 5,7 A

\

From this activity, you would have observed that, as the voltage in the circuit is
increased (by adding batteries to the circuit), the current also increases. If you only
closed your switch for a short time when taking your readings, the temperature would
have remained constant, and so your graph should have been a straight line. This tells
us that, at constant temperature, the current is directly proportional to the voltage.
We can summarize this relationship in the following mathematical way: V al.

This relationship between voltage and current is called Ohm’s Law, which states that
the current through a resistor is directly proportional to the voltage across the resistor
at constant temperature.

The gradient of your graph for the smaller resistance should have been lower than the
gradient for the higher resistance. So the gradient of the graph of voltage against
current tells us about the size of the resistance. The greater the resistance, the higher
the value that we find for the gradient.

When we calculate the gradient of this graph, we are dividing the voltage by the current,
and this tells us about the resistance.

\%
We can express Ohm’s Law using a mathematical equation as: R = T
where R is the resistance of a resistor, measured in ohms (1)
V is the voltage (potential difference) across the resistor, measured in volts (V)

[ is the current through the resistor, measured in amperes (A)

From this equation you can see that 1 ohm is equal to one volt per ampere. We can write
this mathematicallyas 1 QQ =1 V/A.
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Example: (Try to solve this problem on your own or with a fellow student while
covering the solution, and then check your work using the solution below).

For the circuit shown, use Ohm’s Law to calculate: " 2 A
a. theresistance R1 4
b. the voltage V>
Solution:
Given: Forresistor1l Vi=3V [=2A [
Forresistor2 R2=5Q [=2A Ry 5Q
a. From Ohm’s Law:
V 3V 150
124
b. We can rewrite Ohm’s Law as:
V2=R-1=5Q0x2A=10V
Activity 6: Calculations with Ohm’s Law
Use Ohm’s law to answer the following questions:
1. The voltage across a resistor is measured to be 2 V. The current through the
resistor is 0,5 A. Calculate the resistance of this resistor.
2. Calculate the voltage across a 3,5 () resistor that has a current of 2 A flowing
through it.
3. The current in a circuit is 3 A when a resistor that has a resistance of x (1 is

connected in a closed loop with a battery that has a voltage V. What is the current
measured in the circuit when the same battery is connected in a closed loop

with a resistor that has a resistance of:

a. ¥Bx
b. 2x
c. 5x
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1.9. Resistors in series

In a circuit that has two or more resistors that are connected in series (next to each
other), the current in the resistors is equal. This is because current in a series circuit
only has one path to move through.

The potential difference across the battery in a circuit is equal / °

to the total potential difference across the resistors in a series

4|+
circuit. For example, in a series circuit with two resistors, R1 I|
and Rz, with potential differences of V1 and V2, the potential
difference across the battery can be expressed as:
Vbattery = V1 + V2 [@\\
Rl R2

For any circuit with two or more resistors connected in series,
we can write the battery potential difference in a circuit as: Vi = Vi + Vs

Vbattery =Vi+V2+ ..

Resistors that are connected in series are called potential dividers because they share
the battery’s potential difference. The larger resistance will get the greater share of the
potential difference. In other words, the potential difference across a resistor is
proportional to the value of its resistance.

MAIN IDEAS:

e The current in series resistors is equal.

e The terminal potential difference across the battery in a circuit is always
equal to the sum of the potential difference across the resistors in a series
circuit: Vbattery = V1 + V2 + ...

e Series resistors are potential dividers
The potential difference across a resistor is proportional to its resistance

The total resistance is equal to the sum of the resistances that are connected in series.
For example, in a series circuit with two resistors, R1 and Rz, with total resistance can be
expressed as: Rs=R1+ Rz

For any circuit with two or more resistors connected in series, we can write the total
equivalent resistance of resistors in series as:

Rs=Ri1+R2+ ...
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When resistors are connected in series, they together oppose the flow of charge more
than when they are on their own. This has the effect of decreasing the current through
the circuit. Therefore, the higher the resistance in a circuit, the lower the current.
Mathematically we say that the current is inversely proportional to the resistance.

\Y
We can prove this mathematically from the equation for Ohm’s Law, which isR = T

From this equation we can see that

1
ROCT

Mathematically, this tells us that R is inversely proportional to I.

MAIN IDEAS:
e The total equivalent resistance of series resistors is equal to the sum of the
individual resistances: Rs=Ri1+ Rz2+ ...
e The current in a circuit is inversely proportional to the total resistance.
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Activity 7: Resistors in series

You will need:

2 batteries
3 torch bulbs
Electric leads
2 switches

1. Connect the two circuits shown in the diagrams
on the right.

2. Close the switch in Circuit 1 and observe the
brightness of the bulb.

3. Close the switch in Circuit 2 and observe the m
bright f the bulb VNV
ghtness of the bulbs. U

4. Compare the brightness of the bulbs in Circuit 1
Circuit 2 with Circuit 1. Discuss the following
questions:

a. What can you conclude about the current in
the bulb in Circuit 1 compared to Circuit 2?

b. What can you conclude about the current
through the battery in Circuit 1 compared

to Circuit 2? 7\ @
5 Use your ammeter to measure the current w

through the battery in Circuit 1 and Circuit 2.

Do your current readings agree with the Circuit 2
conclusions that you made from your
discussions?

6. Use your voltmeter to measure the potential difference across the bulb and

the battery in Circuit 1 with the switch closed. How do these voltage
readings compare?

7. Use your voltmeter to measure the potential difference across the bulbs and
the battery in Circuit 2 with the switch closed. How do these voltage
readings compare?

8. What can you conclude about the relationship between the battery terminal
potential difference and the potential difference across the resistors in a
series circuit?
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Example: (Try to solve this problem on your own or with a fellow student while
covering the solution, and then check your work using the solution below).

1. What s the total resistance in the circuit on the right? ;I
2. What is the potential difference across the 6 Q resistor?
3. What is the battery voltage?
4. Calculate the current in the 2 Q resistor. [ \
R1=2Q R2 = 6Q
Solution

1. Rs=R1+R2=2Q+6Q=8Q
2. IfVi1=4V, then since Rz has 3 times the resistance of Ry, its voltage must be 3 times
Vi.SoV2=3%x4V=12V.
3. Vbattery=V1+V2=4V+12V=16V
V 4V

Example (Try to solve this problem on your own or with a fellow student while
covering the solution, and then check your work using the solution below).

Find the current Iz in the second circuit below. (All of the batteries are the same,
and ignore internal resistance.)

Il:4A 12:7

20 8Q

Solution

The current is inversely proportional to the resistance. The resistance in the second
circuit is 4 times the resistance in the first circuit, so its current must be a quarter of
that in the first circuit.

Sob=Y4li=Y4ax4A=1A
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Activity 8: Test your understanding of resistors in series

1. List the bulbs in the circuits shown in the diagram in order from brightest to
dimmest. Explain your reasons for your answer.

el

2. The potential difference across the 2 Q resistor in the | Re=1Q |
circuit on the right is 4 V. (Ignore the effects of the

battery’s internal resistance.)
a. Find the total equivalent resistance in the circuit. / \

b. Find the current through resistors R1 and Rs.

R1=3Q

c. Find the potential difference across resistors R1 and
Rs.

d. Find the potential difference of the battery.

3. Resistor R1 is removed from the circuit so that you now have a closed circuit with just
Rz and Rs3 connected in series with the battery.

a. Find the total equivalent resistance in the circuit.
b. Find the current through the battery.
c. Find the potential difference of the battery.

1.10. Resistors in parallel

In the following activity you will investigate the effect on the current and resistance in a
circuit when two resistors are connected in parallel.
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Activity 9: Resistors in parallel

You will need:

2 batteries
3 torch bulbs
Electric leads
2 switches

1. Connect the two circuits shown in the
diagrams on the right.

2. Close the switch in Circuit 1 and observe the
brightness of the bulb.

3. Close the switch in Circuit 2 and observe the
brightness of the bulbs.

Circuit 1

4, Compare the brightness of the bulbs in
Circuit 2 with Circuit 1. Discuss the following
questions:

1l
b
a. What can you conclude about the current in

the bulb in Circuit 1 compared to Circuit 2?

to Circuit 2?

5. Use your ammeter to measure the current
through the battery in Circuit 1 and Circuit 2.
Do your current readings agree with the

conclusions that you made from your Branch 2

b. What can you conclude about the current @
through the battery in Circuit 1 compared Branch 1
N

discussions?

6. Use your ammeter to measure the current in
Branch 1 and Branch 2 of Circuit 2. How do
these current readings compare with the current through the battery?

Circuit 2

7. Use your voltmeter to measure the potential difference across the bulb and
the battery in Circuit 1 with the switch closed. How do these voltage
readings compare?

8. Use your voltmeter to measure the potential difference across the bulbs and
the battery in Circuit 2 with the switch closed. How do these voltage
readings compare?

9. What can you conclude about the relationship between the battery potential
difference and the potential difference across the resistors in a parallel
circuit?

See the video at https://www.youtube.com/watch?v=vlicY0Y491Q for an experiment
showing light bulbs connected in parallel.
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You can also find videos on series and parallel circuits at:

e https://www.youtube.com/watch?v=tZ0oBr4ghrw
e https://www.youtube.com/watch?v=XSukRnxGy5c¢
e https://www.youtube.com/watch?v=x2EuYqj 0Uk

When two resistors are connected in parallel, their combined equivalent resistance is
less than for one of the resistors on its own. This is because the parallel connection
opens more pathways for the current to move through, so there is less total resistance
to the flow of the current.

©

(o)
&

Circuit 1
Circuit 2 has more paths for the @
current, so Ruotal is less than for .
Circuit 1. Circuit 2

We can find the equivalent resistance for parallel resistors using the equation:

1 B 1 N 1 N
R, R; Ry
where Rp is the total resistance of the parallel resistors, and

R1, Rz etc are the resistances of the parallel resistors.

Example (Try to solve this problem on your own or with a fellow student while
covering the solution, and then check your work using the solution below).

What is the total resistance in the circuit on the right? ;I

Solution
1_1.1 1
R, R; R, Ry
1 N 1 N 1
329 619 619 Ry = 30
“sats0t60
4
60 R2 = 6Q
6Q
Therefore R, = T =1,5Q.
Rs = 6Q
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MAIN IDEAS:

Rpb Ri R

e The equivalent resistance of parallel resistors is less than for one resistor

on its own.
e The total equivalent resistance can be calculated using the equation:
1 1 1
— = = =

When current enters a parallel branch in a circuit, it
is divided. The branch with the lower resistance
receives a higher current. For this reason, parallel
resistors are called current dividers.

The potential difference across parallel branches is
equal, even if the branches have different
resistances. When parallel branches are connected
directly across the battery, the potential difference
across each branch is equal to the potential
difference of the battery.

Oa

Example (Try to solve this problem on your own or with a fellow student while
covering the solution, and then check your work using the solution below).

The battery in the circuit has a potential difference
of 8 V. (Ignore the effects of the internal resistance of
the battery.)

a. Find the unknown currents I1 and I2
b. Find the potential difference across the 4 Q and
2 Q resistors.

Solution

a. Ri1 has half the resistance of Rz, so the current
divides so that the R1 branch will receive double
the current of the Rzbranch. Sol1=2 x 2 A =4 A.
I=lh+1A=4A+2A=6A

b. The potential difference across each of the parallel branches is equal to the potential

difference across the battery.
Therefore Veo = Vza =Vp =8 V.

Vb = VRr1 = VRr2
=i+ 12 I3=hh+12
I
R1
I
R2
-
|
/ I2
I1
R1=2Q <
2A
R2 =40 <
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Activity 10: Test your understanding of resistors in parallel

Answer the following questions. Ignore the effects of
internal resistance of the batteries.

1.

Calculate the total resistance in Circuit 1 on the
right.

What is the direction of the current in resistor R1 of

Circuit 1?

Calculate the total resistance in the circuit on the
right.

Find currents I1, Iz and Is.

The potential difference of the battery is 8 V. Find
the potential difference across resistors Ri1, Rz
and Ra.

If the branch with the resistor R4 is removed
from the circuit, explain what effect this will have
on:

i. the total resistance in the circuit,

ii. the current through the battery, and

iii. the potential difference across resistor Ri.

R1=4Q

R2 = 6Q2

Circuit 1

I3

R1=4Q

I

R2 =4Q

— Rs=4Q <

R4 =8Q

1A

Circuit 2

MAIN IDEAS:
e Currentis divided as it enters parallel branches.

Greater current will go to the branch with lower resistance.

[ ]
o The potential difference for resistors connected in parallel is equal.
e When parallel branches are connected directly across the battery, the

potential difference across each branch is equal to the terminal potential

difference of the battery.
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Unit 2. Energy transfer in electrical circuits

Learning outcomes:

When you have completed this unit, you should be able to:

e define power as the rate at which electrical energy is converted in an electric
circuit, measured in watts;

e state that electrical power dissipated in a device is equal to the product of the
potential difference across the device and current flowing through it: P =1V ;

e apply the concepts of electrical energy and power to solve related problems,
in familiar and novel contexts;

e apply knowledge of electrical circuits, energy and power to everyday
electrical appliances, for example the torch, kettle etc.

2.1. Electrical Energy

Energy is transferred or converted in an electric circuit when a current passes through a
circuit element that has resistance. Energy is transferred as the work that is done in
overcoming the resistance. The work done in a resistor can be calculated using the
equation:

W=VIt

where W is the work done (or energy transferred) in the resistor, measured in joules (])
V is the voltage across the resistor, measured in volts (V)
[ is the current through the resistor, measured in amperes (A)

t is the amount of time for which the current flows, measured in seconds (s).

Example: (Try to solve this problem on your own or with a fellow student while
covering the solution, and then check your work using the solution below).

A resistor with a resistance of 5 () is connected to a 2 V battery. How much work is done
in the light bulb in 2 minutes?

Solution:

Given: R=5Q V=2V t=2minx60s/min=120s
[=V/R=2V/5Q0=04A
SoW=VIt=2Vx0,4Ax120s=96]
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MAIN IDEAS:
e The work done in a resistor with a current I and a voltage V for time t can be
calculated using the equation: W=V It
e Electrical energy is measured in joules (]).

2.2. Power

When we talk about the power that is used by electrical appliances, we are usually
interested in the rate of energy transfer, in other words, how much energy is
transferred to the appliance per unit time. The name of this quantity is "power". So we

define power as the rate at which electrical energy is
transferred or converted in an electric circuit. We say that | dissipated - used or lost

power is dissipated by the resistor. We can write this

mathematically as:
w
P=—
t

where P is the power dissipated by the resistor, measured in watts (W)
W is the energy converted in the resistor, measured in joules (])
t is the amount of time for which the current flows, measured in seconds (s).

From this equation we can see that 1 watt is equal to 1 joule per second. (1 W =]/s)

Recall that the energy converted by a resistor can be expressed as:

W=VIt
If we substitute this equation into the equation for power, we get:
W VIt
t t

This gives us another way of calculating the power dissipated in a resistor:
P=VI

where P is the power dissipated by the resistor, measured in watts (W)
V is the voltage across the resistor, measured in volts (V)

[ is the current flowing through the resistor, measured in amperes (A).

From this equation we can see that 1 W is equivalent to 1 V'A. Recall that current is the
rate at which charge flows, so 1 A =1 C/s. Voltage is the potential energy per unit
charge, so 1V =1]/C. If we combine these we again find that 1 W =]/s.
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MAIN IDEAS:
e Power is defined as the rate at which electrical energy is converted in an

electric circuit: P = T

e Power is measured in watts (W).
e Power can also be calculated using the equation: P=V |

Example: (Try to solve this problem on your own or with a fellow student while
covering the solution, and then check your work using the solution below).

A torch bulb is labelled with 4 V and 0,8 A.

a. Calculate the power dissipated by this bulb.
b. If this bulb is connected to a battery for 10 minutes, what is the energy that is
transferred to the bulb in this time?

Solution:
Given: V=4V [=08A t=10minx 60s/min=600s

a. P=VI=4Vx08A=32W
b. From the equation P = %we can make W the subject of the formula:
W=Pt=32Wx600s=1920]
OR W=VIt=4Vx0,8Ax600s=1920]

If we combine Ohm'’s Law with the equation for calculating power, we can derive two
other mathematical expressions for calculating power.

e If we know the resistance (R) and the current (I), we can substitute the equation
V =1Rinto the equation P =V [, and we will get the equation:
P=12R

e If we know the resistance (R) and the voltage (V), we can substitute the equation
[ =V / Rinto the equation P = VI, and we will get the equation:
VZ

R
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Example: (Try to solve this problem on your own or with a fellow student while
covering the solution, and then check your work using the solution below).

A 12,1 Q heater is connected to a 110 V power supply.
a. Calculate the power dissipated by this heater.

b. Calculate the current in the heater.

Solution:
Given:R=12,1Q V=110V
V2 (110 V)2
a =—=——"-"2=1000W
R 12,1 Q

b. From the equation P = I2-R we solve for I:

P 1000 W

I = e =9,09A
R 12,1 Q
V 110V

OR I:—:z—: 9,09 A

Activity 1: Test your understanding of electrical energy and power

Answer the following questions:

1. The voltage across a lightbulb in a circuit is measured to be 2,5 V, and the
current through itis 0,6 A.

Calculate the resistance of the lightbulb.
b. Calculate the power dissipated by this lightbulb.

c. Ifthe lightbulb is operated for half an hour, what is the total energy
transferred to this lightbulb?

2. A 200 W mini-heater is connected across a voltage of 220 V. Find the value of
the resistance of the heater.

3. A 1760 W Kkettle is plugged into a 220 V socket.
a. Calculate the current drawn by the kettle.

b. Ifthe kettle is used for an average of 2 hours per day, what is the total
energy that is used in 1 week?
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MAIN IDEAS:
e Electrical power can also be calculated using the following equations:
P=12R
VZ
P=—
R

Assessment Activity: Electric circuits Total marks = 90

Answer each of these questions on your own to assess your understanding of Electric
Circuits.

1. Choose the correct word or phrase from the box that matches each of the following

descriptions. (10)

emf resistor current
ohm volt electrical potential difference
voltmeter ampere power
work watt ammeter

A. Instrument that is used to measure potential difference

B. Instrument that is used to measure current

C. Unit thatis equivalent to C/s

D. Unit thatis equivalent to V/A

E. Unit thatis equivalent to ]J/s

F. The work done to move a unit charge through a circuit element

G. Circuit element that opposes the path of the current

H. The rate of flow of charges in a circuit

[.  The work done in moving a unit charge around a complete circuit

J.  The rate at which electrical energy is transferred or converted in an electric

circuit

2. A current of 6 mA flows through a resistor. How much charge flows through this
resistor in 15 seconds? (3)
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3. 2 coulombs of charge passes a point in a circuit in the time of 5 minutes. What is the
value of the current at this point in the circuit? (3)
4. Explain the difference between series and parallel resistors. (4)

5. Study the circuit on the right and answer the questions:

a. What is the total resistance in the circuit? (2)
b. What is the potential difference across resistors Ry
and Rs? (2)
c. What is the battery voltage? (3)
d. Calculate the current flowing in the circuit. (3)

6. Study the circuit on the right and answer the following
questions:

a. Calculate the total resistance in the circuit.(4)
b. Find currents I1, I2 and Is. (6)
c. Find the potential difference across R2.  (2)
d. What is the battery potential difference? (2)

Another resistor is added in parallel to resistor Rs.
Explain what effect this will have on:

e. the total resistance in the circuit, (2)
f. the current through the battery, and

g. the potential difference across resistor Ri.

7. The diagram shows a graph of voltage across
a resistor against current through that
resistor. From this graph calculate:

a. the current from a 2,5V battery (2)

b. the number of 1,5V batteries that would be
needed to give a current of 0,9A  (3)

Voltage (V)

c. the size of the resistance. (4)

{ Ri=6Q —II
| | Rs=30 /RZZGA
(|
|
I3
Iz
R1=20Q
Ih
Rz = 40 <
2A
Rz =2Q
(2)
(2)
02 04 06 08
Current (A)
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8. For the circuit shown on the right, calculate:

a
b.

o

. the total resistance (4)
the current through Rz (3) /
the current through R4 (2) R, =80
the current through R1 (3)
the battery potential difference (4) R:=80

—||— Ri=10

Ra=40Q
9. A9V battery and a 3 Q resistor are connected in a closed loop.

a. Draw a circuit diagram for this circuit. (3)
b. How much energy does the resistor use in 5 minutes? (3)
c. Whatis the power dissipated in the resistor? (3)
d. Ifanother 3 Q resistor is connected in series with the first, will the total power

dissipated in the circuit increase or decrease? Explain your answer. (3)
e. Ifanother 3 Q resistor is connected in parallel (instead of in series) with the

first, will the total power dissipated in this circuit increase or decrease,
compared with the circuit with just the 3 Q resistor? Explain your answer. (3)
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My Notes:

Use this space to write your own questions, comments or key points.
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Summary of key learning:

e Current (measured in amperes) is a measure of the rate of flow of
. o Y
charges in a circuit: [ = I wherel A=1C/s.

e Current flows from the positive terminal of the battery to the
negative terminal

e For current to flow we need a closed circuit with a power supply
(battery)

e When circuit elements are connected together in a single loop this is
called a series circuit.

e We use an ammeter to measure electrical current.

e The ammeter must be connected in series in the circuit.

e The current is the same at all points in a series circuit.

e The electrical potential difference across a circuit element is the
work done to move a unit charge through the element.

e Electrical potential difference is measured in volts (V).

e The electromotive force (emf) is the potential difference across the
battery and is defined as the work done in moving a unit charge
around a complete circuit.

e We use a voltmeter to measure electrical potential difference.

e The voltmeter must be connected in parallel to the circuit element.

e Aresistor opposes the path of the current.

e Resistance is measured in ohms (Q).

e Ohm'’s Law states that the current through a resistor is directly
proportional to the voltage across the resistor at constant
temperature.

A%
e Ohm'’s Law can be written mathematically as: =7

e The current in series resistors is equal.

e The terminal potential difference across the battery in a circuit is
always equal to the sum of the potential difference across the
resistors in a series circuit: Vbattery = V1 + V2 + ...

e Series resistors are potential dividers.

e The potential difference across a resistor is proportional to its
resistance.

o The total equivalent resistance of series resistors is equal to the
sum of the individual resistances: Rs=R1+ R2+ ...
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e The current in a circuit is inversely proportional to the total
resistance.

e The equivalent resistance of parallel resistors is less than for one

resistor on its own:
1

1_ 11
. R, R,

e Currentis divided as it enters parallel branches.

e Greater current will go to the branch with lower resistance.

e The potential difference for resistors connected in parallel is equal.

e When parallel branches are connected directly across the battery, the
potential difference across each branch is equal to the terminal
potential difference of the battery.

e The energy (E) converted in a resistor with a current [ and a voltage V
for time t can be calculated using the equation: E =V It

e Electrical energy is measured in joules (]).

e Power is defined as the rate at which electrical energy is converted in

E

an electric circuit: = ?

e Power is measured in watts (W).
e Power can also be calculated using the equation: P=V |

e Electrical power can also be calculated using the following equations:
P-12R

NASCA STUDENT WORKBOOK Natural Sciences Page 213



Sub-topic 3. Magnetism

Content:
Unit 1: Magnetism
Unit 2: The magnetic field

Unit 1. Magnetism

Learning outcomes:
When you have completed this unit, you should be able to:
e describe a permanent magnet as having a North Pole and a South Pole;

e state that like poles repel and unlike poles attract.

Introduction

Magnets form an important part of our everyday lives. You rely on magnetism every
time you drive in a car, listen to a radio, turn on your light, or close a fridge door. In this
unit you will investigate the concept of magnetism. You will learn about the interactions
between magnets, and about the way magnets are used in our everyday lives.

1.1. Magnets

Magnets are able to attract other magnets, or other objects that are made from magnetic
materials. Many metals are attracted to magnets, but not all metals are. For example,
aluminium is a metal that is not magnetic.

A magnet has a North Pole at one end, and A bar magnet
a South Pole at the other end. The North

Pole of a bar magnet is usually painted blue,
and the South Pole is usually painted red. _
(Not all magnets are painted with these

CO]OUI’S.) South Pole North Pole
(red) (blue)
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It is never possible to have an object that only has a North Pole, or only a South Pole. If a
magnet is broken into smaller pieces, each of these small pieces will have a North Pole
at one end and a South Pole at the other.

)

Activity 1: Exploring magnets

You will need:

A magnet

Various objects made from different materials

1. Find a range of objects made from different materials such as plastic,
aluminium, steel, brass, cloth and wood.

2. Bring your magnet close to each object. What do you observe?

3. Make a table like the one below. In the first column, fill in the list of objects

that are not attracted to the magnet, and in the right hand column fill in those
that are attracted to the magnet.

Objects that are not attracted to the| Objects that are attracted to the
magnet magnet
4. Do you notice any trends about the objects that are attracted to the magnet?
5. Are all metals able to be attracted by a magnet?
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1.2. Interactions between magnets

There is a force between magnets that are close to one another. In the following activity
you will explore the interactions between magnets.

Activity 2: Exploring the interactions between magnets

You will need:

2 bar magnets
Some string
A compass

1. Hang one of the magnets from a string so that it is free to move around. Make
sure that there are no other magnets or ferromagnetic objects nearby.

2. Bring the one end of the other magnet near to one of the ends of the hanging
magnet. What do you observe?

3. Turn the magnet that you are holding around, and observe the effect that it
has on the hanging magnet.

4. Bring a compass close to the North Pole of the magnet. What do you observe?
Now move this compass around to the South Pole of the magnet. What do you
observe?

6. What can you infer from your observations?

If we bring two like poles close to each other, such as two North Poles, they repel one
another.

— I ST

Repulsion

Y

If we bring two unlike poles close to each other, such as a North Pole and a South Pole,
they attract one another.

S] JN s|_|

3>

Attraction

When a compass is brought close to a magnet, the
compass turns to line up with the magnet. This is because
the compass is a small magnet that is free to turn. The

North Pole of the compass turns to point towards the

South Pole of the magnet. A compass (from http://walkinginsunlight.com/wp-
content/uploads/2014/05)
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Activity 3: Test your knowledge of interactions between magnets

1. Explain what you will observe in each of the following arrangements of magnets:
a. S N S N
b.
S N N S
2. You bring one side of a magnet close to a compass and you find that the South

Pole of the compass is attracted to this side of the magnet.
a. Isthis side of the magnet a north or a South Pole?

b. If you bring a compass close to the opposite side of the magnet, what will
you observe?

3. You have a bar magnet like the one shown in the picture below.

a. Ifyou break the magnet in half, and you bring the broken part of the blue
half near to the South Pole of another magnet, what will you observe?

b. Ifyou bring the broken part of the red half near to the South Pole of
another magnet, what will you observe?

MAIN IDEAS:

¢ A magnet has a North Pole at one end, and a South Pole at the other end.
e Unlike poles attract each other, and like poles repel each other.
e A compass is a small magnet that is free to spin around.
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Unit 2. The magnetic field

Learning outcomes:
When you have completed this unit, you should be able to:

e define the magnetic field;

e describe the magnetic field around a bar magnet and a pair of bar magnets
placed close together;

e explain how a compass indicates the direction of a magnetic field;

e describe the Earth’s magnetic field.

2.1. The magnetic field around a magnet

In the space around a magnet, there is a magnetic field. This is a region in space where
another magnet, or an object made from a magnetic material, will experience a force. In
the following activity you will explore the shape of the magnetic field around a bar
magnet.

Activity 1: Exploring the magnetic field around a magnet

You will need:

1 bar magnet
A sheet of clear plastic or an overhead transparency

Iron filings

A piece of paper

A compass
1. Place the bar magnet in the middle of your piece of paper.
2. Cover the bar magnet with your sheet of clear plastic or transparency.
3. Scatter your iron filings onto the sheet of plastic and lightly tap the plastic

until the filings form into a pattern. Observe the shape of the patter that is
formed. This tells you the shape of the magnetic field around the magnet.

4. Remove your sheet of plastic and carefully pour your iron filings back into
their container.

5. Place the compass near to the magnet.

6. Draw a small arrow on your piece of paper to show the direction of the

compass needle.
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7. Move your compass to a new position on your piece of paper, and draw in the
needle direction.

8. Continue moving your compass to as many positions on the paper as you can,
drawing in the needle direction.

9. The arrows that you have drawn are the magnetic field lines which show the
direction of the magnetic field around the bar magnet. What conclusions can
you draw about this shape?

See a video of a practical experiment showing the magnetic field at
https://www.youtube.com/watch?v=j8XNHIV6Qxg.

The shape of the magnetic field around a
bar magnet is shown in the photograph
on the right. We can use a compass to
show the direction of the magnetic field.

If we want to draw the shape and
direction of a magnetic field, we use little
arrows called magnetic field lines. These
lines don’t cross each other, and are
further apart where the field is weaker,

) . The magnetic field (from http://resources.yesican-
and closer to each other where the field is science.ca/magnets/lines2.jpg)

stronger.

The magnetic field around a straight bar magnet has the following shape:
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https://www.youtube.com/watch?v=j8XNHlV6Qxg

MAIN IDEAS:

e There is a magnetic field around a magnet.

e Any other magnet or magnetic object that is brought into this magnetic
field will experience a magnetic force.

¢ The magnetic field lines are used to show the magnetic field, and point
outward from the North Pole, and inward toward the South Pole.

2.2. The magnetic field around a pair of magnets

When magnets are brought close to each other, their magnetic fields interact with one
another. In the following activity you will explore the shape of the magnetic field around
a pair of bar magnets.

Activity 2: Exploring the magnetic field around a group of magnets

You will need:

2 bar magnets
A sheet of clear plastic or an overhead transparency

Iron filings

2 pieces of paper

A compass

Design and conduct experiments that use this equipment to test the magnetic field
around the following arrangements of the magnets:

e Two magnets with their north poles close to each other

e Two magnets with opposite poles close to each other

The magnetic field lines for various arrangements are shown in the diagram below:
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2.3.  The Earth’s magnetic field

There is a large magnetic field around the Earth.
This is why compasses help us to find our
direction if we are lost.

The North Pole of a compass points to the Earth’s
magnetic North Pole, and so the earth’s magnetic
North Pole is actually a South Pole, as the
diagram shows.

P\
Tt e « w2t

T EE > ey A
> ES

44 A
3 1 b*i %‘A
> TATY A 4 4 2

Rotation axis
1/ North
magnetic feld <> geographical pole
lines
L

. . -
Magnetic axis

The Earth's magnetic field (from
http://www4.uwsp.edu/physastr/kmenning/images/Earth_field_in-
class_answer.png)

MAIN IDEAS:

e The Earth has a magnetic field surrounding it, which can be observed using a
compass.
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Assessment Activity: Magnetism Total marks = 20

Answer the following questions to assess your understanding of magnetism:

1. Give one word for each of the following: (3)
An object that attracts magnetic materials.

b. An instrument consisting of a small, rotating magnet that shows the direction of
a magnetic field.

c. The area around a magnet where a magnetic force would be experienced by
another magnet or an object made of ferromagnetic material.

2. Describe what you would observe if you brought the South Pole of a bar magnet
close to the following:

a. The North Pole of another magnet (2)
b. The South Pole of another magnet (2)
c. An object made from a magnetic material (2)
d. A piece of aluminium (2)

3. Side X of a bar magnet is brought close to the North Pole of another magnet, and you
observe a force of attraction between them.

Attraction
—
I - ,..
a. IssideY of the bar magnet a North or a South Pole? (D
b. What will you observe if you bring side X of the bar magnet close to the South
Pole of the other magnet? (2)

4. Draw the magnetic field lines around the arrangement of bar magnets shown in the
diagram below. (3)

5. Draw a circle to represent the Earth, and draw the magnetic field lines around the
Earth. Show the directions of the magnetic field lines on your diagram. (3)
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My Notes:

Use this space to write your own questions, comments or key points.

Summary of key learning:

4 )

e A magnet has a North Pole at one end, and a South Pole at the other end.
¢ Unlike poles attract each other, and like poles repel each other.
e A compass is a small magnet that is free to spin around.

e There is a magnetic field around a magnet.

¢ Any other magnet or magnetic object that is brought into this magnetic field
will experience a magnetic force.

e The magnetic field lines are used to show the magnetic field, and point
outward from the North Pole, and inward toward the South Pole.

e The Earth has a magnetic field surrounding it, which can be observed using

\ a compass. /
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Sub-topic 4. Electromagnetism

Content:
Unit 1: The magnetic effect of a current

Unit 2: Force on a current-carrying conductor

Unit 1. The magnetic effect of a current

Learning outcomes:
When you have completed this unit, you should be able to:

e draw the direction of the magnetic field near a current-carrying wire and a
current-carrying loop;

e state the effect on the magnetic field of changing the magnitude and / or
direction of the current;

e explain how an electromagnet works.

1.1. The magnetic field near a current-carrying wire

In the following activity, you will investigate the magnetic field near a wire that has a
current flowing through it.
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Activity 1: Investigating the magnetic field around a current carrying conductor

You will need:
2 torch batteries (1,5V each)

1 electric lead (about 30cm in length)

A compass

1. Lay your compass on a table, facing upwards. Wait until it points north.

2. Lay the middle of your electric lead above the compass needle, so that it lines
up with the needle.

3. Connect one end of the wire to one end of the battery. Very briefly connect
the other end to the other terminal of the battery. What do you observe on
your compass? (NOTE: only connect the leads to the battery for a very short
amount of time, as you will drain the battery if you leave it connected for too

long!)

4, What do you observe about the needle as you disconnect the leads from the
battery?

5. Reverse the direction of your battery, and repeat this procedure. What do you

observe on your compass?

6. Move your compass so that it is on top of the lead. (One learner in your group
will need to hold it in place). Repeat the above procedures with the battery in
both positions, and note the effect on your compass needle.

7. What can you infer about the direction of the magnetic field, compared with
the direction of the current?

8. Draw a diagram of the wire, and show the direction of the current, and the
direction of the magnetic field around it.

As your investigation has shown you, the relationship between electricity and
magnetism is circular. Any wire or conductor that has a current flowing through it has
a magnetic field that circles it. The greater the value of the current in the wire, the
stronger the magnetic field that will be produced around the wire.
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Magnetic field lines

1/‘Z \‘\’

4

Current in
the wire

A simple rule to help one to work out the direction of the magnetic field that is induced
by the current is called the “Right Hand Rule”. Curl the fingers of your right hand
around, and point your thumb out straight. With your thumb pointing in the direction of
the current flow, your curled fingers will be pointing in the direction of the magnetic
field.

Direction of Current-carrying
current }/ conductor
< o

\Eﬁﬁ NS

Direction of Magnetic field
magnetic field lines

A

We can show the direction of the magnetic field coming out of the page using a dot @ .

A cross @ can be used to show that the direction of the magnetic field is into the page.
These symbols are used because, if you picture an arrow coming out of the page, you
would see its sharp tip, which looks like a dot. If the arrow is going into the page, you
would see the back of the arrow, which looks like a cross.

We can use these symbols show the direction of the magnetic field around a current-
carrying conductor. This is shown in the diagram below.

HOECHCECONCONS
ONOMOMOMOMNO.
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Activity 2: Test your understanding of the magnetic field around a current-
carrying wire

6. Use the Right Hand Rule to draw the direction of the magnetic field around the
wires shown below, where the current direction is shown by the arrows. (You can
use curved arrows to show the direction of the magnetic field, or you can use dots
and crosses).

a.

~
7

7. We can also use dots to show that the direction of the current is flowing out of the
page, or crosses to show that current is flowing into the page. Draw the direction of
the magnetic field around the current represented by the dot and the cross shown
below:

MAIN IDEA:
e When a current flows in a conducting wire, it creates a circular magnetic
field around the wire.

e The direction of the magnetic field lines can be found using the Right Hand
Rule.
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1.2. The magnetic field near looped wires

If we take a current-carrying wire and make a single loop with it, we can work out the
pattern of the magnetic field near the wire. The magnetic field around the loop is shown
on the left using curved arrows, and in the diagram on the right using dots where the
magnetic field is pointing out of the page, and crosses where it is pointing into the page.

®
il ®

®© ®©)®

Current @ Current

®

From this diagram you can see that the magnetic field at the center of the loop points
outward from the page, and on the outside of the loop it points into the page. Again we
can use the Right Hand Rule to work this out. If you curl your fingers in the direction of
the current in a current-carrying loop, your thumb will point in the direction of the
magnetic field at the center of the loop.

If we have a number of current-carrying loops, all wound in the same direction, they
form a solenoid. The magnetic fields from these loops have the same direction, so they
add together through superposition to create a stronger magnetic field. The diagram
below shows what a magnetic field associated with a solenoid looks like.

Current-carrying
conductor

FaVaYa alaValalalalalalalalalaVaVay
=0 sSBiE LSS otiie S eieician

L SR VAVAY TAWAY SAVAU) AVATE AWIWAVAWE]
LYVVVVVVVEYVVYVU Y

JEA Y, %A "A%. %, V,ViV. V.V.V.V,V.V ¥V
Direction of /\’ffa \

magnetic field Solenoid
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Activity 3: The magnetic field near looped wires

Answer the following questions:

1. The diagram on the right shows the
direction of the current in a single looped
wire.

a. What is the direction of the magnetic
field at the center of the loop?

b. What can you do to change the
direction of the magnetic field so

Current
that it has the opposite direction?

2. The diagram below shows the direction of the magnetic field around a current-
carrying looped conductor. Draw in the direction of the current in the loop.

®
®

®© O

(O,

MAIN IDEA:

e We can use the Right Hand Rule to work out the direction of the
magnetic field created by a current-carrying loop.

e A number of current-carrying loops, all wound in the same
direction, form a coil that is called a solenoid.
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Activity 4: Build an electromagnet

You will need:

4 torch batteries (1,5V each), taped together to create
one large 9V battery
About 1.5m to 2m of plastic-coated wire

A large nail

Some metal paper clips or pins

A compass

1. Wind the wire around the nail, and connect one of the bare ends of the wire to a
terminal of the battery. Do not connect the other end of the wire to the battery yet.

2. Bring the tip of the nail near to the pins or paper clips. Close your circuit so that
there is current flowing through the wire. What do you observe?

3. Disconnect the circuit by removing one of the ends of the wire from the battery.
What do you observe?

4. Design an experiment in which you use your compass to test which end of your
electromagnet is north.

5. Draw a diagram of your electromagnet, showing the direction of the current in the
wire. Draw in the magnetic field lines.

In this activity, you should have observed
that the nail acted like a magnet when
there was current flowing through the
coil, since the nail exerted a force of
attraction on the paper clips. As soon as
the current was stopped, the nail no
longer attracted the paper clips. The nail
with the wire wrapped around it is called magnetic fickd
an electromagnet. The direction of the

magnetic field set up in the nail is shown

in the diagram on the right.

MAIN IDEA:

e An electromagnet can be made by winding a conducting wire
around a magnetic material. When a current flows in the wire, a
magnetic field is created in the magnetic material.
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Unit 2. Force on a current-carrying conductor

Learning outcomes:
When you have completed this unit, you should be able to:

e determine the direction of the force on a current-carrying conductor in a
magnetic field.

2.1. Charged particles moving through a magnetic field

Up to now you have noticed that a current that flows creates a magnetic field around it.

What would happen if a current flows through a magnetic field that already exists?

We'll investigate this question by first looking at three possibilities for a single positive
charge in a magnetic field. In the diagram below, the symbol B is used to label the
magnetic field lines. The velocity of the charge is shown with the symbol v.

Possibility 1:

Result: Scientists have found that there is no force on this
charge

) B A positive charge g is not moving in a magnetic field.
B
B

Possibility 2:

A positive charge g moves parallel to the direction of a

Py —— B magnetic field (either in the same direction, or in the
<@g B opposite direction to the magnetic field lines).
B Result: Scientists have found that there is no force on this
charge

Possibility 3:

T Force A positive charge g moves at right angles to the
direction of a magnetic field.

B
| q >/ Result: Scientists have found that there is an upward
90*%@ / force on this charge.
B
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In other words, if a charge moves at right angles to a magnetic field, it will experience a
force. The direction of this force is at right angles to both the magnetic field and the
direction of movement of the charge.

We can apply these results to a current, since a current is a continuous movement of
charges. Therefore, if a current is flowing at right angles to a magnetic field, then
there will be a force on that current which will be perpendicular to both the current
direction, and the magnetic field direction.

To determine the direction of the force, you can use your
left hand to help you. With the index finger of your hand
pointing in the direction of the magnetic field (B), and
your middle finger pointing in the direction of the velocity
of the charge (or in the direction of the current I), your
thumb will be pointing in the direction of the force (F).
(This can also be called the FBI rule).

Activity 1: Reflection questions

Discuss these questions with a fellow student, or reflect on these on your own:
1. What is the direction of the force on the positive
charge shown in the diagram on the right? € p B
2. What do you think the direction of the force / C)Oﬁzgﬂ B
would be on a negative charge moving in this
same direction?

MAIN IDEA:

e When a charge moves at right angles to a magnetic field, it will
experience a force.

e The direction of this force can be found using the left-hand rule
(or the FBI rule).
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Assessment Activity: Electromagnetism Total marks = 30

Test your understanding of electromagnetism by answering the following questions:

1. Describe how you would test for the presence of a magnetic field near a current-

carrying conductor. (3)
2. The diagram below shows the direction of the current in a solenoid. What is the
direction of the magnetic field at points A, B and C? (3)
B
A
Cc

3. Anelectromagnet is made by winding a length of current-carrying wire around a
nail. The magnetic north is at the sharp tip of the nail. Draw a diagram of this set-up,
showing how the wire should be connected to a torch battery to create a magnetic
field in this direction.

3)

4. The diagram shows the direction of the field lines of a circular
magnetic field.

a. Whatdirection of current would create this magnetic

field? (D
b. How could the direction of the magnetic field lines be
reversed? (D
c. Ifapositive charge moves to the left at point P, what is the
direction of the force on it? (2)
d. Ifa positive charge moves to the right at point Q, what is the force on it? (2)
e. Ifacompass is placed at point Q, what would happen to its needle? (D
f.  If the current is suddenly switched off, what would happen to the compass
needle? (2)

5. In which of the following will a force of magnetic attraction be observed? Explain
your answer in each case.

a. A magnetis brought close to a paper clip that is made from iron. (3)
b. Aniron rod is brought close to an iron paper clip. (3)

c. Some wire that is attached to a battery is wound around an iron rod, and the
rod is brought close to an iron paper clip. (3)
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d. Some wire that is attached it to a battery is wound around an aluminium rod,
and the rod is brought close to an iron paper clip. (3)

My Notes:

Use this space to write your own questions, comments or key points.
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Summary of key learning:

e When a current flows in a conducting wire, it creates a circular
magnetic field around the wire.

e The direction of the magnetic field lines can be found using the Right
Hand Rule.

Direction of
current }/
< A

(€5

Direction of
magnetic field

e We can use the Right Hand Rule to work out the direction of the
magnetic field created by a current-carrying loop.
¢ A number of current-carrying loops, all wound in the same direction,
form a coil that is called a solenoid.
e An electromagnet can be made by winding a conducting wire around a
magnetic material. When a current flows in the wire, a magnetic field is
created in the magnetic material.

e When a charge moves at right angles to a magnetic field, it will
experience a force.

e The direction of this force can be found using the left-hand rule (or the
FBI rule).
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