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Introduction

What is electricity?

In today’'s world we grow up in an environment whekectrical power is everywhere around
us and we sometimes accept this unquestioninghye.take it for granted.

6 a.m. Another weekday. The clock-radio blares yaut lie in bed a few minutes longer,
listening to the news and weather and gatheringggre face the day. Turn on the light,
start the coffee, wake the children, shower andgirEat a piece of toast, maybe some
cereal. Brush your teeth, feed the cat, turn oratisvering machine, and out the door to
work. By 7 a.m. you're on your way to another bdsy.

We are comfortable with the fact that when we fliok switch on the wall the light in the
room comes on, or when we turn the key in theguition switch the motor turns over and
bursts into life. So many things around us todaythss form of energy from torches to stereo
hi-fi systems, from microwave ovens to computen@yflighting and heating to telephone and
radio communications; the list is almost endless.NAve also felt the uncomfortable
sensation of getting out of a car on a cold (dgy dhere we get zapped as we reach to close
the door, or heard the crackle as we take off adeof clothing (particularly jumpers) that
contain synthetic fibres (possibly even seen tlakder effect it sometimes produces if the
lights are off in a dark room when this is dond)islis in fact the discharge of charges due to
a path of low resistance being provided betweendinarged bodies at different potentials.
These terms and the process will be explained nawdre detail.

Let us then explore the phenomena related to aatanergy with the various characteristics,
and applications.

4.1 Static electricity = electricity at rest

From your study of module 2 you will be very farailwith the force of gravity, but this is not
the only force we experience. We have all expegdrsynthetic clothes clinging to us; our
hair standing on end on a dry day; a magnet clmgpnyour refrigerator door, easily
overcoming the gravitational force that the engiagth, pulling down, exerts on it. These
natural forces of attraction or repulsion have imgho do with gravity; these are electrical
phenomena.

The Ancient Greeks observed that when ‘elektronil{ar) was rubbed with fur, the amber
could attract light objects such as dust partiatesk and straw. The amber is said to be
‘electrified’ , with electric charge. The electric charge isiedrby subatomic particles.

Two types of electrification, or electric charggise. Some simple experiments show that
there are, in fact, two kinds of electrical chad§gou run two plastic combs through your
hair, the force between them will be repulsiveythdl be pushed apart. If you take one of
those combs and bring it near a piece of glasdémbeen rubbed with fur, the objects
experience an attractive force: they will be puliegether. Benjamin Franklin in the
eighteenth century, named the different types afgés, positive (+) and negative (-).

Part 3 of the course viddtveryday Matters — Preparatory Physisows a demonstration of
some of the classical early experiments with eietgr
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4.1.1 Electric charge

We have already seen in module 3 that fundameatéicfes which make up atoms, carry
these charges. To explain further in the most mpbdel of the atom (refer to module 3) we
have a positively charged nucleus surrounded bgthady charged electrons. An object is
said to be electrically charged if electrons amdealto or removed from it. So an object is said
to be positively charged when electrons are remdnaed it and negatively charge when they
are added. Charged atoms are called ions.

The Sl unit of charge is the Coulomb (C). A propmssesses a charge of +1.6101°C. An
electron possesses a charge of —1.6019C.

In ‘normal’ atoms, the number of negative chargdedtrons) is equal to the number of
positive charges (protons). These charges candaha@natom as a whole is electrically
neutral. If an electron is removed from a normahata surplus of positive charge results and
the atom becomes positively charged. If an eleds@uded to a normal atom, a surplus of
negative charge results, and the atom becomesivegatharged.

Different types of atoms and molecules have diffeedfinities for electrons. If we bring two
different atoms or molecules together, electroamfone can move to the other, producing
two charged ‘ions’. This is the process respondimiehe charge produced on amber when it
is rubbed with fur. This can be demonstrated usiptastic comb, rubbed with a cloth
containing synthetic fibres. The comb can attraét the small paper waste circles emptied
from a paper punch. (Notice also how a nylon brughattract strands of your hair after
brushing a short while.)

Home experiment: charge and carry

Introduction

Are you tired of electrostatic experiments that juen’t work? This experiment will produce

a spark that you can feel, see, and hear. You stywrafoam plate with wool to make a large
electric charge. Then you use the charged styrotoacharge a metal pie pan. After charging
the styrofoam once, you can charge the metal piespaeral times. The charge on the pie pan
is portable, and can be used for many electrostaperiments. The entire apparatus for
charging the aluminium plate is called an electoypk, which is Greek for charge carrier.

Materials

For the electrophorus, you will need:

Styrofoam dinner plates (acrylic plastic sheete alsrk well, as will old LP records)
Wool rag (other fabrics may work, but wool will dafely work)

Disposable aluminium pie plates

Plastic ballpoint pen (or equivalent)

Pair of pliers

Thumbtacks

Hot glue gun or a pencil with an eraser.
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Assembly

Electrophorus

Make an insulating handle for the pie pan. Useptlegs to remove the pen point and ink
supply from the pen. Hold the pen body so thafpigre would stick up through the centre of
the pie, if the pie pan were filled with pie. Attathe pen body to the aluminium pie pan with
the thumbtack and hot melt glue. Push the thumhbigdkrough the centre of the pan then
coat it with hot glue and jam the pen body dowrtamof it (diagram follows).

I"H$V%&! F)S* #H'&L Y +&, -1 "4 Y%&! (ST #'&L ¥ -*1,&$

As a fast alternative to hot glue and a pen body,gan push a thumbtack through the bottom
of the pie pan and into the eraser of a pencilgf@ian above right). Try to avoid hitting the
graphite in the centre of the pencil with the mefahe thumbtack.

Place the pie pan on top of an upside down styrofpkate (or a piece of acrylic plastic.)

To do and notice

Rub the styrofoam plate with the wool rag. If tisighe first time you are using the styrofoam
in an electrostatic experiment rub it for a fullnuie.

To charge the pie pan follow the next steps exactly
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Place the metal pie pan on top of the charged fetgro plate.
Briefly touch the metal pie pan with your fingeod'may hear a snap and feel a shock.

Remove the metal pie pan using only the insuldtizwgdle.
The pan is now charged.
Discharge the pan by touching it with your fingésu will hear a snap, feel a shock, and, if
the room is dark, see a spark. You can also digehtaie pie pan through a neon glowtube.
Hold one of the two metal leads of the tube in yiingers and touch the other lead to the pie
pan. The electric spark will go through the neod arake a flash that is easily visible.

What would you expect the result to be?

Detail accurately what methods you used.

Record your observations:

How could the experiment be improved?

Explain the (charge and discharge) process involved

Is there a limit to the amount of charge that carstored?
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If we have a charged object, we find that it camdpice forces of attraction or repulsion on
other charged objects. The French physicist Ch&tegdomb (1736—-1806) first wrote down
the law that describes forces between electricgesar

‘Like’ charges repel each other, ‘unlike’ charges #ract.

Figure 4.1
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Thus, two positive charges repel each other anchiygative charges repel each other but, a
positive charge and a negative charge attract etheh. This can be seen when combing or
brushing your hair on a dry day. The action oftdeth or bristles rubbing through the hair
causes an exchange of electrons resulting in tho@nd the hair being oppositely charged.
So the hair tends to be attracted to the combustbrAlso note that as the hair strands are
similarly charged they tend to repel one anothertans stand apart which is the same as
occurs in an Electroscope. This is depicted clearthe video, where you can see the gold
leaf rising away from the vertical electrode beeathe gold leaf is charged positively
compared with the positively charged electrode.
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4.1.2 Forces between charges £ Coulomb's Law

How do we quantify the force between charges amdibats value dependent on the amount
of the charges, etc.? Coulomb investigated justatmpiestions, he described his result in
words and then transformed it into a formula.

Coulomb stated ...

Between any two charged objects is a force propodnal to the size of the two charges
divided by the square of the distance between them.

This is called Coulomb’s Law.

Figure 4.2
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In order to develop the formula, suppose that teiatchargesg; andg,, are a distance
apart in vacuum. I§; andg, have the same sign, the two charges repel each ity have
opposite signs, then they attract each other. dlefexperienced by one charge due to the
other is called a Coulomb force and is given bylGamib’s law,

_ A1 Q2

The constank here has an approximate value of 9.00.0° Nm2C—2,

As always in the Sl system, distances are measumeters, and forces in newtons. The
Sl unit for chargey is the coulomb (C).

Note the similarity of the above formula with tiiat the force of gravitation discussed
previously in module 2 (see the example probleer)atn this instance, however, it is
possible to have a repulsive force.

Coulomb’s Law describes the force between eledtdicarges that do not move — static
electricity. Electrostatic forces dominate the wlak we know it. Plus attracts minus in
chemical bonds, and thus holds materials togefhwary object you see is made from atoms,
themselves collections of negative electrons attthto positive nuclei. Just as the
gravitational force keeps the earth and planetshit around the sun, an electrostatic force
keeps negative electrons in orbit around the p@siucleus of an atom.
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The repulsion of electrons by electrons, on thewoktand, keeps on object from passing
through another. You can’t put your hand through ook, for example, because electrons in
atoms in your hand are repelled by electrons imatim the book. You don't fall through the
floor, because electrons in your shoes repel @estin the floor. Everytime you touch or feel
something, you are making use of the electrosfatoe. These forces between charges can act
even across empty space, which can be confussgyé generally consider that if we want to
move something, we have to go across and makeactntith it and push or pull it. (This

force appears very similar to that experienced witlgnets which will be discussed in a later
section.)

Now consider the following example problems:
Example 1:

If two equal charges of 1C each were separateil bya distance of 1 km, what would be the
force between them, given that the conskafiar air is approx. 9 10° Nm2 C2?

Solution:
L . . kg; 0y .
By substituting the given values into the form&la= 3 gives ...
E - 9 1® 1 1
10002
= 9000 N

Would this force be one of attraction or repulsion?

This force would be a repulsive force becausedhanges repel, therefore the resultant force
has a positive sign.

Example 2:

Find the ratio of the Coulomb electric forégand the Gravitational forde, between two
protons in a vacuum. Assume their charge to be 1.61° C and their mass to be

1.67 1027kg. (k =9.0! 10°Nm?/C?).

Solution:

From Coulomb’s law and Newton’s law of gravitation,

_ kag; 9, and _ Gm m

F
e r2 9 r2

Now, since the two masses are the same we canmwyite m, = m. Similarly, since the two
charges are the same we can waife= ¢, = q
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Since we require the ratio of the two forces wedntealivide the two formulae above and then
substitute into this expression. This gives:

Fe_qu..sz
Fg 2 r2
_ kg 1z
T2 Gme
_ ke?
T Gne

9 1(° !1.6 101972
6.67 1011 1167 102™2

1.24 166

As you can see because the ratio is much greaterlththen the electric force is much higher
than the gravitational force.

Activity 4.1

Question 1: Why does the hair on your head tend to want todstgmafter
brushing with a nylon bristled brush on a dry d&xplain the
process.

Question 2: Gravitational forces depend on the property cafteds. What
comparable property underlies electrical forces?

Question 3: When Darren takes his jumper off, it becomes neghticharged
as it rubs against his shirt. This is becauseuhwgr has

(a) lost electrons
(b) gained electrons
(c) lost protons

(d) gained protons.

Question 4: The Sl unit of mass is the kilogram. What is theuit of charge
and what is the charge of one electron?

Question 5: The proportionality constaitin Coulomb’s law is huge compared
to the proportionality consta@ in Newton’s law of gravitation.
What does this mean in terms of the relative stiengf these two
forces?
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4.1.3 Electrical energy characteristics

Electric fields

Previously we posed the question ‘How can a chacg®@ver an empty space?’ The way
physicists solve this problem is to assume thetexée of electric fields which surround
electric charges. We can draw diagrams represetitaag electric fields. We say that these
electric fields can push and pull on electric cleardf we introduce one charge near another,
then the forces that act can be though of in terfsfield-charge interaction rather than a
charge-charge interaction. The lines we draw regasg electric fields, indicate the direction
a positive charge would move, if we introduced argk into the electric field region. The
closer the lines, the ‘stronger’ the electric field

Figure 4.3
I n n 11}
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The strength of an electric field, at a particular point is defined as the forceup@t positive
test charge placed in the field. So if a charggé@fvere placed in the field in order to test its
strength we would just need to calculate how muocbd was applied to that charge. If we had
instead used a test charge of 2C, then we would takalve the force in order to obtain the
force per unit charge. In general the electriaifilength is the force divided by the size of the
test charge used. That is:

E =

o1

Consequently the unit of electric field strengtithie Newton/Coulomb.
Example: What is the strength of the electric field 25mmmire fixed charge 08#C ?

Solution: We need to calculate the force on a test chamsegl25mm from the fixe8#C
charge. The size of the test charge is arbitranyesshall use one of 1C.

k
F= q12q2 (Coloumb’s law)
r
6
= 2 1,(2)95 31012(,),; ! (substituting 1 for the test change)

432 10N
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So the electric field strength will b&32 10 NC1

If we had used a test charge of 2C, then the fam#d have been twice as large, however we
would have had to halve the result to obtain tled@er unit charge. In other words the result
would have been the same.

In general we can calculate the electric fieldrgjth E using the following formula:

>~
o]

E =

N

r

(This formula is Coulomb’s force equation with arfehe charges set to 1.)

Electric potential

Now there is a good parallel between electric 8eldd gravitational fields. If we lift an object
above the ground it gains gravitational potentrargy similarly when we move a charge
away from a fixed charge to which it is attractia, moved charge gains electrical
‘potential’. Whenever a charge is in an electri¢dfiee say it has electric potential, when it
moves to a point with lower potential it can gaingtic energy (just as an object which loses
gravitational potential energy can gain kineticrgygg The difference in potential between
two points in an electrical field is called the tpotial difference’. The unit of electrical
potential is the Joule/Coulomb, however sinceigh&ich a common unit it is also called the
Volt (V). In a 6V battery, the potential differenbetween the two terminals is 6 Volts. This
means that it would take 6 Joules of energy to nzopesitive charge of 1 Coulomb from the
negative terminal along a connecting wire to theifpee terminal (or alternatively 6 Joules of
energy would be released if the charge moved fitwrpbsitive terminal to the negative
terminal).

Example: How much work would be done in order to move atpasicharge of3#C  from
the negative terminal to the positive terminal ib2d/ battery?

Solution: The work done depends on the change in electtengal, in this case 12V. This
means that 1 Coulomb would need 12 Joules of wbfkoulombs would need
2 12 = 24 Joules but what abouB#C ?

A much smaller charge would require a lot less gyyeve need to multiply the potential
difference by the size of the charge, that is:

W = V(g
= 12JC! 3 10%C
= 3.6 10°%J

The change in potential between two parallel plates

The strength of an electric field is constant betmvevo parallel charged plates. That means, if
a charge is placed anywhere between the two platél experience the same force.
Calculation of the potential difference between amy points in the electric field between
two parallel charged plates is therefore relatiwstigightforward.

The electrical potential between the plates isatine@unt of work done in moving a charge
across the plates divided by the size of the change is:

W

ERLS
g
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The work done in moving the charge will depend othlihe force acting on the charge and
the distance covered. Assuming that the eleciid trength is a constalf the force on the
charge will beF = Eq . If a distance dfseparates the plates, then the work done in moving
the charge will be:

W = Fs
= Fd
= Eqd

Therefore the difference in potential across tlags will be:

Consider the following example.

Example: Two parallel charged plates are placed 25mm alfdie potential difference

across the plates is 12V, what is the differengeoitential between two points X and Y in this
field, if they are 5mm and 10mm respectively frdra positive plate (distances are measured
perpendicular to the plate).

Figure 4.4:

A\ 4
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Solution: Since the force is constant in the field the eledteld strength can be calculated:

Vv
E=2

d

12
2.5 102

480 Vnrl

For every metre that a charge moves in this figddpotential will change by 480V.
Consequently the change in potential between tvitpseparated by only 5mm will be
480 0.005= 2.4V.
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Activity 4.2

Question 1:

Question 2:

In the case of electrostatic voltage build-up Taa this is
alleviated by having a chain or semi-conductivegstiragging
below the car. How does this work?

If three point charges are placed in a line as shioglow, what
would be the net force experienced by 3 C changetal the
two other charges?

Question 3:

Question 4:

Question 5:

Question 6:

A Helium nucleus has a charge ofef2nd an oxygen nucleus
+8e, wheree is the charge of one electron, 1.60-1°C. Find the
force of repulsion exerted on one by the other wdegrarated by
5 nm (nanometres) (1 nm = 110-2m). Assume them to be in a
vacuum.

How much energy is released by a charge of 5(pHsises through
a potential difference of 24V?

Two parallel plates are separated by a distan&enofi and have a
total potential difference of 6V. Calculate the migde of the
force experienced by a charge6sfC which is plaagd/ben the
two plates. Assume that a vacuum exists betweeplétes.

A potential difference of 22 kV maintains a downudrirected
electric field between two horizontal parallel pleiseparated by
2.0 cm. Find the charge on an oil droplet of mags 210-13kg
that remains stationary in the field between tlzggs.
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4.2 Direct current (DC) concepts * electricity in
motion

In this module we are going to consider directents (DC). We will study alternating
currents (AC) and voltages later. AC electricityvisat is used in the home mains supply, and
DC is what you would get from a battery (also knaagra dry cell) say in a torch or car.

4.2.1 Currents, voltages and resistance £ Ohms Law

Current

With direct current, the charge carriers (electf@hways move in the one direction. Although
we now know that it is electrons (negative chargiea) move in metal conductors, when the
theory was being established it was thought thati positive charges that moved. We still
use this convention, and assume that electric suisea movement of positive charges. We
call this, the conventional current, or simply, therent.

The movement of charges through conductors is héadiey vibrations of the atoms in the
conductor and by impurity atoms, imperfectionshia trystal structure, etc. Electrons move
through metal conductors at a relatively slow sp@adly millimetres per second). This
movement of charges is called an electric curi@rand current is a fundamental SI quantity
with units of ampere (A). The ampere is defineteiis of forces between two parallel
conductors.

We know that the unit of charge is the coulomb (G defined as the charge which passes a
given point if one ampere flows for one secondsTdan be represented as

Coloumbr
Second %

1
~+10

& -
$Am peres=

Example: Calculate the amount of charge that flows in @&wihen a steady current of 2 A
flows for 5 seconds.

Solution: Using the above definition of current:

1 =9
t
=g
2%5
q=10C

So a total amount of 10 Coulombs of charge will movthe wire during this period.
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Voltages

As charges move, they lose energy as heat. Themsytbiat provides energy to the charges in
the first place is calledsourceof electromotive force (emf). The emf is definedtzs energy
given to the charges as one coulomb of chargegpathe emfl) has units of volt — the
same as potential difference.

A traditionally used analogy is that of water flagifrom a tank providing a head of pressure
(see module 3). The head can be likened to thenpiatelifference, and the rate of flow
likened to the current (flowing water = moving chaye

The potential difference/] between two points in a circuit is associatedliie energy lost
by, or supplied to charges which move betweenwloepoints. If there are no energy losses in
the source of emf itself, then we would have

E=V

A potential difference (potential drop, voltage plr@xists between two points in an electric
field. If a chargeg, moves between two points and loses enétfyhe potential difference is

w

V = a (Volts = Joule/Coulomb)

At the simplest level, the potential differenceai®C circuit can be produced by a single
electrical ‘cell’. An electrical cell is a pair pfarallel plates in a chemical solution that causes
them to produce different charge so that one besguusitively charged and the other
negatively charged. Consequently a potential difiee exists between the two plates. In
circuit diagrams, two parallel lines of differingrigth represent a cell. The longer line is the
positive plate and the shorter the negative pkge pelow):

A battery often has a number of cells connectesizh a way as to combine their total
potential difference. For example a 12 V batterghmiconsist of 6 cells each of 2V. The
symbol for a battery is shown below.
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Resistance + Ohms Law

If we take different sizes, shapes, types of cotmta@nd apply the same emf we find that
different currents flow. We say that these différemnductors have different electrical
resistance and define the static resistaRcégr a conductor, by:

R =

—I<

whereR is the resistance in ohmg) V is the voltage in volts, ards the current in amperes.

This is termed Ohms Law. In circuit diagrams resises are represented by the symbols:
|
:

This does not mean that the current is ‘used @afar it means that the amount of current able
to flow around the circuit is affected by the tatistance in that circuit. So for example, if a
circuit consisted of a battery and one globe aed thsecond globe was connected (in series),
the resistance would be doubled and the curremetiaReturning to the water analogy;
resistance could be likened to the cross-sectiamea of the pipe which will affect the flow
rate.

Resistivity
The resistance of a conductBy,is found to be proportional to the lendgthnd inversely
proportional to the cross-sectional area.e.

I
*
R A

Introducing a constant of proportionality gives thowing formula for the resistance of a
conductor:

R=)x

where the constant of proportionaljtydepends on the particular material. This consgant
called the resistivity, with Sl units of ohm-metilene resistivity depends on the atomic
structure of the conductor, and varies with temipeea
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Here are some resistivity values in ohm.m a0

Silver 1.6 10° Nichrome 100 1038
Copper 1.7 108 Carbon 3500 108
Aluminium 2.8 108 Glass 1011
Iron 10 108 Quartz 1016
Tungsten 56 108

Example:

A resistance of 2.5 ohm is required for a particpiace of equipment and has to be made
from a length of tungsten wire of diameter 0.2 mwhat length will be required?

Solution:

We firstly need to calculate the cross-sectionaharf a wire with radius 0.1 mm.

A=,r2
=314 11 1642
= 3.14 108 m?2

Then using the formula for resistance above Witk 2.5( ) 5 5.6 108 and
A = 3.14 108 we obtain:

R:)Z\

I
3.14 108

25= 56 108

| =14 m
Circuit diagrams

Consider a simple battery operated torch. Themdattircuit in the torch could be
represented by the following circuit diagram:

Figure 4.5

m 9(/.& 0330

N

:1(&c.

78
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Once the switch is closed current will flow fronethositive terminal of the cell (longest line)
to the negative terminal. The resistor in the lighitb will slow down the current and in doing
so should glow sufficiently to produce light.

Suppose the total resistance in the above circast3000 , we should be able to calculate the
current flow using Ohm’s law.

V = IR

6 =1 3000
| = 6- 3000
=2 103%A
=2 mA

Often circuits can be quite complex and calculatimgcurrent flowing in different branches
of the circuit involves us being able to determtime resistance offered in each of these
branches. Resistors can be placed in many combirsaith a circuit. We shall deal with some
of these now.

Combinations of resistances

Have you ever noticed that when a light bulb blinvehe home the other lights in the house
stay on? Have you also noticed that the lightshenGQhristmas tree will only work if every
bulb is OK, i.e. if one blows they all go out? Tdiiference in these two examples is the way
the bulbs are connected in the circuit. The Chidstinee lights are connected in series so if
one blows, the circuit connecting the current @ather bulbs is broken, whereas in the case
of the house lighting the globes are connecteaalfel so if one blows it does not break the
current path to the others.

When a number of resistances are connected togatekeme arrangement or pattern it is
advantageous to know what the collective resistaradd be. Experimentally this is done
easily: we can connect a voltage source to theitinmeasure the voltage of this supply and
the current that is delivered into the resistararatwnation, and then use Ohms Law to
calculate the total resistance. Measuring the tetstance is also possible by using an
ohmmeter directly across the resistance circuié rEtationship between the value of the total
resistance and the individual values depends ow#yethey are connected. See the video for
a demonstration of this.

Resistors in series

When resistors are placed one, after another, wthaathey are in series. The current flowing
through each of the resistors is the same. In awgtuation the total resistance is just the sum
of the individual resistances.

Consider the following circuit diagram.
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Figure 4.6

=>>> <?>>

The three resistors are placed in series and tirerdtie total resistance offered by the circuit
is:

R; = 3000+ 2500+ 1000

6500(

We can then use Ohm’s law to calculate the totakc flowing in the circuit, that is:

V = IR
12 =1 6500
| = 12- 6500
= 1.846 103 A
= 1.8 mA

The current will remain steady all the way aroumel ¢ircuit. The potential drop across each
resistor, however, will vary. For example the pdtigdrdrop across the 3000resistor will be:

V = IR
1.8 103 3000
54V

While the potential drop across the 260@ill be

V =1IR
1.8 103 2500

45V

Of course the potential drop across the last m@sistist bel2—15.4+ 4.5 = 2.1V, as the
total drop around the entire circuit has to be 12V.
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Resistors in parallel

Consider the situation below where two resistoespdaced in parallel:

Figure 4.7

\ 4

\ 4

<—

The current flowing from the cellwill split into two paths with currents, arld . The
potential drop across each resistor is noWherefore:

I =1,+1, (since the current in the two branches must suthdaotal current)
\% vV  V .
= =+ = (Using Ohm’s law)
I:etotal Rl RZ
1 1 1 - .
= =+ = (dividing both sides by/).
I:etotal Rl RZ

So the total resistance is not found by summingwheindividual resistances as was the case
for resistors in series, but instead by using tieva relationship.

Some circuits have resistors in parallel and ireseConsider the following circuit diagram.
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Figure 4.8
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The 300Q and 2500 resistors are in parallel. They could be replamed single resistor;
however we need to calculate its size.

1 _ 1.1
Rtotal Rl RZ
1 _ 1,1
Riota; 3000 2500
_ 2500+ 3000
3000 2500
_ 3000 2500
Riotar = 2500+ 3000
= 1364

We could consider the original circuit as being il only two resistors connected in series
(see diagram below where the two parallel resisitoedhoxed by a dashed line to represent
one resistor of 13@4).

Figure 4.9

I
1
—|\ >>>
1
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The total resistance offered by the circuit is 2884 , and therefore the current flowing
from the cell will be:

| = \%
Rtotal
_ 12
2364
= 5.08 103 A
= 5.08 mA

Now the total potential drop of 12V is shared by tivo resistors according to Ohm’s law. The
drop across the 1364resistor will be:

V = IR
5.08 10° 1364
6.93 V

and therefore the drop across the X0086sistor will be 5.07 V (since the total drop BV).

If we now return to our original circuit we knowaththe current flowing from the cell will be
the same as the current flowing through the 10@€sistor; however the current flowing
through each of the resistors in parallel will liffedent. Let’s look at the current flowing
through the 3000 resistor.

We know that the potential drop across both ofphellel resistors will be the same (6.93V),
so we can use Ohm’s law to calculate the curremtifig through the 300 resistor.

V

R
= %
3000
2.31 mA

The current flowing in the other parallel resistoll be 5.08— 2.31= 2.77 mA.

In this way, we should be able to ascertain theeciirand voltage drop across each resistor in
any circuit.
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Activity 4.3
Question 1: Resistance is measured in . Theamsisof a
wire increases as the length ; |tttbacross-

sectional area

Question 2: An ammeter is connected in series with an unknasistance,
and a voltmeter is connected across the termiridleaesistance.
If the ammeter reads 1.5 A and the voltmeter rd2dg¢, compute
the value of the resistance. (Assume ideal metieasjs they do
not effect the circuit in any way.)

Question 3: A copper bar carrying 1500 A has a potential drbp. mV along
20 cm of its length. What is the resistance peremeftthe bar?

Question 4: What is the resistivity of the bar in question & iiad a cross-
sectional area of 2 cif

Question 5: Two resistors, 8 and 12 , are placed in parallel with a
12V battery. Draw a circuit diagram to represers @md then
calculate the total current flowing out of the bajt

4.2.2 Power

Internal resistance

As we have seen in module 2, if a person pushebct up a hill against friction, then that
person has given the object a potential energy @@gal tongh but the work that has been
done is actually the potential energy plus the wawke in overcoming friction.

The potential energy is therefore not equal tontbek done (energy supplied) but equals the
energy supplied minus the amount of energy necgssavercome friction.

In an analogous way, when a source of emf is supgnergy to charges, there is generally
some energy lost in the source itself. We saytthiatenergy loss is associated with an internal
resistancery.

If a currentl is flowing in the circuit, there is voltage droplofassociated with the internal
resistance. The voltage that appears across thintds of the source of emf, is then

V = E-Ir

This ‘internal resistance’ has implications whentweto calculate the current flowing in any
circuit. Consider the following circuit where th&ernal resistance is shown adjacent to the
cell.
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Figure 4.10

T
I

The total resistance in the circuit is made uphefihternal resistance and the external or load
resistance. In this case it2600+ 50= 255Q , SO the currenmtifig in the circuit will be:

| = \_/

R
_5_
2550
2.35 mA

Power (DC)

As the charge flows through a circuit it loses ggeThe total amount of energy it loses is the
potential drop in the circuit (Molts = Joules/Camlo) multiplied by the total charge
(Coulomb). The speed at which this energy is lstiled the power (remember that power is
defined as how quickly work is done).

(since the work done is equal to the voltage miigiipby the charge)

~l12 ~I=

VI (since current is charge divided by time)
Using Ohm’s law we can derive an expression forpiber lost in a given resistor.

P = VI
HR"I

I°R

Consider the circuit shown in figure 4.10. The kotarent flowing in the circuit was
calculated to be 2.35mA. The power lost in the itsdlf is:
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= I°R

=12.35 1032 50
= 2.76 10*W

= 27.6 mW

The power lost in the external circuit is:

P

= I2R

12.35 103%'2 2500
0.138 W

13.8 mW

Activity 4.4

Question 1: Consider the circuit below which shows a 12V batteith internal
resistance of 0 connected in series with an external and variable
resistanceR.

|,
5k

Complete the table for the power dissipated inirtkernal
resistance®, and the power dissipated in the Bador the
various conditions given. We assume that the ialeesistance
is fixed at 1Q , while the load resistandris free to alter.

r R | P, Pq
10

10

10 10

10 15

10 20

Maximum power transfer will occur in a circuit whtre load
receives maximum power. Of the situations descrdimae which
resulted in maximum power for the load? How couwd y
generalise this result?



Question 2:

<B8

Question 3:

Question 4:

Question 5:

Module 4 + Understanding electricity and magnetisn25

In the circuit below the 24 V battery has an inedmesistance of
1 ohm.

T

Compute

.

(a) the battery current
(b) the terminal voltage of the battery
(c) the current in the 4 ohm resistor

(d) the current in the 12 ohm resistor.

 OF

O%

=

Explain what happens to the identical lanpandY in the circuit
shown above when:

(a) switchSl only is closed
(b) 2 only is closed
(c) S1 and2 are closed.

Draw a circuit diagram to show how 3 lamps canitoiedm a
battery so that 2 lamps are controlled by the sameh while the
third lamp has its own switch. (Two possibilities.)

A DC current in a 10 ohm resistance produces hdheaate of
360 W. Determine the values of the current andagatapplied to
the resistor.
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Section review

In this section we have studied the effects oftedestatic forces and concepts such as
potential difference, electric field, current, stance and voltage. We have also discussed how
these concepts apply to direct current (DC) cisctibu should now assess yourself as to
whether you have met the module objectives.

You should now be able to:

explain the meaning of static electricity
describe Coulombs law and how it applies to statiprcharges

calculate the magnitude and direction of the faheg exists between two stationary point
charges

calculate the magnitude and direction of the eleéigld near a stationary point charge
describe what is meant by electric potential
calculate the work done in moving a point chargeugh a potential difference

recognize and describe the common DC circuit corapts) such as the electric cell and
the resistor

calculate the electrical resistance of a pieceiod w
calculate the equivalent resistance of parallelseries combinations of resistors
distinguish between internal and external resigtanc

calculate the power dissipated in a circuit.

In your study of this section you should have bmeking notes of the main points and listing
those concepts that were difficult to understand.

Have you been able to revise those concepts that dviicult to understand?
Have you sought help?

Use the following post-test to see how you are gieim far.
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Post-test 4.1

Question 1:

Which statements are true concerning electric §i2ld

(a) All charges are surrounded by an electric field.

(b) Field lines are drawn as concentric circles adothe charge.
(c) Electric field lines terminate at negative chexg

(d) Electric field lines originate from positive algas.

Question 2:

How many electrons are required to produce 1 Chafge?¢ = 1.6 101°C)

(@) 1.6 1019
(b) 1
(c) 6.25 108

(d) 6.023 1023

Question 3:

Calculate the electric field strength at a poict#from a 2 C charge.
Question 4:

What is the force of repulsion between two argarigiithat are spaced 2nm (210-2m) apart?
(The charge on an argon nucleus is +18 e.)

Question 5:

A flash of lightening carries 10 C of charge whildws for 0.01 s. What is the current? If the
voltage is 10 MV, what is the energy?

Question 6:

Two parallel charged plates are 5mm apart and haliference in potential of 12 volts.
Calculate the force on a charge bf2placed between these plates.

Question 7:

What resistance needs to be placed in parallelav@# resistor to provide an equivalent
resistance of 20?
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Question 8:

Two metal plates are attached to the two termiob#s3.0V battery. How much work is
required to carry a #8C charge

(a) from the negative to the positive plate
(b) from the positive to the negative plate?
Question 9:

A potential difference of 9V is applied to two r&sirs (of 12 and 1% ) connected in series.
Calculate:

(a) the combined resistance

(b) the current flowing

(c) the potential difference across the#lizsistor.

Question 10:

A 300 Ohm resistor is placed in series with a pelrabmbination of two 100 Ohm resistors.
These resistors are then connected to a 12V battéhya known internal resistance of

10 Ohms.

(a) Draw a circuit diagram to represent this situati

(b) Calculate the current flowing in the battery.

(c) Calculate the potential drop across the battmyinals.

(d) Calculate the power lost in the external circuit
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4.3 Magnetism

Magnets and magnetism have been known about faséimals of years. Naturally occurring
magnets, called lodestones, were scientific cuiéssin the ancient world, and slivers of
lodestone that lined up in a north-south directiame the first compasses. The existence of a
magnetic force can be easily verified by anyone Wa® used magnets to hang notes on the
refrigerator.

Even though magnetism has some properties similelectric charge, there is a basic
difference: all known magnets, whether they besthe of an atom, a bar magnet, or the planet
Earth, have two poles. Each pole is usually ladelieth or south (depending on which end of
the earth they would point to if they were allovtedact as a compass). Like charges, poles
with the same character always repel, while oppgsites always attract (north attracts south,
but repels north). This difference between eleatriharges and magnetic poles is enshrined
in Maxwell's second law. No matter how hard youy the law says, you can never create an
isolated magnetic pole. Unlike electrical chargeli¢h can exist as independent positive or
negative particles), magnetic poles always conpairs. If you cut a 2-inch long bar magnet
in half, you don't get one north end and one seautth. You get two 1-inch-long bar magnets,
each with its own north and south pole. Cut thasegs in half and you just get more magnets.
Even the individual atoms are tiny ‘dipole’ (twolppmagnets.

NI ERE

Thus, Maxwell's second law states:

There are no isolated magnetic poles.

This statement by Maxwell says nothing about howgmesic fields come to be. In dealing
with magnetic materials, the unit magnetic ‘ce{tdiarges in electrostatics, which contain
both poles) are known as ‘domains’.

The domain theory of magnetism

The ‘domain theory’ of magnetism helps us explaims of the more common phenomena
associated with magnets. It is known that some maddgcalled ferromagnetic materials) are
either naturally magnetic or can become magnettaifed near anther magnet. We assume
that within these materials there are many dom@ing magnetic cells), not necessarily
aligned (see figures 4.11 and 4.12).
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Figure 4.11Ferromagnetic material with unaligned magnét& doma
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If the material is placed near a strong magnetnagnetism might cause the domains in the
material to align. If this happens the materiatlitsvill become magnetic.

Figure 4.12Ferromagnetic material after being placed mewgy magnet
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If a bar magnet is suddenly dropped, it can Icseniagnetism. The force experienced by the
magnet when it hits the ground can cause the dataimove out of alignment, in other
words the reverse of the process described above.

4.3.1 Magnetic fields

The region where a magnet can exert a force isa@iits magnetic field. Just as a charge
placed in an electric field experiences a foramagnetic substance placed in a magnetic field
will also experience a force.

The direction of a magnetic field is defined asdirection that a North seeking compass
would point if placed in the field. For exampleaitompass was placed mid way between the
North and South poles of a bar magnet, it woulshprmwards the South Pole of the compass
(see figure 4.13).



Module 4 + Understanding electricity and magnetisn31

Figure 4.13Finding the direction of magnetic field usirsgékinthcompass
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Electromagnetism

Magnetism and static electricity seem to be veffgdint things. The nature of magnetism,
and its connection with electricity, is what Max¥gethird and fourth laws deal with.

The relationship between electricity and magnetiam be stated as:

Every time an electric charge moves, a magnetic fekis created;
every time a magnetic field varies, an electric fld is created.

Electricity and magnetism are two inseparable d@spafaone phenomenon: you cannot have
one without the other.

The story of the discovery of this connection udous one. The Danish physicist Hans Oersted44¥851)
was giving a physics lecture when he noticed thamhe flipped a switch to start the flow of arceie current
a nearby compass needle began to twitch. Furthpariements convinced him that a magnetic field &spnt
whenever electrical charge flows through a wire.

If we could see or feel electric and magnetic feltheir close ties would be obvious because
we would always see them together. But in day-tpiifle we are generally unaware of
electrical effects when we use magnets, nor doemgeesmagnetic fields when we use
electricity. We have to use instruments to telabsut the connection between the two.

It is believed that magnetism is actually causethieyspin of electrons within the atom. In
most substances magnetism from the spin of on¢retewill cancel out the magnetism from
the spin of another. However in the ferromagnailzssances, this is not the case, and the
substance will form magnetic domains (discusseliegnr

The magnetic effect of a current

In the section on electric fields we saw that &@tary charge could be pushed or pulled by an
electric field in the direction of that field. Iféharge is moving, then at times a sideways
deflecting force acts. We say that this sidewaysdds due to a magnetic field.

So while stationary charges only experience elstdtiw forces, a moving charge will
experience both an electrostatic and a magnete for
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As moving charges produce magnetic fields, so dotet currents which are essentially
moving charges constrained to a conductor. Thetiline of the magnetic field produced by a
current may be described by the right hand grip.falace your right hand with fingers curled
as if to grip the wire (as in figure 4.14). If yaimumb points in the direction of the current
flow your fingers will give the direction of the maetic field associated with that current. The
field pattern and direction can also be found kacipilg a compass near the current (see also
figure 4.14).

Figure 4.14Magnetic field associated with a current

The strength of the magnetic fididcreated by a current is found to be proportioodhe
magnitude of the current | and inversely propomido the distance from the wireThat is:

The constant depends on the substance surrounding the wirdéderspace or air it has a
value of4% 107 . The unit of magnetic field strendglis the Teslar T.

Example: A straight wire carrying a current of 5A is placgalthat its length runs north/south
and the current flows north. Calculate the direcaod magnitude of the magnetic field
produced by the current at a point 5cm east ohine.

Solution: A diagram might assist with our solution (see tglo
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The current = 5A , the distance= 5 102 m
therefore:
Ll
B= 2%
B = 4% 107 5
2% 5 1072
B=2 10°T
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and we will assumeitlsplaced in air,

Using the right hand grip rule, the field shoulddmenting in a direction into the page.

The electromagnet

One common application of the magnetic field asged with a current is the electromagnet.
When a wire is wrapped into a coil (also calles@soid) the combined effect of the
magnetic field from each loop of the coil closedgembles that of a bar-magnet (see

figure 4.15).

Figure 4.15Magnetic field associated with a solenoid
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The strength of the magnetic field can be enhaifcadt iron bar is inserted into the solenoid,
rather than just free space. This then forms tisésha the electromagnet. The magnet only
operates when the switch is closed and currentsfl@&iectromagnets are found in many
devices and machines, from ordinary speakers ttatge magnets that lift scrap iron and cars
around in junkyards.

4.3.2 Forces in magnetic fields (the motor effect)

Have you ever thought what makes the car’s startgor turn or how the needle pointer in an
electrical meter deflects to give a reading? Tlueséces use the principle that if a current
carrying conductor is in a magnetic field, a sidgsvborce is exerted on the conductor.

For the conductor shown in figure 4.16, if a perkmoks in the direction of the current, the
magnetic field due to the current in the condui@arockwise around the conductor as
confirmed by the right-hand grip rule mentionediearTo the left of the conductor, the
magnetic field due to the current in the conduerudt the applied magnetic field are in the
same direction and add to give a stronger fieldth€oright, the fields are in opposite
directions and the resultant field is weaker thathe left. The conductor experiences a force
to move it from the stronger to the weaker fielgioa. The direction of these vectors in
relation to one another is easily remembered byitfet hand slap rule. Open your right hand
as if you are to slap something, again positi@oithat your thumb points in the direction of
the current and the fingers in the direction ofadpelied magnetic field. Your open palm will
point in the direction of the force i.e. if you veeio then slap something the movement of your
hand would be in the same direction as the movemetite conductor.

Figure 4.16The force on a current carrying wire that impdared)netic field

: eye above conductor

current

The strength of this force will depend on both ¢herent flowing in the wire and that
component of the magnetic field which is perpenidicto the wire. That is:

F = Bllsin&

whereB is the strength of the fieldlthe current flowing in the wiré the length of the wire
and&the angle between the field direction and theaurdirection (see figure 4.17).
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Figure 4.17Wire placed at an angle in a magnetic field
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Example: A conductor of length 50cm and carrying a curidr85maA is placed in a magnetic
field of strength 0.4T. If its length is perpendanuto the direction of the magnetic field,
calculate the magnitude and direction of the faxgerienced by the wire.

Solution: Since the wire is perpendicular to the figd= 90' ls® magnitude of the force
will be:

F = Bllsin&
=04 35 103 0.5 sin90
=7 103N

The loudspeaker

The loudspeaker is a great example of how the fexperienced by a current carrying wire
can be used. At the end of the loudspeaker thexdiibular magnet which produces a radial
magnetic field (see figure 4.18).

Figure 4.18End view of loudspeaker showing tubular magnet
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The paper cone that vibrates in the speaker igéremove up and down over the north pole of
the tubular magnet. The coil of wire is attachethtocone so that when current passes
through the coil in one direction it experiencderae due to the presence of the perpendicular
magnetic field. This force in turn results in thaghragm moving in one direction (see

figure 4.19). If the current changes direction theptdragm will move in the opposite

direction. Now ‘sound’ signals, when in an eleditiform, change direction at the frequency
of the sound in question. These changes in cuwiliritause the speaker to vibrate at the same
frequency as the signal current, hence producingdaaves. See the video for a
demonstration.

Figure 4.19Side view of loudspeaker

my I"#
$%&HY%(!
$)%! JHH"1HY!
c+™I# (M
Ym-+96,%" c(!"

The moving coil galvanometer

A moving coil galvanometer is used to measure gensitive currents flowing in a circuit. It
is another application of the force experiencea loyrrent carrying conductor when placed in
a magnetic field. The galvanometer consists ofilbofavire which is placed in a magnetic
field (see figure 4.20). As current moves in th#é, ¢bose parts of the coil which are
perpendicular to the magnetic field will experieac®rce; this force will cause the whole iron
core to move, which in turn will cause the needlenbve. A stronger current will result in a
greater movement of the needle. Similarly, a curflewving in the opposite direction will
cause the needle to change direction.
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Figure 4.20Moving coil galvonometer

The force on a moving charge

If a beam of electrons moves into a magnetic fighdjll experience a force in much the same
way that a current carrying conductor will whersiplaced in a magnetic field. More
specifically if a chargg is moving at right angles to a magnetic field toésgthB it will
experience a force given by:

F = qvB

wherev is the velocity of the charge. As the force alwagts at right angles to the direction of
the current, the charge will begin to move intarauar path.

Example: An alpha particle is fired at a velocity 8f4 10* ms1  irdo/acuum which is
subject to a magnetic field of 0.23T that actdgtitrangles to the direction of the alpha
particle. Calculate the magnitude and directiothefforce on the alpha particle.

Solution: An alpha particle is a helium nucleus whose chige
+2e =2 1.6 101° = 3.2 1079 C. Consequently the magnitude of the force will be:

F = qvB
= 3.2 1019 24 10* 0.23
=18 105N

Now the direction of the force will be always aiht angles to the direction of the charge.
Initially it will be straight down the page, howeas the charge experiences this force it will
change direction. When this occurs, the force ernctiarge will also change direction.
Consequently the charge will move in a curved fsdie figure 4.21).
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Figure 4.21Movement of charge in a magnetic field
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The force between two parallel conductors

Consider the situation shown in figure 4.22 whevre wires are separated by a distance of
and carry currents df;, arld  respectively.

Figure 4.22Force between two parallel conductors

and F,; =-F;, (opposite direction

These forces are attractive when the
currents are in the same direction.

The first wire is in the magnetic field createdthg second wire and therefore will experience
a force towards the second wire. Similarly the seloire will experience a force towards the

first wire. Consequently when the two currents fiovihe same direction the wires will move

together and when the currents flow in oppositeations the wires will move apart.
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Activity 4.5

Question 1: Sketch the shape and direction of the magnetid §kbwn below
where the direction of the current is up the page.

A

Question 2: In the previous question calculate the strength@imagnetic field
at a point 2.5mm to the right of the conductor. uxsse that the
current flowing in the wire is 25mA.

Question 3: Draw a bar magnet and illustrate the shape andtitireof the
magnetic field that surrounds it.

Question 4: A current of 35mA passes through a wire of lendggbr2 which in
turn in is moved through a uniform magnetic fief®®d. Assuming
that the wire is at all time perpendicular to thagmetic field,
calculate the force on the wire.

Question 5: The circuit below shows a solenoid wound aroundfaisn
cylinder. When the switch is closed in the cirantelectromagnet
is formed. At what end of the cylinder will the NloPole of the
field appear?

Question 6: In the previous question, how can we increasettieagth of the
electromagnet?
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4.4 Alternating current (AC) concepts £ more
“electricity in motion'

4.4.1 The generator effect (electro-magneti@ninducti

We have just seen that a current carrying condwperiences a force on it if placed within a
magnetic field (if the field lines are perpendiautathe current flow). We will now look at the
inverse situation: by moving a conductor (wire)hirita region of magnetic field, a current is
generated. We call this currentiaduced current. This effect was discovered by Michael
Faraday in 1831. In figure 4.23 if the wire werewad out of the page through the magnetic
field that runs down the page, the current wouldtiome to flow to the right. Unfortunately it
is not practical to move a wire continuously in thee direction so a simpler solution to the
production of electricity is to use an alternatgenerator.

Figure 4.23Production of induced current
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A simple alternating generator is shown in figura44 In this generator there is a single coil of
wire placed in a magnetic field. If we are abledtate the coil from the other end (as shown in
the diagram) current will flow briefly out of thedp at A which is connected to the slip ring
furthest from the coil. Similarly the movement bétcoil will induce a current to flow into the
coil atB which is connected to the closest slip ring. Aschil rotates there is less wire
actually perpendicular to the field so the curdetreases until it finally ceases when the coil
is upright. Further turning of the coil will themgaluce a current in the opposite direction. In
this way an alternating current will be produceldeature of the current produced can be
varied by using more or less coils of wire, a digfg magnet and by altering the speed of
rotation of the coil.
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Figure 4.24Simple alternating generator (AC Dynamo)
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The current produced by a generator varies acoptdifa sine relationship. The variation in
current might look like that shown in figure 4.25igh shows a signal with 50 cycles per
second (Hertz), the usual 240 volt frequency. Ydunetice that the current reaches a
maximum (called peak) value of 5 amps after 0.@8®sds, this then drops to zero after
0.01 seconds and then it changes direction.

Figure 4.25Graph of current against time for a typical A€upplyeof 50Hz
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One might think that having a current that chardjesction all of the time is useless. As it
turns out, resistors like light globes work irresipee of the direction of the current flowing.
Ohm’s law also applies to the voltage drop acrassstor in an alternating current (AC)
circuit. As a result voltage change across a m@sigill also vary according to a sine
relationship.

Power in AC circuits and RMS values

As mentioned earlier, alternating current can sidlke a light bulb glow (in other words
power is expended even if the current varies atheftime). When we calculate how much
power might be used up in a light bulb (for example can use the same formula as used in
DC circuits, that is:

P = I?R.
In this casé is the average current flowing in the AC circuitl® the resistance of the light

bulb. This average current is more accurately tdrthe RMS (root mean square) value. The
current shown in figure 4.25 had a peak value afrfps, its RMS value is:

_ IPeak

IRMS_ ﬁ

35A

So if that particular current was connected tayhtlbulb of resistance 200 the power used
would be:

P=I2R
3.2 200
2450 W

Similarly when we refer to a power supply as beldgV we are talking about the ‘average’
voltage, the equivalent peak voltage would be:

Vpeak

Vrms = A/%a
V

240 = %“

Vpeak = 240 /2=339V
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Example: How much current should flow through a 60W lighdlge which is connected to a
240V mains power supply?

Solution: We use the RMS value of voltage in our power fdemu

P =Vl
60 = 240
| = 60" 240
= 025A

4.4.2 Transformers

In the previous section, we discussed how AC atattrcan be produced by moving a
conductor in a magnetic field. It is not the movetnef the conductor, as such, that produces
the current, but rather the change in the magfietit on the conductor caused by its
movement. Consequently an induced current candmtuped in a solenoid if a magnet is
moved in and out of the solenoid. For exampleigare 4.26 moving the magnet into the coil
will produce a current in the coil (provided thiagtcoil is connected to a complete circuit!).
The induced current is caused by the changing ntiagfiedd.

Figure 4.26Creation of an induced current in a solenoid

A changing magnetic field could also be achievatiéf moving magnet in figure 4.26 was
replaced by another stationary coil carrying aarakliting current. We know that an
electromagnet is formed when current moves threugplenoid, changing the direction of this
current will therefore create a condition wherertegnetic field is constantly changing. This
phenomenon is the basis of the transformer whishdsvn in figure 4.27.
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Figure 4.27Diagram of simple transformer
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The transformer consists of two coils of wire irsgatl from each other and wound onto a
common soft iron core. One coil (the primary c@lfonnected to an AC power supply. As the
current begins to flow in the primary coil, a matjnéield will be set up in the iron core and
consequently in the secondary coil. Every timedineent changes direction in the primary
coil the magnetic field in the core and thereforé¢hie secondary coil will change direction.
This changing magnetic field will induce an altding current in the secondary coil.

The voltage on each coil is directly proportiorathiie number of turns on the coil, that is:

ZlZ
5=

]

Vp
VS
where:V, is the voltage in the primary col;  thdtage in the secondary col, the
number of turns in the primary coil; and,  the nemof turns in the secondary coil.

This property is extremely useful, as it providesechanism for easily changing the voltage
in an AC circuit.

Example: A 12V toy needs to be connected to a 240V maimegpgupply. Calculate the turns
ratio in the transformer needed for this toy.

Solution: We know that the voltage in the primary coil viié V,, = 240V and the voltage in
the secondary coWg = 12V , therefore the turns ratio el

240 _ Ny
12 ~ N
N
P -
L= 20

2]

That is, the transformer designer will need to emshat the primary coil has 20 times more
turns than the secondary coil.
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If we assume that no power is lost in a transfortiem:

Input power=Output power
Vpl, = Vil

I
I
o -
Z
==
Ro

Vo _
VS

We see that the ratio of currents in the two dsiisiversely proportional to the ratio of the

voltages. So as we increase our voltage our cuwiindecrease. Consider the following
example.

Example: A transformer with 300 turns on the primary coitld&® turns on the secondary coil
is connected to a 240V AC supply which produces @ab8urrent. Calculate the current and
voltage on the secondary coil.

Solution:

Calculating the voltage first we havg = 240V, N, = 300 andNg = 50 . Therefore:

240 _ 300
V., 50
240 50= 300 V,
12000= 300/,
V, = 40V

Assuming no power is lost in the transformer, we calculate the current.

Yoo s
v, 0,
240 _ s
40 ~ 15
=15 240
s” T 40
= 90A

Notice that as the voltage is reduced the curseimicreased.

Power loss during transmission
We know that as electricity passes through any goiwd, it will encounter some resistance

and will therefore lose energy. The loss in powsea &urrent passes through a wire of
resistancd is given by:

P = I2R
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That is, the power lost is proportional to the squa the resistance in the wire. Now the
electricity generated in a power station may havieavel hundreds of kilometres along wires
before it reaches the user. Even when using wirgery low resistance, the total resistance
over a large distance can be quite large and coesgly the power loss may be large. One
way to reduce this power loss is to transmit tleeteicity with a lower current (as we cannot
alter the resistance in the wires). Consequenéytitage is ‘stepped up’ at the power station
(and the current is reduced) and then it is ‘stdppmvn’ at the user end of the transmission
line.

Consider the following examples which show this aripnt application of the transformer.
Example: Electricity is produced in a power station withatential of 20000V and there is a
demand for 30 Megawatts of power. We shall assinaiethe resistance of transmission lines
is2 10* m1 and the length of these lines is 50km. How muuainent will be needed and
how much power will be lost in the wires?

Solution:

UsingV = 20000 andP = 30 1C( we can calculate the size of the ctimenessary to
deliver such power.

P = VI
30 1CF = 20000 |
| = 1500A

The resistance encountered along the total lerfgtiedransmission lines will be
2 10% 50000= 10! , consequently the power lost will be:

P = I2R
= 1500 10
=225 10
=225 16W

That is, even with such low resistance in the wig2s5 Megawatts would be lost in heat
during the transmission.

If on the other hand the electricity was transmditséth a much higher voltage, then we
wouldn’t need to have as much current and so ptagsrwould be reduced.

Example: If in the above example the electricity was traittgd with a potential of 275kV
instead of the original 20kV, how much current wbbk needed and what would be the power
loss?

Solution:
A transformer would be needed to increase the fiatdrom 20kV to 275kV, in doing so the

current would be reduced. In the transforrgr= 20009 V, = 275000 and, = 1500.
Consequently the new current can be calculated:
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Voo ls

Ve o,
20000 _ Is
275000 1500

ls = 109

In order to deliver the same power a current of AGfps is necessary.

The power loss over the 50km of line can be catedlas:

P=12R

10% 10
118810
0.12 16w

We see that the power loss during transmissioedaaed from about 22.5 Megawatts to
approximately 0.12 Megawatts. In this example wsuage no power is lost in the
transformers. In practice this is not the casesamle energy is lost in the transformer.

4.4.3 Domestic electricity

With the current awareness of effects on the enwirent and the daily economic pressures
presently experienced, many people today are,ad teebe, more conscious of the ‘amount of
electricity used’ in the household. This is partéely the case when the bill from the
electricity supply company arrives in the mail. Ejyeeconomy is also a selling point these
days for many of the white goods/appliances thaarilable on the market, using a ‘star
rating’ system.

As we have already seen in previous modules, p@aee rate of change (or use) of energy
with respect to time. Conversely, energy is thelpod of power and the time of application.
So

P=0Q* (W) oo Q=Pt (J

(WhereQ is the amount of energy in jould3js the power in watts artds the time in
seconds.)

In this electrical environment the unit ‘kilowatotr’ (kWh) is used rather than joules, which
means that power is measured in kilowatts and tmi@urs. So the conversion factor is

1kWh= 36 16J

The household energy meter indicates the totalmatated kWh used. Note that some meters
also indicate 0.1 kWh in the least significant tli@halog or digital readout). So to get an idea
of your average daily use take note of the readmgour household meter and then one week
later at the same time take another reading. Biglitig the difference by seven will give you
your average daily usage for that week.
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To determine the amount of ‘power used’ domestjc@ttual energy used) by a particular
appliance, just multiply the power rating in kW ttne length of time it is in operation in hours.
To assist you in this use the table supplied is thodule, which gives approximate power
ratings of a variety of domestic appliances.

Total energy consumption for domestic use,
Q=P t
whereP is the power of the appliance in kW artthe time in hours.
Example:
What amount of energy in kWh is used by the coriveat refrigerator on an average daily

basis considering that the thermostatic controlmaghat the internal motor is only on 60% of
the day?

Solution:

Daily average number of hours usage 0.6 24 = 14.4h
Conventional refrigerator power rating 150W = 0.15 kW
Average energy usage perdayP t = 14.4 0.15= 2.16 kWh

Activity 4.6

Question 1. The domestic electricity supply in the United Kiogal is
nominally 230 V (RMS), what would be the peak vgéavalue?

Question 2: What will be the peak value of the current thatviiahrough a
2400W heater connected to a 240V mains power s@pply

Question 3: A transformer is required to reduce mains powe24gfV and 10A
to run a 6V appliance. Calculate the turn’s ratioduch a
transformer.

Question 4: What will be the current flowing in the secondaojl of the
transformer in question 3? How can we reduce the @i this
current in the appliance itself?

Question 5: A 2000W electric fire is used for 10 hours. Whatthis cost, at
12c per kWh?
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Table 4.1:Some common power ratings for appliances

Cooking Appliances

Crockpot

Frying pan

Griller

Vertical griller

Range, stove

Hotplate 16cm diam.
Hotplate 20.5cm diam.
Grill/boiler 20.5cm  25.5cm
Grill/boiler 19cm  38cm
Grill/boiler 25.5cm  30.5cm
Ovens

Wall ovens

Domestic microwave oven

Typical Rating
(Watts)

150

1200

1200

1800
7000-12000
1250

2100

2000

2400

2750
1800-2500
2500+
1300+

Note: the ratings in this table are for the appliancenmig on ‘full’ or ‘high’. The use of
lower settings or thermostats will reduce the poe@mrsumption.

Kitchen Appliances

Coffee grinder
Coffee percolator
Dishwasher

Food blender
Food mixer

Food warmer
Garbage disposal

Immersion heater — large
small

Jug

Juice extractor

Kettle

Toaster — manual
automatic

Sandwich maker

Range hood

Lighting

Incandescent lamps

Fluorescent lamps — 20W-600mm (2 ft)
40W-1200mm (4 ft)

Lighting (average home)

Laundry Appliances

Clothes dryer — cabinet type

rotary plug-in

rotary fixed wiring

Iron — automatic or steam

Washing machine — washing action
heating element

100
600
2400
450
110
400
500
2400
1500
1800
300
1500
600
1500
600
80

40-1000

30

50

125 kWh per 2 months

2400
2400
4000
1000
250

2400
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Other Appliances Average Rating

(Watts)
Aquarium heater 100
Blankets — single 75
— double 120
Clock 2
Electric drill 500
Fan — 250mm (10") exhaust or circulating 50
400mm (16") circulating 70
Floor polisher 250
Hair dryer 1000
Lawn mower — 0.5kW cylindrical 500
1.5kW rotary 1500
Medical lamp infrared (heat) 250
Motors, electric — 0.25 kW 290
0.5 kW 550
Radio 100
Record player 120
Sewing machine 75-120
Swimming pool filter 300-1000
Television set 200
Vacuum cleaner 500
Video recorder 100
Water bed heaters 325
Direct Heating
Stripheaters 750-1500
Radiators 1000-2400
Skirting board heater/oil-filled heater 1000-2000
Portable fan heater 2000-2400
Fixed fan heater 3500-7000

If your heaters are thermostatically controlled yoperating costs could be reduced by up to
50%.

Refrigeration

Refrigerator — conventional 150
two door 250
frost free 350
Freezer — chest type 200
vertical 200
frost free 250

Electric Water Heating

Persons in household Water consumption
(litres per person day) consumption (kWh per day)
1 45-75 3.6-6.1
2 45-65 7.2-10.3
4 40-55 12.8-17.5
6 30-45 14.3-21.5
8 25-40 16.0-25.4

If your family uses off peak water heating you expect the cost to be reduced by 50%.

(Source: Dangerfield, E 199Engaging science — electricity — transformati@urriculum Corporation, Victoria,
Australia, pp. 186—7. (Table quoted frafour guide to operating costs of domestic eleapipliances
ACT Electricity and Water, Canberra, 1988.))
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Section review

In this section we have studied magnetism anckligionship with electricity. We have also
discussed concepts associated with the productidriransmission of alternating current
(AC) electricity. You should now assess yourselfaaghether you have met the module
objectives.

You should now be able to:

explain the domain theory of magnetism

calculate the magnitude and direction of the magriield near a current carrying wire
describe how an electric motor operates

calculate the force on a current carrying conduptaced in a magnetic field

calculate the force on a charge moving in a magriietd

describe how a simple alternating generator (ACdDy0) operates

distinguish between peak and RMS features of arcé@nt

describe the operation of a transformer

calculate the voltage and current flowing in thesselary or primary coils of a
transformer

calculate the amount of power used by a domespiiaye.

In your study of this section you should have bmeking notes of the main points and listing
those concepts that were difficult to understand.

Have you been able to revise those concepts that dviéicult to understand?
Have you sought help?

Use the following post-test to see how you are gieim far.
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Post-test 4.2

Question 1:
Describe the shape of the magnetic field arourtdagght current carrying conductor.
Question 2:

Explain how the moving coil meter provides a deftat proportional to the current flowing
through its coil.

Question 3:

An electron is accelerated from rest through am@tedifference of 3000 V. It enters a region
whereB =5! 10~ T perpendicular to its velocity. Calculate fitmee on the moving charge
due to the magnetic field.

Question 4:

A copper bar 25 cm long lies perpendicular to d&asm magnetic field of 0.75 T and carries
a current of 2.5 A. Calculate the force experienogthe bar.

Question 5:

An AC current in a 10 resistance produces heat at the rate of 360WriDite the effective
(rms) values of the current and voltage.

Question 6:

A vacuum cleaner has a rating of 450W on the 24@hs Which one of these fuses should
be fitted in the plug: 0.5A, 1A, 2A, 5A?

Question 7:

A ‘step up’ transformer has 500 turns on the priraoil and 3200 on the secondary coil. If
the electricity on the primary coil has a potentié230V and a current of 9A, what will be the
potential and current of the electricity on thes®tary coil?

Question 8:

What is the cost of energy per week used in bogikgttle to make a cup of tea if it takes
3 mins twice every day, and the electricity cost tiatl5 c/kWh?
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Solutions to activities

Activity 4.1

Question 1:

The stroking of bristles against the hair resultsharges being transferred. As all
the hair strands are charged the same, forcepuolfsien exist between them,
causing them to tend to stand apart. The chardbeohair is different from that
on the brush, so they also are attracted to thehbfut is brought close.

Question 2:

The comparable property is electric charge

E _ Gmm, dF _ kg0,
gravity — T an electric — T

Note the similarity between these two equations.
Question 3:
Answer is (b).

(c) will also provide the resulting negative chargewever the protons are
locked within the atomic/molecular structure of jaesey material.

Question 4:
Coulomb (C). One electron charge = 1.610°1°C.
Question 5:

Electrostatic forces are much stronger than gréwital forces. (This means we
don't fall through the floor ! 1)

Activity 4.2

Question 1:

The chain or strap provides a conductive path figréharge imbalance to flow
to/from earth. (The earth acts as a massive chrasggvoir.)

Question 2:

Let us denote aB,; the force betweenih€ and3h€ harges.

A

‘%1cm —)‘4 3 cm P‘
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Similarly letF, be the force between th8" C and & harges.

Using Coulomb’s law we can calculate these twoderc

ka0,
F, =
1 rz
— 9! 10°! 1! 106! 3! 106
1 102 ¢
=270 N
Similarly
ka0,

r
91 10°! 31 1061 41 105
w1 102 ¢

120 N

As both forces are in opposite directions, thelteguforce on the-3" C charge
will be 270— 120= 150 N towards thel" C charge.

Question 3:

The charge on the helium nucleus is:

g, = 2e
=21 1.6! 10%°
=321 10°C

Similarly the charge on the oxygen nucleus is:

q, = 8e
= 8! 1.6! 10%°
= 1.28! 108 ¢C

Therefore the force between the two ions will be:

_ kaya,

2
r

91 10°! 3.21 10°°1 1.281 108

w1 10° ¢
1.47! 10°°N
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Question 4:

The amount of work done is equal to the poteniiééince multiplied by the
size of the charge:

W = Vq
241 5
120 J

Consequently the amount of energy released by ehaitgbe 120 J.
Question 5:

The field between the two plates is constant amdtiength can be calculated:

_V
ol

_6
51 1073

1200 Vnrl

Remember the field strength was defined as thefper unit charge, therefore:

E =

olm

F
6! 10°
F=72! 108N

1200 =

Question 6:

The field between the two plates is constant amdtiength can be calculated
(as above):

V
E=3
_ 22! 16
21 1072
=1.1!" 16 Vm

If we let the charge on the oil droplet®€, then the electrostatic force on it will
be:

1.1! 10

T
1]

1! 10! gN
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This force is preventing the droplet from falliregpy must equal its weight.

W = mg
221 10131 9.8
2.156! 102N

Therefore:

F=W
1.11 16! q = 2.156! 1012

q = 2.156! 1012%1.1! 10
1.96! 10%8C

Activity 4.3

Question 1: Ohms ( ); increases; decreases
Question 2:
| = 1.5A anaVv =12V
By Ohms Law V = IR
So R=<=2£=38

Question 3:

Using Ohms Law with/ = 1.5! 10-3atl = 1500

Since the bar is 20 cm the resistance per metebeuil

1! 106

————_ =51 106 m!
20! 102



Module 4 + Understanding electricity and magnetisn57

Question 4:

From the previous questidR = 1! 106 andl = 20! 102 . The cross
sectional area i = 2! 10% m2 , therefore the resistivity caridund:

R:&Z\
| 2
11 106 =g 221 107
2! 104

&=1!10° m

Question 5:

£ T8

The total resistance of the circuit can be caledat

i:--}-_
R, 8 12
_ 20
96
_ 96 _
RT—20—4.8

Consequently the total current flowing from thetésat will be:
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Activity 4.4
Question 1:
r R I P, Pr
10 5 12 6.4 3.2
15
10 8 12 4.4 3.55
18
10 10 12 3.6 3.6
20
10 15 12 2.3 3.46
25
10 20 12 1.6 3.2
30

From the table it can be seen that the maximum ptaesfer is 3.6 watts when
the internal and external resistances are eachfiis can be shown in the
figure below.

Question 2:

We need to firstly calculate the total externalstsice. The 8 and the 12
resistors can be regarded as one resistor of 2Be total external resistance is

therefore:
1_1,1
R 4 20
_ 24
80
_ 80 _
Ry = %4 - 3.3

Together with the internal resistance the totaktasce is therefore
33+1= 43 .
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The current flowing in the battery will therefore:b

As this current flows in the battery (and throufjb internal resistance) it loses
some potential. This can be calculated:

V =IR =558 1=558V

In other words the resistance in the battery actsolan almost 5.6V of lost
potential. Therefore the overall voltage acrosséminals will be
24—-56= 184 V.

This will be the potential drop across the #esistor. So the current flowing in
this resistor can be calculated:

The remaining 1 A of battery current should flowotiigh both the 8 and 12
resistors.

Question 3:
(a) Both lamps are lit (equally)
(b) Neither lamps are lit
(c) Only lamp Y is lit. (lamp X is off)
Question 4:
&'2 &'2

-

&' &'
$%

Question 5:

Using our definition of power, we can calculate tierent flowing in the circuit:

P = I2R
360 = 121 10
12 = 36
| =6A

Then using Ohm’s law we can calculate the voltagess the resistor.

V=IR=6!/10=60V
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Activity 4.5

Question 1:

The field will be circular as shown in an anti-dtegse direction.

Question 2:
Usingr = 2.5! 103 mandl = 25! 102 A we obtain:

5oy
_ 4 1107 25! 103
2'1 25! 103
=21 108T
Question 3:

For a bar magnet the field will resemble:
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Question 4:

Using | = 35! 103 A, | = 0.25 m,B = 3 T and( = 90 we obtain:

F = Bllsin(
= 3! 35! 103! 0.25! sin90
= 0.026 N

Question 5:

When the switch is closed the current will flowtlre direction shown below.
Using the right hand grip rule, we find that thegmetic field within the solenoid
will be in the downward direction. Consequently Marth Pole will be on the
bottom of the cylinder.

N
SIVAVAVAVAV

NN
VA \ A

A

Question 6:

The strength of the magnetic field can be incredseeither using a larger
current or putting more coils of wire on the metginder.
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Activity 4.6

Question 1:

Vims = 230 V, therefore/ .., = 42! Vgpys = 42! 230 = 325V.

Question 2:Using the RMS value of 240V for voltage we obtain:

P = VIl
2400 = 240
| = 10A

Consequently the peak current will be:

Ipeak: 42! lrms = J21 10 = 14.1A..
Question 3:

In this casev,, = 240V, Vg = 6V and |, = 10A. The turns ratio is equal to
the ratio of the primary and secondary voltaget, 240 : 6 = 40 : 1. So the
primary coil will need 40 times more turns than sieeondary coil.

Question 4:

The secondary current will be 40 times the prin@amyent, that is 400A.
Obviously this is a very large current and it wobldn out most appliances. In
order to reduce this current, a very large reststgnalled a shunt resistance) can
be placed in series with the appliance or alteveftia very small resistance can
be placed in parallel with the appliance.

Question 5:

The amount of energy us€ = P! t = 2kW! 10h = 20kWh . Since energy
costs 12c¢ per kWh, the cost of running this appkawill be20! 12 = 240c.
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Solutions to post-tests

Post-test 4.1

Question 1: a, c, d

Question 2: ¢ (number of elections =;_19 = 6.25! 10°® )
1.6! 10

Question 3:

I 1 21 6
E - kg _ 38! 10°1 2! 107 =1.125!) 10’ NC1

r #1023
Question 4:
. ko, d,
= —
_ 9! 10°! #18! 1.6! 1019%
w1 10°8%
= 1.87! 108N

(whereg; = 18! 1.6! 101 = qy)
Question 5:

Current is the rate of flow of chargé,= 9 - 10 = 1000A

Energy (work doneW = gV = 10! 10! 10° =1(PJ = 100 MJ
Question 6:

The electric field between the two plates is gitgn

The force on a charge d" C  will be:

E="
q
F
2! 10°
F=48! 103N

2400 =
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Question 7:

For parallel resistances

1 1,1

Rtotal Rl RZ
i_1,1
20 30 R,
1_1_1
R, 20 30
R, = 60

* Parallel resistor required = 60
Question 8:

The work done in moving the charge from the negatiivpositive plates will be
W= qV=5! 105! 3 = 1.5! 10° J, however there will be no work
necessary to move the charge the other way asitavpasharge will freely move
towards the negative terminal.

Question 9:

(a) Combined resistancR = R, + R, = 12 + 15 = 27

(c) Potential difference across 12resistorV = IR = 0.33! 12= 4V .
Question 10:

(a) A possible circuit diagram is:

E@f (4

## H#H#

(b) In order to calculate the current flowing in thettery, we need to firstly
determine the total resistance in the circuit.

The two 100 resistors in parallel are equivalent to one resist 50 .
Therefore the total external resistance will3g®+ 50 = 350 d e
total resistance on the batte3$0+ 10 = 360 . The current fhgwin the
circuit and in the battery will be:
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(c) The nominal drop across the battery is 12V, havsome of that is lost on
the internal resistance. The potential drop actfessnternal resistor is:

V = IR = 0.033! 10= 0.33V.
Therefore the drop across the terminals willll2ze- 0.33 = 11.66V

(d) The power lost in the external circuit will be
P = I12R = 0.033! 350 = 0.38 W.
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Post-test 4.2

Question 1:

The magnetic field surrounding a current carryingductor is circular. See
figure 4.14.

Question 2:

The moving coil is placed within a magnetic fiefts current moves in the arms
of coall, it will experience a force. This force &as the coil to turn which in turn
causes the needle on the meter to turn.

Question 3:

Firstly we need to calculate the velocity of theotdon as it enters the magnetic
field. We know that as it passes through the p@kdifference it must gain
energy. More specifically:

v=Y
q
3000 = W __ (since the chargen@n electron is 1.6  1° C)
1.6! 1019

W = 4.8! 1016
If we assume that energy gained by the electroorbes kinetic, we can then

calculate its velocity. Remember that the work donean object will equal its
change in kinetic energy.

_1 1
W = 2mv2 2mu2

4.8! 1016 = %! 9.1! 1031! v2 (since the mass on an electron is!9.1 31Rg)
v2 = 1.05! 10°
v =325 10ms”

The force on the electron due to the magnetic field

F = qvB
= 1.6! 109! 1.6! 10’! 5! 1073
= 2.6! 10*

Question 4:

|
ForceF

25! 10°m,B =0.75Tand = 25A
BIl = 0.75! 2.5 0.25= 0.47 N
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Question 5:

P =360WandR = 10 . NowP = VI = I?2R, so

P = I2R
360 = 1210
36 = |2

| = 6A

Using Ohm’s law we can then calculate the voltaggpd
V=IR=6! 10 = 60V

Therefore the effective (RMS) voltage is 60V andent is 6A.
Question 6:

P = 450 W andv = 240 V, so

P=VI
450 = 240
_ 450 _
| = 52, = L875A

A 2A fuse would be necessary.
Question 7:

In this question we havl, = 500, Ny = 3200, V,, = 230 andl, = 9.
Calculating the voltage on the secondary coil fiises:

Vo o Mo

VS NS

230 _ 500

V. 3200
736000= 500

V, = 1472V

Similarly the current on the secondary colil wilt be

yol

NS

Np

_ 3200
500

14 A

sl (o RS

2]

%]
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Question 8:

Total time per week that the kettle is on is

t=7! 2! 3 mins

42 mins

42
0 hours

Kettle power rating = 1500 W (see table)

Energy used by kettle per we€k= P! t = 1500! ;1—(2) = 1050Wh = 1.05kWh

Total weekly cost of running kettke 1.05! 15= 15.75¢c= 16c
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Home Experiments

(Note this experiment is detailed on the video thaiccompanies this unit.)
Consider the following home experiment.

What is the relationship between the angle of ptme of a stream of water and the length of
that projection?

In the experiment you will need a garden hose cotaaketo a water supply, a protractor and a
long measuring tape.

Hold the hose close to the ground and turn thetap\s you change the angle of projection
where does that water land? Be aware of changirmghee conditions.

What do you think will happen?
The steeper the angle the closer the water wildllan
Describe in detail the methods you used to perforrthis experiment.

Tape measure 10m long, marked in mm.
Standard Protractor.

Standard garden hose fitted with nozzle.
Standing with hose vertical | decreased the argid@ut 20 each time. An assistant measured
the distance from the nozzle base to the first dfopater. | recorded the angle and distances
in a table, using angles measured on a sheet afboaard.
Describe what did happen.
The water always travelled in a parabolic pathfifdt it landed close to the nozzle as the
angle increased the distance also increased untdached a maximum then the distance
started to decrease. (See attached table.)
What is your explanation of this?

Effects of gravity cause parabolic shape. At differangles of projection the force of gravity
acts in the water to produce different parabolicvas.

Did you use any other resources in this experiment?
Ohanian, H.C. 199&rinciples of PhysigsW.W. Norton & Co., New York.

Taylor, J., Grant, D. & Norman, U. 1996, Study Noter Preparatory PhysicaJSQ.
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The Home Experiment Report

Title

A report on the effect of change in angle of prtg@ton the a
stream of water.

Introduction

On Earth gravity effects motion of all types. Ikisown to
cause any body moving through the air to moveparabolic
path. The experiment aims to investigate the effett
changing the angle of projection of a stream ofewah the
distance that water lands from the point of origin.

Material and Methods

The experiment was set up in a clear open spdieeinveather
conditions with no wind. A standard garden hosensibong,
fitted with a nozzle, was used to project a stredfmvater into
the air. Angles were measured using a piece obcemd
graduated with angles between 0 ant @ih a standard
protractor. The length of stream from the nozzle weeasured
with a 10 m tape graduated in 5 cm units.

Initially the hose was projected horizontally ahdnt moved up
in 10" jumps. After each move an assistant measured the

distance from the end of the nozzle to the langiiage to the
majority of the water spray (see diagram).

Ak

$U§&H

Brief and specific.

Occasionally more
background information
is given, but should be
less than 20% of the
report.

Past tense.
Third person.

Short sentences.

Include diagrams
of experimental
setup.
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Results

Past tense. The water was seen to travel in a distinct paraladih.
The distance of the water from the nozzle changediderably with

Third . : et ‘
I person the changing angle of projection. The table beletails these results.

Short sentences.

Include tables or graphs,

rc%ﬁ)lreecstggfmg data Angle () Distance (mm)
10 110
20 180
30 190
40 200
50 190
60 150
70 130
not measurable

These data are represented diagrammatically ifighee below.

I"# $%& ("B (+ VH&) %*-y$. Y$/0& ' 1)28%#!'S °-

1"t VS8, ' WHE) "H)§* Yo*-

'( 2 X *“( +( 6( A G G
AS/0& °-'( 1)2&%#'$
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Discussion and Conclusions

It was clear from the experiment, that the watke &ll bodies
moving through the air, followed a parabolic path this is the
classical response to the pull of gravity on theéewdroplets Third person.
(see study notes section 2.3.1).

Past tense.

Do not repeat results, but

. . . interpret results.
Further the results indicate that the distance frioenorigin of ISTPrEt results

the water is a function of the angle of projectidn.angle of Relate results to

about 40#gives the maximum distance travelled while angles references.

smaller or larger then this result in shorter dists. These resultSpiscuss results in terms of
confirm the water pathway described in Ohanian 4)98at ‘two aims and methods used.
angles that are of equal amounts above or beldwi¢t equal

ranges’. For example angles at#®Hhd 35#ave a similar range.

Results however were not exactly as predicted bgn@im (1994)
due to the effects of air resistances on varyingemnaressures
supplied by the hose. Control of the later and neahof the
experiment to an internal environment would rediheeerrors due
to these factors. Measurement of the angle of ptioje was also
only an approximation because of the accuracyegtiuipment
available, and errors due to the reading of theltegparallax error).

References

Ohanian, H.C. 199/rinciples of PhysigsW.W. Norton & Co.,
New York.

Taylor, J., Grant, D. & Norman, U. 1996, Study Noter
Preparatory PhysigaUSQ.
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Appendix A.9

Mathematics Concepts and Formulae: In Brief

It is expected that when you enrol in this unittty@u will be proficient in the appropriate
mathematics (e.d.evel B Tertiary Preparation Mathematios equivalent). However to jog
your memory we have included certain basic concapisial to your success in this physics
unit. If you have difficulty with any of these caats please consult your tutor who will be
able to provide you with extra help or materials.

Powers

In module 1 of this unit, numbers expressed tangeaf powers were commonly used. But
what is a power.

For any numbemg, the nth power of that number is the number miidiibby itselfn times.

So that al = a
a2 = al! a
a8 = a! al a etc.
|
a = al a----- I a

nlots ofa

Powers can also be termed exponents so

?
VS

5i

< /O#13 #4./ # & 11 % $#4

#

Zero, negative and fractional powers also existdBfjnition these mean.

a =1

a—”zi
n
a

1

n

n/a

jo}]
1]
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Example
1. 2 =1, 100 = 1
1 _1 1
2 = —_— T - l = —
2. 3 55 10- T
1
3. 2° = 22 $ 14142
1
2° = 32 $ 1.2599

Powers can be combined using the following rules.

ant an = an*n
am %a" = an-n
(am)n = amn
am! pm = (abm
Example
1. 281 2203 = 23+ 203 = 2206

2. 167 %102 1067 - 28 = 10

3. (76)—2 = 76! -2 = 712
4. 271 (-5) = (2! By = (-14Y
Algebra

Physicists look for general rules or laws whichhapply in many situations. To this end
algebra is an important tool for the physicisttas method in which a variable or a quantity,
that can take on a range of values, is easily nudatipd. In the language of algebra, variables
are always represented by a letter and often iecliil mathematical equations which are the
generalisations of a particular relationship oerul

The rules of algebra instruct us now to maniputafeations so that we can obtain values of a
variable or write one variable in terms of another.

Example
Change the subject of the following formula frartoy.
0) X 2y — 3

X+3 = Z-3+3 Add 3 to both sides.

X+3 = %



x+3 _ 2y
2 2
X+3 _
> y
_ X+ 3
y 2

(i) x= 2+ %yZ

X—2 =
_ 1.
x2—2y
_ 2.
2 (X 2)—2y

2xk-2) =y

Y o= 2x-2)
y = #/2Ix=2"
(i) x= 5 +%/
_ 3
x = 3 +
- 3.2
YA Y
x = =2
By
5
| = —
x ! ey By 6y
X 6y =5
_ 5
6y = ™
5

Appendix

Divide both sides by 2.

Reverse equation so that written
in conventional form of =

Subtract 2 from each side.

Multiply both sides by 2.

Take square root at both sides.

Make common denominator oy.6

Add fractions.

Multiply both sides by %

Divide both sides by.

Divide both sides by 6.

A1l
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Finding the solution of quadratic equations
If a2 +bx+c = 0

+h #./b°—4ac

hen x =
the 5a

This formula would only be useful if the equatiautd not be easily factorised. Note that if
b? — 4acis negative then there is no solution to the eguati

Example
Find the value ok for the following equations.
() 22 +3x -1 =0

+3 #J3°—4 2 +1

2 2

_ %3 #./9+8
4

43 #.17
4

x $ 02808 or x $ -1.7808

Trigonometry

The angle between any two intersecting lines i;h@dfas a fraction of a circle. This can be
done in two ways using two different but relate@tsiof measurement — degrees and radians.

A circle is made up of either 380r 2& radians.

Degrees Radians
0 0
30% &
—or $ 0.524
6
60%
o &or s 10472
3
9%
’ g‘or $ 1.5708
180% &or $ 3.1416
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Example

Convert 104nto radians.

3600 = 2&'rad.
2&
0, = ==
1% 360 rad.
_ 2&
1% = 10 360 rad.
1% = 0.1745 radians (using calculator)

Trigonometric Ratios

In any right angled triangle the lengths of theesidf the triangle and the angles of the triangle
are related by trigopnometric ratios.

#,-+$'%.s'
e
s!)' +--+s!$' $+ ¢
Ty jc.$' Y96"&'q
q
(
I"#$ %" & "\sl) §)rc%s $a

. side adjacen b
cosine off (cos() = Wenusﬁ = C
. . side opposit a
sine of( (sin() - Wgnusi = G

side opposit a
tangent of (tan() = W ~ b

These ratios are standard trigonmetric functionsufiy angle and can be found using tables or
your calculator.

Example
Find  sin (4G% = 0.6428
sin(40rad.) = 0.7451

Note: check that your calculator is in the correct matkgree or radian, before doing
these calculations).
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Example
Ifsin( = 0.2456 what ig.
Solution

Use sin® ( on your calculator.

/02136 4#15% s1o68 /021:8
( = 0.2481 radians
( = 14.22%
Trigonometric Ratios of Any Angle
Consider the following:
Quadrant 2 Quadrant 1
cos( = =X cos( = X
; _ Only Sine i -
sin(C =y positive sin( y
_ oty =Y
tan( = ~ tan ( -
\\\\\ 8 8 ;
Y S~ LY
| d q L
g e o
Y, e I Ly
[ - RS
o7 >
cos( = =X cos( = X
sin( = -y Only Tangent sin( = -y
positive
=Y =
tan 2 tan( "
Quadrant 3 Quadrant 4

.51%" <ysl+ 5= :2
sc!'%$!5!g/&.c. 85+ >

All positive

Only Cosine
positive
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These patterns allow us to calculate the trig satibany angle.

Quadrant 1 Quadrant 2 Quadrant 3 Quadrant 4
cos( = —cos (180 —() = —cos (180 +() = cos (360 —()
sin( = sin (180 —() = —sin (180 +(" = —sin (360 —()
tan( = —tan (180 —() = tan (180 +() = —tan (360 —("
Example

Calculate the following ratios
(i) sin1206 = sin (180 — 40% = sin4® = 0.6428

(i) cos 21®0 —0.8660

cos (180 + 3% = —cos 306

Example
If sin( = 0.237 find( between 0 and 3606
Solution

Using calculatd( = 13.7D®pbut this is only the acute angle in QuadrantHe 3in ratio
can also be positive in Quadrant 2, so anothetisalis

(

(
So solutionsare  ( = 13.7%and 166.2%

180 — 13.7%

166.29

Check answer by calculating backwards.

Other common identities a

Pythagoras rule
1. a2+ b2 = 2 ) #

2. sit( +cog( = 1

Graphing Data

When graphing data containing two variables thet &tep is to examine the data to determine
which variable you have manipulated (the indepenhdanable) and which variable (or
variables) has changed as a result of changes iadkependent variable. This second variable
is called the dependent variable. When two vargbte graphed the resultant relationship can
take a number of different forms. The following #me most commonly seen forms.
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Linear Relationships

The linear relationship between two variables camwlitten ayy = mx + b wherexis the
independent variable aiyds the dependemntis the value of the gradient (or slope) of the line
andb they intercept.

?1s$%c' H@'&&")

y
1
A Gradient m :@:}:1
run 1
)Is$%c' ;m>
2 Intercept b =0
Is' 98
3 Equationisy = X
%9 8
!
/
8 2 A 1
$!m' ;s'c+%)s>
Parabolic Relationships
This relationship is represented by the equation
y = a +bx+c
By Is -+s!$!@" BAs %"y$'@"
y y

The second parabolic is the typical path of a ptdge
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Exponential Relationship

These relationships are typically represented byetjuation

y - AoabX

Oftena has the value of the exponential constant,

BS Is -+s!$!@' BYs %"y$!@'
y y

$% $%

The second function is typical of the reductiortiea mass of a radioactive element over time.
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Conversion of Units and Fundamental Constants

Appendix

Imperial Metric
1ft 0.3048* m
lin 25.4* mm
1 mile 1.609 344* km
1 ft/min 0.005 08* m/s
1 mile/hr 0.447 04* m/s
1 ft? 0.09290304* A
1in? 0.00064516* M
1 acre 4046.86 M
1 mile? 2.58999 km
1ftd 28.3168 litres
1 UK gal 4.456009 litres
1Ilb 0.45359237* kg
1 0z 28.3495 g
1 long ton 1.01605 Mg (tonne)
1 Ib/ft3 16.0185 kg/m
1 Ib/hr 0.00012599 kg/s
2.953 10*“inches Hg 1 pascal or 1 Nn#
29.92 inches Hg 1 atmosphere
29.92 inches Hg 1.013 10°Nm2

Exact conversion factors are terminated by an igkt&r

Fundamental Con

Speed of light in a vacu

stants

une)(

299792458 ms

Newtonian constant of gravitatio®) 6.67259 1011m3kgls?

Electron massnf,)

Planck’s constant

9.1093897 10-3lkg

6.63 1034Js

A.21
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