ELECTRICITY AND MAGNETISM

STATIC ELECTRICITY - (electrostaticg i is the study of electric charges at rest.

¢ A body is electrically charged when
o It has more protons than electrons
(positively charged).
o It has more electrons than protons
(negativelycharged).

¢ The force between two charged bodies may be
repulsive or attractive.

Experiments show that:

1 like charges repelandunlike charges attract and

2 the force of attraction or repulsion decreases as

charges are moved further apart.
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¢ Thesymbol for electric charge is Q and the
coulomb is the unit of electric charge and its
symbol is C.

A conductor is material which allows charges to flo
through it easily.

¢ Aninsulator is a material which does not allow
charges to flow through dasily.

¢ Bodies can be chargedtimeeways:-
0 charging by friction
o charging by induction.
0 charging by contact

Electric fields

An electric field is defined as: a region in which an electric charge will experience a force.
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parallel plates.

The fieldlines of forceare directed away from a positive charge and towards a negative charge.
A single point charge has a radial field pattern.

The closeness of the field lines also gives an indication of the strength of the electric field at that
The diagrams belowepresent the fields for different arrangements of point charges and between cf
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¢ The potential, V, at a point in the field is the work do
in bringing a unit positiveharge (+1C) from outside
the field to that point in the field.

CHARGING BY FRICTION

An object becomes charged by adding electrons, negat
) charges, to it or by taking away electrons from it. This
usually done by rubbing two objects together. This proc
is known as charging byiction.




Before rubbing After rubbing
polythene rod

G0 0

o] An acetate rodrubbed with cloth becomegmsitively charged
0 while apolythene rodwill becomenegatively charged

CHARGING BY INDUCTION

Charging two insulated metal spheres by induction
11.7 Charging by induction

2) Uncharged metal spheres in contact
b) Bring a charged polythene strip § near to metal sphere A

S electron flow

}+———insulating stands -

r 1 [ ] —1

f) Finally remove strip S

I 1 1
test on a positively test on a negatively
charged electroscope charged electroscope

Charging an insulated metal sphere by induction

Figure 11.8 Charging by induction 7

—a) Start with an uncharged insulated conductor A ——
and bring a charged strip S near to it.

electron flow

b) Touch conductor A with a finger, leave it
for a moment, then remove the finger

electron flow

metal sphere == 10 earth

insulating stand |
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Charging an electroscope by induction
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electron flow
a) Start with an
uncharged ) )
("CCITOSCOpt’, ang b). Touch the cap g clectron flow to eanh
bring a charged strip \lelh a finger, le;ve it
S near to its cap Oramoment, then
remove the finger
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¢) Finally remove
the charged strip S

Charging by contact
An unchargedondictor whichis in contactwith a chargedonductor acquresthesame sign focharge

Before contact After contact
b
e 1, e D) = - =l = = =
- - - - —_—
Negatively charged Uncharged, insulated Both objects are negatively charged
conductor conductor
b &
+ o+ o+ o+ + - + 4 +
+ 4+ o+ o+ ——
+ + o+ o+ + + + + + +
Positively charged Uncharged, insulated Both objects are positively charged
conductor conductor

TheD DISTRIBUTION OF CHARGE on a conductor depends on SIdAPE of theconductor
Charge tends to concentrate morgaints. Because of this, points are able to acquire charge frand so
discharge a conductor. This effect is used in lightning conductors on tall buildings.
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A van de Graaffmachine can generate very high
voltages. It contains a hollow conducting spheae
domewhichrests on an insulating stand (why?). A
belt of insulatingnaterial- usually rubber is turned
by amotor. The movindpelt takes charges from an
earthed conductor to the top of ttheme

electrode + l l

t ‘ pulley

A hair-raising experience: the girl stands on an

insulated base such as polythene and touches the
lightly. Charge spreads over the surface of her bod
Strandsof hair all acquire the same charge and repg¢
each other.

Uses of static Electricity
Photocopying, crop spraying, dust extraction and spray painting

hazards of static Electricity

LIGHTNING

During a storm, clouds become highly charged with electricity. The ground is then at a much lower pote
than the clouds and the charges are released to the ground. This phenomenon is kglotnimgs

The discharge could be of many thousands of \awitsis a hazardous occurrence.




Dangerous amounts of electrical charge can build up, for example at the pumps in petrol stations and a
some electrical appliances in the home.

Current Electricity

ﬂ Thepotential difference, V/V, between two points A and B, is thrk done in bringing unit positive
charge from point A to point B.

T In other words the potential difference is the work done per unit charge and we can write.

W

Vo= —
Q

1 Since work done is equal to the energy converted, an alternative definition of potential difference
Potential difference (p.d.)between two points is the work done per coulomb when electrical energ
converted into some other form of engrghen a current flows in a circuit.

V=E/Q

i.e.

1 Thevolt, V, is the potential difference between the ends of a conductor if one joule of energy is
converted per coulomb of charge that flowsg.= 1JC*

1 Current, I/A, is the rate of flow of charge. | = Q/t .

1 The unit of current is thampere (A)which is defined in terms of the force between current carrying
conductors. An ammeter measures the magnitude of the curiempere = 1 coulomb per second

¢ The unit of charge is theoulomb (C). A coulomb is theuantity of charge which passes a point in a
conductor when a steady current of 1 ampere flows for one second.

charge = current x time

lLe. Q=

¢ One coulombis the charge flowing when a steady current of one ampere flows for one second.
1C =1As

¢ Inametal, the current consists of a flow of negative electrons. However, in other conducting me
positivecharges can flow e.g. positive ions in electrolysis.

¢ The electric current in a metal is a flow of electrons towards the positive pole in a cell. Current is
considered to be positive sonventional current flows frompositive to negative In other wordsthe
flow of the current is in the opposite direction to the electron flow.

1. Conductors are materials which allow the free flow of electric charges. Metals are good conductg
because the electrons in the atoms are relatively 'free' to move.
2. Insulators hawe few 'free’ electrons and charges cannot move freely through them.

In electrolytesandsemiconductorsthe electric current is due to both positive and negative charge carrier
ions.

For some conductors the current passing through the deyiogpigrtional to the potential difference across
The constant of proportionality is called the resistance of the device.

“ | therefore R :¥

1 Ohm's law states that the current passing through a wire at constant temperature is proportional to th
potential difference between its ends. A body is said to be ohmic if ohm's law is true for the device. N
devices are ohmic.

¢ Electromotive force (e.m.f.):The electromotive force is the work done per coulomb when some ot
form of energy is converted into electrical energy at a cell or generator.

¢ Consequently both p.d. and e.m.f. have the same unit calledIti®). One volt is one joule per
coulomb (1. Both p.d. and e.m.f. are measured withometer.

¢ The e.m.f. is the total amount of energy a cell or generator can produce and is the sum of all the
a circuit.

POWER is the rate of energy transfer (or the rate at which work is done.)
P = E/t = QxV/t =ItV/t = IV that igpower = current x voltage

P=V P=IR P=V/R
¢ Thus, also and

ENERGY': the capacity for doing work.

E = Pxt E =1Vt
Energy = power x time Ie. or




Questionl
A charge of 40 C leaves a battery and supplies 80(

electrical energy to a lamp connected to it. Find :
a. the p.d. of the battery

b. the current from the battery if the charge
passes in 20 seconds.

Question2
The p.d. across a lamp is 12 V. how many joules of

electrical energy are changed into light and heat wi
a. acharge of 3 C passes through it
b. acharge of 7 C passes through it

c. acurrent of 2 A flows through it for 15 s?

The starting motor of a car draws a current of 60
amperes from a 1?olt battery for 7 seconds.
Calculate

a) the charge flowing,

b) the power dissipated,

c) the energy transferred.

A 200W street lamp is on 10 hours each day.
How much energy in joules does thenp use in one
week?

DIRECT CURRENT (d.c.)

The simple flow of charge when electrons leave the negative terminal of a battery and flow around a cir

the positive terminal is known agect current, or d.c.

A Direct currentony.l ows in one direction
A Direct current may be steady or fluctuating.
4 A
Voltage or Voltage or
current current V’W
0 > 0 -
Time Time
Steady ct. fromafreshly charged battery. Fluctuating dc., for example fronad.c. generator.

V Batteries supply d.c.

V d.c. deflects the pointer of a moving-coil meter in one direction only.

ALTERNATING CURRENT (a.c.)

With alternating currenga.c.), the electrons flow

backwardsand forwards in the circuit. Alternating

current reversedirection periodically.

0 a.c. has a sinusoidal wave pattern.

0 This pattern is normally displayed and
studied on a cathode ray oscilloscope
(c.r.o)

Thefrequency of the mains supply 50 Hz (50

cycles per second) in some countries @ddHz in

others.

O A 50 Hz supply changes direction 100 times ea
second

O a 60 Hzsupply changes direction 120 times eac
second.

O Electricity supplied on the domestic mains is a.q

a.c. voitage or current

+
lcycle peak value
\_/0.02 \/0.04 \/0.06 \/o.os 010
lg—— - -y TimEJ"S
_ 1 cycle 1 cycle

Graph of voltage or current against time &@OHz a.c.

supply(sinusoidal wave pattern of a.c.)

o the a.c. signal varies in value over a cycle;
o the a.csignal showrabovereverses direction 10
timesevery 0.1 sits frequency is therefore 50 Hz

o the time for one cycle is known as {heriod T:

1
frequency f = =
q y T

a 50 Hz a.c. signal has a period d2s.

Both the peak value and the fremcy of a.c.
signals can be read off current (or voltage) vers
time graphs.

EFFECTIVE VALUE ofa.c
Theworking or effective valueof a.c. that is normally
used in formulas to calculate power, energy and ot
guantities is theoot mean square.(n.s.) valueof the
a.c. signal.

Effective value = r.m.s. value = 0.7 peak value

N.B.: Low frequency a.c. makes the pointer of a moxdgady meter move to and fro. With hidgrequency there

is no apparent movement.




Example

An alternating signal hasperiod of 0.01 s.

a) What is its frequency?

b) How many times per second does this signal
reverse polarity

(i.e. positivel negative)?

O O OO

Generators can supply both a.c. and d.c.:
a.c.is better for théransmission of power.
At present most electricity is generated as a.c.
a.c. and d.c. arc equally satisfactory for heating
lighting.

Solution
1

a Frequency = - =
cquend 0.01

T

b Since an a.c. signal reverses polarity twice every cycle, a
100 Hz signal reverses 100 x 2 = 200 times per second.

Hz = 100 Hzor 100 cycles/s.

Comparison of d.c and a.c.

d.c.
- fixed direction -
- may be steady in magnitude from a given -

source -
- its value cannot be stepped up (increased) o

steppeddown (decreased) by a transformer | -
- has an associated heating effect -
- has an associated magnetic effect -
- can be used in electrolysis, electroplating an

battery charging -

a.c.

reverses direction

varies betwen reversals of polarity

can be stepped up or down as required by a
transformer

has an associated heating effect

has an associated magnetic effect

cannot be used in electrolysis, electroplating and
battery charging

can be converted to d.c. usiregtifiers.

Circuit Diagrams

A circuit diagram is a simple and clear way to record how a circuit is constructed. Special symbols are used t

represent all the common devices that are used in electrical circuits and to show how they are connected

Device Symbol Device

-
o
1

Svahol

—
battery of cells __||| |l ‘,
A4k
@z
galvanometer —@—
-®
©-

wires crossed, cell

not joined

wires joined,
junction of
conductors
alternative for
battery

fixed resistor | {___J-
OR AWM

variable resistor

electric
moltor

rheostat or
resistor with
moving contact
ammeler
potentiometer
or voltage
divider

-

voltmeter

signal lamp or

indicator clock @
filament lamp —@— fus
use <0
diode or {—@— switch —/O—
rectifier 'l
OR a.c. supply —o™NO—
l coil of wire ~ Y
transformer or inductor
heater {TTTTTH

Types of electric circuits

A closed circuitis any continuous path round which

an electric current flows.

1y
]l
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Figurel
This circuit reveals three features that are common
all electric circuits. All closed electric circuits:

¢ have a source of potential difference
(sometimes called a voltage source or an
e.m.f.);

have a complete conducting path for current
flow;

contain resistance; the lamp provides the
resistance in this case.

An open circuit is one in which there is a breakthe
conduction path. The lamp in Figure 2 does not ligh

because there is a break in the circuit.
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break in circuit Figure 2
A short circuit occurs when a voltage source or
potential drop has a closed path of lmsistance

across its ends. The lamp in Figure 3 does not light
because almost no current flows through it. Most of
the current flows through the short circuit.

N. B.: Short-circuiting is a fire hazard as large




amounts of heat are normally generated

short circuit

Figure3

Series circuit

parallel circuit

three 1.25V lamps —|
‘in series’
These lamps are connected in series.
¢ The lamps share the voltage from the battery,
each has equal brightness.
¢ If one lamp is removed, the others go out
because the circuit is broken.

three 1.5V cells facing the same way and connected

i ‘in series’

<
S>>0

CELLS
The zinc-carbon dry cell

< | I <
A 5 v

~ N [\ N N

three 1.25V lamps - - ./ - -
‘in parallel” / @ N

1 one 1.5V cell

These lamps are connected in parallel.
¢ Each lamp gets the full voltage from the

battery because each is connected directly]
it, so each glows brightly

If one lamp is removed, the others keep
working because they are still part of an

unbroken circuit.

seals and
insulated
washers

outer jacket

carbon rod

manganese dioxide,
carbon, and other
chemicals

paper soaked
in ammonium
chioride solution

zinc container

metal cap +

metal base

¢ Carbon rod: positive electrode and
current collector

¢ Zinc case: negative electrode

¢ Ammonium chloride solutiorelectrolyte

¢ Manganese dioxide: stops polarization

Primary and Secondary cells

Characteristics of Primary cel[Eg. Simple cell,

dry cell @inc-carbon cell))

Characteristics of Secondarglls (eg leadacid

cells in car batteries)

¢
¢

O 0 0O 0 O

Le)

chemical reactions are not easily reversible

cannot normally be recharged

must be replaced with a new one when fully
discharged

portable

produce small currents

usually have lower emf than secondary cells
havelarger internal resistance than seconda
cells

cheaper to produce

easier to install

O 0 0 00 0O

O

must be charged before use

can be recharged over and over again

the chemical reactions are reversible

not as portable as primary cells

can produce large currents

usually rave higher emf than primary cells
have smaller internal resistance than primar
cells

more expensive to produce

harder to install




Recharging a secondary cell

To charge (or recharge) secondary cells:
¢ low charging currents should be used
¢ thepositiveterminal of a d. c. supply must be connected tqtstiveterminal of the cell or battery
¢ the emf (voltage) of the d. c. supply mustgoeaterthan that of the cell or battery

The diagram below shows a simple charging circuit.

I

DC +(L (PD greater
s | than that
uPpPlY of battery)

battery
being
charged

electron
flow

A

="}

ammeter to variable resistor
measure current to control current

N. B.: Overcharging produces gases, which can be dangerous.
1. what is the function of:
a. the ammonium chloride paste
b. the manganese dioxide
in the zinecarbon cell ?
2. Give three differences between primary cells and secondary cells.

Outline clearly with the aid of a diagram howuyarould recharge a 12 volt car battery.

Resistance, R

The resistance of a conductor is its impedance to : voltage
resistance = ,
current flow. current
Resistance of a conductor depends on its: R :¥’ S. 1. Unit of resistance is tidam (W
¢ Length
The ohm

Crosssectional area
The resistance of a device is one ohm if the curren

c
¢ Type of material
c through it is one ampere when the potential differer

Temperature
across its ends is one volt.

Resistors are devices that oppose, controbr limit the current in electrical

circuits.

Types of resistors
¢ Fixed resistorshave one specific value, eg. 5 ohms or 1 million ohms.
¢ Variable resistors (rheostats)are used for varying current.
¢ Thermistors have a high resistance when cold but a much lower resistance when hot.
¢ Light-dependent resistors (LDRshave a high resistance in the dark but a low resistance in the light.
¢ Diodeshave an extremely high resistance in one direction but a low resistatiheedther. In effect, they
allow current to flow in one direction only.

The resistance of ammeter and voltmeter

Ammeters should have as low a resistance as possible so that the total circuit resistance is not increased. A

greater circuit resistance wauteduce the circuit current.



Theideal voltmeter should have infinitely large resistance so that no current flows through it. Any current

flowing through a voltmeter means an increase in the total circuit current, which will affect the voltmeter

reading.
Instrument | Measured Quantity | Proper Connection
Voltmeter Voltage In Parallel
Ammeter Current In Series
Ohmmeter Resistance Only with Resistor
Resistors connected in Series Resistors connected in Parallel

The resistor&;, RandR; below are of different For the parallel arrangement of resistoetow

values. They are connectedseries.

{l|l|-f

Resistors in series. Resistors in parallel.
For series circuits:

c the SAME CURRENT, | flows through all
components (CURRENT ISOT SPLIT UP)
c the total resistanc®s = R; + Ry + Rg;

1 the potential differencé/ across each parallel

branch or load resistor is ti®AME and is equal to
the potential difference of the batte(y,OLTAGE

ISNOT SPLIT UP
c the total voltage or emi/s) of the power )

. o the reciprocal of the total resistance equals the su
supply is the sum of the individual voltages l P d

of the reciprocals of the individual resistances:
1 1 1 1
+

across each resistor

A Vs=Vgr1+ Vrot Vg3 =y 4+
) R R R R
A Vs=IRs
¢ if there is zbreak at any point in the circuit, 1  thetotal current, I, is the sum of the currents in

the individual branches, = I; + 1> + I3(CURRENT
SPLITs UP along branches)

no current flows;

c the total power dissipated is equal to the s

of the powers dissipated in the individual 1 the total resistance for a parallel combination of

. resistors is always less than the value of the smal
resistors.

A P.= P+ P+ P, resistance;
A Ps= IV
A PL= IV P = Vo Ps=IV3

thetotal power dissipated,Ps equals the sum of the
powers dissipated in the individual resistors;
A Ps= P+ P+ P3
A Ps= I,V
A Pi=1LV; P,=1V; P3= IV
1 abreak in any branch of a parallel circuit does no
affect other branches. However, the total current
decreases;
1 addingan extra branch in parallel with those alrea
present increases the total current taken from the

or battery.




Problems 6.
2. What is the current flowing through a lamp of |||||-r
resistance 2Y which i 24V
power supply with the switch closed.
3. What potential difference is needed to drive a 25W
current of 0.5 A through a heating filament of
resistance 10 VY?
4. Explain why ammeters should have very low ¢ 10W ——
resistance while voltmeters should have
infinitely high resistance.
5. A battery of 20 V is connected tcsaries SOW
arrangement of &, 3Wand 2Wresistors. Determine
i. Draw a circuit diagram to represent thig (i). the total resistance in the circuit above
information. (ii). the current drawn from the battery,
What is: (ii). the potential difference across each of the resis
ii. the effective resistance in the circuit? | (iv). the current through the B0resistor,
iii. the current flowing? (v). thecurrent through theswresistor.
iv. the potential difference across each (vi). What is the total current
resistor? (vii). Calculate the total power dissipated
v. the total power dissipated ihg circuit?
a. What is the effective res|a
circuit a? 40V
b. What is the effective resistance in the entire circuit? i; =ik 2002
c. Whatis the current flowing hr ough t he 20) |
d What is the current fl owin
e. Determine the potential d-

|-V Relationships

Oh mo s: the eurent through a metallic conductor is directly proportional to the ajultedtial difference
across its ends if temperature and other conditions are kept constant.

Variation of current with voltage in:

(a) Metallic conductors at constant
temperature

+1I

+V

-1
Current is directly proportional to voltage and
resistance is constant. This conductor closely ob
Ohmoéos | aw

(b) Filament lamps
+1I A— current value for

7 ohmic conductor

t
I
!
!
!
, +V

lower current value
caused by increasing R

Graph obeys ohmés | aw at
Increasing resistance due to rising temperatures is
responsible for the curve part of the graph.

(c) Semiconductor diodes

(d) Electrolytes




Copper sulphate solution with copper electrodes is ohmic,
but dilute sulphuric acid with carbon electrodes requires 1.7V in either

+1
/mA
near ohmic
forward bias
-V +V
T
/ 0.7V
reverse bias, very small current
—IIpA
A semiconductor diode isreon-ohmic device

copper sulphate solution
with copper electrodes

dilute sulphuric acid
with carbon electrodes

direction before conduction begins
i /V
/ I
1.7V

Electricity in the Home

Reasons for using parallel circuits in the home

¢ Appliances will use only as much current as
needed
multiple appliances can be operated
independently of each other
it is safer

¢

¢

Electrical Safety devices
Fuses

Fuses use the heating effect of an electric curre
to break or open a circuit when an excessive
current flowsthus reducing the danger it poses.
Fuses may be made of tinned copper wire. The
rated according to the maximum safe current th
can carry. The fuse should blow when a fault
develops so that this safe current is not exceed
Threepin plugs are usuallfitted with either 3A,
5A, or 13A fuses.

Circuit breakers
Circuit breakers areesettableswitches that protect
equipment from excessive currents by opening or
tripping when a specified safe current is exceeded.

Earth wire
This is a safety wire. itonnects the metal body of af
appliance to earth and stop it becoming live. If the |
wire becomes loose and touches the metal body, a
current immediately flows to earth and blows the fu

International insulation colour code Adverse Effects of Incorrect or Fluctuating Voltage

¢ Live wire: brown insulatian ¢ 3Iectrlcal f|re|§

¢ Neutral wire:blue insulation ¢ damage %pp lances tout of i

¢ Earth:greenyellow insulation ¢ decreased power output ot appllances

¢ electrocution
Rectification

1. Rectification refers to the process of converting from a.c. to d.c.
2. Semiconductor diodes are used to rectify ac. They are made by growing +yaedcpystals together. The

point at which the two crystals join is calleda@ p junction.If the positive ofa battery is joined to the p

type and the negativetotheny pe, t he

n to p: it is said to be forward biased. Connecting the battery the other way, reverse biases the diodg

little or no current flows

diode conducts due to

S

lelectrons

1l
-+

(a) Forward bias (b) Reverse bias

The symbol for a diode.

only.

Semiconductor diodedunction as onavay electrical valve$ they allow current to flow in one direction

AP

)
Figure 23.4 The diode is
forward biased. The lamp lights.

1b---1{1 ’

|
——Q—

Figure 23.5 The diode is reverse
biased. The lamp does not light




Characteristics

4. Diodes, when forward biased, have
a. reasonably low resistance

b. conduct an electric current.

5. The reverséiased diode has

a. very high resistance
b. negligible current passes.

6. Overheating and other unsuitable treatment \
destroyd diode prope

7. Anopéndiodd6 has i nfinite
directions. It does not conduct in either
direction.

8. A diode which has beeshorted has low

resistance in both directions. It conducts equ
well in both directions.

9. A diodeDOES NOT conduct unless the forward voltage exceeds a certain minimum value. For silico

voltage is 0.6 V.

The diode as a rectifier

91 Diodes convert a.c. to dc. a process known as
rectification.

1 A single diode will give yotnalf-wave rectification

Half-wave rectification of the a.c. signal by the diode

The negative half cycles of the alternating currer
have been clipped off in halfave rectification
because the diode does not conduct on these hg
cycles. During these half cycles the diode is
effectively reverse biased.

10. Full-wave rectificatiorcan be achieved by using a

network of four diodes as shown below. This netw

is referred to as lridge rectified .

(b) Fulkwave rectified output, as displayed on thy

screen of an oscilloscope

voltage across A

Mt capacnor

The bridge rectifier.

Capacitor: a device which collects and stores electricit
and is an important part of electronic equipment such
televisions and radios

A capacitor is used to smooth the fluctuating d.c
so that the value of the current is approximately
constant.

(©
voltage across A

. . V.

s ) AR R
v v v ‘4 A

t

fi

(c) A recti ed

signal

1. What size current will be drawn from the battery below? Give your reasoning.

6V

14
e T

3{}

If the battery is turned round, what s@&rent will it nav, supply? Explain.

2. Explain with the aid of diagrams rectification.

Magnetism

Magnetism is dorce that acts at a distance and makes
magnet:
¢ attract and repel other magnets;
¢ attract iron. nickel. cobalt and a few other
substances.

Magnetic poles
Iron filings cling mostly to the ends of a bar
magnet
¢ This indicates that the magnetic effect is
greatestat theends or polesf the magnet
¢ Each magnet hawo polesi anorth pole
and asouth pole




 filings

¢ A freely suspended magnet aligns litge a

northrsouth direction.

The end of the magnet which points in th
northerly direction is its north pole (or its
north seeking pole); the other end is the

south pole.

¢

Field lines

How to

Using iron filings

1. Lay a sheet of paper over a bar magnet.
2. Sprinkle iron filings on the paper.

A magnetic field is the region or space around a magn
where theeffects of the magnet can be experienced.

The filings will lie along the lines of force in the
magnetic field.

¢ magnetic field lines describecarved loop
from the north pole to the south pole of th

bar magnet;
the concentration of field lines is greatest

near the poles.

¢

N P
7 N

The field between two bar magnets.

(a)

— NS
W

(b)

In auniform magnetic field , the field lines are
parallel and evenly spaced

i
Q"

Z
-

N

YYY YOV

="

¢ Magnetic flux- Field lines represent the
magnetic flux which measures the 'flow' of
magnetism around a magnatstrong magnet has g
greater magnetic flux than a weak one.
Magnetic flux densityis the magnetic flux per unit
area.
the best measure of the strength afagnet is the
magnetic flux density.

Like magnetic poles repel.

Unlike magnetic poles attract.

o —
j

consisting of tiny magnets.

¢ Magnetic materials can be thought of as

When the materiak magnetized the domains align
themselves in an orderly fashion. This produces a n

¢ These tiny magnets are called domains,

pole at one end and a south pole at the other.




Each domain has its own north and souj

pole. «— — — e ——
¢ Inthe unmagnetized state, the domains
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In this random orientation, the domains cancel
each other's effects.

Magnetlzatlon by Induction: the process by which a magnet can induce a magnetic field
unmagnetizedon bar or other material, without the two touching.

The magnetic field of the magnet causes the internal molecular magnets or domains of the iron bar to g
themselves in the same direction closer to it by attracting the south poles of the domains.

v @y
222,
221
(222
ey
222,
vZy

== L
e §>

magnet soft iron bar

The north pole of the magnet then attracts the induced south pole of the bar.

magnetic properties of materials

Permeability is a measure of the ease with which magnetic flux passes through a substance.
Magnetic flux passes more easily through iron than through steel.

Iron is said to benagnetically soft.

Iron has a high permeability.

Steel, on the other hand, is described as hmiagnetically hard. Steel has a low permeability. What this
means is tht it is easier to magnetize iron than it is to magnetize steel.

However, steel retains magnetism better than iron. Steel is said to have a higher metgnétidy than iron.

USES OF MAGNETIC MATERIALS

Material Composition Uses
Alnico An alloy of Al, Ni, Co, Cu and Fe. In making permanent magnets, e.g. bar
This material has a high retentivity magnets for general laboratory use
Mumetal An alloy of Ni, Fe and Cu. It has a high Excellent for shielding electrical equipment
permeability
Magnadur | Ceramic type magnets made by subjecting | Makes the strongest of permanent magnet
ferrite to intense heat and pressure Used, for example, in electric motors




The magnetic effect of an electric current
When an electric current passes through a wire a magns
field is produced around the wiré the wire is wound into «
coil the resulting magnetic field is similar to that of a bar
magnet with north and south poles.
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How to map the field around a straagconductor

1. Pass a straight wire throughhole ina sheet of
card board and connect it in a circuit as shown.
Pass current through the wire.
Sprinkle iron filings on the card round the wire.
Observe that the filings on the card assume a
definite pattern.

2.
3.
4.

'Right-Ha nd Gr i IfacoRiuctoreadying a
current is gripped with the right hand, with the thumb
pointing along the conductor in the direction of
conventional current, the curl of the fingers around the
conductor indicatethe direction of the magnetic lines of
force.

Expected results:

A the field lines make a pattern of concentric
circles, symmetrical around the conductor {
the centre;

the pattern is densest nearest the conductg
(wire);

themagnetic field is strongest near the
conductor. but gets progressively weaker v
distance:

the magnetic field is in a plane perpendicular t
the direction of current through the conductor.

To predict the direction of the magnetic
field: we can use théright -hand grip
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Field lines associated wittwvo adjacent straight
conductorscarrying currents in theame direction No net
magnetic effecisexperienced at the neutral point

Field lines associated with two adjacestitaight
conductors carrying currents in opposite
directions.

Magnetic field rounda current-carrying loop of wire.

The field ofa solenoid.
Whereas the field inside the solenoid is uniforr
the field outside the solenoid is like that of a bg
magnet.

The north and south poles of a solenoid can b
determined using the following modification of
the righthand grip rule.

Imagine a solenoid griped in the right hand in
such a way that the curled fingers are indicatin
the direction of conventional current, then the




