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ELECTROMAGNETIC
INDUCTION

Faraday’s Law of Electromagnetic Induction
CONCEPT: A current can be produced in a conductor by the motion of a magnetic
field.

Electromagnetic induction occurs:

1. When there is a changing or varying magnetic field near a close circuit.
2. When the magnetic field lines of force linking the circuit induces an
electromotive force (e.m.f) thus, an induced current is produced.

= |nthe following figure, a zero-current solenoid is set up with a centre-zero
galvanometer.

= A stationary bar magnet is put inside the solenoid.

= When the magnet with known poles is moved into the solenoid, the pointer of
the galvanometer is deflected in one direction by an induced current.

®= Hence, an induced e.m.f is produced in the solenoid.

solenoid i solenoid

QUL QEt)e—E—3

S magnet moved
y induced current & into solenoid
(@) )
centre-zero galvanometer is deflected to the right
galvanometer due to direction of induced current

= The direction of induced current is reversed when the same magnet is moved
out of the solenoid.
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A

magnet moved
out of solenoid

induced current
in opposite direction

A\
W,

galvanometer is deflected to the left
due to direction of induced current

= No e.m.fisinduced if:
1. The magnet is at rest outside or inside the solenoid.
2. The magnet and the solenoid move with the speed in the same
direction.

solenoid

(s

magnet inside salenoid
bul at rest

D
)

no induced current

Ways of Increasing the Induced e.m.f (Deflection in Galvanometer):

1. Increasing the speed at which the magnet is moved.
2. Increasing the number of turns in the solenoid.
3. Using a stronger magnet.

FARADAY’S LAW OF ELECTROMAGNETIC INDUCTION: The strength of the
induced e.m.f is proportional to the rate of change of magnetic lines of force
linking the circuit.
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LENZ'S LAW

STATES: An induced current flows in a direction so as to oppose the change or

motion producing it.

If it is the N-pole that is moved into the solenoid first, to OPPOSE this motion, the induced
current must produce a N-pole at end X (and S-pole at end Y) of the solenoid.

#ﬁﬂi Law: @ N-pole =~ S-pole
E— N> {{{{{{{
N-pole firsi X Y
| shows direction ol
f{"-_ incduced current

Take nota

If the magnet
15 moved out
from end Y,
¥ becomis
N - pole.

If it i5 the S-pole that is moved into the solenoid first, to OPPOSE this motion, the induced current

must produce a S-pole al end X (and N-pole at end Y) of the solenoid.

Apply '
Lenz's Law: ' S-pole N-pole
S-pole first %
| shows direction of
induced current

Take note
1f the magnel
is moved out
fromend Y,
Y becomes
5- pole.
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Example
[2] Which diagram correctly gives the direction of the induced current when the magnet is
mvﬂn#m?huﬂmwmﬂnfwheistMawpletﬂmcuil.
B
dimnul = direction af
inducad current
coll of wire
Iﬂ ‘,..-r"
Mﬂﬂ direction of
motion of magnet maotion of magned
c o
_— diection of . direction of
=, induced current = Indueed eurent
cail ol wira “coil of wire
bar > bar -
rmagnet diraction of magnat direction ol
miotion of magnet mation of magnet
[Ans] A According to Lenz's Law, when the N-pole of the magnet is approaching the coil,
the N-pole of the magnete field due to the coil must face the N-pole of the magnet
in order to oppose the change.

Example

[Q] A small coll s connected 10 & seasltive ammieter. The animeter needie can move to either
sitle of the zero position. When the magnet s allowed to fall townrds the eotl, the ammeter
needle moves quickly o the right of the zero posttion,

“The miagnet moves through the coil. How rluunmmnam ! i E

needle move as the magnet falls away from the mﬂ'i'
A It does not move,
B it gives a steady reading io the right f
C It moves quickly ta the lett ol the zero position and
then returns o zero.
D Timoves quickly i the right of the cers pesition and
then returms o zeto, i

[Ana] € When the magnet falls iowards the coll, a N-pole (s induced al the upper end
of the cotl according W Lenz's Law. When the magnet falls away from the coil, the
mduczds:id-pohmulhkmerwﬂ nf the toil 4o attact the magnet. | lence, the corrent
is eV - §
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(forefinger)
magnetic field

(second finger}) “\({TF ! = e
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SIMPLE A.C GENERATOR (DYNAMO)

Parts of a Simple Alternating Current (A.C) Generator

fwo permanent magnets with circular poles (N and S),
a rectangular coil of wire mounted on an axle with a handle,
a pair of slip rings and carbon brushes.

How it Works

Ll

By turning the handle, the coil rotates between the poles (N and 5) of the magnets. The
pair of slip rings rotate with the coil.

The carbon brushes are in continuous contact with the slip rings when the axle is rotating.

As the coil rotates, the upward as well as downward motions of the arms cut the magnetic
field lines and an alternating e.m.f. is induced.

The alternating induced current passes through the carbon brushes to the external circuit
(such as an ammeter).

The direction of the induced current changes every half turn of the coil.

The induced e.m.f has maximum output when the plane of the coil is parallel
to the magnetic field. There is no induced e.m.f when the plane of the coil is
perpendicular to the magnetic field.
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one revolution

-
;
|
?

induced e.m.f./V &

[
Q perpendicular
: parallel

]
[}
]
1
1
)
[}
[]

maximum output F-----
(forward current)

maximum output
(backward current) Fe=sresememme——e—————

1. The period is the time taken for one revolution of the coil. The frequency of
rotation is the number of revolutions of the coil per second.

f= %, where f: frequency; T: period;

Ways of Increasing Induced e.m.f:

1. Rotating the coil faster i.e increasing the frequency of rotation.

2. Increasing the number of turns on the coil.

3. Winding the coil round a soft iron core so that the magnetic field is stronger.

4. Using a stronger magnet, or using a powerful electromagnet to make the
field stronger.
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Example
[Q] The diagram shows how the e, of a simple generator varies with time,
+2 5
amliV

0 \/i time/ms
-

What is the frequency and the maximum value of the em.f.?

frequency / Hz | maximum e.m.f./V
A 200 240
B 200 40
C 400 20
D 400 40

[Ans] A Maximum em.f = peak voltage = 2V
Frequency = 1/period = 1/5ms = 1/0.005s = 200 Hz

Qe
4
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Example
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II [Q] A simple a.c. generator produces a voltage that varies with time as shown.

| voltage/V ?

0
iy -
-2

0 1 2 3 4
time/s
Which graph shows how the voltage varies with time when the generator rotates at twice
the original speed?

voltage/V. ST 7 7\
A 0
= S 4
0 1 2 3 4
time/s
voltage/V ;'!
6 0 ——
-1 -
- -
0 1 2 3 4
time/s
voltage/V 2
c (4]
-1
-2
0 1 2 3 4
time/s
2 — =
voltage/V 3 N i i "
D o
=1
it
0 1 2 3 4
time/s

[Ans] A Since the speed is doubled, the amplitude or maximum output of the a.c. voltage
is doubled and the period (T) of the voltage is halved.
eskulu.com n
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SIMPLE D.C GENERATOR

Parts of a Simple Direct Current Generator

Commutator 'a'

Brush ‘'a’
Commutator ‘d'

Brush 'd’

How it Works

= The e.m.fis zero when the coil is vertical.

® |tincreases to the maximum during the first quarter turn and reduces back to
zero during the second quarter turn.

= The current leaves the generator via brush d hence this brush is positive.
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Induced e m.f.

4

\ Number of

* revolutions

Coil  Coil Coil Coil Coil
vertical hori  vertical hon vertical
Zontal zontal

R T T
= Hl_-n

i
- L

Commutator | Commutator
_‘a'at Brush 'a'| reversed

and ‘d'at'd|

V'S

eskulu.com ﬂ



WAAAA=E abkaimerHafe

As the coil continues rotating from the second quarter turn to the third the commutators
change positions. Commutator a is now in contact with brush & while commutator dis in
contact with brush 4 but the current continues flowing in clockwise direction. Brush d
remains positive and brush ¢ remains negative and hence the current through R
continues 1in the same direction although it reverses in the coil itself. The e.m.finduced
between the beginning of the third and the end of the fourth quarter of a revolution varies
in the same way as that between the beginning of the rotation and the end of the first half
of'the rotation.

Difference between Dynamos and Motors
When a dynamo is rotated it produces electricity. A motor is supplied with
electricity for it to rotate.

RECTIFIERS

This is a device that changes alternating current (A.C) into direct current (D.C).
Symbols:

i —>

el 1 )— —Pp—

Half-wave Rectification

-

putput e.m 1 1 i
ACEOES /\ -

[ |
1
;
P
CDE

The input e.m.f across the resistor is represented by only half the wave.
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Full-wave Rectification

=—=%

Emf across o
AL supply /\ Time

output e.m.f WW/‘\ Time
ACTOSS resistor r »

a ¢ supply

MUTUAL INDUCTION

Soft iron bar

Switch

Lyl L

Battery Rheostat

= When you switch the current on, the galvanometer needle kicks to one side
and then returns to zero.

= When you switch the current off, the galvanometer needle kicks to one side
and then returns to zero.

= Asyou increase the current with the rheostat the needle deflects to one
side. Reducing the current produces a deflection in the opposite direction.

= The process by which a changing current in the circuit induces an e.m.fin a
nearby circuit is called mutual induction.

THE TRSANSFORMER

Principle of a Transformer
= A transformer is a device used to vary the voltage of an a.c supply.
® The basic structure of a transformer consists of a primary coil and a
secondary coil wound on a soft iron core.

eskulu.com
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soft iron core

5| | (load)

oo e circuit symibol
! transformer

N |

where L'

primary
coil

= allernating current in primary coil

A

= primary input voltage

secondary

coil

= number of turns in primary coil

= number of turns in secondary coil

= alternating induced current in secondary coil

How it Works

secondary output voltage

= An alternating current supply (input voltage, V) is needed in a transformer.

= The alternating current (lp) flows in the primary coil and sets up a changing
magnetic field.

= |nthe secondary coil, an alternating e.m.f is induced. The alternating
induced current (Is) then flows to the load (output voltage Vs).

* The induced e.m.f in the secondary coil may be greater or less than the
e.m.f of the primary coil depending on the number of turns, Nsand Np.

eskulu.com



ESKULU.COM

STUDY ONLINE. NOTES. PAST PAPERS WITH ANSWERS

The induced e.m.f. in the secondary coil may be GREATER OR LESS THAN the e.m.f. of the
primary coil depending on the number of turns, N, and N_.

O 1f N,>N_ then V,>V : this is a STEP-UP transformer.
O IEN <N, then V <V this is a STEP-DOWN transformer.

N & : number of turns in secondary coil v
[l Therefore —= is direct] ortional t . 5
Vi ® YPYE ? " number of turns in primary coil

If a transformer is 100% efficient, then OUTPUT POWER = INPUT POWER.

output power = input power
V!Is = vplp
Equation V. EE by applying
(100% efficient)|  (©F) ;.: &7 Equation | P = VI
V, N, 1
Al —Eatd ok
sl At
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Example

A step-down transformer reduces the voltage from 220 volts to 11 volts. The input
power is 110 watts and losses are negligible. (a) If the turns in the primary are 660,
how many are in the secondary? (b) How much current flows in each coil?

Solution
v, N,
{ﬂ.} I.’_I NI [.b] F1 = -V|-lr|
110 = 2205
4= 3 I, =05
50 = . = 0.50A
P, =P;VI =110
N, = 33tums,

L =110 =10A
11

Efficiency of a Real Transformer
The efficiency of a real transformer is always less than 100%

Equation output power
x

e = N Vsls -
(less than 100% efficient) | efficiency =Tt "o % 100% = Vi :mﬂ

Vsls

a.g. I a transformer is only 90% efficient, then
Vilp

=0.9,

Because: 1. Energy is lost in the form of heat in the primary and secondary coils,
and in the soft iron core. 2. There is leakage of magnetic field lines between the
primary and secondary coils.

Ways of Increasing Efficiency

1. Use low-resistance (thicker) copper wire for primary and secondary coils to
reduce heating effect.

2. Primary and secondary coils are wound on the same part of the soft iron core
to reduce leakage of magnetic flux.
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TRANSMISSION OF ELECTRICAL POWER

Energy loss:

= Electrical energy generated in a power station is transmitted through long
cables.

= Due to resistance in the cables, some energy is lost in the form of heat.

= To reduce power loss due to resistance, the output a.c voltage from the
generator in the power station is stepped up to a very high voltage (e.g 230 kV)
by a step-up transformer.

®= The current in the cables is reduced and this reduces power loss.

= The high voltage is then stepped down to 230 V by a series of step-down
transformers so that it is safe for consuming

= Power loss in the cables is calculated using:

P = I°R where, P:power; I: current; R: resistance;
tactory

i

home

'"l ]_ 230 kV

overhead

230V

/ E_;I; cable of
i} resistance, B f9

power slation step up network ol power cable step down
transformer transformer
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Example
[Q] Electrical energy is transmitted at high alternating voltages.

Which of the following is not a valid reason for doing this?
At high voltage, a.c. is safer than d.c.
For a given power, there is a lower current with a higher voltage.
There is a smaller energy loss at higher voltage and lower current.
The transmission lines can be thinner with a lower current.

g N = B

[Ans] A Athigh voltages, both a.c. and d.c. cause electric shock. Both of them are dangerous.
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CHALLENGING QUESTIONS -1
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1. The figure is a diagram of a simple a.c. generator,

/vd&ec&un of rotation
)J’

(a) Explain
(i) why an emf is induced in the coil as it rotates,
(i} how we know that at the instant shown in the figure, the slip-ring P is positive,
(iii} why work has to be done to keep the coil rotating when the slip-rings P and () are connected

across A resistor. [5]

{b) The coil of the generator rotates 2.5 times in each second; at this speed, the maximum value
of the induced e.m.L. is 20 mV. On graph paper, sketch a graph of e.m.f, against time for a time
intervals of 1s from the instant shown in the figure. 14]

2. Fig 2.1 shows a transformer being used to step down a 240 V alternating supply, in order to operate
a low voltage lamp.

saftiron
/
Iy
#'".- - '1
Fig. 2.1 wiﬂ‘ga .«4.. —1 outpul voltage

ST
pi
.

240V T_
i sty
1600 tums 80 turns

(a) (i) Explain how the transformer works and how it is able to step down the input voltage.

(ii} The primary coil has 1600 turns and the secondary coil has 80 wrns.Show that the output
voltage across the secondary coil is 12V, 71

(b} (i} A lamp is connected to the secondary coil of the transformer by longleads which have a
resistance of 2.5 £1, as shown in Fig. 2.2. (In this diagram, the resistance of the leads is shown
as a single resistor of value 2.58.)
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resistance
of leads

250

was g |
/ N\

-
i
A\

primary secondary
coil coil
1600 wms B0 turms.

The power input to the primary coil is 40 W, and the transformer is 100% efficient.
{iy Calculate the current in the secondary coil of the transiormer,
(ii} Calculate the voltage across the resistance of the leads.

{iii) Calculate the electrical power dissipated in the lamp. ! [6]
{c) High voltages are used to transmit electrical energy through long-distance cables. Explain the
advantage of using high voltages. [2]

3. Fig. 3.1 shows a coil of wire wound on a piece of soft iron. A magnet is rotated in the gap in the
soft iron as shown.

When the magnet rotates, the lamp connected to the coil glows. The magnet takes 020 s to make
one complete revolution.

soft M\E:? -
magnat E
axis — lamp
of —
rotaticn 1
Fg. 3.1
{a) Explain why an em.f. is produced in the coil when the magnet rotales. [2]
(b) Using the axes provided, skeich a graph to show how the em.f. produced in the coil varies with
lime. Mark a scale along the time axis. [2]
i
a.mf.
k] e

{c) State two changes that increase the size of the e.m.f. produced. Theparlsnftl'-eappammashown
in Fig. 3.1 may be altered. [2]
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4. Fig 4.1 shows a transformer connected to an alternating current supply. The primary coil has 50 turns
and the secondary coil 100 turns. Both coils are made of insulated copper wire and are wound on

a soft-iron core.
‘/ﬂt&mm
sy & - [ = T
mmzvt_/ q\ |
secondary
ol 50 tums coil 100 tums
Fig. 4.1

{a}) Stale

(i) why the coils are made of copper,

(ii} why the core is made of soft iron,

(iii) the cause of the magnetic field in the soft-iron core. [4]
(b) Fig 4.2 shows the variation of the output voltage of the transformer with time.

vollage output &
v

4

3t

Fig. 4.2
The number of turns on the secondary coil is increased to 150, but the number of turns on the
primary coil and the input voltage are unchanged.
On Fig 42 draw the variation with time of the output voltage after this increase. [21
o
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SOLUTIONS:

1. (@) () Asthamllmlmta,iheudresofmemﬂmtacmuﬂwmagneﬁcﬁa]dﬁmmﬂﬂngina

change of magnetic flux linkage in the coil. Induced e.m.f. is produced in the coil due to

(ii) Applying Fleming's Right Hand Rule to the wire of the coil to determine the direction of
current flow.

(iii) Induced current flows through the resistor causing electrical energy to be converted to internal
energy in the resistor. Since the electrical energy comes from the kinetic energy of the coil,
work has to be done to keep the coil rotating.

{b) VimV

L3

N
IAVALVAIN

P S L PR R L PR sy el S T R I, 1Ty S T S W L iy Tl B e g ] B | S

{a} (i} Only the two long wires of the coil would have induced current as the direction of motion
is perpendicular to the magnetic tield lines.

(i} Conventional current flows from positive to negative terminals.

mrmhﬁu:wﬂ#wﬁﬁumﬂhmwmma. If you tum tha coi,
the energy comes from your body.

{b) Frequency of ratation = 2.5 Hz
The period of rotation = 14 = 1/2.5 = 0.40s

The graph is a cosing curve as maximum e.m.f. |s produced when the coil is in a horizontal
position. There is no induced e.m.l. when the coll is in a vertical position.

2. (a) (i) When an alternating current flows through the primary coil, a changing magnetic field is
produced in the secondary coil through the soft iron core. There is a changing magnetic flux
linkage in the secondary coil. An induced a.c. voltage is produced in the secondary coil due
to electromagnetic induction. Since the number of turns in the secondary coil is less than
that in the primary coil, the voltage is stepped down.

% _Nl __._._sﬂ -
(i) \',—-——anvﬁ-lmxzw 12V
P40 _
{b) (i) 13=?=E=3.33A (i) V=1IR = (3.33)(25) = 833 V

()P =1 V=(333)(12-833) = 122 W

(c) At high voltages, the same electrical power can be transmitted at smaller currents. This reduces
the power loss in the cables and thinner cables can be used to save costs.
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3. (a) When the magnet rotates, there is a change in magnetic flux linkage in the coil. Hence an induced
e.m.f. is produced due to electromagnetic induction.

® A

am.l

oL 1\
(] \‘ 20 %Is
/

{c} 1. Use a stronger magnet. 2. Rotate the magnet at a faster rate.

3

af | — v M v AT TP R R g iy b 5 8 T £ Sy . St I R et

b} The e.m.f.-time graph must be sinusoidal and has a period of 0.20 5. At least 2 complete
cycles are drawn.

{c) Another acceptabls answer is to increase the number of turns of the coil

4. (a) (i) Copper is a good electrical conductor.
(ii) Soft iron can be magnetized and demagnetized easily. It can increase the magnetic flux linkage
between the primary and secondary coils.

(iii) The current lowing through the primary coil produces a changing magnetic field which passes
through the iron core.

{b) voitage output  ® .
v , -
4 /\ /\ fa} fii} The core must be
a soft magnetic mate-
\ rigl,
0 i it} When the number of
time turns on the secondary
coil is increased ta 150,
\ j the amplitude of the
§ \ output voltage =150/
/ 50 «x 2 =BV, The fre-
quancy remains un-
L d changed.
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STATIC ELECTRICITY

ELECTROSTATIC FORCES

= Charges are either positive or negative.
= Like charges repel, unlike charges attract.
= S| Unit of Electric Charge: Coulomb (C).

ELECTRIC FIELD

= This is a region where a small charge experiences an electric force. (Like
charges experience repulsive force, unlike charges experience attractive
force.)

= Electric fields are represented by electric field lines.

= These arrow-marked lines (one arrow for one line) represent the direction
of electric force of a free-moving positive charge. The closer parts of the
lines (the regions nearer to the charge) indicate stronger electric force.

= The figures below show the electric field lines of positive charge (+ sign)
and a negative charge (- sign).
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Electric field pattern: Electric field pattern:
Unlike charges attract Like charges repel

The electric field pattern of 2 oppositely-charged plates (parallel o cach ather) has straight field
lines at the central region.

megalive posilive negaliva
plate [l plate
p= S
. B
. E
.k
Electric field pattern: Electric field pattern:
1 positive charge - 1 positive i:']'.l.arge plate
and 1 negative charged plate and | negative charged plate

THE GOLD-LEAF ELECTROSCOPE

= |tis a very sensitive instrument used for detecting and testing small

electrostatic charges.

= The metal case is earthed. It can be earthed by placing it on a wooden

table.
Brass cap (disc)—
———="" (Good insulators
Brass rod — | .
— Metal case
Brass plate ——1——, —Gold leaf
FiS &

(]

How to Charge an Electroscope by Contact
® Touch the brass cap with a charged rod of either sign.

= The leaf diverges from the brass plate, since the brass plate and gold leaf

are similarly charged.

= The divergence persists for a long time even after the rod is removed.
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R

Repulsion

How to Test the Sign of Charge on a Rod
= Charge the electroscope positively.
= Bring a positively charged Perspex rod near but not touching.
= A positive rod will increase the divergence while a negative rod will
decrease the divergence.
= Discharge the electroscope by touching it with your finger and note that
the leaf collapses.
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How to Charge an Electrode by Induction

= Bring a positively charged rod near the cap of an uncharged electroscope.

= The leaf diverges as the charged rod attracts the electrons upward, leaving
similar charges in the plate and the gold leaf.

= Touch with your finger to earth it.

= The leaf collapses as the electrons neutralise.

= Remove the finger and remove the rod.

= A large divergence results as the extra negative charge obtained from the
earth distributes throughout the electroscope.

= Therefore, the electroscope has been charged negatively.

= To charge it positively, repeat the above with a negative rod.

Electrons flow
r+++&++_1|_+.+.r+..[mmhm
LN

{a) Divergence

(b) Learl falls fc) Divergence

How to Charge a Body by Induction
For charging it positively:

Charged
polythene et positive charge
fixd induced
+ =\ electrons + o+
I_ — | pepelled + " +
i +
| — |

 Imsulator

{a}
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For charging it negatively:

Electrons flow
charged Electrons attracted
perspex rod Net negative
L charge induced
- -+

(d) ie} n

ELECTROSTATIC INDUCTION

Definition: Electrostatic induction is a process whereby a conductor becomes
charged when a charged body is brought near it but not in direct contact with it.

How to Charge Two Conductors by Induction
@ Two uncharged (neutral) metal spheres with insulating stands are touching each other.

@ A negative strip js brought near the left sphere but not touching it. Induction takes place,
clectrons are repelled to the right sphere, leaving positive charges on the left sphere.

@ With the strip still holding near the left sphere, separate the two spheres.

@ Move away the negative strip. The left sphere is short of electrons (becomes positively charged)
and the right sphere has extra electrons (becomes negatively charged).

. § .

’ 2. Magative sirip brought near. | 4 This ephare This sohera
SN SN0 | Elecirans are repeiled to the 3. The spheres ara | is shor of has extra |
1. Twn uncharged nghl, leaving positive separated (with the glecirons glections [
spheras touching | charges on the lef sirip held near) | . positvel [0 negative)

How to Charge One Sphere

PrAE—— 3 e et = G e L LI LI P e
| | | | i |
| [ i
: ! ‘ H H

| T ¥ 24

| ' | H ]

1 i ( {1 i | !

| (- ' = 11) |

i L] 2 Negative strip i | 3. Sphere 1s earthed by finger. | | 4, Fingey 1| 5. Megatve strip

! (rLtral) | separales charges ;| Electrons low aut s earth || removed | removed leaving |
. Sphere i _ byrepelingelectrons. | | hroughthehand. =~ if | positive sphere. |
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Example

[Q] An electrostatically charged object will pick up small pieces of paper.
Which of the following will not pick up pieces of paper?

an earthed metal rod rubbed with a duster

a plastic comb pulled through dry hair

a polythene rod rubbed with a woolen cloth

a rubber balloon rubbed on a nylon shirt

o B I

[Ans] A Al charges will be removed if the metal rod is earthed.

Example

A Electrons flow from the object.
B Electrons flow on to the object.
C Protons flow from the object.
D Protons flow on to the object.

[Ans] B Positive object is deficient in electrons. Electrons are from the earth.

[Q] Why is a positively charged object made neutral (discharged) by someone touching it?

Example

[Q] Two insulated and uncharged metal spheres X and Y are touching, While a pasitively
charged rod is near X, the spheres are moved apart. After this action, X has a negalive

charge.
Ch Y
What will be the charge on Y7
A negative and smaller than that on X
B negative and the same size as that on X

C  positive and smaller than that on X
D positive and the same size as that on X

[Ans] D Two set of induced charges with be producsd on X and Y. These induced charges
will be opposite in sign but equal in magnitude.
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: This is the discharge of electrons
hhnnﬂmrmnpum occurring between two charged clouds or
£

a4 L puitive between a cloud and earth.

Building i! {7 i strip

]
/5 go from buried copper plate
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CHALLENGING QUESTIONS -2
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i I

An experiment to show charging by induction uses a metal sphere mounted on an insulated support.
The sphere is initially uncharged and is shown in Fig. 1.1,

metal sphere

Fig. 1.1 insulated support

(a) A negatively charged rod is brought near the sphere, as shown in Fig. 1.2.
negatively charged
rad

(i) State and explain the movement of electrons in the sphere that occurs as the rod is brought
near.

(i) On Fig. 1.2, draw the charges on the metal sphere. [3]

(b) ';'];‘emelal sphere is now touched at point A by a wire connected to earth, as shown in Fig.

Fig. 1.3

On Fig. 1.3, draw the charges on the metal sphere. [1]

(¢) The wire connected to earth is removed. Then the negatively charged rod is also removed, as
shown in Fig. 1.4,

On Fig. 1.4, draw the charges on the metal sphere. [1]

{d) The support is made from an insulator. State one material that may be used to make the support.
[1]
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2. Nnvﬂﬁmlmﬂdplam.mmmwahighvnlwgapmversuppi}r as shown in Fig. 2.1. An
electric field exists in the space between the plates. ' e

r ]

fi. 21 | |
4 =

power supply

(@) (i) State what is meant by the electric field between the plates.
(ii) On Fig. 2.1 draw lines of force to show the electric field Between the two plates. [3]

L) #nu;fargedmehlbal] is hung by an insulating thread between the two plates, as shown in
15

151[11/

[, |

power supply

On fig. 22,
(i) draw the distribution of charge that will be found on the metal ball,
(i} draw lines of force to show the new electric field between the plates. [21
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SOLUTIONS:

1. {a) (i) Electrons in the sphere move from left to right of sphere since there is an electric force of
repulsion between the electrons on the rod and electrons on the sphere.
i cha
(ii) &Bﬂﬂﬂﬂ' rged
tively charged A
® e W i
to earth
(c)
(d) plastic

2. (a) (i) A reglon where an electric charge experiences a force.

(i) O e (b) (i)ii) =

plate~.

l

I‘__.--Dlam = i

-

yYyYy

|

-8 @
POWST SURREY 5 iz
0 o |
power supgply

eskulu.com n



WAAAA=E abkaimerHafe

CURRENT, POTENTIAL
DIFFERENCE AND RESISTANCE

ELECTRIC CURRENT AND CONVENTIONAL
CURRENT

Concept: The flow of electrons along the conducting wires in a circuit produces
an electric current.

= Electrons always flow from the negatively charged end to the positively
charged end.

= Long ago, scientists thought that current flows from positive to negative.
= Remember: Electron Flow (Negative to Positive) is in the opposite direction to
the Conventional Current (Positive to Negative)

Measuring Electric Current

= The unit with which we measure the rate of flow of electricity, or size of
Current is the Ampere (A).

= Electricity is simply the flow of electrons through a conductor

= The total quantity of electricity is Charge

» The charge flowing past any given point in one second when one ampere is
flowing is called the coloumb.
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Definition | Current (I) is the rate of flow of charge (Q).

ol Q where The value of current (1)

Equation T g I: current Take |is taken from ammeter
Q: charge flow in coulomb (C}) note |which shows amount of
(or Q=1It) t: time in second (s) charge flow per second.

SI unit of current: ampere (A)

The SIZE of the electric current in a circuit can be measured by an ammeter as shown.

- gircuit symbol
1 2 i Ammeter

>

out of black ; :
: ... = to red terminal
terminal % . R
» " \

POTENTIAL DIFFERENCE

» Energy carried by electric charges is consumed in components in a circuit.
= Potential Difference (p.d) across a component is the measure of the energy
converted per unit charge passing through a component

_ energy converted to other forms in the component
p-a= charges flow through the component

V =— where p.d(V); E = Energy Converted; Q = Charge

= S| Unit of potential difference: Volt (V).
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Example

[Q] The amount of energy transferred when 10 C of charge passes through a p.d. of 20V is
the same as the energy needed to raise a 2 kg mass through a distance X. Whal is the

value of X?

[gravitational field strength = 10 N/kg]

A O01lm C W0m
B Im D 100m

[Ans] C E=VQ
potential energy required = mgx

mgx =V0Q
_Qv _ (oem
“mg o onm

ELECTROMOTIVE FORCE (e.m.f)

= The electromotive force of a cell is the energy supplied (E) to each coulomb of
charge (Q) within it.

ern.f, = _Energy supplied by the cell
""" eharges flow through the cell

where The value of e.m.f. (&) is taken
: E |& electromotive force (e.m.[.) from voltmeter which shows
Equation| &£=— : Take e ek

Q |E: energy supplied by the cell Al the amount of energy nesded
(Q: charges flow through the cell to drive one unit of charge (1C}
round a completa circuit,

SI unit of e.m.f.: joules per coulomb (JC') or volt (V). 1V =1]C)

CELLS IN SERIES

= When cells are connected in series, the combined e.m.f. used to drive the
electric charges is the sum of all the individual cell’s e.m.f.
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= With more cells, the circuit will have more 15V 15V 15V

power to drive the electric charges. Iy | F
I’ 1 N

cells in series:
combined em.f. 45V

eskulu.com ﬂ



WAAAA=E abkaimerHafe

CELLS IN PARALLEL 15V

When cells are connected in parallel, the
combined e.m.f used to drive the electric charges 15V
is the e.m.f of one individual cell (i.e. each cell A q B
contributes an equal amount of e.m.f).
= With more cells, the circuit will have longer time 1.5V
to drive the electric charges.

cells in parallel:
combined em.f. 15V
(each cell contributes 0.5 V)

VOLTMETER

To measure electromotive force:

Ll The e.m.f. of a cell can be measured by a voltmeter connected directly across the terminals
of the cell.

The positive terminal of the cell is connected to the positive terminal (red) of the voltmeter
and the negative terminal (black) of the cell is connected to the negative terminal of the
voltmeter.

To measure potential difference (p.d)
- To measure the p.d. across a component (or between two points separated by a load), the
voltmeter is comnected in parallel to the component (load).

'FII'-'

circuit symbal

i Switch

Iswitch | A open
point point | ——D— 0 O
a S —
—— ]
negligible 1
current
L
N
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e.m.f & p.d IN A SIMPLE CIRCUIT

» The e.m.f (€) of the power supply must be equal to the sum of p.d (V) across
all circuit components.

E.m.f. is the amount of energy gained by one coulomb of charges when they pass through the
power supply.
As the chatﬂs flow round the circuit, they lose their energy to the circuit components.

Taking the dircuit as a whole, total electrical energy gained by the charges must be the SAME
as total energy lost to the circuit components.

For example, in the circuit shown, | =V, +V,+V;
£

|1

Ll

Eh W

_@_J Y 87,

v1 Vz "I'FS

RESISTANCE

= All metals have some resistance. In an electric circuit, resistance reduces the
size of the current.

= Aresistor is a conductor with known value of resistance. It can be used to
control the size of current flowing in a circuit.

= Resistance, therefore is a measure of how difficult it is for the current to pass
through the circuit.

= DEFINITION: The resistance (R) of a component is the ratio of potential
difference (V) across it to the current (I) flowing through it.

Y

v where
Equation R= T R: resistance (£2)
V: p.d. (V)
lor V=IR) |1 current (A)

The formula is derived from Ohm’s Law. Sl Unit of Resistance: ohm (Q).
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RHEOSTAT

= Resistors have fixed values of resistance.

------------------------- circuit symbaol
leed resistor

—f

fwed
resistors

= Rheostats are variable resistors commonly used in a circuit to vary the control
of electric current.

shding

contact T
- girauit symbol

‘u"al‘l.‘.tblll resistor {rheostat)
rraostat ;

(variahla
resiston

FACTORS AFFECTING RESISTANCE OF A WIRE
1. Length

For a wire of uniform cross-sectional area (A), the resistance (R) is directly proportional

to the length () of the wire. In symbols, | R« { [(when A is uniform] |,

So the longer the wire the higher the resistance.

2. Cross Sectional Area

For a wire of fixed length, its resistance (R) is inversely proportional to the cross-sectional

area (A). In symbols, | K uc% {with same length} |.

So the thinner the wire the higher the resistance.

3. Material
Resistance depends on the kind of substance.
Copper is a good conductor and is used for connecting wires.

Nichome has more resistance and is used in the heating elements of electric heater.
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4. Temperature
The resistance of a wire also changes as the temperature changes.

For metallic wires, as temperature increases, the resistance increases.
But for some materials like silicon and germanium, as temperature increases, the re-
sistance decreases.

RESISTORS IN SERIES

The total resistance (R) of the resistors connected in series circuit is equal to the

sum of the separate resistance.

The two resistors in the figure below are connected in SERIES,

i

equivalent resistance
R

—

If R is the equivalent resistance (tolal resistance) of the two resistors, then

R=R, +R,

RESISTORS.IN PARALLEL
The total resistance (R) of the resistors

! _Iﬁ_ —{— ‘_fﬁ‘ connected in series circuit is equal to

the sum of the separate resistance.

Ry
f .
equivalent resistance
R
e — 1 —
== The two resistors in the figure below are econnected in PARALLEL.
If R is the equivalent resistance (tolal resistance) of the two resistors, then
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OHM’S LAW

STATES THAT: The current (l) flowing through a conductor is directly proportional
to the potential difference (V) across it, provided that the physical conditions and
temperature remain constant.

In symbols, | 1=V |{constant physical conditions & temperature)

If we plot a graph of the current (I} passing through a resistor against the p.d. (V) across it,
sometimes we can get a STRAIGHT LINE through the origin.

Current [

= Voltage V
This means that the current, I, is directly proportional to the voltage, V.

1
Therefore, the resistance, R =-1;i is a constant. %=E is also a constant.

This is OHM'S LAW.

DIODES

= Adiode allows the electric current to flow only in one direction.
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when diode when diode
in forward bias in reverse bias
NI 7%
| R
current fows i current Nows
L
lamp lights up lamp does not light up
g LR - gircuit symbol Forward hiﬂﬁ;
| Diode T J :
i E
B
—G $_ 5
(4]
il B . o
current flows easily z e

in this direction
S —

j (nearly )

dinda -.-uttag:a_j'

= The forward arrow on the diode symbol shows that the diode is forward
biased. The current flows easily.

= The reverse arrow shows that the diode is reverse biased. The current is
nearly zero.

RECTIFIER

* |nadirect current (d.c) circuit, the current flows in one direction.

® |n an alternating current (a.c) circuit, the current can flow in both forward and
reversed directions for short periods of time.

= Since a diode only lets current flow in the forward direction and stops all the
reverse current, a.c can be changed into d.c using a diode called a rectifier.
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CHALLENGING QUESTIONS - 2

eskulu.com n



ESKULU.COM STUDY ONLINE. NOTES. PAST PAPERS WITH ANSWERS

1. A copper wire of length 1.5m and diameter 1.2 » 10 m has a resistance of 2.0},
Determine the resistances of copper wires
(@) of length 25m and diameter 1.2 = 10~ m,
(b) of length 1.5m and diameter 2.4 = 10~ m. [5]

2. {a) (i) How much energy is transferred by a battery of em.f. 4.5 V when 1.0 C of charge passes

through it?
{ii) How much power is developed in a battery of em.f. 4.5V when a current of 1.0 A is passing
through it? 12]

(b) Figure shows a battery of ean.f. 45V connected to a resistor of resistance 1801,

45V

Determine, for the resistor, ]I-"-I

(i) the voltage across it,

(i) the current in ik i 131
180

3. A de supply of 2.0 V is connected across part of a resistance wire. As contact C is moved along
the wire, the length | of the wire and the current | through the wire are measured. The voltage
across the wire is constant.

The circuit is shown in Fig. 3.1 and the results of the experiment are shown in Fig. 3.2,

m!"i’wm Hem Hma
Ly 100 8.6
~ conlact
c 1 20.0 4.3
2oV i 30.0 t2e
T | 400 2.2
'
Fig. 3.1 Fig. 3.2
(a) On the axes, plot the data given in Fig. 31 and draw a smooth curve through the points.
2]
10 £ . s
1 e e
ma, .r: !
" :
2 L
o F 1
Q 10 20 a0 40 50
A
cm
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{b) For a length | of wire of 25.0 cm, determine
(i) the value of the current I,
(ii) the resistance of this length of wire. Given your value for the resistance to a sensible number

of significant figures. [3]
{c) Determine the resistance of a 25.0 cm sample of wire of the same material as used in (b) but
which has ten times the cross-sectional area. 1]

4. Figure shows a circuit set up to test whether electrical resistance changes when temperature rises.

X Y

®

Two components, a length of metal wire and a thermistor, are tested. They are each tested in turn,
by placing them between terminals X and Y. As the temperature changes, the current readings on
the ammeter are noted. The results are shown in the table.

[} o £=1
e W currentat 0 C | currentat50°C | current at 100°C
A A A
metal wire D.Im 0.090 (.080
thermistor “Duo02 (.004 (LOBO

{a) (i) On the figure, draw a voltmeter to show how it is connected to measure the potential difference

across XY.
(ii) State how you would use the apparatus to obtain a value for the resistance of the component.
(iii} State whether the resistance of each of the components increases or decreases as it is heated.
1.  metal wire
2. thermistor [4]
(b) The current through each component changes with temperature. The current values are used
to set up a temperature scale. Each circuit then acts as a thermometer, reading temperatures
between 0 °C and 100 °C. Using information from the table, state, giving a reason in each case,
which component would make a thermometer with
{i) the greater sensitivity,
(ii} the greater linearity. [2]
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Q.30

0.25 e

0.20

0.15

0.10

0.05

0 1 2 3 4 5
potential difference/V

The graph shows how the current in the filament of a lamp depends on the potential difference across
it.
(a) Calculate the resistance of the filament when the current is 0.25 A. Give your answer to an

appropriate number of significant figures. 31
(b) Explain how the figure shows that the resistance of the filament increases with femperature rise.
[2]
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SOLUTIONS
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Fesistance of 25 m wire 25

Resistance of L5 m wire 1.5

Resistance of 2.5 mmm=%:2.ﬂ
=330

Resistance of thicker wire _ Cross sectional area of thinner wire
Resistance of thinner wire  Cross mhmal area of thicker wire

(b)

r[ 12x107° ]
Resistance of thicker wire =

*[””“*]

=050

-------- e T o —— e e i B

lal Fm- wlras ol sama matanal and cms&-sa::uqn&] area, tharr resistances are directly proportional
1o the length.

{b] For wires of the same material and length, thelr resistances are inversely proportional to cross-
sectional area but not diameter or radius,

2 fa) () E=QV=010)45)=45] (i) P=1IV = (LO)45) =45 W

(®) (i) Voltage = 45 V (i) :-%=%=uzsa

(b} 1} Since there is only one mﬂm in the circuit, the valtage across the resistor must be
equal to the e.m.f. of the battery,

3 {a) -
10 : :'
s R :
i T 1 - T
;; i - ‘vhs"“ |I:. H
" _ == :
X i
0 E =
1] 10 20 30 40 50
id
M
- v
® ) 1=35mA () R=T- ;5-’:';—63 57 x10%0
57 =107
R —570
(e) 0
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3 _ Voltmeter reading
4. (a) (i) ﬁ (ii} Resistance of the component o

x ¥
®
I
|I
{iii) 1. increase
2.  decrease

(b) (i) component: thermistor
reason: a bigger change in current for the entire temperature range
(i) component: metal wire
reason: change in current is directly proportional to change in temperature

laj (il Voltmeter must be connected in parallel with the componant,
{il Mo explanation needed if you are asked to state something.
W

fiii H=T

V is a constant for this case, R increases when | decreases.
(6] (i) A greater sensitivity means a bigger change in cument for the same temperature change.
(i) For every BO °C increase in temperature, the current is increased by the same ameunt.

5. (a) Potential difference = 3.8 V

R:-Er--—snﬂ——nlﬁnn

1 025
(b) The increase in current decreases for constant increase in potential difference.

b

la] The answer iz given to 2 sig. fig. since V and | are given ta 2 sig. lig.
(b) The increase in current decreases means that the resistance of the filamant increases.
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CIRCUITS

CIRCUIT SYMBOLS OF COMPONENTS OF AD.C

CIRCUIT

....................

! cell battery power supply
—— —fij— —0 o—
Mtch YRS e ";_,BE

lamp ammeter voltmeter

--------------------------------------

--------------------------------------------------------------

diode (LED) —(P—

...............................................................

remaer BER A EEEE TR EE R R R ]

-----------------
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CURRENT AND POTENTIAL DIFFERENCE IN
CIRCUITS

I, R, V, and V, represent the total current, total resistance, voltage across R, and voltage across
R, respectively.

emf.=e=6V e=V,+V,=6V
{lli— R=R,;+R,=20+10=300Q
¢! battery Fact v1=%xa=4v
R, R, 10
{2007 ] (100} Vz“ﬁxﬁ—zv
- - e - V_6
v b R 30 "

In a SERIES circuit, the higher the resistance of a resistor,

Faet the higher the voltage across it.

1f we apply |Equation |V =IR | to the individual resistor R, and R,, then

vt =IRI

Fact

The em.f., &, is equal to the total potential difference (V) of the circuit.

Thus we have |Fact|e=IR

Since total resistance R =R, + R,, we obtain |Fact|e=1(R, +R;)

Total current (I) is the same at every point in a SERIES circuit.
Fact | (The number of resistors connected does not matter. Resistors
only reduce the size of the current.)
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SERIES AND PARALLEL CIRCUITS

SERIES CIRCUITS

cell.

There is only ONE path through which the electric charge
can flow. We say that the lamps are connected in SERIES.

Consider a circuit which has two lamps connecting to a |]_r,
¥

If you unscrew one lamp in the circuit, the other lamp ®
will not light up. There is NO current if there is a break

anywhere in a SERIES circuit.

Current

Now, we add an ammeter to the above circuit. Move the ammeter to different positions.

——

L, L.
(a)

(b)
It is noticed that in both cases, the ammeter has the same reading.

Conclusion | The size of current flow is the SAME throughout the SERIES circuit.
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Potential Difference

Now, we add three voltmeters to the cireuit. Voltmeter V shows the potential difference across
the battery, while voltmeters V, and V, show the potential differences across lamps L, and
L, respectively.

L]_ L!

From the readings of the voltmeters, we can draw the conclusion that |'1.F-"u'1+?, |

Conclusion | ' @ SERIES circuit, sum of the potential differences across individual
components is equal to the potential difference across the whole circuit.
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PARALLEL CIRCUITS

There is more than one path for the electric ll"l |
charge to flow. They are connected in 1 s b
parallel. PO ——10
If you unscrew one lamp, the other lamp will !
still light up

Current

From the readings of the ammeters, we can draw the conclusion that
Ii=1 + 13

Ammeter A, measures the total current of the circuit. Ammeters A, and A, measure the current
through lamps L, and L, respectively.

When the switch is closed, the current flows through the circuit (A, reads 1) and splits up
at junction P (A, reads |, A, reads 1). The currents join together again at junction C (A,

reads 1,). @_HI by

L
P——(@)——&)—0
1 .
5"
From the readings of the ammeters, we can draw the conclusion that

In a PARALLEL circuit, the current in the main circuit is the sum of
the currents in the separate branches.

Conciusion
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Potential Difference

Voltmeter V. measures the potential difference across the battery while voltmeters V, and
¥, measure the potential differences across the lamps L, and L, respectively,

[y ]

—] ] —t y
—y —# \

—Vi—n
From the readings of the voltmeters, we can draw the -I'.'Clll'll'.']l.l.llm'l. that
Ina PARALLEL cireult, each component ted (also apply to resistors

Conalusion

with different values) has the SAME potential difference across it.

Qe
4
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Example
[Q] The diagram shows an electrical circuit. -
A 1A
B 2A .'
C 3A } an
D ¢4A
— T
an
.
[Ans] B Current at point X is same as the ammeter reading 2 A.

Example

[Q] A circuit contains a low voltage supply in series with 2 bulbs. An ammeter in the circuit
measures the current in the bulbs and voltmeter measures the voltage of the supply. Which
diagram shows the correct circuit?

A D
Siow ow
vikligE w
PRty o Supply
L

[Ans] B Voltmeter must be connected in parallel with the power supply and the ammeter;
must be connected in series with the bulbs.
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Lamp is off

- ::3': o no current
w"
Lamp is on
connecting wire
(copper wire)
The copper wire has shorted the lamp or caused a SHORT CIRCUIT. The copper wire has less
resistance to the flow of electrons than the lamp. S0 the current flows through the copper wire
instead of the lamp.

g Electricity travels by the easiest path, |.e. the one with the lowest resistance,
[T 0] oot necessarily the shorlest palh.P.

Qe
<
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Example
[Q] Which resistor combination has the lowest resistance?

s n T

[Ans] D A:9Q B520 G370 D090

LIGHT DEPENDENT RESISTORS (LDR)

= Alight dependent resistor (LDR) has a resistance that varies with s
the amount of light shining on it. ﬁ’/
= The resistance decreases as the amount of light shining on the
LDR increases.

THERMISTORS

A thermistor is a device whose resistance is affected by P4
temperature. | / ISa
* The resistance of a thermistor decreases with /

increasing temperature.

USE OF CATHODE-RAY OSCILLOSCOPE (CRO)

Operating C.R.O
= A CRO makes use of a cathode-ray tube. In it, an electron gun sends
electrons through the vacuum to a fluorescent screen and a light spot
appears on the screen.
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deflection system

lectron L4 ™
e e B Y Xi Xz =
i g

G
low F i | k g
voltage N 3
] A
N 61
4|-----1
high voltage )

The table summarises the names and functions of different parts of a CR.O.

Component Name Function
F filament heating up cathode {ready to emit electron
beam)
c cathode emitting electrons by thermionic emission
election gun G grid brightness control by controlling amount of
electrons passing through it
A, A, | anode @ focusing of electron beam
@ accelerating electron beam
deflection Y, Y, | ¥-plates with Y-gain setting, they drﬂect% electron
system (Y-gain setting) beam in the vertical divection
(Y-plates
followed by | X, X, X-plates with time base setting, they sweep the light
X-plates) (Time base setting) spot across the screen horizontally
fluorescent 5 fluorescent screen | display of waveform
screen
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Example
[Q] The diagram shows a trace on an oscilloscope set at 5V/cm on the vertical axis.
T
i
\
A N I
\ \
7
‘lch a o
R
lem
What is the maximum value of the potential difference being measured?
A 15V C 75V
B 30V D 15V

[Ans] C Maximum value of the p.d. = peak voltage = 15 x 5 = 7.5 V
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CHALLENGING QUESTIONS -3

1. (a) Figure 1.1 shows a d.c. series circuit. The e.m.f. of the battery is 12 V and the maximum resistance
of the variable resistor is 75 W,

12V
| E
i-—|s
B0 750
Fig. 1.1

Determine

(i) the minimum possible current through the circuit,

(ii) the maximum possible current through the circuit,

(iil) the minimum possible voltage across the 250 fixed resistor,
(iv) the maximum possible voltage across the 250 fixed resistor,

(v) the maximum power which can be dissipated in the 250 fixed resistor. (8]

(b) The variable resistor of Fig. 1.1 is replaced by a thermistor. The variation of resistance with
temperature of the thermistor is given in Fig. 1.2.

.;'mﬁ 600

m] g
oy
004
200 "
100 w

0
0 20 40 &0 80 100
temperature /*C

Fig. 1.2

The thermistor is placed first in melting pure ice and then in steam at standard atmospheric
pressure. In each case the temperature of the thermistor is allowed to become constant.

(i) What is the resistance of the thermistor at the temperature of melting pure ice?
(ii) What is the resistance of the thermistor at the temperature of the steam?

(iif) At which of these temperatures does the resistance of the thermistor change more rapidly
with temperature? Give your reasons for your answer.

(iv) What is the change in voltage across the thermistor as its temperature increases from the
ice temperature to the steam temperature? Show your working clearly. 7]
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2. The figure shows a circuit consisting of a battery of e.m.f. 6.0 V and two pairs of 3.0 W resistors
in series, these pairs of resistors being connected in parallel.

(a} (i} Whatis the total resistance of the path KLM? 60V
=

(i} What is the total resistance of the path KNM?

(iii} What is the resistance of the circuit between
K and M?

by Calculate
{i} the current through the battery,
(ii) the power developed in the battery.

3. The figure shows a battery of eem.f. 6.0 V in series with resistors of resistance 4.00Q and 8.00.
E,n"i"’

4090 8.00
For the circuit shown in the figure,
(i) explain what is meant by an e.mj. of 60V,
(ii) calculate the current through the bather_',u

(iii) calculate the power developed in the battery,
(iv) calculate the voltage across the 4.0 0 resistor and that across the 8010 resistor. (8]

4. Fig 4.1 shows three combinations of resistors, connected between points X and Y. All the resistors
have resistance 6.0 82

X X . X
6.00 E.l:l-ﬂ [

6.00
D L_ = SR
600 |
¥ "f ¥ l
combination A combination B combination G
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{a) Calculate the total resistance between the points X and Y of each combination.
(i) total resistance of combination A
(i) total resistance of combination B
(iii) total resistance of combination C [4]

(b) Points X and Y in combination B are connected to a battery that provides a potential difference
of 1.35 V across XY, as shown in Fig. 4.2. Calculate the currents I, L and I, in each resistor
of the combination. 31

6010

Fig. 4.2

5. The figure shows a trace obtained on an oscilloscope screen.

AN /! 0N

The time-base is set at 10 ms/cm.
(i) Determine the time for one complete oscillation on the screen.
(ii) Calculate the frequency of the signal applied to the oscilloscope.

(iii) With the same signal applied to the oscilloscope, the time-base setting is altered to 20 ms/cm.
State what effect this has on the trace shown on the screen. 5]
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6. In Fig. 6.1, a thermistor, T, is connected in series with a 400 resistor.

——

Fig. 8.1 L | l /,
4.0Q zr
Fig 6.2 shows how the resistance R of the thermistor varies with temperature #
20
R 18
18
14 A
12
10
8
Fig. 8.2 &
4 e
2 e ]
0 — -

0 20 40 60 BO 100 120 @°G

(i) Describe in words the way in which the resistance of the thermistor varies with temperature.
(i) Determine the resistance of the thermistor when its temperature is 0 °C and when its temperature.

~is 100 °C.
[ii:}&mme&emﬂmmmmmﬂmmﬂmknn resistor when the
temperature of the thermistor is allowed to vary.between 0°C and 100 °C. [71

7. The circuit shown in Fig. 7.1 acts as a light sensitive switch.

(] sz

The component X is a light dependent resistor (LDR). The connections to the buzzer and to the switch
Y inside the relay have not been drawn. Switch Y is shown open in Fig. 7.1.

(i) On Fig. 7.1, draw the connections to the buzzer, the switch Y and the cell that will allow the

buzzer to sound when the switch Y inside the relay closes.
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(ii) Complete the table below stating
1. whether the resistance of the LDR is high or low in the light and in the dark.
2. whether the current through the relay coil is high or low in the light and in the dark.

resistance | current through | relay switch Y buzzer
of LDR relay coil
light closed ON

dark open OFF (4]

8. A student designs an electrical cireuit to turn on a fan motor when the temperature is high. The
motor is designed to operate normally from a 12 V supply, and has a resistance of 400.
(a) The student’s first design is shown in Fig. 8.1.

S thermistor al room temperature
~
12v |
ez
- motor 4.002
Fig. 8.1
(i Describe and explain what happens to the current in the circuit whenthe temperature in

the room rises.

(ii) For the thermistor of resistance 5000, calculate
1. the current in the circuil,

2. the potential difference across the motor. 7
(b) The student then improves the design and uses a relay, as shown in Fig. 8.2.
i
LN

i
2v

T:::fr::rm

Fig. 8.2
(i) Explain how the motor is made to operate as the temperature rises.

(i) The relay switches when the current through the coil is 0.10 A and the potential difference
across the coil is 2.0V.

Calculate, for the conditions when the relay switches,

1. the potential difference across the thermistor

2. the resistance of the thermistor. 16]
{¢) Explain why the circuit of Fig. 8.2 is better than the circuit of Fig. 8.1. 12]

S——
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SOLUTIONS:

: Lo voltage
. current = - ,
1. {(a) (i) Minimum possible ey ible total resist
12
© 25475
=012 A
i " . voltage
I =
(), My posilile: cutent- o e caible tofl redimnce
12
i 25+0
=048 A

(i} Minimum possible voltage across 250 fixed resistor
= minimum possible current x resistance
= (12 % 25
=3V

(iv) Maximum possible voltage across 25€ fixed resistor
= maximum possible current « resistance
=048%25
=12V

Vimax 127

(v) Maximum power dissipated in the 250 fixed resistor === 5z =28 W

() () €000 (i) 2092
(iii) The resistance of the thermistor changes more rapidly with temperature at 0 °C because the
gradient of the graph at 0°C is greater than that at 100 °C.

{iv) At 0°C, voltage across the thermistor = x12=1152V

600
600 + 25
At 100 °C, voltage across the thermistor =5]—2:i1—5~x12=5.&3'\-'

Hence the change in voltage across the thermistor as the temperature increases from (0 °C
to 100°C is 1152 V - 533 V =62V (2 s.f)
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2. (a) (i) Total resistance KLM = 3.0 + 3.0 = 600
(i) Total resistance KNM = 3.0 + 30 = 600

- 60 =60
{iii) Resistance between K and M 0260 ann

(b) () Current through the battery =%.%-zna

(if) Power = VI = (6.0)(2.0) = 12W

bk nd  Alernative methods:
'hl" ﬁl.u-l'

Power = I'R = 2.0/ x 30 = 12W 0OR Power = i =12W

3. (i) The battery converts 6] of chemical energy to electrical energy when one coulomb of charge
flows through the battery.

V 6.0
I- —
(i) R 40+80

(iii) P = IV = (05)(6.0) = 30 W
(iv) V,q = IR = (0.5)(4.0) = 20 V
Viq = IR = (05)(8.0) =40 V

=05A

<

{al it Students should not mix up e.m.f, with potential diference. For e.m.t., it is the amount
of electrical energy gained by 1 coulomb of charge after passing through the battery.

4 (@) (i) R=60+60+60=180Q

6.0 x 6.0

=90
6.0+ 60 2

(i) R=60+

(iii) 1"t=(-'-1-~|rL~|-L]“l =200
60 60 60

V. 135
Py o ey e, R
{b) I, = total current R= 90 D154

11=1,=12L=91135A

(bl The total current | is equal to the sum of currents (I, + 1)) from all the paths in paraliel.
I, = |, because the two resistors are [dentical (6 ().
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5. (i} Time for one complete oscillation = 5= 10 = 50 ms

1 1
i = = =20Hz
(it} Frequency Period  50x10~

(iii) One complete waveform is only 2.5 em. Twice as many waveforms as before can be seen on
the screen.

e ——— o — =

v Em T me. ime e e

il Tima lor one complete oscillation = perod of the wavelorm
fil Don't forget to convert ms to 5. Tms = 0.001 5

(i} Distance for one complete waveform = 50/20 = Z.5em. The amplitude of the waveform
remains unchanged.

6. (i) The resistance of the thermistor decreases as the temperature increases.
(ii) At 0°C, resistance is 19,
At 100 °C, resistance is 1.282.

(iii) Maximum power is developed in the 400 resistor when the resistance of thermistor is 1.20Q.

Current of the circuit =

]
=115A
40+1.2

P = IR = (1.15/(4.0) = 53 W

Minimum power is developed in the 4.0 resistor when the resistance of thermistor is 190
. 0 . = 'E‘.L n

Current of the circuit 20419 026 A

P = IR = (0.26)*(4.0) = 027 W

{iiil The equation | = V/R is used to find the total current of the circuit. This is also the current
flowing through the 4.0 1} resistor. The power developed can then be datermined by the aguation
P = |°R. The power is maximum when the current is maximum. It occurs when the total

resistance is lowaest. The power is minimum when the current is minimum, It happans when
the total resistance is highest,

7.1
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(i) resistance | current through | relay switch Y | buzzer
of LDR | relay coil
light low high closed oM
dark high low open OFF

{i} The buzzer must ba connected in series with the switch Y. If they are connacted in parallel,
the buzzer is always on even when the switch Y is open.

(i} Switch Y is closed only when there is a bigger current Howing through the cail,

8. (a) {i) Astemperatureinthe room rises, the resistance of the thermistor decreases. The total resistance
- of the circuit decreases and so the current in the circuit increases.

(i) 1. 1=v= L =0024 A

E 500+ 4
2. V=IR = (0.028)(4.0) = 0.096 V

(b) (i) When the temperature in the room rises, the resistance of the thermistor decreases. The current
flowing through the relay coil increases until the switch is closed and the motor is switched
an.

(i) 1. p.d. across thermistor = 12-2 = 1oV

v 10
=—=——=10010
Ll =200

(c) The motor is under normal oper in the circuit of Fig. 8.2 because the p.d. across the
is 12V which is the operating voltage of the motor. In the circuit of Fig. 8.1, the p.d. across
the motor is less than 12V as il is connected in series with the thermistor.

o — -~ - — e —

{al (i) Total resistance of the circuit |8 the sum ol the two resistances as they are connected
in serigs.

i) I the motor Is operated at a lower power, its tumning speed is slower than expected.
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INTRODUCTION TO
ELECTRONICS
CATHODE RAY OSCILLOSCOPE

It can be used for measuring voltages, displaying waveforms and measuring
time intervals.

Measuring Voltages, Displaying Waveforms and Measuring Time
Intervals

=  One division in the C.R.O screen is 1 cm for both vertical and horizontal
scales.

= Peak voltage is from the horizontal axis to the peak value.

Measuring Voltages

A C.R.O. shows a trace of a d.c. voltage as in the following diagram. The time base setting
is 20 ms/em and the Y-gain setting is 5 V/cm.

] aann mEEEEE

! /trace at shorted input

b
“T™1

!
MERIR S ; ! -

Amplitude of the waveform = 1em
The wvoltage Is given by
V = (5)1) = BY
The waveform corresponds to a +5V d.c. input voltage.
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When an a.c. voltage is connected to the Y-gain of the C.R,0., a waveform as shown below
is displayed on the screen. The time-base setting is Sms/cm and the Y-gain setting is 1 Viem.

Amplitude of the waveform = 2Zecm
The peak voltage is given by
V= (1)2) = 2V
The waveform corresponds to an a.c. input with a peak voltage of 2V.

y S : trace at shorted input

Fd
Y
-
e

Example
[Q] The diagram shows a trace on an oscilloscope set at 5V/em on the vertical axis.
I R T B
A EH ..___I'.'_“__ L +Hr | et H F |
o
1 N = N
11 -h“ﬁ..g_.,. '."ﬂ:::. £ ““. ; iil
l_;--ltlH ___- "—'I_-.':_.-'_ ;- \' ‘l i
S - — e
| i s e
2ttt (4 o i =-e]] |
lem
What is the maximum value of the potential difference being measured? (J95/P1,/Q35)
A 15V C 75V
B 30V D 15V
[Ans] C Maximum value of the p.d. = peak voltage = 1.5 x5 =75V
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ACTION AND USE OF CIRCUIT COMPONENTS

RESISTORS

W

A colour code facilitates the computation of the resistance of carbon resistors. The bands
of colours shown on such resistors represent specific figures.

/ "

First figure  Second Nuwmberof —goj0rance
figure ~ Zeroes (Degree of accuracy)

Carbon resistor 4

The colour code and tolerance of carbon resistors is shown in Table 8.1 below.

Colour Figure Tolerance

Black 0 Gold= +5% accuracy
Brown 1 Silver = +10% accuracy
Red 2 No colour =+20% accuracy
Orange 3 B — 410
Green 5 Red = + 2% accuracy etc.
Blue 6
Violet 7
Grey 8
White 9

Colour code and tolerance
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Example
1. Find the resistance of the two resistors (2) and (b) below.

R O R I &%%

(a) (b)
Solution
(a)  Since the first line represents the first digit and in this case, it is red, then the
first digit is 2. The second line represents the second digit. In this case Orange.
then the digit is 3. The third line represents the number of zeroes. In this case
itis represented by Red, then we have two zeroes.

Theresistance =23 00 W

POTENTIAL DIVIDER.(POTENTIOMETER)

= A potential divider varies the voltage across a device.

|T!"lu’
|

Jockey

©
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The potential difference across each centimeter (1/100 m) length of the resistance wire
is 2V/100 = 0,02V, A potential difference of 1V is obtained when the connection is made
to the mid-point of the wire (0.02V X 50cm = 1V). The potential difference obtained
when the connection is made at 10 cmis 0.2V. )

Example

It In the circuit what would be the voltmeter reading when the jockey is
connected 35 cm away from 4.

Solution

The P.D. across cachem= 5 = 0.05V.
100

P.D. across 35 cm = 0.05 X 35
=175V

2. Find the distance X" at which the jockey should be connected from A in order
to obtain a potential difference of 9.5V in the circuit.

Selfution
12
PD across each cm = 100 = 0,12V

PD. across X=9.5V=0.12 X X
0.12¥= 0.5

X= 9.5=950
012 12

X=T9¢m
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Example

[Q] A circuit with a light-dependent resistor is used to detect changes in light levels. What
are the approximate voltmeter readings in moonlight and in sunlight? (N2000/P1/Q35)

2 ML} in moonight
20010 in sunlight

__i__ P

12y

T -

reading in moonlight / V | reading in sunlight / V
A 4 o
B 4 12
C 8 a
D i} 4

1

7 #12=4V

‘Ans] B In moonlight, reading =

g 1 , ;

L
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LOGIC GATES AND COMBINATIONS

When the output is high, the output is said be in logical state ‘1’.
When the output is low, the output is said to be in logical state ‘0’.

Logic gate " Symbol Truth table Action of logic gate
The output is high if
X |Qutput the input is not high.
output . R i
NOT x ) 1 The output is always
1 0 the opposite of the
— input. It is an inverter.
X |Y | Output
¥ Stk 010 0 The output is high only
AND Y —| 0|1 0 if input X and input Y
are high.
1|0 0 | B
1 1] 1 r
X |Y|Output
X ik 0 jo 0 The output is high
OR Y :D—E ' D I when either X or Y or
111 1
x ly Output
_ 0 |0] 1 | |Theoutputisnothigh
NAND X — gutput 01| 1 only if input X and
¥ 1 |0 1 input Y are high.
111 0
X |¥]Output
X puttboit 0 |0 1 The output is not high
NOR Y g (1 0 if either input X or
1 |0 0 input Y are high.
1|1 0
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APPLICATIONS OF LOGIC GAETS

Example 1: A simple_ fire alarm

+5Y (or 6Y)

o— £ o+
|
l\ buzzer

“ov : ' e~

1. When the thermistor is cold, it has a high resistance and hence the potential difference across
it is high.
The input to the NOT gate is 1 and the output is 0. The buzzer does not sound.

3. When there is a fire, the temperature of the thermistor increases. Its resistance drops and so
does the potential difference across it.

4. The imput to the NOT gate is changed to 0 and the output becomes 1. The buzzer sounds.
5. The variable resistor is used to adjust the sensitivity of the alarm.

Example 2: A car door warning signal circuit

&6v
o Q +
A
B
I | warning
oV T T N Jight
o “ —— * o -

1. By default, any unconnected input is set to 1.

2. When a car door is closed, the corresponding switch Is also closed. The input to the NOR gate
is changed to 0.

3. If either one of the two doors is not closed, the output of the NOR gate is 1 and the warning
light will glow.

4. The waming light will switch off only when both doors are closed. The two inputs of the NOR
gate become zero,
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CAPACITORS

It is a device that stores electric charge.

= The unit of capacitance is the farad (F). For practical purposes we use the
micro farad (uf). 1uf = 10 °F.

= A capacitor has a capacitance of 1 pf if it stores an electric charge of 1 micro
coulomb.

Charging a Capacitor

Millzammeter A) milliammeisr

O

Switch

Eleetrons from the negative terminal of the cell flow to the plate A and give it a negative
charge. Those from plate B are attracted to the positive terminal and leave B with a net
positive charge. The pointers of the milliammeters are deflected momentarily and then
return to zero when the potential difference of the capacitor equals that of cell.
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Discharging a Capacitor

1f the plates of the capacitor are joined together to form a circuit like the one in Figure
8.7. a current will flow for a short time from plate A4 to A. Electrons from the negativels
charged plate 4 flow round the circuit to the positively charged plate B. The systerm
becomes neutral. When this happens, the capacitor is said to be discharged

=
II‘III!I
=

Figure 8.7 Discharging a capacitor

V'S
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THE REED SWITCH

This switch is operated by a magnet. [t consists of two strips of iron, called reeds, sealed
ina glass tube. Its contacts may be normally open(NO) or normally closed(NC).

To operate a burglar alarm the magnet and reed switch are positioned as in Figure
8.8. When the door is opened the magnet, which has been holding the NC contacts open,
moves away and allows the contacts to close and switch on the alarm.

P ——

Switch held open by magnet

N 5
DaorFrame Door [ = | "'.,
(i J
Switch closes when magnet is removed

b

Fig. 8.8 Action of a reed switch.
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CHALLENGING QUESTIONS -4

1. The figure shows a trace obtained on an oscilloscope screen.
g — - :

g T

s AN
I|\,\_/ ML mE

The Hme-base is set at 10 ms/em.
{i} Determine the time for one complete oscillation on the screen.
{ii) Calculate the frequency of the signal applied to the oscilloscope.

{iii) With the same signal applied to the oscilloscope, the time-base setting is altered to 20 ms/cm.
State what effect this has on the trace shown on the screen, [5]

-

2 In Fig. 2.1, a thermistor, T, is connected in series with a 40Q resistor.
6.0V

4 |

LSt

i e
Fig.21 | -

400 AT

Fig 2.2 shows how the resistance R of the thermistor varies with temperature 4.

20
A g

16

14
12
0

Fig. 2.2 -
o

.
]

o E®@D

. 0 20 40 60 BO 100 120 @°C
{i) Describe in words the way in which the resistance of the thermistor varies with temperature.
(i) Determine the resistance of the thermistor when its temperature is 0 “C and when its temperature

is 100 °C.
(iii) Determine the maximum power and minimum power developed in the 4.0 (2 resistor when the
temperature of the thermistor is allowed to vary between 0 °C and 100 °C. 7]
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v

4.

{a} The circuit shown in Fig. 3.1 acts as a light sensitrve swiich.

Fig. 3.1
The component X is a light dependent resistur (LDR). The connections to the buzzer and to the
#wlich Y inside the relay have not been drawn, Switch ¥ s shown open in Fig. 3.

(1) Om Fig, 3.1, draw the connections to the buzzer, the switch ¥ and the cell that will allow
the buzzer (o sound when the switch ¥ inside the relay closes,

(i) Complete the table below stating
L whether the resistance of the LDR is high or low m the light and n the dark,

2. whether the current through the relay coil is high ar low in the light and m the dark,
resistance | curvent through [relay switch Y| buzzer
nf LDR relay coil
light = closed oN
(b) () State the names of the Jogic gates shown In Fig. 32
T

A B

Fig, 3.2

(i) Describe the difference in the action of the two logic gates when HIGH (1) and LOW {0)
signals are applied to their inputs. [

A student designs an electrical circuil to tum on a fan motor when the temperature is high, The
molor is designed to operate normally from a 12V supply, and has a resistance of 400

{a) The shident's first design is shown in Fig. 4.1,

= hrmistor at room lemparalure
12V |
J———
modor 4000
Fig. 41
(1} Drescribe and explain what happens to the current in the cireuil whenthe temperature in
the romm pses.
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(ii} For the thermistor of resistance 500, calculate
1. the current in the circuit,
2. the potential difference across the motor. 7]
(b} The student then improves the design and uses a relay, as ahﬂ\wn in Fig. 4.2.

T 4

=

12v |

T ’.!";,.T”I::Irm

Fig. 4.2

(i) Explain how the motor is made to operate as the temperature rises.

(ii) The relay switches when the current through the coil is (.10 A and the potential difference
across the coil is 20V,

Calculate, for the conditions when the relay switches,

1. the potential difference across the thermistor

2. the resistance of the thermistor. [6]
(c) Explain why the circuit of Fig. 4.2 is better than the circuit of Fig. 4.1.

5. (a) Write out truth tables for
(i) an AND gate,
(ii) an OR gate,
(iii) a NAND gate. [3]
{b) Each of the circuits shown in Fig. 5.1 and in Fig. 5.2 forms a logic gate.

A D
s W P-e B
a{}_

Fig. 5.1 Fig. 5.2
What type of logic gate is formed by the circuit shown in
(i) Fig. 51
(ii) Fig. 5.2¢ [2]
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éd]_ljr_hi_ 0Ngnpletemdllahun=5xlﬂ = b0 ms

(ii) Frequency =g =y =202

(iii) One complete waveform is only 2.5 cm. Twice as many waveforms as before can be seen on
the screen,

. — e = e — e W Ty B -

il Time for one complete oscillation = period of the waveform
(il Don't forget to convert ms to . 1ms = 0.001 s

liiil Distance for one complete waveform = EQf20 = 2.5 cm. The amplitude of the wavetorm
remains unchangad.

2. (i) The resistance of the thermistor decreases as the temperature increases.
(i) At 0°C, resistance is 190Q.
At 100 °C, resistance is 1.20).
(iii) Maximum power is developed in the 400 resistor when the resistance of thermistor is 1.2 1.

=115A

__ 6
Current of the circuit = 0412

P = IR = (L15/(4.0) = 53W
Minimum power is developed in the 40Q resistor when the resistance of thermistor is 190

Current of it =——=
urrent of the circuit 20+19

P = PR = (0.26)%4.0) = 0.27TW

liii} The a-qua'nnn | = VRis uwad to find the total current of the circuit. This is also the current
flowing through the 4.0 (1 resistor. The power developed can then be determinad by the eguation
P = I’H. The power is maximum when the curent is maximum. |t pccurs when the toiz
resistance Is lowest, The power is minimum when the current is minimum. It happens wher
the total resistance is highest.

T — o W T 1

3. (a) ()

2
_ g
:
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(i) resistance | current through [ relay switch Y |  buzzer
of LDR relay coil .
‘| light low high closed ON
dark high low open OFF

(b) (i) Logic gate A: AND gate
Logic gate B: NAND gate

(i) The output of the AND gate is 0 whereas the output of the NAND gate is 1. The output from
the NAND gate is always opposite to the output from the AND gate.

{a} (i1 The buzzer must be connected In series with the switch . If they are connected in parallel,
tha buzzer is always on even when the switch ¥ is open.

{iil Switch ¥ is closed only when there is a bigger current flowing thmugh the coil.
{b) (il MAND gate is actually an AMD gate + a MOT gate.

4. (a) (i) Astemperature in the room rises, the resistance of the thermistor decreases. The total resistance
of the circuit decreases and so the current in the circuit increases.

(i) 1. I-z-v-m—ﬂmm

2. V=IR = (0.024){4.0) = 0.09% V

{b) (i) When the temperature in the room rises, the resistance of the thermistor decreases. The current
flowing through the relay coil increases until the switch is closed and the motor is switched
on.

(ii) 1. p.d. across thermistor = 12-2 = 10V

v 10
b R——I-ﬂm-lmﬂ
(c) 'Ihemﬂmtismdermmmlapﬂaﬁunin&mdhﬂtnfﬂg.d.ibecamthep.d.mhm
is 12V which is the operating voltage of the motor. In the circuit of Fig. 4.1, the p.d. across
the motor is less than 12V as it is connected in series with the thermistor.

{al [i' Total resistance of the circuil is the sum of the two resistances as they are connected
in series.

{el If the motor is operated at a lower power, its turning speed is slower than expectad.

5. (a) (i) AND gate

Input1 | Input2 | Output
0 0 i}
0 1 0
! 0 0
1 1 1
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Inputl | Input2 Output
0 0 0
0 1 1
1 0 1
1 1 1
(iii) NAND gate
Inputl | Input2 Qutput
0 0 1
0 1 1
' 0 1
1 1 0

(b) (i) Truth table for Fig. 5.1

A B |Input1/2™ gate |Input2/2™ gate | C
0 0 1 1 0
0 1 1 1 0
1 0 1 1 0
1 1 0 0 1
The logic gate formed by the circuit is AND gate.
(i) Truth table for Fig. 5.2
A B |Input1/2™ gate |Input2/2™ gate | C
0 0 1 1 0
0 1 1 0 1
1 0 0 1 1
1 1 0 0 1

The logic gate formed by the circuit is OR gate.
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THE TRANSISTOR

SEMI-CONDUCTORS

= Semi-conductors are used to make diodes, transistors and other electronic

devices.
= They are neither good nor bad conductors.

WHAT IS A TRANSISTOR?

R

EaEESEe

e
TH- R

L

1
1

1
il ]

T T —I71
- TTT _]

Tt

#

e

5 4 L
¥

B

-t Lo+

Tk okt

i

Lt 1) E)

o .f'-’_

=
|
|

L]

h

Er—;:_‘f i

It is an electronic device that can be used as an automatic switch.

It has three parts: the collector, emitter and base.
= Types of resistors: npn and pnp. They are shown below.

C

NPN

PNP

The arrow shows the direction of the
conventional current, which is in the
opposite of the flow of electrons.

B = Base
C = Collector
E = Emitter

eskulu.com



ESKULU.COM

STUDY ONLINE. NOTES. PAST PAPERS WITH ANSWERS

TRANSISTOR AS A SWITCH

When used as a very sensitive switch, a transistor can be switched on by heat, light or
sound il a thermistor, photocell or microphone respectively is used.

An electrie current flows from the collector to the emitter and viceversa only if a
small current is made to flow through the base. This base current should reach a
particular value before it can cause a large current to flow through the emitter-collector
junction.
: The transistor can also be controlled by varying the base voltage using a
potential divider, In Figure 9.2 the voltage across R, (base voltage) can be adjusted by
varying the resistance of R, When it reaches 0.7V for a silicon transistor or 0.3 V for 2
germanium transistor, the bulb lights.

Figure 9.2 Transistor as swiich,

LIGHT OPERATED SWITCH

In Figure 9.3 the bulb lights when the LDR is in the dark because of the increase in the
resistance of the LDR, which increases the base voltage (p. d. across the LDR) to more

than 0.7V. The base current therefore increases and switches the transistor on to light the
bulb.
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LDR

Figure 9.3 Light-operated switch,
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HEAT OPERATED SWITCH

In Figure 9.4 the bulb lights the thermistor is heated. As the resistance of the thermistor
reduces with heat, the base current increases and switches the transistor on,

Figure 9.4 Heat-operated switch

TIME SWITCH

Figure 9.5 shows how a capacitor is connected in a time-delay switch. When the switch
is in the OFF position a charge capacitor discharges and the variation of the voltage with
time is shown in Figure 9.6. When the switch is in the ON position the capacitor is
charged and the voltagerises as in Figure 9.7

Ry 10K '.:-;": 6v
wb KD T
_*M Be 108
lmuf_l—:t Capacior 1\ -
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