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How does a transistor function in an




Learning Standards and List
of Formulae in Chapter 5

Intormation\

The imvention of the semiconductor diode and transistor

in the 20th century has led 1o the Digital Revolution.

This period has transformed life as we know it due to the
technological development from mechanical and analog

to digital Diodes and transistors in the form of electronic
microchips, which are central of all of our electronic devices
are easily avadlable and have many benefits, The light
emitting diode or LED s used as the source of light. LED s
also used as indicator lamp In industrial machines.

In addition, Artificial Intelligence (Al is increasingly
dominating our lives. Many of the devices today can function
automatically, such as robots and self-driving cars. Most of
the electronic chips today are designed to be increasingly
smaller. Smaller chips not only save space and electrical
power but also improve the overall efficiency of the system,
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In the era of the Fourth Industrial Revolution (IR 4.0),
understanding the nature of electrons, applications of diodes
and transistors, artificial intelligence (Al)} and 5G internet
enables electronic engineers and algorithm experts to

create smart electronic devices and automation systems.
Such progress can improvee the industry’s productivity and
naticnal revenue,

Artificial Intelligence (Al) enables in-depth studies on robots
and self-driving cars. Research into this field also contributes
1o the development of smart cities which are more
nature-friendly to maintain a sustainable lfestyle.



Electron

Thermionic Emission and Cathode Rays

You have learnt that current, [ is the rate of flow of charges in a conductor. An electric current is
produced when charged particles (electrons) flow in a conductor, Can electrons move through a
vacuum without a conductor?

5.1

Adm: To generate idea on thermbonic emission and cathode rays
Instructions:
1. Carry ow this activity in groups,
2. Scan the QR code o watch the video on thermionic
emission and cathode rys.
3. Based on the video, discuss the following:
(@) What is thermionic emission?
() What are the functions of the 6V power supply and the extra high ension (EH.T)
power supply?
(€] Why must the tube be in a stie of vacuum?
(dy How can cathode rays be produced in a vacuum tube?
4. Present your findings,

Figure 5.1 explains the thermionic emission and the production of cathode rays in a
vacuum tube using extra high tension (E.H.T.) power supply.

6V power
supply

Tumpsien Electron beam
filamenl

s ©

EH.T, pawer supply

Plglur.!,! Thernrinic errission and production quﬂlﬂrmj: i & paciiir fibe
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ﬁ There are many free electrons in a metal wire,

@ for example, tungsten filament. When the 6 V d.c.

—>

power supply is switched on, the temperature of the
tungsten filament will rise and the free electrons will
gain sufficient kinetic energy to leave the metal surface,
Thermionic emission |3 the emission of free electrons
from a heated metal surface.

Metal

D]

Hit tumgsten

Filssce Electrons

Inn & glass vacuum tube, the electrons are able to
accelerate towards the anode withowt colliding with air
mobecules, Hence, there is no energy loss and electrons
mewe with the maximum velecity,

» When a vacuum tube is connected to an EH.T.
power supply. the electrons emitted from the
cathoude will be attracted to the anode ot high
velochty to form an clectron beam. This high
velocity electron beam is known as cathode rays,
The ebectron beam will complete the EH.T. power
supply circuit and the milliammeter reading will
show that a current is flowing.

Metal {cathode )

P L e

Anide
P —
P L

H:-I.'Iingul.:n Cathode mys
filnment

« [P the connection to the EHT. power supply is
reversed, the milllammeter will not show any reading.

L [ CLGALLERY )

I a lzyer of metal axide ke barium
awide of stnonfiom coide i coaled
on the motal surfacs cathoda in
Thet vacuum ube, he lempenatng
Tequired o relass the slectimng
will be reduced.

Thiz graph below shows a graph
of cumend agains| voltage for a
thormionic dodi, This Shows:
thal & thermionic dode & & nan-
ohmic component
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Effects of Electric Field and Magnetic Field on Cathode Rays

Cathode rays are beams of electrons moving at high speed in a vacuum. The characteristics
of cathode rays can be studied using a deflection tube and a Maltese cross tube, Carry out
Activity 5.2 and Activity 5.3 to study the effects of electric field and magnetic field on the
direction of cathode rays,

(Il Teschar's demonsiraion

Aim: To study the effects of an electric field on cathode mys using a deflection tube
Apparatos: Deflection tbe, 6 V power supply, E.H.T. power supply and connecting wires
Instructions:

1. Set up the apparatus as shown in Figure 5.2.

Cathede  Anode 3y
[

(]

HY pnmr_,.[.'__"/
supply

EH.T. power supply

Figure 5.2 Deflection tube
2. Tum on switch &, for the 6V power supply and switch 5,
for the EH.T. power supply. Record your observations.,

3. Tum on switch 8, at the EH.T. power supply that is
connected 1o the deflection plates. Observe the cathode
rays deflection on the fluorescent grid.

4. Reverse the connection at the ELH.T, power supply that is,
connected 1o the deflection plates and repeat step 3,

5. Record all your ohservations.

Discussion: - >
State your observations on the fluorescent grid when: 2Bk ﬁ%,ﬁ
(a) swilches 5 and 5, are tumed on + Do not touch any metal part of the
(k) switches 5, 5, and 5, are turned on deflection tube whils using the
{c) switches S, S, and S, are turned on and the potential d mwm;r
difference at the deflection plates is reversed sty i mno
ohservalions ame made.

el D s
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(Il Tescher's dumonsiaton

Adm: To study the effects of a magnetic fickd on cathode mys using a Maltese cross be

Apparatus: Maltese cross be, 6 V power supply, EH.T. power supply, bar magnet and
connecting wires

Instructions:
1. Set up the apparatus as shown in Figune 3.3,

IE.I-'I'.T.pmrnsuHﬂy

Figure 5.3 Maltese cross tube

2. Tum on switch 8, of the 6 ¥ power supply. Observe
the shadows formed on the Nuorescent sereen. Record
your observation.

3. Tum on switch 5, and observe the shadow formed on the

4. Bring the norh pole of & magnet 1o the right side of the
Maltese cross wbe and observe changes of the shadow.

() swilches § and 8, ane twmed on and the norh pole of
magnel is brought o the side of the Maltese cross tube.,

2. Explain your ohservations when the north pole of S Nole I
a magnet is brought o the right side of the Maliese r

Muorescent screen again. Itz hie A TS PR

5. Record all your observations. r,‘%ﬂ?%’ﬂ
Discussion: * Do ol touch any matal par of the
1. State your observations of the shadow formed on the M‘HE“H.EWWH:H*M
fluorescent screen when: : Etmﬁ’ e EHT power
() switch 8, is rned on supply @ saiiched off whan no
{b) switches S and §, are tumed on bsarvations ane baing racordad.

cross fube, | Engum Sal the Malless cross
| bube is properly earthed when the
| emparimen is runming.
B sz
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Table 5.1 summarises the effects on electric field and a magnetic field on cathode rays,

Talle 5.1 Observarions and explanations on the characterisiies of catlvode rays

itton of Observalions Explanation
itch

5 and 5,
are turned on
» Cathode rays travel in a straight line.

tube :
5.5 and §, ,._!._? ,_|_/,.
ol « Cathode rays can be deflected by an

are turned on
I electric figld, They are deflected towards
EER the positive plate in a parabolic path.

Deflection

A P =« Cathode rays arc negatively charged.
T= T
5 is
turned on
« Light from the hot tungsten filament is

be blocked by an opaque object (Maltese
cross) to form a shadow, Light travels in a
straight line,

§, and §,

e farred ‘o + Cathode rays are blocked by Maltese

cross to form a shadow. Cathode rays
travel in a straight line.

« Cathode rays also produce a flusrescent
effect on the screen surrounding the
shadow. This shows that cathode rays
possess momentum and Kinetic energy.

Maltese
cross tube

S, and S, are
turned on
and magnet

is placed near
the tube ]

-

One shadow is due to the light from the
hot tungsten filament.
« The other shadow is due to the deflection

of the cathode ray by the bar magnet that
is placed near the tube,
« The deflection of cathode rays can be
- determined by Fleming's lefi-hand rule.

B sz




Velocity of an Electron in a Cathode Ray Tube

Figure 5.4 shows the formation of cathode rays in a vacuum tube, The electrical potential energy.
E of an electron is given by:

E=¢V
where E = electrical potential energy
¢ = charge of an electron
V = potential difference between the cathode
and the anode of the EH.T. power supply
The charge of an electron is 1.6 x 10 C

Discharge wbe
I'ulll'n.lc Anode

_[UI...._._. Ap—

Flectrons ¢

L0 VACULET pumg

- %

EMT, power supply
Figure 5.4 Cathude ray fbe

When the EH.T. power supply is turned on, electrons are attracted by the positively
charged anodes. As there are no air molecules in the vacuum tube, electrons will accelerate to
the anode without any collision. These electrons will achieve maximum velocity, v when they

reach the anode,

Applying the principle of conservation of energy,

The electrical potential energy = the maximum kinetic energy
v =y | Brain-TeaSer)

2 Lty
where ¢ = charge of an electron mm“!. !wu m:dm!.'ﬂ
V = potential difference between cathode and anode of tefevisions were buky because
= mass of an electron fhey used a cathoda ray fuba. What
v, = maximum velocity of an electron innowation has led o tha invention
of piasma and LCD lelevisian’

The charge of an electron is 1.6 x 107" C and the mass of an
electron is %.11 x 107" kg

B s L_[_ﬂ‘f%




Figure 5.5 shows an electron beam that is accelerated from the cathode
to the anode in a vacuum, The potential difference across the cathode
and the anode is 550 V.
[Mass of an electron, m = 9,11 = 107" kg, charge of an dectron, ¢ = 1.6.x 107 C]
{a) What is the electrical potential energy of an electron?
(b} What is the kinetic energy of an ¢lectron when it
reaches at the anode?
{c) What is the maximum velocity of an electron when it
reaches at the anode?

P Solution 8 '{-hm:

Potential difference across cathode and anode, V = 550 ¥V : —j—'lm:.um
Charge of an electron, ¢ = L6 x 1007 C | P,
Mass of an electron, m = 911 = 107" kg =
{a) Electrical ntial ene = HE50Y
of an clcclp::= eV 'S]" Electron beam
= L6 % 10" x 550 Figure 5.5
=58 x 10"7]
(b) Applying the principle of conservation of energy: ) e =y
Kinetic energy gained by an electron s — s
= Electrical potential energy of an electron Y 1;"
=88 x 10"7] L8 —:
_ | 2xBE8 = O
B T [
= 1.39 % 10F m 5

Formative Pragtice:|51

1. (a) What are thermionic emission and cathode rays?
(b) Stane the characteristics of cathode rays,
2. (a) State the function of the components of a cathode ray ube below:
(i} heating filament (i} anode
(i} cathode {iv) fluorescent screen
(b) Why must a cathode ray wbe be in a state of vacuum?
3. When an electron beam moves from the cathode to the anode in a vacuum tube, state:
(a) the type of motion of the electron beam
(b} the transformation of energy
() the relationship between the voltage of EH.T, power supply and the velocity of the electron
4. When an EH.T. with power of 800 ¥ is connected across the cathode and the anede, what
is the velocity of the electron? What is the effect on the velocity of the electron if the voltage
is increased by four times? &8
[Charge of an electron, ¢ = 1.6 % 107" C, mass of an electron, m= 911 = 107" kg|

%ﬂ% 15 JERES



m Semiconductor Diode

You have learnt that the transmission of electrical power to consumers through a network is in E
the form of alternating current (A.C.). However, in everyday life, many electrical devices can

only function with direct current (ILC.). Therefore, the alternating current has to be converted

into a direct current. Photograph 5.1 shows a semiconductor diode which functions to convert

alternating current into direct current.

Amkthf‘MhWI—l

P

Dide symbol

Photograpl 5.0 Semicondwctor diods

54

Aim: Discuss the function of a semiconductor diode

Apparatus: Diode, dry cell, cell holder, bulb and conneeting wires

Instructions:

1. Connect the diode in forwand based as shown in
Figure 5.6, that is, the positive lerminal of the dry
cell is connected to the anode and the negative
terminal o the cathode.

2. Observe the bulb and record vour observation.

3. Reverse the connection of the dry cell so that the
diode is in reverse binsed us shown in Figure 5.7,
that is, the positive terminal of the dry cell is
conmected 1o the cathode and the negative terminad
1o the anode.

4. Observie the bulb and recand your observation.

Discussion:

1. What is the function of the diode in this activity?

2. State the condition when a diode allows curment (o pass
through it

3. Il the dry cell is changed 1o altemnating current power
supply, what will happen 1o the bulh?

v

i
X

Figuere 5.6 Circuit A

|
&

Figure 5.7 Circair B
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The Function of a Semiconductor Diode

A semiconductor diode is an electronic component which allows electric current to flow in
one direction only. A semiconductor diode is formed by joining a p-type semiconductor and an
n-type semiconductor to form a p-n junction. Table 5.2 explains the diode connections,

Table 5.2 Diode conmection in a simple circeit

Forward Biased Circuit

Reverse Biased Circuit

Thin depletion layer

P A~ Electron
=
£ - .
o= il
| == |_!'ulb
Hke v lights
up
. f
Cuirrent |

Wiide depletion layer

I n

-— :: E —

] i : — Bull

dows
[~ —

¥ ot
I light
I
i '

When a diode is forward biased, the holes will
move towards the n-type sembconductor while
the electrons will move towards the p-type
semiconductor,

When a diode fs reverse biased, the holes and the
electrons will both move away from the depletion
layer in opposite directions.

Depletion layer becomes thinner,

Depletion kaver becomes thicker,

Junction woltage, V across the depletion layer
decreases and the resistance of the dinde becomes
very small.

Junction voltage, V' across the depletion layer
increases until it reaches the potential difference
of the battery, The resistance of the diode becomes
very high.

The current passes through the diode, causing the
khulh 1o light up.

The current stops flowing and the bulb does not
light up,

-

(1] GALLERY

semiconduciors and n-lype semiconductors are produced thiough a doping process, in which foreign aloms are added
info a lattica structure of a pure semiconductor, The majority charge camers for p-type semiconductors are holes whereas the
majority charge cariers for n-type samiconduciors are electrons. The holes act as posiive chame camars.

.1

The Use of Semiconductor Diode
and Capacitor in the Rectification of
Alternating Current

Photograph 5.2 shows a smartphone is being
connected to an alternating current power
supply at home. However, the smartphone
can only be charged with a direct current,
How does a semiconductor diode convert an
alternating current to a direct current?

(Luszh

KA

Photograph 5.2 A smartphone is conrected to an
alternating current power supply

B 521 s22



‘The process of converting an alternating current into a direct current is known
as rectification. There are two types of rectification which are half-wave rectification and
full-wave rectification.

Coor Activity 473

[ Alm: To build a rectification circuit
Apparatus: Rectificaion Kits, cathode my oscilloscope, 100 £2 resistor, power supply and
connecting wires

Instructions:

Power supply Cathode ray oscilloscope

Top view of a rectification kit

Rectification kit

Photograph 5.3 Half-uaee rectification kit
Pawer supply Cathode ray oscilloscope

Rectification kit

Phodograph 5.4 Full-wae recrification kit

1. Connect the 100 £ resistor (o a 2 V aliernating current power supply, Adjust the cathode ray
oscilloscope until a clear sinusoidal wavelform appears on the screen. Observe the sinusoidal
wavelorm and record your observation,

2. Connect the half-wave rectification kit as shown in Photograph 5.3, Observe the trace display
o the sereen and record your ohservation.

3. Repeat step 2 with the full-wave rectification kit as shown in Photograph 5.4,

Discussion:

State the use of the semiconductor diode in a rectification circuit.

B s (e



Half-wave Rectification

A complete cycle of alternating current consists of two hall cycles: a positive halfl cycle and a
negative half cycle. During the positive half cycle, the semiconductor diode is forward biased
and allows current to flow through it. During the negative half cycle, the semiconductor diode is
reverse biased and there is no current flow. This half-cycle rectification process is called half-wave
rectification as shown in Figure 5.8,

Aliemaling currcnd - Pl Rectiflied waves
npuil o Ll outpal
Dicde
Fomitive
hall + +
eyele
@ ¢

Megalive . Mo negative
half half cyele
cyche

Figure 5.8 Halwave rectification

Full-wave Rectification

The arrangement of four diodes as shown in Figure 5.9 and Figure 510 is called a bridge rectifier.
This arrangement allows a complete cvcle of current to flow in the same direction through the
load, K.

« Diodes D, and D, are forward biased
while I and D, are reverse hiased.

+ Therefore, D, and D, allow current 1o
flow while ), and I3, prevent current
from flowing as shown in Figure 5.9

o o

+ Diodes [, and D, are forward biased
while D, and D, are reverse biased,

» Therefore, D, and D, allow current 1o
flow while I3, and [, prevent current
from flowing as shown in Figure 5.10

L



Full-wave rectification is a process where both halves of every cycle of an alternating
current is made 1o flow in the same direction, Full-wave rectification displaved on the cathede ray
ascilloscope screen is shown in Figure 5.11.

Input waveform Catput waveform

}’nl,n: D.D, D.D, DB,

NNV

s 0

J|/\\.//\U a
Figure 5,01 Display af full-wause rectificorion on e cathode ray oscillascope

Therse are seweral types of curments common in elecironic stulies. A smoolh dinect current is essential for @ circull o
Functicn weall.
v v
ANIANENN AYAVAVA NN
T I B

() Evarmyple of an alernating carrent (1) Evangle of @ oirecd carvend (o) Exaeple of o steady direct current
L

v

Capacitors in Smoothing Direct Current
Half-wave and full-wave rectifications produce a direct curremt which is not smoath, Therefore, a
capacitor is used to smooth the current in a rectification circuit.

Aim: To eollect information on the function of o capacitor in a rectification circuil

Instructions:

1. Carry ol the activity in pairs.

2. Collect information relabed to:
(i) the function of o capacitor in a rectification circuit
(b the factors influencing the effect of curment smoothing

such as capacitance value and capacitor Lype

3. You may obtain information from a website or reading
resources in the school resource centre.

4. Present your lindings.

D !



Smoothing of Half-wave Rectification Outpul

¥ Potential difference
o J

o e
Capagitor is  Capacitor is
charging discharging

Smoothing of Full-wave Rectification Output

Vv Poteniial difference

acmoss &

{'I;;Eilll' i Capacibor i
charging discharging

Figure 5,12 Smioothing of fill-weave aimd half-wave rectiffcation onfpad Iy a capaciier

Capacitor, © is connected in parallel to the load, B. When the power supply is turned on,

the output current becomes smoath,

» When the potential difference increases, the capacitor will be charged and energy is stored
in the capacitor.

« When the potential difference decreases, the capacitor will discharge so that the output
current does not fall to zero, The energy stored in the capacitor will maintain the potential
difference across the resisior, K.

= The smoathed output waveform shows that the capacitor is functioning as current smoother.

Farmative Pragtice.'S.2

1. What is the meaning of the following terms?
{a) Semiconductor diode
(b} Forward biased
(e} Rectification

2, Draw a full-wave rectification circuit using four semiconductor diodes. Then, sketch the
voltage output displayed on the cathode ray oscilloscope if one of the semiconductor
diodes is burnt. &

3. (a) Name the electronic component that is used to smooth the output current of the full-
wave rectification circuit,
(b} Explain the working principle of the electronic component in 3(a).

el N



Transistor

Photograph 5.5 shows a transistor. A transistor is
an electronic component that has three terminals,
namely emitter, E, base, B and collector, C. What
is the function of a transistor?

Emitter, E supplies charge carriers to the
collector. Base, B is a thin layer in the middle
of a transistor to control the flow of charge
carriers from emitter to the collector, Collector, ©
receives charge carriers from the emitter.

‘There are two types of transistors: the
npn transistor and the pnp transistor as

shown in Table 5.3, ;l-fp..-.-;-ﬂr_ﬂ.-..-;imm

Table 5.3 npn transistor and prp fransisor

Collector, | Codlector, ©

Collector, Collegtor,
|
Base, B i Baso, B
| Base, &
|
Emitier, E

Eminter, £ Emiter, £
|

The arrow in the symbol shows the disection of The arrow in the symbol shows the direction of

.Eumntfrmﬂﬂhﬁ. current from E 1o B, B

W =5 f cs #

Aim: To collect information on
* npn transistor and pop irosisior
* transiztor circuil connected with a npa transistor and 4 pap ransisior

Emier, E

o

Instructions:
1. Carry out the activity in groups.
2. Gather information from vanous resding resounces and websites on:
{a) the terminals of a imnsistor
(b)) npn and pap transistors
3, Discuss a transistor circuit based on the following:
{a) hase circuit and collector circuit
(b) minimum voliage applied to the base circuit of the transistor to wm on the collector circuit
() resistance at the hase circuil 1o limil the base current
4. Present your findings in a suitable mind map.

B s [LL@
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Transistors are widely used in digital circuits like
computers, What are the characteristics of transistor
circuits? How are npn transistors and pnp transistors
connected in a circuit?

A transistor circuit consist of two main parts
which are a base circuit and a collector circuit.
Figure 5.13 shows an npn transistor circuit and a pnp
Lransistor circuits.

|z
1F

{a) mpe bransistor

[For pnp iransislons, the polarnity ol
ftha batiery for both base cirou and
colbecton cancuil has 1o be revensed
Hence the directions of fiow of the
basa current, [, colecior cumont,
I, and emitier cumen, [, e alsa
revarsed

V%

() pup transistor

Figure & 13 Transidor cireiiils

« When the switch is open, bulb L, does not light up as the circuit is incomplete and the base

current, I is zero.

= Bulb L, does not light up although the collector circuit is complete because the transistor is
not turned on and the collector current, | is zero.

» When the switch is closed, bulb L is dim because R, has a high resistance and the base
current, I is very small. Bulb L, lights up very brightly because the collector current. [ is

large compared with the base current, I,

» A small base current can produce a minimum base voltage, V,, to turn on the collector

circuit,

» ‘The base current, I, can control the flow of the collector current, I.. This enables the

transistor to act as a switch.

» The resistance at the base circuit, R is large to limit the base current, [, so that the

transistor will not become oo hot and burn.

[Cresd

KI'M

<
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A Transistor Functions as a Current Amplifier

A transistor can magnify an electric current,
In Figure 5.14, the voice of the singer can be
amplified by an amplifier system.

Figure 5,04
Lo Activity L7

Aim: To study the use of a transistor as a current amplificr

Apparstus: Transistor circuil kit, resistors (2.2 k€2, 3.9 k€2, 4.7 k£, 6.8 k2, 8.2 k£2),
millimmmeter (0 - | mA), milliommeter (0 — 100 mA), 6V power supply, 1.5 ¥V dry
oell, cell holder and connecting wires

Instructions:
1. Armange the circuit as shown in Figure 3.15 using a 2.2 kf2 resistor.

Millinmmeser (0~ 100 mA}

Ressor  Milllammeter
22k (0-1mA)

Figure 5.15
2. Record the readings of A, as £, and A, as [ in Tahle 5.4,
3. Replace the 2.2 k€2 resistor with the 3.9 k€2, 4.7 k€2, 6.8 k£ and 8.2 kL) resistors and

repeal step 2,
Results:
Table 5.4
Resistance / k{2 22 o 47 638 82
I, imA
1 i mA
Discussion:

1. Hased on the results in Table 5.4, plod the graph of 7. against £,
2. Determine the gradient of your graph and caleulate the amplification fuctor of the amplifier, /3,

I
Bt
';I'II
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Based on Activity 5.8, you will obtain a graph of I, against
I, which shows a straight line passing through the origin with
a positive gradient as shown in Figure 5.16. This proves that
when there is no base current flow (I, = 0), then there is no
collector current (I_ = 0). When the base current, [ increases,
the collector current, [_ also increases. The gmdmnt of the graph
is the amplification Eactor. [ of the transistor,

!

fmA

A Gradient of graph,

_ 730-0

"= 05-0
=156

L Hence, fi=

This means that a change of
1 mA in the base current will
cause a change of 156 mA in
the collector current.

0 = 1,/ mA

Figure 516 Graph of | against [,

A small increase in the base current, I, will cause a big
change in the collector current, [, Hence, a transistor can
function as a current amplifier.

In a transistor circuit, the power supply or battery will
supply a fixed potential difference. The transistor requires a
potential difference, V,, which is more than the minimum
voltage for it to function. To acquire this small potential
difference, a potential divider circuit can be used.

In the potential divider method, two resistors with
resistances, R, and R, should be connected in series
with a power supply, V_ as shown in Figure 5.17. As the
same current is flowing through both the resistors, the
relationship between the voltage and the resistance is
shown by the following equation:

R,
Va" T T -

The Use of a Transistor as an Automatic Switch

+ W1, =0, thand =0

L R A S
gl
L
Hl
=
R, A
" N
Figere 517 Potential divider

L _ICIGALLERY

The: minimum vollages, ¥, to
turn an the sdficon transistor and
gemanium bransistor ane 0.7V
and 0.3 V respectvaly

In a tramsistor circuit, the current does not flow in the collector circuit unless there is a current
flowing in the base circuit. This means that a transistor can function as a switch by turning the
base current on or off. The potential divider method studied earlier can be applied to control the

base current to turn the transistor on or off automatically.

(sl
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“inlallignt=controlied switch?

= Light-dependent resistor (LDR) is a type of
resistor. Its resistance changes with the intensity
of light. The LDR resistance value is high when
the light intensity Is low and vice versa.

» In the dark, LDR resistance is very high. Based
on the concept of potential divider, voltage
acrass LDR, V| will increase. When the Vo
value exceeds the minimum voltage across B
and E, base current, [, will flow and turn on the
transistor. This condition causes high collector
current, [ to flow in the collector circuit and
the bulb will light up.

» Under bright conditions, resistance of LDR is
low. Thus, ¥, will decrease. When the value
of V), is less than the minimum voltage across
B and E, then no base current, [, flows to turn
on the transistor. This situation causes collector
current, I not to flow and the bulb does not
light up.

» This circuit is used in automatic street lights.

Thermistoriin/a heat-controlled switch

&

A Hght-deperadent
resigtor symibol

PFhotograph 5.6 A lUght-dependent resistos

;”«-
-l

Light dependent
reslstor

Figure 518 A light-controlled switeh clrewit

» A thermistor is a resistor. lis whose resistance
changes with its surrounding temperature. The
resistance is high under room temperature
conditions (low temperature),

s« As the surrounding temperature increases, the
resistance becomes low and voltage across the
thermistor decreases. Based on the concept of
potential divider, when the voltage across the
thermistor decreases, the voltage across the
resistor R, V, will increase. When the value of V,
exceeds the minimum voltage across B and E, the
base current, I will flow and the transistor will
be turned on. This situation will result in a high
collector current I flowing in the circult causing
the bulb to light up.

» This circuil is suitable as an automatic switch
in a temperature-controlled system.
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FPhotograpl 5.7 A theristor
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|'} ;-I|+
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Figure 5.18 A lesperature-controdlod alarm cicwit
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Admi: To siudy the function of a transistor a8 an automatic switch
using a transistor kit

) Light-controlled switch
Apparatus: Light-controlled switch transistor kit, 6 ¥V power supply Ritps il b ga K
and connecting wires

Instructions:

6V power supply

Top view of a transistor kit
Photagraph 5.8 A light-controlled suitch transistor kit
1. Connect the light control switch transistor kit to a 6 V direct current power supply.
2. Switch on the power supply and observe whether the LED lights up.
3. Then, cover the LDR with a finger. Observe whether the LED lights up.
IMscussion:

1. Explain yvour ohservations;
(a) after the power supply is switched on
(b} while the LDR is covered with a finger

2. How does the transistor function as an automatic light control switch?

© Heat-controlled switch

Apparatus: Heat-controlled switch transistor kit, & ¥V power supply and connecting wires
Instructions:

Transistor kit

Top view of a transister kit
Photograph 5.9 A heat-confrolled switch transistor kit
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1. Connect the heat-controlled switch transistor kit 1o a 6 W direct current power supply.

2. Switch on the power supply and observe whether the LED lights up.

3. Rub vour hands together until they become warm and then touch the thermistor. Observe
whether the LED lights up.

Discussion:

1. Explain vour observations:
() after the power supply is switched on
(by when the thermistor is iouched with wirm fingers

2. How does the transistor Tunction a5 an automatic hem-controlled switch?
3. Wha modifications are needed to be made so that the LED can be replsced with an electric bell?

1. Figure 5,20 shows the symbol for an electronic device,
(a) What is the name of the electronic device?
(b} What is the function of terminal X on the electronic device?

2. Figure 5.21 shows a transistor circuit which consists of two
circuits, namely circuits A and B, When switch $ is closed, bulb P

is lighted dimly while bulb Q lights up brightly. E ok

Swinch §

(a) Name circuit A and circuit B.

(b} Why does bulb P light up dimly when switch, § is clased?

{c) Draw the modifications to the transistor circuit if the npn transistor is replaced with a
prp Lransistor. #

6Y

3. Figure 5.22 shows a temperature-controlled
u P 0l A

alarm circuit. Resistor, R has a resistance of

10 kL), The potential difference across XY -
must be at least 5.5V to turn on the 6 W, LA
60 mA bulb, What is the resistance of the
thermistor when the bulb lights up?

-11[‘
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@ Jelf-Reflection

1. New things I have learnt in the chapter on ‘Electronics’

arc
s e By 34 Py

2. ‘The most interesting thing [ have learnt in this chapter

is
3. 'The things 1 still do not fully understand are £ :
4. My performance in this chapter.

poor (83 (N0 1V [0 A0 180 G very oo
5. 1 need to & to improve my performance in this chapter,

Summative Praclice A N

1. (a) Using appropriate electronic symbels, draw a forward biased semiconductor diode in an
electronic circuit,
(b} What will happen il the battery connection in 1{a) is reversed?

2. Figure 1 shows a half-wave rectification kit connected 1o an alternating current power
supply and a cathode ray oscilloscope (CR.OL)

[d
L=
D
Alicrnaling —
it I3 [] 10 CRAD,
power sipply -
Figure 1

| (a) Sketch what is displayed on the cathode ray oscilloscope screen.
(b} If a capacitor is connected in parallel with the resistor, R, sketch the changes to what is
displayed on the cathode ray oscilloscope screen,

E;Q



| 3. Figure 2 shows a full-wave rectification kit connected to an alternating current power supply
and a cathode ray oscilloscope.

Alsernating
current
s supply

Figure 2
{a) Draw arrows to show the flow of current through the diode during the positive half
cycle and the negative half cycle.

Key:
— Puositive cyvcle
------ > Megative cycle |

(b) Sketch what is displayed on the cathode ray oscilloscope screen if a capacitor is
connected parallel to the resistor, B What is the role of the capacitor?
[} What will happen to the output current if the connection to diode, D is reversed?

| 4. Table 1| shows the main components that are required for a transistor to function as an
automatic light-controlled switch.
Tixhle 1

. -+
[ LED {Z\} '—@ A
' T

{a) Diraw an automatic switch transistor circuit using the components provided in
the table above. &

(b) Discuss whether the LED is lighted when the LDR is under bright conditions,

(¢} State the modification of the automatic switch transistor circuit to an automatic
temperature-controlled alarm circuit so that the alarm will ring when its surrounding
temperature becomes very high, &8

s



| 5. Figure 3 shows an electronic circuit used to study the function of a npn transistor in the circuit.
Readings f, and [ are oblained from microammeter, A, and miliameter A, respectively. The
rheostal is :uljusu':l to obtain different values of [ and } as shown in Table 2.

Milliammcter

{a) Plot the graph of I_ against [,
{b) Based on vour graph in 5{ak

Takble 2
I/ pA I fma
0 0
20 21
A0 4.2
G0 6.3
B0 8.4

(i) state the relationship between [ and [ and explain your answer &8
(ii} state the roles of the transistor in the circuit and explain your answer &8
{c) Drraw a new electronic circuit if the npn transistor is replaced with a pnp transistor. 8

6. Amar carried out an electronic project to create an automatic switch circuit for a fire
alarm system. Figure 4 shows an incomplete electronic circuit. Table 3 shows the symbols
of nine possible components which may be used to complete the drcuit.

—

l'riS

| D |

[ Thermistor |

l:lwln: hcll

o L ®

Resistor

| Transformer | AL, power supply

()} Based on your knowledge of electronics, select any suitable components from Table 3
to complete the transistor circuit as an automatic switch for a fire alarm system, &8

(b} Seate the justification for cach of your choice. @8




