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Thermionic electron vacuum
- CMISSion

is the process of
emission of electrons
from a heated metal’s
surface.

"To the electron -- may
it never be of any use

to anybody." - JJ. \

CO+h0dC
raY A beam of electrons

moving at high speed
In a vacuum.

[
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The properties of CO+h0d€ I"AYS.

D ® Deflected by CICCHIIC and
MAINC+iIC fiCldS
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Factors that influence |
the rate of thermionic
emission:

EFFECT ON THE RATE OF THERMIONIC
EMISSION
When the temperature of the cathode

Temperature of the

cathode increases, the rate of thermionic emission
Increases.
Surface area of the  Alarger surface area of the cathode increases
cathode the rate of thermionic emission.

Potential difference  The rate of thermionic emission is unchanged,
between the anode  when the potential difference increases, but

and cathode. the emitted electrons accelerate faster towards
the anode.
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STRUCTURE OF THE CATHODE RAY OSCILLOSCOPE

Deflection . . .
l Electron gun . system to avoid the air particles
| ’ ' | or molecules collide with
mi
il Focusing anode vacuum L€ €lectron beam

electrons control .
Cathode g:i): ° :;:gzleeratmg pars Fluorescent
I l screen
to heat up. %ﬂ v W a Flectrop beam - .

the 4a.C —J | | | ﬁy rg tspot
filament [

Filament Y-plate Granh
it

heats up the cathode ating

coating

Transmission of energy in cathode ray:
EIEC+riCcdl €nergy — Kin€+iC €neray « lig9ht €nerady « hed+ eneray

1

2 _ v = velocity of electron
—mv° =eV y
2 \V = Potential difference between Anode and Cathode (EHT)

e = Charge on 1electron=1.6x10"1C
V= /2€V m = mass of 1 electron = 9 x 10 31kg
m
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@ The properties of electron streams in a
QM(]H‘CSC CI'OSS cathode ray tube

Palang Maltese aluminium

Bekalan Aluminium Maltese cross
6V heateris| Pemas oV ¢ tod Anod
([
Sw |'I‘C h Heater supply Cathode Anode Vakum

Vi
On : acuum 5 Shad()w
O ; : B .
0 3 09 Zj oyen8 | of Cross is
: seen
}--4] Skrin berpendarfluor
| 3 kVI Fluorescent Screen

The ShAAOW is formed by the light rays from the h€A+€d filAMEN+

CONCLUSION: light rays travel ina ST Ai9ht liNEC
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@ The properties of electron streams in a
QM(]H‘@SC CI'OSS cathode ray tube

Palang Maltese aluminium

Bekalan Aluminium Maltese cross
pemanas, 6V
6V Katod Anod
Heater supply Cathode Anode I\/;m 3 9 r e e n
Shddow

o , B
o 3 E (Z:) Zj Shadow of cross is

3 kVEHT seen
Sw i+ C h O n -] 211(1‘1n berpetndarﬂuor
3kV uorescent screen

The ShAAOW is formed by the CA+hOd€ I'aYS

Electrical energy — Kinetic energy + light energy + heat energy

CONCLUSION: CA+hOd€ Irdys cause flUOrescence
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The properties of electron streams in a -
@QMGH‘CSC CI'OSS cathode ray tube GO
& using
FIEMINg’
S ICf+
. hdnd

r'UiC
North pole (b0’ aIreen
MAgINE+)is Shddow
brought close to distorted
he cathod
the catho erlays | } (move downwards)
|+ - -

CONCLUSION: CO+hOd€ I'aYS can be deflected by
Magnc+iC ficld
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Bekalan Katod
pemanas, 6V Cathode

6V
heater supply

Anod
Anode

Plat logam
Metal plates

\ \
o \ \
| 1 —
I I
4 1 S
O i ¢
/ '
/ /

The cathode
ray deflected —

0-1000V

UPwards —-

Skrin berpendarfluor

Fluorescent screen

CONCLUSION: cathode rays NEJAHiIVEIY charged
CO+hOd€ I'AYS can be deflected by CIECHTIC fi€ld
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Uses of

Q

Vertical scale = Y-gain control

/]

Period = time for 1
complete oscillation

/ T\ Frequency,

-

Horizontal scale = Time base
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CO+h0d€ I'ay OSCIilloSCOPE  \diw

W

The uses

of

cathode-ray
oscilloscope

are.

1.1o measure

a DC

or AC voltage

2. 10 measure

a

short time intervals

3.To display t
waveform

Ne
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CO+hOd€ aY 0SCilloSCOPE |

Skrin

Screen

Gandaan-Y
Y-gain
Input-Y' / Y-input

Bumi / Earth
Input-X / X-input

© © O Q

© ©

O
O
O

G

Suisa.u/a.t/ac. /dc. switch

Display wave
forms and
measuring voltage
from a DC source
using a
CRO

Suis kuasa
Power switch

Fokus / Focus
Anjakan-X
X-shift
Anjakan-Y
Y-shift

Kawalan dasar

masa
Time-base controls

Kecerahaan
Brilliance

(Brightness)
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CA+hOd€ ray oscilloSCoprc

Display wave
forms and

Type of power

supply connected
to Y-input of CRO

Time-base switched Time-base switched

Off on

measuring voltage
from a DC source
using a
CRO

NO

Input

DC
power supply

AC
power supply
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Measuring Potential Difference using the CRO

What is the va

control is 1V/c

e

ue of the dc voltage if the Y-gain
v ?

Time-base switched O'F'F

dcvoltage = 4 div x L4

div
=4\
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/
/
/
/
) {- ‘
\
\
\
\

What is the va

control is 1V/c

/

ue of the dc voltage if the Y-gain
v ?

Time-base switched On

§:1 \ /div

dcvoltage = 4 div x L4

div
=4\
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Calculate the PEJK VOHO9€E and
PEAK +0 PEAK VOHAJIE.

Measuring Potential Difference using the CRO Y . .
-gain = 3 V/div

A\ A\

peak voltage "

. 3V
=4 djv x —
dilv

=12V

| B
peak to peak voltage

—8divx= =24V
div

aaaaaa g Physics with Teacher Alina
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ex‘lmple (:\’/ Y'inpUt Of dl CRO Setting at
™ 720 V/divand 5 ms/div

Solve problems based on the CRO display

peak voltage
=4divx2= =80V
div
peak to peak voltage
=8divx=— =160V
div
Period (T) Frequency
= 8 divx 222 _ 1 = 25 Hz

div T  4.0x103
=40ms =4.0x107 35
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example Thg \ength. b.e.tween the two crests is 3 cm.
™ (Given 1 division = 1cm)
time-base is set to 5 ms/div

Period (T)

= 3 divx 22

div

= 15ms = 0.0155

Solve problems based on the CRO display

Frequency
= - = =66.67 Hz
T 0.15
When the frequency of the Frequgncy double (2 t.imes)
wave is double, what is the ~ Period decrease (2 times)

length between the two B 3 B
crests? Leﬂgth =5 1.5 ¢m
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S material that has CIECHITIC UL p— }
ST CONdUCTHIVIHY thatis bC+WECN that 3
ofa CONAUCHOr" and an iNSUIA+Or ™

Example of

- = '6: semiconducto
- NSUIG+OT" = has 900d €lECHI - are: %

l._ COndUC'l'IVI'I'Y at a) Silicon

Germamum
) Boron
d) Tellurium

Conduction band e) Selenium
conduction and
Forbidden band e
overlap
Valence band

INSULATOR SEMICONDUCTOR CONDUCTOR

Comparison between CNEMIY JOP ininsulator, semiconductor and conductor
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fIre€ CICCHIONS cary NCIA+IVE charge
hOIES carry POSIHIVE charge

electron moving to the left = 'holes’ moving to the right

JP BAGI

3> +rivaicn+
P> P-1YPC
Doping material = B = Boron
5> PEn+avaient A = Aluminium
N> N-+YPC G = Gallium
Doping material = A = Antimony | = Indium
P = Phosphorus Role of doping material > atom F€CEIVEI
A = Arsenic MOJOI Y charge carrier > hOIES
Role of doping material = atom dONOI MiNOI Y charge carrier
MOJOI Y charge carrier > fIréc CICC+rons

> fI'é€ CICC+Irons
MiNOIitY charge carrier > hOIES
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/ f , 1/ “‘\
/ \ " |\ ', | ' | [ \
l I | o | . o \ @ |

lo o@o o ). ~ _—0 Si )@ ‘ ‘5‘_ ‘/é)’O
%l ' '/E\;J_//__,Electron .3 B T”L\"L},ﬂ/—)Hole
/ .E.»Ele. .7/4\1. OEW\)O Covalent Bond .K\S*l/r .ﬁ\). .g\l >.
o) Lo / \ '
EcToTOS EoTOTOS

n 'I'Ypﬁ P 'I‘YPG
COMbiNA+ioN of P-+YPE semiconductor with N-+YPE

semiconductor with produce a semiconductor DiIOd€

Anode (+) —{>}— ca+hode (-)
—— )
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Semiconductor
diode is to allow

current to flow p-type n-type
through itin ONE | |

only 1 0000| eee0e®

diréc+ion O000| o000 @ +
. |[>

HOW? 0p00| e0ee

nositive hole P-njunction nhegative electron symbol

Junction Voltage
-«

DEPIC+ION IAYEr
p-type n-type

neutral region which hasNO ChAIrr9€ |

|
carrierSandpoor | © O OO |--|++| o & © @
conduc+or of €lec+ricity 606000 |-+ e ® © o

The WIdCI the depletionlayer, |00 0o |--|++| o @ @ @

NOo CUrrent flow Depletion layer
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- +
— <

current flow

one

Forward

diréc+ion @

e |
N-+YPE se/miconductori connected to PN'jtlmﬁog_ .
NEYa+ive dry ce\ Sl M
DEPIE+ON IAYEr isNArToW =i+
(resistance diode decrease) < - -ﬁ: : :>
current fow =
BUlb Iigh+ up depletion layer

- +
|- 1
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-<+ \

Current only flow HBVE[SE

%

o

I |

arection (D) Dias
| s

PN- junction

Ntype v  P-typ N-+YPE semiconductor is connected to

= POSHHIVE drY Cel
#; - ;i* DEPIEHON 1AYET is Wide

(resistance diode increase)

wider

depletion NO Current fiow

layer

== Bulb NOt 1i9ht UP
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aerna+ing § Hair wave

rectification

current dir€C+ curren+t

diode

aa

< output

input D

current will only flow in the first half-cycle when the diode in
forward bidS (A>B8->C—-> D - )

The current is blocked in the second half-cycle when the diode is in
reverse bias (k> D> C—>B—2>A)
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as-erna+ing

current dir€C+ curren+t

In the first half, the
current flows from
P>-B—>D—0Q

FULL
HAIf Wave

rectification

keyword:
RED = first half cycle
BLUE = second half cycle

2
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In the second half, t
current flows from
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When the CUIT" €N+ pass through the resistor and
capacitor, the COPOCI+OI" IS ChOr'9€d and

stores energy.

When thereis 1O CUI'T" €I+ pass through the
resistor and capacitor, the COPUCI+0I"
diSChArge

The energy from itis used to produce voltage across the
resistor.

As a result it produces a SI'N00+h dC OU+PU+

C discharges

Waveform with C charaes Waveform with
C Charges C diSCharges capaCitor Ripple g /capacitor
¥ ;/ Vv
~ / \. ' SN v\ [ VY
oV \ \ < Waveform without ,’ \ ,’ \f \ ,’ \=— Waveform without
S A W A W capasitor ov- | | ! i capasitor
half-wave full-wave

amazing Physics with Teacher Alina 26



oractasa SWitCh

{+ran3is+or To AMPIIfY the CUrrent

A3

Collector, C Collector, C c
[ Main Base Main
current n current current
Base, B Base, B n B
Base u
current

Emitter, E Emitter, E E

nen +ransist+or PNP +ransist+or
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Transistor as a

. curreént
SMaii IB - bigg€er IC AMPlLificd+ion:

when Ig = 0, 1o = O Al
Ig + 1

1. > 1;

Ic > 1. > I

I|:_'=Ic+IB




PO+EN+idl diVider

. &

B 10 kQ

v:ffﬁg V1 llc - V
I 6V

t 1
Base
Voltage 10 kKO %’ V ) l Ig

=)y e RV
I \R,+ R, 2 \R,+ R,
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LIGHT

" [CONTROLLED
. SWITCH

o Resistance of light-dependent
resistor (LDR) rises considerably @ Bulb does not light up

low to switch the
transistor on

30



ThE USES of +ran5is+or».' LIGHT
11 CONTROLLED
. SWITCH

Resistance of light-dependent
o resistor (LDR) decreases
considerably

eeeeeeee
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4 SOUNDAMPLIFIER

Sound WAVES with higher
5 JdMPIi+UdE is produced

gy \‘V\\* Loud speaker
or & )))

2 caeacitor = |
allows thevarying T flow =
current flow it |, >0 ki 7) C _=:'_6 \

= S Lg changed N1
= sl 8
Microphone

converts

audio (sound) signdi > €lEC+rical
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E XA M P I_ E = Diagram 1 shows a simple cathode rays tube. Cathode emits electrons
" when switch Pis closed.

Vacuum tube Cathode Anode
Tiub vakum Katod Anod
(a) Name the process that enables

the emission of electrons at the — \/ / 4
th d Low voltage P ’/\
cathode. - o supply L S |
Thermionic Emission Sexaian voltan 1 \val /
rendah Eilathent
Filamen
(b) State one reason why the extra Extra high voltage
high voltage is used Voltan lampau tingg

To accelerate the electron
(d) When electrons flow in the cathode rays tube,

(c) complete the path of the cathode ray. the current produced in 5 seconds is 0.01A.
Calculate the total charge of the electrons.

Q=T1t=(0.01)5)
Q=0.05C

T

Cathode ray . Extra high voltage
Sinar katod ! _, Voltan lampau tinggi
Deflected to POSITIVE

Cathode ray are negatively charge
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EXA M P I_ E : Diagram 2 shows a waveform on cathode ray oscilloscope (CRO) screen.
If the Y-input of CRO is set at 5.0 V cm", what is the PEAK  VOHA9IE?

Y-input: 5.0V cm™!

5V

VP=2divx£

V|:)= 1OV

EX+HI0: whatisthe PEAK +0
PCAK VOHAIE?

T T T
' | |
[ | |
' | |
[ | |
' r

| i

|

5V L

Vpp = 4 div X — I
o div 'l'"l'"'r"°r--:---:---

VPP=2VP=20V
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_ Diagram 3 shows a circuit which acts as a switch to switch on an air
E XA M P I_ E = conditioner, M, during the day only. P is a light dependent resistor which
has a low resistance when its surroundings is bright.

Explain how the air conditioner, M, to be switched on.

» When LDR detect light,

Relay / Geganti

resistance of LDR
» Resistance S .
e \/s — 2 |P
|, flow to switchonthe  6v _=_
transistor — T
* | flowand relay is activated s[] 7
air conditioner, M is on 10 kO l 2V
The air conditioner, M, with power rating AVAL
240V, 2 kW, is switched on when V; reaches 240V
2.0V. If the resistance of Sis 10 k@, Explain why the air conditioner is not
calculate the resistance of P connected directly to the transistor circuit.
V. = (RpiSRS) Y 2Ry +20k =60k Air conditioner needs higher
. 2Rp =40k voltage to activate which is 240V
2=( )6 Rp = 20 kQ — |
R,+10k amazing Physics with Teacher Alina 36



E XA M P I- E = Diagram 4 shows a circuit with a transistor that acts as an automatic switch.
" The resistance of resistor X is 40 k@ when it is in the dark. Calculate:

(a) The potential difference betweenTand U. SI
Rt
VTU - (RST+ I}JQTu) V
40k 10KQ
VTU=(10 k+40k)6 | |
VTU — 48 V T® §6V
Vgt V=0V %f\ 40 kO |
Ve, +4.8=6V x
Ve; =1.2V F
U e

(b) The current flows through resistor X

V=1R
_V_ 48
R 40k
[=12x10%A
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ORI

COM




has ONE or MOI'C INPU+T signals but only

ONC OU+PUT signal

1.Logic gates as SWitChiNg
CiFCUItS inelectronic

systems
2.Input and output signal of he
logic gates can be either

high (logic T)or
oW (logic 0).

--;-o
P~




A
SYMBOL: X
B

BOOLEAN EXPRESSION: — A o B
TRUTH TABLE: CIRCUIT:
o—""
Eiten Switch
X + A B

=V,

0
0 K Bulb
0
1

A B
0 0
0 1
1 0
1 1
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£

SYMBOL: X
B
BOOLEAN EXPRESSION: X — A + B
TRUTH TABLE: CIRCUIT:
:
A B X +
0 0 0 Vo— Switch Switch
0 : : - A B
1 | o 1
1 1 1 Bulb
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To INVEIrSEC the

INPUT signal
SYMBOL: A—t}o— X

BOOLEAN EXPRESSION: X: A

TRUTH TABLE:

INPUT OUTPUT

A

X

0

1

1

0

amazing Physics with Teacher Alina

CIRCUIT:

Switch
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SYMBOL:

BOOLEAN
EXPRESSION:

TRUTH TABLE:

X

INPUT OUTPUT

X

1

1

A
0
0
1
1

B
0
1
0
1

1

A
0
0
1
1

B
0
1
0
1

OO0 |OC |-

0

amazing Physics with Teacher Alina
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COMBINATIONS OF LOGIC GATES exampele

TRUTH TABLE:

OO
— O — O o

0
0
C)Y \/'U

OO -0
OO O — <
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COMBINATIONS OF LOGIC GATES example

Ao ’ >07R

TRUTH TABLE:

AN
AN

OO

aaaaaa g Physics with Teacher Alina 45



