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Fig. 7-1 The need for correct bias and the potential divider method of achieving
bias stabilization
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~

ouT

Ib: -BO)J,A

Ib: -60 }J.A
INPUT SIGNAL

' Ib:-loO).lA
$lc
i_z_ Ib:-ZO/J.A
|
: Ib:O
0 Vi 8Vc Vo Y Ve —
(iy .i2) (V2 V1)
ot = g Your = g
(11-12)(V2-V1)
Pout = lout X Vour= 8
[R3e669 ]
Fig. 7-2 Common emitter amplifier. Obtaining output from the 1sad line
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Fig. 7-4 Measuring the input impedance parameter hie

R,

TELECOMMUNICATION PRINCIPLES C

Fig. 7-3 h parameter complete equivalent circuit

parameter hfe

i €
_J\i"; | 2{ -O- where
l h =
1e
v, hie l et |%=0
and
h =
o —O- e
B 0

Fig. 7-5 Eguivalent circuit
3.

HLﬁ

-
(&}

cc

Section 7

and the forward current transfer
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IO H | i
vi Vo
5K <E§>\h
Vba—r'
. O- - O
R44003 e

Measuring the reverse voltage transfer ratio parameter h _,aandiltheootpput

Fig. 7-v
admittance parameter hoe
oO— I -O— i where
i \ _ VI
hie hre = V2
v hoe A/} '
I and
hr¢v2 t
_ 12
hoe & 35
~ 2

Fig. 7-7 Equivalent circuit

CCMMON BASE CCMMON EMITTER CCMMON COLLECTOR
(hy;) hyp = 35 ohms (hi) h;, = 1450 ohms (h{)) h;. = 15C0 ohms
thpy) hypy = 1076 siemen (hfz) hy, = 42 X 1079 siemen (h35) hy, = 42 X 1079 siemen
(hjg) hyy = 7 X 107 (hiy) h,, = 7.6 X 107¢ (h{2) h,. = 1
(hpy) hyy = - 0.976 (h3;) hg = 41 (hg7) hpe = - 42

Note that the Forward Current Transfer Ratio (hf) for both common base and common

collector configurations is negative. The previous symbols used for the parameters are

shown in brackets as they are still encountered in some text books.

Fig. 7-8 Typical values of h parameters fcr an audio frequency transistor
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[R36691 ]

)

PRODUCES MILLER

EFFECT gRL
Cag

Fig.

GRID
IMPEDANC

TRIODE

FEEDBAcim a

I

Fig. 8-2 Theory of screening

3-1 Anode to grid feedback via Cag producing Miller EIfect

) hS
ZIN = Cgk + (1 +A)ng
WHERE A = STAGE GAIN
+HT
Cas
—SCREEN
—CONTROL

~LOW IMPEDANCE

The Tetrode circuit.

Note that the

screen is at a +ve potential, hence the
need for the capacitor connected to the
earth line
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/
HEATER
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HEATER CONNEXIONS
SCREEN 6
VOLTS FENT Vsc=80 VOLTS o,
3 ToTAL CUR \ T 51 v/ A
[ | QﬁQS;‘\ = X7\
< c>) Z 41 -0
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1+ 2 24 Vg=-2
S g
BeEEN ¢ o =3
' et +———t——t vg=-
20 40 6080 100120140 S ol
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[R36693 ]

0 20 40 60 80 100 120
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Fig. 8-4 The tetrode valve
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SCREEN

GRID

GRID"\ e
CATHODE |y § HEATER

TELECOMMUNICATION PRINCIPLES C

ANODE

SUPPRESSOR
GRID

30-
0
AND|  TQTAL CURRENT
Isg la 20-
1
SCREEN VOLTAGE a
FIXED mA
Isg 10-
va—)
0
R 34{5694
Fig. 8-5

HEATER
CONTROL GRID

~ANODE

CATHODE

7

~SCREEN GRID

Wy oy

\/
- -

\LII\"

. | SUPPRESSOR
GRID

ELECTRODE STRUCTURE

Vsc 250v

\\\\

100 200
ANODE VOLTS

The pentode wvalve
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BEAM TETRODE.

Control amx@

Screen Grid.

=

ANODE CURRENT.

ANODE VOLTS.

Fig. 8-7 Comparison
of Beam Tetrcde

Anode

and Pentode
CONSTRUCTIONAL Characteristics
ARRANGEMENT OF
BEAM TETRODE.

Fig. 8-6 Beam forming plates in the Beam Tetrode
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Fig. 8-& Potential distribution between the screen and anode in @ Beam Tetrode
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TELECOMMUNICATION PRINCIPLES C Section 9

LR36695 |

Fig. 9-1 Reprecentaticn of PNP aud NPN transistors. Note that the polarity is reversed

* O+12V

33K
22K BuF
—o

SLTK 1K =
100u F

[R36656

Fig. 9-2 R.C. coupled 2 stage NPN transistor amplifier showing typical component wvalues
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o—qb— Ivce
T Vout
Vin ,,
'?e 2. éﬂzLZZ et
ek ) o epctoee oy
= & 7Y O 7_2(4 ,M ,.Wt
51"7 ne | E¢‘1 u..vi/ddf ’ R l 29 é’—l
CC* ) . i :
8 ;b reof _' . Voot /_;"'/\ s //_/(1 =
‘¢t
T

y ~ oot . e
DC LOAD LINE. 7 AP

SLOPE=-1- = - 4uA
Re

[b= - 3}JA

Ip=-2uA

CR
AC LOAD LINE. SLOPE=~ ="

‘Ib- - 1,UA
L Ip= 0
a
“Vec Vee

|R 36698 E

Fig. 9-4 Tuned anode transistor amplifier
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- VCC

RL% Tvout

o—k

7|

Ib‘:—A}JA

Ib" = 3}JA

lt,: - Z}Jl\

AC LOAD LINE.SLOPE=-——

nRL

\ — [p= ~1upA

X \\\ Ip=0

\
=Vcc “Vee

Fig. 9-5 Transfermer ccupled transistor amplifier
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CONSTANT POWER

DISSIPATION LINE
I (MA)
e
MAXIMUM POWER GAIN OCCURS
Q WHEN LOAD LINE IS TANGENTIAL
SS—__ 10 DISSIPATION LINE
| LOAD Ve
[r36700 ] LINE
Fig. 9-6 Power dissipation line. The operating point Q must not be above the power line
Ic:(rnl\)

(R3s71 |

Fig. 2 7 The whole family of cucrves is raised when Lhe room tlewperaturc is increased

to vu°lC
COLLECTOR PERMISSIBLE AREA OF OPERATION
POWER e
DISSIPATION
mW MAXIMUM PERMISSIBLE
/’JUNCTION TEMPERATURE
%»/ g
235702 ] AMBIENT TEMPERATURE —»
Fig. 9-8 Relatienship between allcwable cellector power dissipation and ambient

temperatuze
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> 0O

Cs2

THE FUNCTIONS OF THE COMPONENTS ARE AS FOLLOWS.

Ccy INPUT COUPLING CAPACITOR
Rg1 GRID RESISTOR

R_. ANODE LOAD RESISTOR
Rk CATHODE BIAS RESISTOR
Ck CATHODE DECOUPLING CAPACITOR

Ccp INTERSTAGE COUPLING CAPACITOR

Rqz GRID RESISTOR

Cqq CIRCUIT WIRING CAPACITY AND OUTPUT CAPACITY OF V,
Csp CIRCUIT WIRING CAPACITY AND INPUT CAPACITY OF V,

Fig. 9-9 R.C. coupled valve amplifier and its equivalent circuit
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0 100
Vg (VOLTS)
TRIODE
+V
it
[ Vg0
a
2 _'ht
oF Rrik 15V
% -20V
A 0 Vq DC. LOAD f
PENTODE LINE Vit
Fic, 9-10 Tricde and Pentode load lines
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Fig. 9-11 E.C. coupled valve amplifier fregquency response and equivalent circuits for low, medium arnd high freguencies
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N

4

[R36706 | T F—
fo

Fig. 9-12 Tuned anode valve amplifier, equivalent circuit and response curve

’W—M,—-—-VQ-O
DC.LOAD LINE
kl Vg=—(}5V
AC. LOAD LINE CLR +Rg2
// SLOPE = - o ———Vg=-TV
§§§§§§§§ e — _ V = - 1-5V
O ?
\
o Nge-20v
w§= -2-5V
0 Vht Va —

R36707

Fig., ©-13 Tuned anede lozad lines
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GAIN

Vi B
!

[R36708 | 10 102 103 104

Pig. 9-14 Transformer coupled ampliticir, eyuivalent circuit and fregueney response

| ﬂﬂ”—#”ﬂﬂﬂww—“’—"‘——‘-vb :C)

- Q.C. LOAD LINE
; //Vg =-0-5V

, | -
AC.LOAD LINE SLOPE==3g

g= -1.0V
e i 4
\%\\ Vg = -1-5V
. \”\\ Vg =-=2-0V
0 Vhit Vo —>

FPig. 8-15 Transformer courled amplifier lead lines
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Ia

OUTPUT POWER—|

ANODE DISSIPATION Pq

RWITHOUT SIGNAL = Vgx Iq

Section 9

[amax) “\g@nin)] [ Ig max) ~TIgminy]
IQ}
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\
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Ia /
@ 4o .
OPERATING
20l
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]R36710 I

Fig. 9-16 Maximum anode dissipation
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| (b) ()
(a)

[R42364]

Fig. 10-1 Neutralizing the loss Rl by connecting a parallel negative 1esistance (~r1)

HT+ve

i

e LR

Vo : > HT-ve

Q) (®)

Fig. 10-2 Using the tetrode valve to provide -r1

Condition for oscillation is when

AB = 1/0 or 1 + jO

Fig. 10-3 Principle of feedback
oscillators
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Fig. 10-4 Tuned anode valve and transistor oscillators
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Section 10
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I R36713 Fig. 10-5 Hartley valve and transistor oscillators
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Fig. 10-6 Colpitts valve and transistor oscillators
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Ia

DYNAMIC
CHARACTERISTIC /

PULSES OF ANODE
‘CUT OFF VOLTAGE ¥ |
BIAS |
VOLTAGE l
| | |
¥

CURRENT

— °

T

R40I39] ~ GRID INPUT

Fig., 10-7 Class C bias

Ia
DYNAMIC (
CHARACTERISTIC

N

FINAL
GRID BIAS
VOLTAGE ‘

|
[
[
!

—o—Otg

4+

I
\

\\ APPLIED

| GRID SIBNAL

Fig. 10-10 Build up of bias voltage in

the grid leak ¢ircuit

Fig. 10-8 Grid leak bias component
arrangement

3

Fig. 10-89 Component variation
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ACCELERATOR

Section l%

MODULATOR  FOCUSING
ELECTRODE ELi(}TROV
/'_)oo‘kl | —1 A= SCREEN—/™
HEATER | / S — 7//
Dyl 7D
C ATHODE L
DEFLECTING
PLATES
SCREEN
POST — + 2000 VOLTS X
DEFLEXION 000 > H.T+
ACCELERATOR "
AQUADAG
COATING +1000 VOLTS (n
'—.
DEFLECTOR - RZ o)
PLATES >
+150 TO 400 FOCUS
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1st ANODE R4 ~
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R36715

Fig. 11-1 Typical Cathode Ray Tube showing the arrangement of the electrodes and

voltage supplies
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—pgib- 8
MODULATING || ANODE
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MATERIAL | %g
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[R36716 |

Fig. 11-2 Distribution of electric flux and the effect on an electron beam
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POTENTIAL LINES

INDICATE FORCE
ON BEAM.

FacUs
INT
| CONVERGENCE IS GREATER
THAN DIVERGENCE DUE TO
INCREASED ELECTRON VELOCITY.
oV VEwx 100V
LINES

EQUIPOTENTIAL LINES
ELECTROSTATIC FOCUSING

TUBE ! S N

FOCUS
POINT

MAGNETIC FOCUSING

R367%7

Fig. 11-3 Ccmparison between electrostatic and magnetic focussing
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Fig. 11-4 Electrostatic deflexion
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Fig. 11-5 Electromagnetic deflexion
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L @ O

P D.ON P.D.ON
'Y PLATES DEFLEXION ‘X PLATES DEFLEXION

A@ S

TIME BASE ~ DEFLEXION
AC.POTENTIAL
ON PLATES

'R35720

Fig. 11-6 Diagrams illustrating the effect of the deflecting plates on the electron

beam

Y, ©
MODULATED

AVOE

Y2

Lo o S—
TIME BASE

R36721 VOLTAGE

Fig. 11-7 C.R.T. display when the time base has twice the frequency of the modulating
signal
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Section 11

FOCUSING

ANODES co/L FOR
AODULATOR AORIZONT AL
ELECTRODE N | \a,sracx/ow

H. i,
TELEV/SION m — l J%
SIGNALJ\ D ]

OEFLEXION
Y

SWC. PuLSE | UNE | .
SenpaToR [Soe X~ TIME BASE Y-TIME BASE |-
AULSE
FRAME SYNC. PULSE
EE=4

Fig. 11-8 Application of the C.R.T. in a television showing in block form the
extraction of X and Y time base synchronizing pulses from the received
signal

¥
Y BLACK — 30%
-
8 sync. — ZERO
ESaY iz sEc —>Time
Fig. 11-9

Typical television signal. The portion from zero to 30% is used to

synchronize the line and frame whilst that from 30% to 100% is used to
modulate the electron stream
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Section 11

L Aoti Chemical Fluorescent After-glow |
Material ctivator Composition Colour (seconds)
1! Zinc oxide none Zn0 Violet
2! Zinc silicate none Zn0ts8i0, Blue
3| Zinc silicate Manganese (Zn0+8i0,) :Mn Blue-green Medium
0.03-0.05
4| Zinc beryllium Manganese (Zn0+Be0+81i0,) :Mn Green to Medium
silicate orange 0.05
51 Zinc sulphide none ZnS Light blue
6! Zinc sulphide Silver ZnS:Ag Blue-violet Medium
' 0.05
7| Z2inc sulphide Copper ZnS: Cu Green Long i
>1
8| 4 and 6 as above White Short
0.005
9| Zinc sulphide Silver with a ZnS:Ag:Ni Blue Very short
nickel quencher 10us
10| Zinc cadium Silver (ZnStCds) : Ag White
sulphide
11; Zinc cadmium Copper (ZnstCds) : Cu Yellow Long
sulphide > 1
12} Zinc borate Manganese (ZnO¥B,03) tMn Yellow-orange
13| Zinc aluminate Chromium (ZnOtAL ,03) : Cr Red -
14§ Zinc germanate Manganese (Zn0+GeO,) :Mn Yellow-green
15} Zinc beryllium Manganese [2n0+Be0+(Ti-Zr-Th | White
zirconium -0 )+Siog]:Mn
silicate
16} Calcium tungstate: none CaWOy Blue Very short
Sus
Fig. 11-10 Characteristics of some luminescent screen materials
8. Issue 1.0
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