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PREFACE

th There has been a tremendous advancement,
€ field of electronics and ‘the development
tlectronic equipment particularly, after t'h'f

h

replacement of electronic tubes and valves b
transistors and other solid-state devices i
integrated circuit (IC) with thousands QQ
components mounted on small chips. The advent -
microprocessors of different configuration has p
only added to the complexities of the design
Modern electronic equipment, but it has also raise
the problem of maintenance and repair of the
electronic equipment for trouble free working, The
Maintenance .and repair of these SOphISt}Cz}'ggq
electronic equipment do not only require specializeg
test and measurement devices, but also moder
specialized skills, training and techniques on the
part of those engaged in the maintenance and repaj;
of these electronic equipment. | -
. Tounderstand the basic design, construction,
test and measurement, this book will be'very useful,
This book is prepared to help students to
understand some practical experiment on how to
design, construct and test an elegtronic circuit.wT}.le
knowledge of the experiments in this book ‘will
enable students and-.apprentices to repair an
electronic equipment, also it is produced based on
‘the scheme of work for the Electrical/Electronic
_Engineering. It contains the experimental section

== 12d the application section.
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EXPERIMENT1) 5

TOPIC: -Half-wave R_jectiﬂer

AIMS:
' Toobserve the 1nput and.output waveform of a

- half-wave rectifier. ' |
. To measure the input and output voltages of a

half-wave rectifier. -

GENERAL THEORY -
A half—wave rectifier is a 01rcu1t with a diode
which .allows an alternative current (ac):to flow
. through it only in.forward direction. During the
reversed d1rect1on the current is blocked. The

. circuitdn ﬁg»l 1 shows a typical half-wave rectlﬁer
~~circuit..

Fai s b
A =
e
, VI
. S D
N .
B
Fig 1.1

During the first half cycle, point A is positive
and the diode D conducts and the voltmeter (V,)
indicate a voltage drop across R,. In the second half
cycle, the voltage is reversed and the diode D could
not conduct. The voltmeter indicates no voltage

1
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This proce
showninfig 1.2

ss continues repeatedly. The waveform j,

Fig1.2

V.. 18 ‘the voltage on the loud R, which i

measlired by using a voltmeter.
1. Thedirect voltage (V. can be measured across

the load and the equation is given by:

"Vdc = Vimay
| W
‘The direct current (L) flowing through the load
is given by:
Idc o \_fd_c = Ii (max)
| R, T
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3.  Theripple factor (r) is the ratioofthe oot mean
square (rms) value of the alternatmg
component of the waveform on the'logd to the
mean value of the waveform on the loaq .

r = / (ImI\s)

de

4.  Regulation factor (S%) is the ratio of the outpyt
voltage (V,) of no-load across the output of the -
- rectifier circuit to the voltage V, measured W1th

the load resistance R..
S% = Vo VL x 100%

—0

Component and Equipment
Transformer 6-0-6V
DiodesIN 1001~
Resistor 1KQ
Voltmeter

Ammgtcr

S

Method
Connect the circuit as shown in fig 1.3

IN 4001 A
(fa
ool
() | |ixe
q
T :

CamScanner


https://v3.camscanner.com/user/download

1

jeasure the ac voltage (V) and dc VOltag
mthout theloadresistorR,,
Connect R, and repeat step 1 and recomy

'

‘result, !
3. Replace an oscilloscope with the voltmet
point AB. Measure; (i) the voltage (u)
frequency and (iii) draw the waveform. "
<~ With thevalue of R, calculate the dc current]
5 Calculate the power output (P,).
6. Tabulate your result as shown in table 1,;
_V,without R,
|V, withoutRL
V.with RL
V,.with RL cf\/m
[, . measured e |
- NESRIE, br
1, calculated | o-036% i
I o3 ) |
V. ey With Scope f
Table 1.1
Tde = \4e
~L
= 2+ 69 -~ P 4
e > 4
>0 9__}6%
PO - \UC‘I»{:
Z363x 003

i1
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EXPERIMENT 2

TOPIC: Bridge Rectifier
AIM:
. To observe the 1nput and the output waveform
ofa bridge rectifier.
* To measure the input.and’ the output voltages
| of a brldge rectifier.
GENERAL THEORY

‘A bridge rectifier .circuit allows' an output -
voltage to'be-obtained from the positive and negative
cycle of thealtefnating voltage source. Fig 2.1 shows

--a circuit diagram of’typical bridge rectifier circuit
- -with’ four dlodes

Ru

af Flg2 1

Durlng the first half cycle, point A is positive
with respect to B. Current from the transformer
- flows through d1ode (D)) to R and returns back
throuGhD

Also durlnor the second half cycle point A is
- negative and pomt B is positive.  Current flows
through D, while D, is blocked. The current flows
through R, and back through D,. This process
continues repeatedly as point A continues to change
from negative to positive.

n
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e e o e L
, \W
'

The waveform is shown in fig 2.2

Vi N R

Fig2.2

1, . Thecircuitgivesadirectvoltage (V) whichisgiven;
-V, = . 2Vi(max) = 2v/2, Vi(rms)

S TF m
9. . Thedirect current (1) is given by:
I, =V, =22Virms) - 2Imax
R, . mR n
Wherel . =V2.Vi(rms)
m
3. Regulation factor (S%) is given by:
| S = Vo VL % 100%
: . Vo
4. Ripplefactor (r)is given by:
R = (I::.S/I'Lc)z 1
6
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Component and Equipment

1 Transformer 6-0-6V e TR ".'f‘ ) -.",,
2. DiodesIN 1001 da e

3.  Resistor 10KQ _ e

4 Voltmeter : : !

5 Ammeter

Method:

Connect the c1rcu1t as shown infig2.3

® | 7

HEEEE
LARARI
N

w9
P
N

Fig 2. 3
1. Measure the ac voltage (V) at point AB and Vdc
-at point CD with R, disconnected. '

2. : ~Conneet R, and repeat step 1.
3.4 Measure the current .. | L
a3 ¥ C}akculate the output power (P,).

5, Tabulate Vour result as shown in table 2; 1
- V,noload - -
V.. noload
\%
Ve
s
P,

Table 2.1

CamScanner
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EXPERIMENT 3

-t

TOPIC:  Bridge Rectifier With Filter

AIM:

¢ To analyse the effect of filters in a ,b'riglge
rectifier circuit. . / '

GENERAL THEORY : ‘

The bridge rectifier produces full-waves with ripples.
The circuit of the bridge rectifier and a capacitive
filteris shownin fig - '

R..

L dbe bt

Fig 3.1

" The voltage from the bridge rectifier is produceq ina
ripple form. During the first cycle, as the ripple
voltage békins to rise, C;starts to charge. When the
ripple voltage reaches the peak, the capacitor C, is

charged to the maximum. As the ripple voltage
begins to fall toward zero voltage, C, starts
discharging, thereby preventing the ripple voltage
, , : Lo P 1 s
from falling to zero voltage. l{le.chOfé, the npgle
voltage is being smoothen to a minimum value by the

8
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.se of a capacitor C, as shown in fig 3.2, with the
oupling of more capacitors in parallel with R,

arther reduces the ripple voltage to a pure dc
oltage.

Vo

RL C_l:_- | Ru
ke
[, , | o )
)Inductive Filter (2)Capacitive Filter
_ ] .
L ‘ L -
TTTTY == AARA _L
cC_— RL Ci=_-= Ca : Ru .

, 1
JLC Filter (4) LC Filter with Two Capacitor

g 3.2 (b)
ymponent and Equipment

Transformer 6-0-6V, 600mH
DiodesIN 1001
Resistor 1KQ

CamScanner
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Mot hod
.A PR L 0.0 Lac B ?}??\ t"I‘l‘le aK| S})()\‘?Il in fig 3_3

&

P -1>l

fil

- =118
—TTTT \'

Fig 3.3
1. Wn:hR disconnect;measurel;, V, V, and]

2, With R, connected, measure I,, v, 1, an
and record your result, | ‘
4.+ Calculate the power (Pi) =1V, and-P, =1, V
4. (Connect and oscﬂloscope to pomt AB ang
4 and draw the waveform,
5, Remove the capacitive f11ter and connect

filters at point AB and. repeat step ltod,

6.  Tabulate your'result as shown in table 3.1

10

J
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C filter

Without filter | C filter C filter C filter
1 2 3 4
I 0.08v 470MF .
Vi Cv 4704
LI TR 400 F
;’o Al 33y 4
L | 038w 110 UF n
o i VAT O ' 4'11 i
Table 3.1
Uses of Transformer

1. - Stepup or step down voltage

2. Stepup or step down curre

_. Ne = W1 . &Y
10 T AR \o6 —-'0 “DSBA

q—

v

Pro Tixliz Droe X gy = 0s8€w A

&-.
)|
<
I

= ||l?3€%q

2 1.28¢

11

‘ . S /
Ru |oo - 0‘9_._-,6&' :

— 0. nNRX -
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-KXPERIMENT A

TOPIC: Ifvestigation of the Operation of Astable
Multivibrator i

ATM: 3

" To investigate the operation of -astable
multivibrator. ;

. To investigate the basic factors which
influence the operation of a' transistorizeq
astable multivibrator. '

GENERAL THEORY

Multivibrators are circuits which ‘are capable
of producing rectangular output wave shapes. These
are electronic switches which may rely on charging
and discharging of RC time constant circuits to
produce the desired output wave shapes. =

Astable multivibrator is a type of circuit which

consists of two cross-coupled. inverter circuit as
shown in fig4.1. The output of inverter is the input of
the other circuit. The main feature of this circuit is
that.both of the inverters can not operate in the
saturated _condition. simultaneously. Therefore,
when one inverter circuit is'conducting, the other.
inverter circuit is cut-off. Since Q; and Q, are
-onstantly charging between off and on, this type of
nultivibrator- does not have a stable state or
nndition, but has a two unstable state:

12
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G, :
JI0 g Is)13AU] : . L. U0 Y IayIaAu
. = o
|
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LOT D€ s . L 8 IR
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o NO~ l ! . : H‘r.u_ _wloo.m
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+
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Gk Q, now falls; Q, is off, small current starts charg;

At the time of operation of the circuit, inverter A j,
and B is off. The base current for Q, flows througl.1 J
As Q, is on, its collector current flows througy,
and the plates of C, are at a low potential (Clog, '
OV). The base of Q, is at a low potential, there jg !
base current and Q, 1s off. Clifrent fromi +6v ﬂﬁhq
through R, and charges the capacitor C, Platew’
potential begins to Iise, as it rises gradually, .
base of Q, starts rising until above 0.6V Wherehi
starts to conduct. | 1
~ AsQ,turnson, collector current flows throy,
R, and its collector potential falls from high to 1§J
This causes a full in the potential of C,, So t
.. potential of plate y falls to zero, bringing the basg r‘
2 Q, close to zero, Q, turns off. The collector ofq
potential iow rises and C, potential rises also, my
current flow to Q, and turnit fully on. | ‘i
The collector current at Q, now falls, plate ¥i
at zero potential,"'bUt'thiS- gradually rises as cury ‘
flows through R, and charges plate y. Until plat,
potential is above 0.6V, the base of Q, is now tum,

“on, anigycurrent increases until it is fully turned

- platex through R,.
The time during which each transistor is off
givenby: . -
TimeQ.off =  0.69R,C,
TimeQ,off =  0.69R,C, |
" The period (T) of the waveform is given by:
Tr Y 069(R,C,+R,C))

14
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When R, C, = R, C,

T i 1.38RC ;

The frequency (f) of the output waveform is
given by:

F = 1/T = 1/138RC =- .
0.7/RC T

Duty Cycle = Ty T, T,

To ensure that the circuit functions properly,
the selected transistor must match the proper value
of hf; or must saturate minimum value of 8. -

Ri-__= hf;(sat) R, C,
Or Bmin poisd . R/R

. The output waveform of . the astable
multivibrator shown in fig 4.1, although definitely
rectangular, it has a very slow rising edge. This is
because, as the transistor Q, turns off and the
collector current rises toward R,, the capacitor C,
behaves as stray.capacitors.lead. It is this charging
current which produces the pos1t1ve over-shot in the
‘basic voltage waveform. .

This def1c1eré§yf"can b€ corrected br
1ntroduc1ng diodes to 1solate the collector from th
- capacitor,’ ‘during the rising -edge of the wave s
shown in fig 4.2, when C, turns the base of (
negative, the collector of Q, is able to rise up to \
almost instantaneously, because diode D, becom
reverse biased. R, is now responsible for charging

15
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" |

Bk O, Miedin S D CONALIER Ane this dneftia,

el Db WAAAS SO TR Y r"l"“'i”!‘r“\_'{ [Hq o
ghoee S avelard without diode () Mego
(R R SL AR .\?\. ;‘.'.!\“"?" )

"’ : I_\ .;

(b)
Fig 4.2 L
Some Calculated Examples _
], Determine the period, frequency: of oseillyy;
and the minimum value of transistor Pefor
astable multivibrator .in fig 4.1 with
following componentvalues:
R, =R, = 10K? andC,=C,= 100uf
Solution: | |
G T = 069(R,C+R,C)
ButT,=T,0.62x10x10,x 100 10°=0.628
T=T,+T,=2x0.69=138S S
(i) f= 1/T & 1/1.38= 0.725Hz

16

o
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(i) SinceR;=R,= Rand
R, =R, =R, then B, = - R/ RL
1B,n=R/R,=10x10°/100=100 .

(iv) Duty cycle = (T,/T,+ Tj) x 100 (0.62/0.62 +
0.62)x100=50% ~ o

2.  Determine thé value of capamtor to be used in
an astable multivibrator to provide a train of
pulse 1s sideata repet1t10n rate of 10Hz. Given

R,= R =10KQ " " g
Solution § " ' ' =
PulserdthtlmelntervalT lsandpenodT =1/ 10 =0, ls |
i . 0.69R,C, :.C= T/O69R

C, 1/0609x1010°= 0000145 = 1450 —
T, = _ 069R2C2
C, 0.1/0.69x 10x 10 0. 000014— 14uf

-—

Component and Equlpment |
1. ~Transistors BC 107 '
2. Resistors 1KQ, 10KQ

3. -Capacitors 100uf

4. DiodesIN 1001

5. Light Emitting diodes
6. Power supply 9V.
Method

Connect the circuit as shown in fig4.4

17
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AQo

d A6

’,

Fig 4.4 Astablq Multivibrator

18
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1. Use a stop watch to measure the perlod (T) at
LED1 and LED2,

2.  Calculate the frequency (f).

3. Replace Cl with 1000uf and measure the
period (T) at LED1 and LED2. |

4, - Calculate their frequency (f).

5. Replace C, and C, with 0.01pf and measure the
output penod (T) at A and B with an
oscilloscope and record your value. -

6.  Sketch the waveform.

7.  Calculate the frequency.

8. Short circuit D, and D, and repeat step S.
Sketch the waveform and compare with that

- ofno. 6.
9. Isthereany difference? If Yes, explain.
10. Using the value of R.,, calculate the minimum
*  transistor saturation value (). Tabulate your
result as shown in table 4.1.

11. Calculate'step 1to 5 for T and {, then compare

~your result with measured value.

12. Calculate the duty cycle forno. 3and Sand 11.

Result Analysts

Measured Value |

| Timing Component Value Period (T) Frequency (f)

'Ri = Re= 10KQ

Ci) = 1A@Dpf f
_Co =1@Wuf f
Ci =1@pf f
Co = IQWuf f
Ci=@®Ipf f
C:=Q@@Nuf f.

19
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Catenlated Value

“Timing Component Value

R, = R = 10KQ
Cy = 1@pf

Period (F)_ e

Cy =naopf I
C, = hawpf

Cy = nawpf f o

C; =a@npf f

Cs =@@npf L

20

(%81 CamScanner


https://v3.camscanner.com/user/download

EXPERIMENT 5
TOPIC:  Operation of Monostable Multivibrator

- To investigate the operation of monostable
multivibrator.
GENERAL THEORY

The monostable multivibrator has oné stable
state. Fig 5.1 shows the circuit diagram of a
nonostable multivibrator. .

|

21
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|
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AO‘\.

¥

Fig 5.1 Monostable Multivibratpr
| ' 22
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One output A of the monostable multivibrator
circuit is RC coupled to the opposite input of Q, while
the other output B is resistively coupled to the
opposite input (base of Q,. The monostable
multivibrator will remain in its stable state until
external trigger pulse is applied which will cause it to
change from its stable to semistable state. The
monostable multivibrator remains in this state for-a
time which is determined by the time constant RC.

Principle of Operation -

Initially, monostable circuit is on its stable
state, Q, is off and Q, is on. If a negative pulse is
applied to the base of Q,, this negative pulse causes
Q, to be reverse biased and turned off. As a result,
the collector voltage of Q, increases to the value of
V... This in turn increases the collector voltage of Q,
which is coupled to the base of Q,This collector
voltage of Q, turns on Q, and its collector voltage now -
falls to the ground potential and this drop in
collector voltage of Q, causes C to fall to zero
potential. But this gradually rises as current flows
through R, and charges C until its potential is above
0.6V. The base of Q, turns on.

The width or duration of the output pulse at Q,
isgiven by: T = 0.69R,C

Component and Equipment
1. Transistors BC 107
Resistors 1KQ, 10KQ

2.
3. Capacitors 100uf
+ DiodesIN 1001

23
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5. Light Emitting diodes
6. Power supply 9V.

Method &
Connect the circuit as shown in fig 5.2

o) 2 Y

LED 2
BC 107

7

Zglle =
o = o
= —
o &
~N
AT M
G
.-
Y —~
S VNN oo
Ls | &
ng <

1 m

— P~
=

s -

— —

r}

— ,

- -
4
e
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Feed in a pulse into the input of the trigger

signal. Use a stop watch to measure the

period (T) of the pulse time at A.

Calculate the frequency (f).

Replace C, with 100uf and measure pulse time
(T) at A, |

Calculate the frequency.

Replace C1 with 0.01pf and measure the
period (T) using an oscilloscope.

Calculate the frequency. o

With R, = 10KQ and (i) C, = 1000uf, calculate
the period (T) and frequency (f).

Tabulate your result as shown in table 5.1

‘esult Aﬂalysis

[easured Value

Tming Component Value Period (T) Frequency (f)
' = 10KQ

=100pf f
y=100pf f
= 0.0]Jf f

Calculated Value ‘ T

= IOOpf f '
.y = 10040 f - - -
L=00lyf f

able 5.1

25
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EXPERIMENT 6
TOPIC:  Operation of Bistable Multivibrator

AIM: §
e To investigate the operation of biy
multivibrator. } e !

GENERAL THEORY'

The bistable multivibrator is also calleg
flip-flop. The circuit has two stable state as shOW)
figh.1. . =ik -
; One of the transistors is saturated, anq
other is cut off. For instance; if the right trans;j
saturated, its coﬂ?ctor voltage will be approxim
zero. This means tlﬁat there is no base current iaj
" left transistor. As a result, the left transistor Vo
is turned off, producing a high collector voltage .
high collector voltage produces a large base cy,
that keeps the right transistor in saturation. -

—0+ V.

I
QRR
Iy

Fig 6.1 RS Flip-Flop Circuit
| 26
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The RS flip-flop has two outputs, A and B.
These are two-state outputs, either low or high
voltages Furthermore, the two outputs are always
in opposite states. When B is low, A is hlgh When B
is high, A is low. For this reason, A is called the
complement of B. Often Q is used in place of A and Q
in place of B. The overbar on Q is usedto indicate
that it is the compliment. We can control the output
states with the S and R inputs, if we apply a large
positive voltage to the S input, we can drive the left
transistor into saturation. This will cut off the right
transistor. In this case, B will be high and A will be
low. The high S input can then be removed, because
the saturated left transistor Q, ih cutoff.

‘Similarly, we can apply a large positive voltage
to the R input. This will saturate Q, and cutoff Q,.
For this condition, B is low and A is high. After this
transition has occurred, the high R input can be
removed becauseitisno longer needed. ‘

Since the circuit is stable in either of two
states, itis sometime called a bistable multivibrator.
A bistable multivibrator latches in either of two
states. A high S input forces B into the high state,
and a high R.input forces B to return to the low
state. The output B remains in a given state until it
is triggered into the opposite state.

Inmdentally, the S input is sometimes called
the set input because it sets the B output to high.

The R input is called the reset input because it
resets the B output to low.
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T — . —— T -v-“

Component and Equipment
! mismrs: 1kQx 2, 10kQ x 2, 100k x 2

5 Transistors: BC107 x2
a.  Power supply umt oV

Method , ‘
Connect the circuit as shown in fig 6.2

s =
* ]
¥

o
%

Q.

—oB
1 BC107

o

r &.2 Bistable Multivibrator
28
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Connect S and R to the ground and measure e

the base voltage of Q, and Q, with respect to

the ground. Also measure the output A and
B with respect to V. and record your result.
‘Connect 'R to 'V_, while S is at the ground
voltage. Measure the output voltages of A and
B with a voltmeter and record your result. :

—

Interchange R and. S connection. (i.e. R to

ground and S to V.) measure and record your

- result.
. Connect both R and S to V measure and

cc?
record your result

Tabulate your result as shown in table 6.1

3ase Q1 voltage T
lase Q2 voltage Sy
Jutput A

Jutput B >

1put Voltage ' Output voltage

A .|B

=0V S=0V
= Vee S=0V
.“OV‘ S = Ve
.=ch S=vcc
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EXPERIMENT 7
OPIC: Feedback Amplifier

ATME:
. Teoinvestigateinput and output impedance
negative feedback ampliﬁer.p‘ A “ﬂ
To determine the frequency re’spohse of
\

amplifier. | !

GENERAL THEORY

Feedback ‘ampliﬁer.is the transferring |
iraction of amplifier output into the input cir f,
This fraction of the output which is fed back't()cllt
input circuit hglps to control the output. A feedy,
amplifier consist of an amplifier and a f‘eedbaQ
sircuit ‘ ' A
L Positive Feedback: R

positive feedback occurs when the ouy
voltage (0r current). 1s applied to increase the in‘p:
soltage (i.e. to be in phase with the input). Ot
,ames are: regenerative or direct feedback.

gince positive feedback produces excesy
istortion, it is seldom used in amplifiers. Howey,
is used in oscillator circuits because it increg
e power of the original signal.

Negative Feedback:

Negative feedback occurs when the outy
tage (or current) is applied so as to reduce
plifier input (i.e. output is 180° out of phase wi

input. Other names for it are: degenerative
rse feedback.
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For an amplifier without a feedback, the
voltage gain (A,) is given by the ratio of the output
voltage (V,) and input voltage (V).

Ay = Vol Vi |

This gain (A,) is often called open-lo gam

When a feedback loop is added to the
amplifier, then the output voltage with feedback

(V..) and a fraction o of this voltage is applied to the
input which becomes (Vi + aVom) for positive
feedback and (V,, - aV,,) for negatlve feedback.

- Fig 7.1 shows a series- _derived feedback
amplifier circuit. Since the emitter resistor is
unbypassed, it provides current-series feedback,
when the emitter current (I;) passes through the

emitter resistor (Ry), the feedback voltage drop V, ="
I;R; is developed. This feedback voltage (V) is 180° -

out of phase with the input voltage (V,) and it is
being fed into the input. This negative feedback
reduces the output voltage V.

This feedback can be ehmmated by:

i.  Removing or “short circuiting the emitter
resistor (Ry)

ii. Bypassing the emitter resistor R; with a
capacitor. |

Note: a is used for feedback to differentiate with 8
whichis the current gain of a transistor.

31
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Feedback equation is glven by

1.
2.
3=

RSNV EEN

TN W

: Feedback (¢ - =" R,/ Rc

Voltage gam without feedback( )= b/r.=
Valtage gain with feedback (A) r,,/ I+ RE =
Wherer-— 25mV/I, AN

| Feedbacl_; voltage drop V). = IERE
Inputimpedance (Z{) =V, / i |
| Output pedance (Z,,) =  Vou/ic

.~ 'Emftter CUrrent (L) =V,/R,

Where ﬁ = the gain of the trans1stor

.p;;;cdbac factor=gd;, .~=-
- currentgain (A)=1,/1, =

Output resistance (r;j=1/R.+1/R,

Inputremstance( W) =1/RF1 /R + 148}

Base voltage (V,) = (R,/R,+ R,) V..~
Powergam( ) =ALA -

32

CamScanner


https://v3.camscanner.com/user/download

(_.

When the : emitter by‘ﬁass capacitor’ C, is
removed to allow negative feedback, the formula

become:
1. Inputresistance(r,)=1/R,+1/R,+ 1/ﬁ(r + R;)
D - Voltage gam (Ay) =1,/ (r. + Rg)

Frequency Response of an Ampliﬁer. The
frequency response of an -amplifier is the graph of
its gain versus the frequency..

AN

Amid -

" .0.707Amnia

e o v e e = - ————— - - -y " o P e -

|
) [
7

|
|
|
n . ,
|
1 10f, ' 0.1f2 f f

- Fig.7.2: Frequency Response ofan Amplifier

Fig 7.2 shows the frequency response of an ac
amplifier. In the middle range of the frequencies, the ~_
voltage gain is at maximum. This middle rangk of
frequenmes is where the amphfier is norma'lly

operated. At low frequencies, the voltage gain
decreases because the coupling and bypass
capamtom no longer act like short circuits. Instead,
their capacm\ e reactances are large enough to drop
some of the ac signal voltage. The result is a loas of
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voltage gain as we approach zeto hertz (Hz).
At high frequencies, the voltage gain decrex
for other reasons. A transistor has inte
capacitances across its junctions, thrh{
capacitances provide bypass paths for the ac Sigg\“
As the frequency increases, the capacitfé
reactances become low enough to prevent nos
iransistor action. This results to a loss of volty

211 \
; Stray-wiring capacitance is another reasohy
a loss of voltage gain at high frequencies.
connecting wire in a transistor circuit acts like g,
late of a capacitor, and the chassis ground acts [
the other plate. The stray-wiring capacitance th
exists between this wire and ground is unwanted,:
high frequencies, its low capacitive reactay,
revents the ac current from reaching the lo,
resistor. This is equivalent to saying that the voltagl
gain drops off. ; | |

» The frequencies at which the voltage gy
equals V2 or 0.707 of its maximum value are calj;

the cutoff frequencies. .

. Midband of an amplifier is the band |
frequencies between 10f, and 0.1f,. :

;;_o_

Adi}aﬁtages of Negative Feedback
Although a negative feedback has

* disadvantage of reduced gain, there are numero;

.- advantages which are:

1. - Higherfidelityi.e. more linear operation.

- 2. Highly stabilized gain.

3 Increased bandwidth i.e. improved frequen
Tesponse. '
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Less amplitude distortion.

Less harmonic distortion.

Less frequencies distortion.

Less phase distortion.

Reduced noise.

- ~ Input and output unpedances can be mod1ﬁed
as desired. ‘

et o A L o

Few Calculated Examples
For the single-stage common emitter amplifier
ffig 7.1, find the approximate value of:

? . Input res1stance (T:)-
2. Outputresistance (r,)
3.  Voltage gain without feedback (AV)
4.  Power gain (A;) and decibel power gain (G;)
5.  Voltage gain with negative feedback (A)
5. Power gain with negative feedback (A;) and
- decibel power gain. Take § = 100 and r, = -
50mV /I
Solution:

Joltage drop across the base (V,) = (R,/R, +R)) V.
= (SK/SK +45K)x20V =2V
=V,/R,=2V/1KQ=2mA.
. =50mV/L.=50mV/2mA =259
signal input resistance (r,, ...) =Bl e
=100x25Q=2.5KQ

E

. Stage inputresistance (r.)=1/R,+ 1/R,+ 1/r ..,

=1/45K+1/5K+1/2. ah ‘1.6KQ

. Outputresistance(r,)=1/R.+1/R =1/53K+ 1/5K

- e - -
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\ =1 /r-28K/28Q= 100
A=A A=100x100 = 10,000
5 G, =10log,"""=  4x10x1=404p

~Wote: R, is not applicable in the caj,

shove because it was ac grounded by the N
b \

capacitor C,. )
Now, when C, is removed from R, this a

negative feedback which reduces the gaiy ()“y“'

amplifier.
. Solution: - Jehe .
6.  Stageinputresistance(r,)=1/R,+1/R;+ 1/,
- 1/45K+1/5K+1/100 (25 + 1K) ‘

Sincer, and R; are two small as compare,

we may decide to ignore them. Therefore
I,,~1/45K+1/5K+1/100=5KQ

7. Outputresistance (r,)=1/R.+1/R,=1/5K+),
- 2.5KQ ----- as before: !

8. A, =r/r.+R,"r/R =2.5K/1K=2.5
9. A, =A.A=2.5x100=250
10. g, =10log,*=24dB

P

Component and Equipment
Resistors: 1IKQx 2, 5.6KR,
2.  Capacitors: 22ufx 2, 100puf
- 3.  Audiosignal generator
4. Dual traced oscilloscope
D
6.

10KQ, 56KQ

- Transistor BC 107
Power supply 10V
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Method:
Connect the 01rcu1t as shown in fig 7. 3 and
dlsconnect C, from the circuit.

:‘>
o
9 o rral
G
. C S
‘I m M!—‘
Gt
=
©d
g o'
=% N
N—§ [
T T
o
2 (F.; wg
—A 3 4
> {1}
.5 &P
Cf.lf)‘ C:
5
A cZLo *a.:’:}
CI1 : X
o 8 %, -
R0 -0
™
\ P e o —-Z-:
Zz
0 z® = o
< >" ::‘f:
Fig 7.3
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power on the circuit, ]
Connect the signal generator to point 4

I-[‘S‘(){‘Ct to gl‘()und and also connect [
traced oscilloscope to point B with regp,’
ground and switch them on. \
Set the signal génerator to produce a sine,,’

3.
signal

V, =10mVp-p at SKHz,

Measure the output voltage (V.. fI'OInI

oscilloscope. .
Calculate the voltage gain (A).

Use an ammeter to measure the input Cuy,
and theoutput currentI.. ot 5
ulate the input impedance Z, ang

utimpedanceZ,,. .= @ |
ect C, to the circuit and repeat step 3y
esult as shown in table.{
alculate the value ¢

a_l'ue"ofrc =50mV/1, |

S n

Iy
7. Calc
~ outp
8. Conn
Also tabulateyourr
0. with C, connect, ¢
- _following;taking the v
" Stage input resistance (Tin) .
ii,  Stageoutputresistance V,
jii. ~Voltagegain (A,) »
with Cs disconnected, calculate the Vahle

10 je following, takingr, = 50mV /I,

I Ta
11 r[, '
iii. A, |
- "Note thatI, =B
eriment in step 3 to4

11.  Repeat the exp
e frequencies of 10Hz, SOHz, 100Hz, 30(
500Hz, 1KHz, 10KHz, S50KHz, 100K

500KHzand 1MHz.
38
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Result Analysis

1.. Use the datain table 7.2 to plot the frequency
response curve of voltage gain (A) in decibel
agamst frequency (f).

Table 7.1 (a)

[ Parameter - . Measured Value
| Vin
Vout
A

Iin
Iout
Zin
Zotit

Table 7.1 (b)

Parameter with Ca Connected Measured Value
Tin
I
Av
Cy Opened
Iin
n
Av

Table 7.2

Frequency| 10 50 100 (300 | 500 | 1X | 10K | 100K | 500K | IM

(D iHz Hz Hz Hz Hz Hz Hz |Hz |Hz Hz

\in (m\") ; i
{ |

\out ‘ ? E

{m\1
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EXPERIMENT 8 ~
rOPIC:  Class A Transistor Power Amplifier

AIMS:

- To verify the efficiency of class A transistor
power amplifier.

. To determine the voltage and the power gain of
class A transistor amplifier.

GENERAL THEORY

The circuit in fig 8.1 shows a single-stage
:ommon emitter amplifier using an NPN transistor.
“he driving element is the base. The input signal is
njected into the base-emitter circuit whereas the
uatput signal is taken out from the collector emitter
ircuit. The Q-point. ‘or working condition 1is
letermlned by V.. to gether with R and R..

.‘ s _ o 'Rc

; ; 4.3KQ |/ :
- 10KQL] KP\SIC - & o
: Is . ,
I / : |
§ ST R SR i !
R2 . : ! | ' RL
10KQ Y 1e
Ng 8.1
41
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e e eqe ihtion 18:

R . VR .
'\;hm'c‘ Q. R/R, +R, neglecting v,
- = Bl
‘ip‘* = V (!‘.(7 ) IC' RC
Where g = transistor gain |
Ve = Base voltage f %
V. = Voltage between collector and ery
VCE = Voltage between base and emitter
i ofthe transistor
The ac Input Signal ) . |
When an ac signal.-is applled‘ ‘at,.-,t]F}? :lnm
terminal circuit during positive half-cyCle, A

following conditions are obtained: -~ -~ -
1. _The base-emitter voltage (Vgg) 18-1ICre

because it is already positive with respecty
the ground as per biasingrule.
2 It leads to increase in forward blgs of by
emitter junction, S :

3. The base current (I,) is increased.

4. The collector current (I;) is increased |
. transistor gain (B) times the increaseinI,.
5. The voltage drop across collector resistor (L

igincreased. | '
The voltage between collector and emitter (
jsdecreased. &
Hence, negative half-cycle of the output
=®Jned. It means that a positive-going input sig
»F22es a negative-going output signal. Se
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1eeful formulae are: -
| r.=acemitter diode resistance = 25mV/1I‘

1= Vie/Re
v,,r Vs 0.7V
Vnn LL/2

Vhere Vi = Base-Emitter Voltage
V,,= BaseSupply Voltage
V.= Collector Supply Voltage
0.7V =Knee voltage for silicon transistor.
r, = External ac. emitter (output signal)

resistance or outputimpedance (Z,)=1/ RB+ 1/R,
A =Voltagegain=r,/r +r,
Z. (base) - =baseinput 1mpedance B(r.+r.)
Where B= transistor gain .
Z; (stage) = stage input 1mpedance or 1nput
signal resistance = 1 /Ry, + 1 /Ry, + B(1, + 1)
V,=acinputvoltage=2Z_.V,, .
Where V,. =input signal voltage
V,,=acoutputvoltage=A.V,,
- A,=voltagegain=V,,/V,
. A= signalcurrentgain=  I,/I; =f
Wherel, =p.1;, | "
' Iy =Vg/Ryand
. - Rg=Ry1/ Ry + Ry, -
). -A,=acsignal power gain =A,.A=B.2,/]Z
l. G,=signal power gaininlogarithm= 10log,," (dB)

Characteristics of a Common-emitter (CE) Amplifier
‘A common-emitter (CE) transistor amplifier
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Ve W ittt ChATACTETTATIC A
1 by POIETALEN Tovw input resistance (7,

Tte pvidtgpieat resistance j« moderately largs (,
Mte cotrrent @NIN IR) is high.
It s very high voltage gain (A
L hmducve‘ ery high power gain (A)
It prochuces phase reversal of input signalie, in
ottt signals are 180, out of;| phasc Wlth f-‘at:h ot h

A'I'ﬂ :".rslt']‘
el o

Component and Equipment
Resgistors: 1IKQ x 3, 10K, SKQ

Capacitors: 2. 2fo2 IOOpf

p
Audio signal generator o i
Dual traced oscilloscope —

i
2
3.
4,
S, Transistor BC 107
6

Power supply 12V
v . | g ‘ Q“:\J'

’!

—
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O3S
- |

OAT |

.eq

SMOT [ .
ol

ACT1 ©

sthod
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N § '
\K‘,szoct the circuit as shown in fig 8.2
Ith the dual-trace oscilloscop€ Meag,,
lansistor dc base-emitter (Vi) Voltap "
“Ollector-emitter voltage (V) with resy |
Sround. Also use a voltmeter to tarry 0 !
Same measure for V,,, and V., and ,recor(}l t,
3. Valyes as shown in table 8.1 : M:'
€asure the emitter current (I,) wity
Qmmeter and compare your reading Y
4. Calculated value using I, = Viu/ R 't}]
Connect channel 1-of the oscilloscope tq
A (V. ) and channel 2 to point B (Vou)- Adju%tﬁl
oscilloscope to the following settings. |
Channel 1 =20mV/division
channel 2= 1.0V/divisjon
- Time base=2.0ms/djyision .
S. Measure the voltage gain A, = Vou/ Vi ,
Also calculate A, = R./R, X 1/30my
compare the two valyes, Determine the, %
of the load resistance R that gives a quiesi'u
" (0) paint where the wayeform is at maxjy |
yniform sinewave by adjusting the SLf,
potentiometer as cClosely as you can to )
. :

value.
Slowly increase the frequency of the sig,
generator, explain what eventually happen;.
" the output waveformin the oscilloscope?
. After a point, the peak-to-peak output volt
no longer increased, the positive and £
negative peaks become flattened or clipped.
Measure the base current (I,). also calcul;

the base current (I;) usingI, = V,../R,.

46
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8. Measure the collector current I
calculation, fine I, = p. I, where p = 50.

' ‘
and by

9. Determine the current ga1n (A) and A, =1,/1,.
10. Determine the power gain (A,) and calcul te Ay

A A0IB.2,/Z,and G, = - 10log,,” (dB).

Table 8.1: Class A Amphﬁer BlaS Parameters and
Efficiency e

M

Parameter -

VsE
Vce
IE
I
Ie
Av
A; -
Ap

Measured Value

Ca.lculated\VaIUe *

Erro'r

Gp

p-p value by 0.707
%m =P, (rms)/P,. X 100

11. Calculate the input power (P) = L. Vie Where Vg,

1is the input signal voltage

amplifier
%n=P,/P.x100

47

Full in your data where necessary in the table
above. The rms value is obtained by multlplylng the

2. Calculate the output power (Po) =1C. V.
13. Calculate the efficiency of the power (n) of the |

2.\ 3
i SRRl oAl ST £ 12
\
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EXPERIMENT 9
TOPIC: Push Pull Power Amplifier

. OBJECTIVE: To determine of the efficien,
| class B Push Pull Power Amp),

GENERAL THEORY

Class B operation means that, the coj
current flows for only 180" of the ac cycle. Fory
occur, the Q point is located at cutoff on both
and the ac load lines The advantages of i,
amplifier are the jower currens deain and the 5
slage efficiency.
P‘m "’ .r-hl'f"!. e W s Foy it 2 "'"‘4
push pull emitier foliomes  Hlaps we huave

emitter follower  and & Fyr swatter 5
(""‘"N'ﬂ' "‘ . j'"‘."'.' ""‘ t T T -flc vyt it
B
LN %
Tl
p - ¢ L seF, v

Clinae B Puad Tl Lamortse 1oilame)

«3

E. 4
-
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The designer selects biasing resistors to set
the Q point at cutoff. This biases the emitter diode of
each transistor between 0.6 and 0.7V, so that itison,
the verge of condition.

{,=0

Because the biasing resistors are equal, each
emitter diode is biased with the same value of
voltage. As a result, half the supply voltage is

dropped across each transmtors collector-emitter
terminals. Thatis:

Vc::o =Vee/2

DC Load Line -
Since there is no dc res1stance in the collector
or emitter circuif, the dc saturation .current is

infinite. This means that the dc load hne is Vert1cal
asshownmﬁg92 gy

1
V

S ) |

IE N [

- :. PC Load Line \4
: ; l
Ac.Load Line .

|

> VCE
Fig 9.2: DC and ac Load Line

49
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§ iz ANIAR ENAY thid 14 A daigrerasie
g dee rHENE TR wmgar diMcult  thg b
Midgri 14l B VAL T A hitter 1o aetring Uy
§ 4y TN R v i ) -4 , s 40 4 4k '
PN WP .“f-’-‘h '\3“ Sarnficant ('(‘(-' eAane i.'l «

Pesppes LIS SAIR IOVE the Q point up the o,
v i e N HIRD currents, ' "

~ 1. Line . E
- l'"(;f,';; 0.2 shows the ac load line. whe

transistor 18 conducting, jts operating Poiny |
up along the ac line. The voltage swing |
conducting transistor can go all the way frop, !
to saturation. On the alternate half cycle, tmﬁ
cransistor does the same thing. This meang th
maximum peak-to-peak output is: » hi
MPP = Vcc o

Overall Action Fiog : ‘

On the positive half cycle of input volty
upper transistor of fig 9.1 condugts and theg‘
one cut off. The upper transistor acts \
ordinary emitter folloWer, so that the output,,

apprO?dmately~¢qu,als, the input voltage. “

On the negative half cycle of input volty

uppef traﬂSiStOI‘ cut off and t’he lower tr J
onducts. The lower transistor acts like Qrd*,
emitter follower and produces$ a. load
appmxjmately equal to the Input voltage. Theu‘
transistor handles the positive half cycle of
voltage, and the lower transistor takes care
negative half cyple. .Dunng eithgr half cyd
source sees a high input impedance lookin,
ezther base. - 0

2

.
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Crossover Distortion

Suppose that no bias is applied to. the ermtter
diode, then the incoming ac voltage has to rise to
about 0.7V to crossover the barrier potential of the
emitter diode. Because of this, no current flows
through Q, when the signalisless than.0.7V.

_ The action is similar on the other half cycle. No

current flows through Q, until'the ac input voltage is |

more negative than -0.7V. For this reason, if no bias
is applied to the emitter diodes, the output of a class
B push pull emitter follower looks like that of fig 9.3.

Fig 9.3: Crossover Dlstortion of Unbiasing Class
‘B Push-Pull Amplifier

CEMUE G

Because of clipping between half cycles, the
output is distorted. Since the clipping occurs
between the time are transistor is cutoff and the
other one comes on, we call it crossover djgtortion.
To eliminate crossover distortion, we need to apply a

)

3
IS

slight forward bias to eaeh emitter diode, This
means locanne the lightly above cutoff. Asa
r
i

™
..... e =
0 . [sat) is enough

Al A}
mnpngs an | Irom o
- Laidlil

ciil 1~ 23V4E) 1
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diseration of class B push pull ampliffs,

: g }‘m\ er Pam ((}) = F’MH/F'“

. "\(\ 0“”“" po“l-cr (pnm) - an)/8R'
N M ﬂ.\'i‘mum ac  output power (i
4 DCinputpower (P, )= V,.[,

5 Efficieny (M) =P,,/P, x 100%

£F BJ

Voltage Divider Bias
Fig 9.1 shows voltage-divider blasf

push- _pull circuit. The two transistors ;'
Complementary , that is, they must havg ‘Q
CUTVES, maXlrnum ratings, and so fort}\’r
transistor being an NPN transistor and the}
aPNP. . \
~ To avoid crogsover distortion, we
point slightly above cutoff, with the Co;
somewhere between 0.6 and 0.7. But h
major problem. The collector currentQ
sensitive to changes in V.
Data sheets for 2N3904 and 2N3906
than an increase of 60mV in v, produces]
as much collector current because of ;
adjustable resistor is needed to set the c(\

point.

Vv

\

But an adjustable resistor does not Y
emperature problem. Even though the Qg
e perfect at room temperature, it will cher,
he temperature changes. V,, dg.
sproximately by 2mV per degree rise,
mperature increases, the fixed voltage

52
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emitter diode forces the collector current to increase
rapidly. .
If the temperature increases by 30°, the
collector current increases by a factor of 10 because
the fixed bias is 60mV which is too high. Therefore,
the Q point is very unstable with voltage- d1v1der
bias.

-The ultimate danger is thermal runaway when
the temperature increases, the collector current
increases. As the collector current increases, the
junction temperature increases even more, further
reducing the correct value of Vg,. This escalating
situation means that the collector current may “run
away” by rising until excessivé power destroys the
transistor. .

Whether or not thermal runaway takes place
depends on the thermal properties of the transistor,
how it is cooled, and type of heat sink used. More
often than not, voltage-divider bias like fig 3.1 will
produce thermal runaway which may destroy the
transistors.

Diode Bias

One way to avoid thermal runaway is to
connect resistor with diode bias as shown in fig 9.4.
The idea is to use compensation diode to produce the
bias voltage for the emitter diode. For this scheme to
work, the diode curves must match thr’- V., curves of

the transistors. Then, any increase in tempf rature
reduces the b:as '-'G".'.agf:‘ developed by the
compensating diodes by just the right amo unt.

For mstance, assume that a bias voltage of
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(1 AEY 18 waeed 1o set up 2mA of collector Cug,
the temperatire rises up to 30°C, the voltage
each compensating diode drops 60mV. Sin/
P \.M g‘igﬁ‘ Jdecreases by 60mV, Cq“"
cUFFent Femains fived at 2mA.

Fig 9.4 Diode Bias of Class B Push-Pull Amplj

For diode bias to be immuned to chang
temperature, the diode curves must match th
curves over a wide temperature range. This j
=asily done with discrete circuit. because of

olerance of components.
With diode bias, the bias current througj

»mpensating diode is ,
Liias = Vee 2Vee/2R . .
- When the compensation diodes match th
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sytrves of the transistor, I, has the same value as
Lo 1, sHould be between ) and 5 percent of [, (sat) to
syoid erossover distortion.
For the purpose of designing, let us make some:
'ew calculations.

Examples of Calculation

1. The adjustable resistor of fig 9.1 sets both
smitter diodes on the voltage of condition. What is
‘he maximum transistor power dissipation and the

naximum output power?

Solution
lhe maximum peak-to-peak outputis:

VIPP V=20V .

D = MPP’/40R,
Vhere 40 is a constant for each transrstor in all class
3 push-pull amphfler . |

Prsat 20V°/40x8Q=1.25V

"he maximum output power is:
= MPP’ /8R (20V)2/8 x8Q=6. 25W

out(max)

A If the adjustable. res1stor is adJusted to 1SQ
/hat is the efficiency in the preceding example?

iolution 2: » |
hedc current through the biasing resistorsis:
- L, =20V/(100 + 15+ 100)Q |
’ =20V/215Q=0.093A
Saturation current I, 18 the dc current
through the upper transistor. The
collector-emitter voltage (V) of the upper
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s

transistor = 10V

= Vero/ K, = 100V/8Q = 1.25A
the conductj,

The Z collector current in ,
al with a peak !
I

transistor js a half-wave sign ;
ety therefor® it has an average value oL

I =] /ﬂ=1,25/:r=0.398A'
v~ Apqey) -entdrainis: -
The total CUI~
I =0 93A+O.398A=O.491A
de =~ V- :
. put pOWer is: T
ghi et ~20Vx0.491A=9.28W
.ency of the stage is:
2W-x 100% ,

TgeefﬁCI 5
= P(,ut/Pdc x 100% = 625W/98

63.6%

Solution |
The bias current t e compensatin
diodess: hrough th %
_ Ibias' = Vcc ) QVBE/QR =20V 1.4\//2 X 3.9KQ
_ Where 2V =2x0.7V = 14V
. 1,,,=2.38mA ‘ , : ‘
ch the emitte,

If the compensating diodes mat
diodes, 2.38mA is the value of the QUiCSCCn:

collector current.

Nhe collector saturation current 1S:
e =Vesa/R = 10V/100 = 1A
2e average value of the half-wave collects

1S
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L, = Iey/® = 1A/ =0.318A

The total current dram is:
] Vg
=2.38mA +0. 318A= 0.32A
The dcinput power is:
P,.=Vee-L.=20%0.32= 6.4W-
The maximum ac output power is:
B = MPP’/8R, = (20V)2/8x 1 OQ SW

The efficiency of the stage is: -
1 =P,../P..x100%=5W/6.4Wx 100% =78.1%

nponent and Equipment

istor lOKQx2 3.9KQ.x 2, IOOQXZ 8%, lOQ

| 1IKQ

=ntiometer SKQ.

yacitor (25V) 2.2ufx 2 and IOOuf
~ondiodes IN4001x2

{ silicon transistor 2N 3904

> silicon transistor 2N 3906
power supply 0 20V

‘meter, ammeter

1al generator

ltrace oscilloscope

1dboard and connectmg wires.

hod
1ect the circuit as shown in fig 9.5(a) set the
1tiometer to 2KQ.

S7
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- N ; R ‘ : 0
Fig 9. 5(a) C1as’s‘ B Pusthull Emitter Followe,

—0+

4

—

) Diode Bias of Class B Push-Pull Amplifig

v~ 10V 1o the circuit and use

' » - r ™YMaeannol? = 7'/‘ I' '
Joscope [0 measure 1ne follow:
£Q

o R
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transistor voltages with respect to ground: (i)
dc base 1 (V), (ii) base 2 (Vy,) and (iii) emitter
voltage (V;). Record your results as shown in

table 9.1. Also measure the base-emitter
voltage (V). Is the value different from 0.7V?

Connect channel 1 of the oscilloscope to point

A (V) and channel 2 to point B (V,,). Adjust
channel 1 and 2 of the scope to 1V/ d1v131on
and time base to 0.2ms/division.

Adjust the sine wave output from the signal

generator to 7V peak-to-peak at a frequency of
1KHz. (i) Sketch the output waveform from the
oscilloscope ‘when the input signal voltage is

zero. Note that the output waveform should be -

distorted within the vicinity of zero volts. This

condition is referred to as crossover distortion,

resulted from the base-emitter diode of both
transistors being not forward bias until the
input signal exceeds approximately 0.7V in
both direction. (ii). Sketch the output signal
voltage when the input signal is 7V peak-to-
peak.

With the s1gnal generator set to 7V peak-to-
peak at 1KHz, carefully adjust the

potentiometer so that the crossover distortion.

Just appears. Notice that the output voltage
vary nearly equals the input, so the voltage
gain is essentially equal to one. As in number
1, using the oscilloscope, measure the
transistor dc base 1, base 2 and emitter
voltage with respect to ground, record your
resultsasshownintable9.2.

59
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P el
i
'v‘

Replace the potentiometer with tWo
diode as shown in fig 0 5 with the ,;i:f
generator set 10 7V peak-to-peak at |
cketch the output voltage and compare ':
ymber 3. | |
s'i:; should fmd. that there is Viftua]]y
crossover distortion. The voltage reqUirQ'l
forward bias both transistor is now SUpm
by the voltage drops of the two silicon dj,
which are also forward biased; :
with the oscilloscope, measure the trang
4c base 1, base 2 and emitter voltages \»,:
respect.to ground and record your result,
shownin table 9.3. ‘ ,
" Carefully increase the peak-to-peak j,
signal so that the output peaks just clilJQ
with the voltmeter measure the rms vg,

across the 1kQ load capacitor (Veg), ;}‘
‘computer the rms output power of
~ amplifier (Pout,,,,). _,

" In order to measure the dc power supplieg
the amplifier, use the ammeter to measure
dc collector current [I.(dc)] of either transis
compute the dc power supplied and reg

~ your result. 3 |
Calculate the efficiency (n%) of the ampl
“and compare it with the theoretical maxim,
of 75.3% of the class B amplifier. Record y;
result as shown in table 9.4.

60
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sult Analysis: -

rameter

1
2

El

22

Measured Value

Expccteri Value .

% Error | .

ble 9 1 Voltage Divider Bias With Crossover

tortron

Parameter :

’Measu"r"ed Val'ue .

VB1
VB2 .
VE

le 9. 2 Voltage Divider Bias With No*

ssover Distortion

2arameter

Measured Value

/B1.
/B2

/E . 'l . R ! ‘\~ "/ o \ VNv (RN

e 9.3 Diode Bias With No Crossover Distortion

arameter
CEQ

(dc)

Measured Value

nit(max)

lc

Calculated Value
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Twble 0.4 Class B Amplifier Efficiency

Questions: :
Rs What is crossover distortion? How can

eliminated? _ o
Draw the complete circuit diagram in fig g
From your diagram, determine by caley,'!

(a) What is the quiescent collector curren]?tgl-

the circuit drawn in fig 9.5(b)? (b) Calcy t

maximum efficiency of the amplifier? .

r result as shown in table 9.5

Bararm? ST Value i

| Pout(rnax)
gl A
Table 9.5 | 7
62
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EXPERIMENT 10

TOPIC:  The Study of Field Effect Transistor (FET)

OBJECTIVE:
. To understand the operat1on of JFET.
. To investigate the static output (drain)

characteristics of junction field effect
transistor (JFET) in the common-source

configuration.
¢ To investigate the transfer charactenstlcs of
JFET.
¢ To display output charactenstlcs curves on -
the oscilloscope. RO
GENERAL THEORY

The field effect transistor (FET) is a three
terminal device. The terminals are called Drain,
Source and Gate, corresponding to the collector,
Emitter and Base of a bipolar transistor respectively.

A JFET (Junction FET) is made up of an N or P
silicon bar called. channel (of N or P type,
“respectively) on which two materials are obtained
which are electrically interconnected, but o
- different kind of material against the channel.

One material forms the Gate, while the otha
material forms the Drain and the Sourc
‘respectively as shown in Fig 10.1

63
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& < , &

' . JF,

i ) N

BHTR -0 I =
/"’ 4 / : ; P
(d) Symbol . j
: ; 1D L

N it l
| S

() Enhancemeént-Mode N-Channel IGFET
Fig 10.1 N-TypE and P-Type JFET

Unlike the bipolar transistor, the FET is
voltage controlled device. Bu?c-‘:‘nif{x“a reverse volta
is applied to the gate-source junctien, the chanr
becomes tighter and therefore, the conducti
through the source-drain channel is reduced. As 1
gate reverse voltage is increased more and mort
stage will reach where the source-drain char

voltage V blocked. In this condition the chann
said to be cut-ofi.
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Fig 10.2 shows the bias arrangement g
Whsminel JEET. Here, we noticed that the g
spvpren-binsed relative to the sourcg while ,
i forward-biased relative to the source:

o ; Ch B>
Fig 10.2 The Bias Arrangement for an N-Channe|

The channel is a resistive path through)
voltage Vpscan drive a current R+ o
The drain current I, is controlled essentj;
varying A reverse-biased voltage Vs Inve,
negative Vé.lue of V4 has the effect of Wldening
de.‘;:{letion region in the channel.

{; /" Function of the Gate. |
gt Inpu-/t Signal is generally applied to-the
vith amplified output from the gate and chany,
Zce two plates of capacitor. A charge of one
2 ¢he gate induces an equal and opposite chz
=" chanmel ‘As a result, the conductivity
z21n1el can be increased or decreased by th

66
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voltage. With an N-channel, positive voltage at the
gate induces negative charges in the channel to
allow more electron flow from source to drain. But
negative voltage at the gate repels negative charges
in the channel to oppose the flow of electron from
source to drain.

Depletion or Enchantment Mode
JFETs come as either depletion or
nhancement types. N-channel depletion-mode acts
ke a normally on device and conducts through the
" channel from source to drain. The ammeter (A)
10ws a current flow.,

Applying a negatwe voltage at. the gate
rminal of the depletlon mode FET would cause the
irrent carriers in the N-channel to be depleted The,
irrent from source to drain would decrease as the
te become mcre negative.

An N-channel enhahcement-mode JF ET is
anected in series with a battery-and an ammeter
shown in fig 10.2. Carefully note the broken line
theé schematic symbol in fig 10.1(e). The broken
channel line suggests that, the N-channel is
'mally open for the enhancement-mode. With the
= connected as shownin fig 10.1, no current flows
n source to drain. When a positive voltage is
lied to the gate, current carriers are enhanced in
N-channel. More current carriers in the N-
anel causes reduced resistance, which produces
e current flow. An Increase positive voltage at
gate causes a proportional increase in current
source to drain of the N-channel enhancement-

67
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D/V
C G
ID‘n)nx, Z ______ B "_._/ '1 !

|
|
|
|
Yol
]
I
I
I
|

2 - . Vp X VDs(max) 4‘\,'
(a)Output (dram) Charactenstlcs of JFET When v
_?\.:\::, W \
Ip (mA)T ,
. Vos =
. Ves =
3 VGS x d
2 —_— V(;s = -
! Vag =,
0 A 16

) - Qutput (drain) Characteristics Curves J

Channel JFET
y 10.30utput Characteristics Curves of Ji|

As shown in fig 10.3(a), the pirnch-off 7
\ - :

-
. . - <Y ~ - ,' 1
is the voltage value at which [ ne
f\"\"\‘ 4 - "-/—' 'I ‘1 €7
vases with increased V.., probably until ¥
4 Fic 10.3/b) shows the family ef
ied. Fig 10.5(D) shows tne lamuy of



https://v3.camscanner.com/user/download

sharacteristics for different values at a constant

ralue of Vgs.
Each output (dram) charactenstlcs can

roadly be subdivided into four regions, as indicated

1fig 10.3a. Theseregions are:
The resistive region, where V¢ less than V,

(region A).

Onset of pinch- off where VDS is equal to V.,

(region B).

'Pinch-off region, where VDs 1s greater than V.

(region C).
-Breakdown reglon (reglon D)

' From the characteristic curves, it is posmble tom. s

ttermine the following parameters of JFET:

Drain (output) resistance R, = AVps/ Al [Q) fora.

fixedV,s=constant.................... (1)
Voltage gain, AV = AVDS/ AV, for a fixed I, =
constant ... i (2)

Mutual conductance, g, = Al,/AV; for a fixed
Vs =constant.

Note that g, can be determined directly from
the transfer characteristic shown in fig 10.3.

‘The transfer characteristic is a plot of I, versus-

for a constant value of V.
Alternatively, we can seléct a value of Vi (e.g.
= +6V) on the drain characteristics in fig 10.3(b)
then draw a line vertically upward to intercept
rain characteristic curve.
Transconductance or mutual conductance
theslope of transfer characteristic.
= change ‘in 1,/change in V. (S) for Vg
4

[
o 5581
X2
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[ts unit is Siemens (S) ca]
mathematical expression for g,. The a,,‘
equation is I, = Inss (- Ves/ V)’ , because of thy §

the equation, JFETs are refﬂrr‘
: t
- 1

term in
square-law devices.

component and Equipment
R, =Linear potentiometer 3KQ

R,=Linear potentlometer 10KQ

T,=N- channel JFET 2N 2319or 2N 5484

D - Diode IN4001
I andI — DC ammeter (0O 10) mA and (0 20)

Vis _ DCvoltmeter (-10V 0+ 10V) and(
(

| VGs and
e =  Sinusoidal generator, 10v, 50
oscilloscope.

Procedure
Connect the circuit as shown in ﬁg 10.4
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T ) |

M.n mv-rnm CHARACTERISTIC,

Vigea B 00 0¥ Ve OV constant. -~
Adirey B O ot V.. = OV, then mrcﬁzﬁ.
atwgs B 1V qmvrmq ﬁnm OV until a may,
- (\ ‘e reach and measury
n”ﬂpnnrhng vahae of 1, in each case. -
your readings as shown in table 10.1.
Rrrmr atep (i) for a constant value of V_ |
i v, 0.7V, 0.5V, 0.2V, O, 0.5V anqi

5] J‘fs ;l 4 [5 |6 '7 8@‘@
.-‘. | ‘,.

b ":
. I .
v '4 l L4 | /

sv k
v I
o

v ol Ip '
? d8n &
—d D |

Tt Vps = 5V, vary E, to negatlve and Cong
make V. to be more and more negatva
uld decrease contlnuously to Z€ro. Th
1€ of 'V, for which I, = 0 represent thQ

h-off Voltage (V,) =T ransfer |
icteristic '

-the same circuit in ﬁg 10 4, set VD 5
nt Voltage of10v.
“e and record the values of I, for g G

'V =0V, -2.5,-2.0,-1.5,-1.0, 0.5,
vn in table 1.2,

5 [20 [-15 ]-1.0 [.-o.s 0
= L1 T 17
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lel0.2

tions
Using the results in table 10.1, plot the dra1n
characteristic curves.

Using the results in table 10.2, plot the
transfer characteristic curve. B
From your graph in questlon 2, estlmate the
value of Vi, Ijgs. - -

‘rom your graph 1n quest1on 1, determine the
yutput (drain) resistance (R,), when Ves=0.5V .
ind also (i) Vps = 1V and (ii) V,s = 8V. -
‘rom the graph of question (1), determine (1)
ae voltage gain of the JFET for I, = 2mA (ii) the
-ansconductance for V, = 4V, -

‘ER EXPERIMENT OF JFET

t the circuit as shown in fig 10.5

=

y
o O
+ &

4

w
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The circuit allows to display one by one the
characteristics of the N-channel JFET ohh'

oscilloscope.
The output circuit (Drain-Source) is S“Ph
of

with a pulsating voltage due to the presénce

power SUpply unit e, the rectifier diode D, an
resistance R ACTOSS the R, the pulsating Voltq
availabl®

that makes the current I flow throy &l
_ndthe JFET. ' TN

|
The voltage Vs 1s negative, ~the dry
cted to the ground of the oscil'lo%
therefore, on X axis of the oscilloscope-the spay;
move towards the left, on the other hand, the voj
across R, (proportional to I,) is positive, therefc.)rQ
e y axis of the oscilloscope. the spot willy|
ipwards. In conclusion, therefore, the coni
‘haracteristic will be displayed in the Sey
juadrant. See fig 10.6,Instead of the first.

conne

cs = - constant Is
- A

7 0.6 Output Characteristic of JFET Disgla
on the Oscilloscope |
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-ocedure :
Set e = 10V, 50 or 60Hz and V4 between OV -
and -6V: the oscilloscope should display, the
output characteristic curve JFET associated
to the selected V. Given that the value of the
voltage connected to the x and y.axes, will
display the characteristic in the second’
quarter instead of the first. '
Measure the main pomts of the charactenstlc

curve.
Set other values of VGS (between 0 and - 6V) to

-display other characteristics.
Make the sultable observatmn of the results

obtalned

CamScanner
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EXPERIMENT 11

rOPIC: LC Colpitts Oscillator

. To investigate the condition for O-Scm‘h
. To measure the frequency jand the \
of the signal of an LC Colpitts Oscillatr’n

‘ 7 )‘

GENERAL THEORY
One way to produce! vhigh-fn
oscillations 1S with an LC oscillator, a circy;'

»e used for frequencies between ] and 500'}:

requency range is beyond the_ funiey Of MoSE,
his is why a bipolar transistor or a FET jy
sed for the amplifier. With an amplifier anj|
-cuit, we can feedback a signal with |
1p1jtude and ph.ase tq sustain oscillationy

The analysis and design of high-j,
illators are difficult. This is because
,ucncies, stray capacitances ap
ctances become very important in det,
scillation frequency, feedback fractioy
- and other ac quantities. This is
able to use computer to do the initizl 4
proximation, before the construc
nent of the oscillator in order to ¢
erformance. Fig 11.1 shows the ¢

)scillator.
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Thr' '.-f'?‘.!.frgr-{?iv.‘der bins set up a qi,
srnting point. The RF choke has 2 P
snductive reactance, so it appears open tr)' .‘
gignal. The circuit has a low-frequency volt, t
of 1./, where T, is the ac collector re:qii"“
Recause the RF choke appears open to the ac .-
the ac collector resistance is primarily t;
resigtance of the resonant tank circuit. Thﬁ'
resistance hasa maximum value at resonancg
] Oneway to recognize a colpitts ogq,
is by the capacitive voltage divider formed by Q
. it produced the feedback voltage NECEssy,
oscillations. .

i tank circuits y,

Most LC oscillators use :
cater than 10. Hence, we €21 calculag,

approximate resonant frequency as:
f =1/20/LC |
5 The circulation current flows throy,
in series with C,. The capacitance Cis given by
c=1/C+ 1/C,=C, Cg/c1+c2' |
3 The required starting condition fo,
,scillator is AB > 1 at the resonant frequency

ank circuit. Therefore, A > 1/B. The output v
C, and the feedback voltage ap,

ppears across
-ross C,. The feedback fraction in: this ty,
cillator is given by | .
p= C./C, .
4 For the oscillation to start, the minj,
voltage gain 1s:

A= c2/cl

i
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some Calculated Examples

(. Usingthecircuitinfig11.1, calculate

The frequency of oscillation.

The feedback fraction.

The voltage gain needed by the circuit to start
oscillating.- |

1.
il.

jolution 7 e
The capac1tance in the colp1tts osc111ator cis:

C= CG/CH*C,=(0.01uf)(0.01u/0.01uf+0.01pf
909Pf =~ .
i 1/2HvLC 1‘/211\4@H) (909Pf) =

o

f
36MHz
i FeedbackfractlonB @ /C =0.001pf/O0. Oluf—O 1
i. To start oscillating, the circuit needs a
minimum voltage gain of
A, =C,/C=0.01pf/0.001pf=10
somponent and Equipment
Resistors: 1K?x 3, 10K?, 5SK?
Capacitors: 2.2ufx 2, 100uf | | .
Inductor |
Dual traced oscilloscope
Transistor BC 107
Power supply 25V

fethod:
‘onnect the circuit as shown in fig 11.2
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Connect an oscilloscope with calibration up

to SMHz at point AB, measure the amplitude |
.of the signal (Ai) and the frequency (fi). ‘
Connect an oscilloscope at point CD, measfire .
the amplitude of the signal (Ai) and- the
frequency (fo), then record your result. |
Calculate for the value of the following; (i) fo (i)

B (1i1) A , %
Tabulate your result as shown in taBIlrl 1i1-d |

Measured Value

—

Al

fo

ple 11.1 (a)

Jculated Value

fo

Amin

ble11.1(b)

structions: Answer T for True and F for False
A half wave rectifier makes use of two diodes in

forward bias.
In a half wave rectifier, current is not blocked
in areverse direction.

-
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¥

10.
1.
12.
13.

(4. A negative feedback produces a-

A negatlve feedback helpS to increase th,

L rat o

The ripple factor of a rectifying \mlh,ﬁ
same as the Toot mean squar, §

A full wave rec tifier can make use of tw,

S
In a full wave rectifier, more th,

capacitors can be used fop !
l

0y

p

In a filter unit of a rectifier, an inductor
e

be used
Astable multivibrator is also called a g,
i

e ——
The frequency of oscillation of a multjy,

can be increased by 1ncrea81ng the Valuh
capacitor

What differentiated the monostable Wi
bistable is the pulse trigger \
A b1stg1ble mult1v1brator has no stable sty

=

|

ofanamplifier
An, advantage of g negative feedback is )

1ncreases the bandwidth

distortion,
A positive feedback can also be cal)

regeneratlon
A posmve feedback is used mostly in X

fidelity signals.
Positive feedback produces less ha_p.

distortion
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)

The output of a positive feedback amplifier is
180 out of phase with the input
A pos;tlve feedback is best for oscillator
circuits than an amplifier circuits

An audio amplifier, responses better under a
high frequency signal
Q-point is also known as a working condition
of amplifiers .
One of the characteristics of a common-
emitter amplifier is that it has a low input
resistance :

It produces a phase reversal of the 1nput signal

The Q- pomt of class B amplifiers is located at

cut off on the load line
The: gate and. the channel of a junction field
effect transistor act like a two plates of a
capacitor |

Pinch off voltage occurs in a field effect

transistor when the voltage begins to conduct

Pinch off voltage is also known as a break

down voltage in FET

The base of a tripolar transistor represent the
gateofa FET

A colpitt oscillator is not meant for a low
frequency

LC O\C\Hatore use t ircuits with Q

1iQil

83

CamScanner


https://v3.camscanner.com/user/download

SECTION B

TELECOMMUNICATION
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| —— e ————— i N Pt M . S SRS R
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EXPERIMENT 1

)PIC: Low Frequency Generation

iJECTIVE: To observe the waveform generated
at alow frequency

'GENERAL THEORY
I[n communication, audio frequencies full

-hin the low frequency range. Audio wave is made

of sound which can be heard by human being.
und from air current, animal, gun, thunder, and
1sical instrument have their range of frequency.
iman voice has an audio frequency range of about
Hz.
When a sound enters into a microphone, the
crophone converts it into €lectrical signal which is

«dable by a measuring instrument. Microphone.

pedances fall within the values 30-50?, 2007,
0?, 1k? or 47k?. The suitability depends on the
phcatmn One of the determining factors is the
crophone cable capacitance. Its reactance
-reases with cable length and increasing
quency. Therefore, long runs of cable impose a
v value shunt across the output of the
crophone which decreases further as . the
quency rises. So to maintain the maximum high
quency response with long cables low 1mpedance
necessary as it is commonly used in recording
idio. High impedance while offering a high signal
tage results In noticeable loss of treble (high
‘es) even over amoderate cable length.

Frequency respond of a good microphone is
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the output of the microphone within +1dB of ‘
putput at 1kHz. Although the audio frequency ra \
extends from 20Hz to QOKHz however a mxcrophh‘r
which gives a flat response without +1dB
frequency between 80Hz to 8KHz is quite accepta"
for a normal programme, but a better systemh
required for high fidelity work.

From design consideration, a m1crophonQ
considered to be a vibrating system con31st1ng
electrical induction and capacitance correspong
to the mass and compliance of the vibrating syst
Thus, the system has a natural resonant freque
at which the output of the microphone is sudde
soosted up thereby adversely affecting the freque
-esponse of the microphone. The vibrating syste:1

50 dCSIgned that the natural resonant frequency
yutside the normal operatmg range
nicrophone. , |
The frequency response of some of j
ommonly used microphone is'given beloW ;
Moving coil 40Hz to:10KHz .
Ribbon type 16Hz to 15 KHz < % _
Crystal 50Hz to 10KHz SR SN EA l
Condenser 20Hz to 20KHz
Carbon'100Hz to 7KHz.

. When a microphone 1s connected to
aplifier, an audio current will drop a voltage acy
- speaker. The amphtude of the audio wavefy
11d be measured with an oscilloscope. Also
tage drop across the speaker could be measy,
" a voltmeter Figure 1.1 shows the sound

=ch which is converted to audio current.
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| -

J ))) [‘__‘l l Ampilifier
Figure 1.1 (a) Audio from mic

N
X%

(b) Audio current

Equipment:

Power amplifier |
Dual traced oscilloscope
Microphone

Loud speaker

Digital multimeter

Aok ol 2

Method: |
Connect a microphone to an amplifier and a
voltmeter to the output of the amplifier,

0 - Amplifier _
£ ﬂ)o ) -

2. Measure the voltage drop across the speaker
of the amplifier and record your value (V).
3. Measure the resistance of the speaker and
record your value (R, ).
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.~ 7. Measure the period of oscillation (T)

4. Calculate the power output of the audjs|

ViR, ;

5. Replace an oscilloscope with the voltmete,

~ measure the amplitude of the signal (A)
Determirie the voltage V,.

o

calculate the frequency (f)-
A microphone is used for what?

- 8.
- 9. + Tabulate your result as shown in table 1.]

—

Amplifier output voltage (V)
Voltage drop across speaker (V1)
Speakers resistance (R 1)

‘Power output (P)

Signal amplitude (A)

Signal voltage (V2)

Period (T) .

Frequency (f)

Table 1.1
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EXPERIMENT 2

TOPIC: High fre'quéncy

OBJECTIVES: To understand the use of high
frequency 1in radio
.. transmission.

GENERAL THEORY

- High frequencies can travel to a far distance.
They have short wavelengths. They are used for a
long distance communication. Radio
' communication is made possible by the use of high
frequencies. These high frequencies use for radio
communication are also called radio wave and they
contain electromagnetic wave like light wave. This
radio wave spreading out in space from its point of
origin, travels at the speed of light (3 x 10°m/sin
vacuum) and can induce weak currents of the same
frequency in any metallic objects that fall in its way.
When suitably modulated, this radio wave can be
used to convey information or messages from its
point of origin to the point of reception which may be
thousands of meters away.

Radio waves get attenuated or Weaken as they
travel out in space, partly due to the absorption of
their energy by reflection and refraction in the
ionosphere, partly by the ground and partly by other
object which these radio waves strike. The behavior
of radio waves of different frequencies is different in
so far as their reflection or absorption by other
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nbirrte 18 concerned. The propagati
rhiprncteristics of radio waves | of differg
Prappieniciee sl decide the uge to whith .'h"‘
wates can Be put for communication purpose

Equipmmt u

r STails ‘.vcu\ ”“‘l(\ on“erator i
Dual traced oscilloscope ﬁ
Method:

. Dusplay a high frequency in the range

electromagnetic wave on an oscilloscope by U §j

a signal generator,

2, Determine the frequency (f) from the sig
generator equipment,

3.  Calculate the wavelength () usmg the spe€(

light.

Calculate the period (T).

Measure the amplitude (A) of oscilloscope.

Determineits voltage (V).

Why is high frequency necessary in l‘al

transmission? -

N oo

8. Tabulate your results as shown in table 1.2
9. Draw the waveform with the dimension of)|
amplitude measured. '
Parameter s
F R
A Lf
Jy
A
Y
Table 1.2
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EXPERIMENT 3

TOPIC: Amplitude Modulation

:)BJECTIVE: To Demonstrate an Amphtude
. | Modulatlon
GENERAL THEORY

Amplitude modulated (AM) transmitters are
nostly used for the broadcast of speech or music.
“he transmitters either operate on the broadcast
Jand of 535 to 16OSKHz or medium-wave .and
:rov1de steady service over a limited range. When
1sed for long distance communications such as
verseas broadcasts, these transmitters operate on

igher frequencies between 3 and 30MHz and are

mnown as High frequency (Hf) transmitters or Qhort-
jave (SW) transmitters.

{ADIO BROADCASTING OR TRANSMISSION
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The gpeach 18 converted into electrie current
itk the help of a crvstal microphone. The frequency
srintion of the current lies in the audio-range,
rrace it is known as audio frequency aignal. The

atenna directly, therefore, for this purpose,
:cillation of very high frequency or audio-frequency
produced with the help of oscillator. The
ectromagnetic wave produced is a constant
nplitude and extremely high frequency. It can
sither be seen nor heard, but it travels through
yace with the velocity of light i.e. 3 x10%(m/s)
yproximately. .

The audio-frequency signal which is to be
.oadcasted is then superimposed on the R.F. wave,
sich is known as the carrier wave (because they
rried the audio frequency signal through the
yace to a distant place. The process by which audio
squency (AF) signal is impressed on the carrier
wve (RF) is known as modulation. A |

The carrier (RF) wave carries the audio-
.quency (AF) signals, through space. At the
ceiving end, they strike the receiver aerial and
ter the receiver which separates the R.F. and A.F.
e R.F. which is very high frequency is bypassed by

-apacitor (and returns back) and the audio wave
ssed through inductor of loud speaker and is

nverted into sound.

‘The process by which R.F. and AF. is

parated is known as detector or demodulation.
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g
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ESSENTIALS OF DETECTION
DEMODULATION |
The radio frequency modulated
radiated out from thé transmitter antenng
traveling through space, they will strike the Tegy
aerials inducing a very weak radio frequency “
current and voltage into aerials. If the'
frequency current, passes through a headphoy,
loudspeaker, it will produce no effect on it beﬁ
all the sound-producing devices are Unaj
respond to such a high frequency because
inertia of vibrating disc, which will become ,
Therefore, sound cannot be produced to humg
because their frequencies are much beyond,
frequencies. Hence, it is necessary to demaoy
. them. ' S it L e
* A block diagram for an amplitude mOduL
. transmitter is shown in fig (3.2 ), and Wavg
output of each components is also shown.

Am&1

Demodulator
Amplifier

e
—

Oscillator > RF Amplifier

AF Amplifier

DD Se: C Dcmocol:.llator |
NS\

S

AVAV

Fig(3.2)
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The oscillation generates carrier wave of radio
frequencies which are made stronger by the radio
frequency amplifier. Sound waves - strike the
diaphragm of the microphone which converts them
into a tiny varying current which varies according to
the variation of the pressure in the sound wave. The
audio output of the microphone is amplified with a
suitable audio frequency (A.F.) amphﬁer The audio
frequency (A.F.) amplifier output is then used to
modulate the radio frequency (R.F.) carrier. wave
obtained from the R.F. amplifier.

The modulated wave, if it is fed into the
modulated amplifier which after amplifying, it will
send the wave into its antenna which then radiates it
out into the space. :

DETECTION

To recover the audio frequency (A.F.) waveform
from the modulated wave (i.e., the mixture of AF
wave and RF carrier wave), rect1ﬁer with a separator
is needed. . ~

When the rectlfied modulated wave is’ passed
through a headphone or a loudspeaker shunted with
a suitable capacitor, the audio-frequency will pass. 7, .
through the headphone or speaker whereas, the “ f{ “{:-;;
radio frequency wave will be by-passed by -the -
-apacitor (because the high conductance of:the:.
magnetic coils of the headphone or loudspeaker wﬂl
bffer-great 1mpedance to the high frequency.efthe RF
-urrent“and-only by-pass low frequency. Since, a
capacitor blocked-low frequencies and by-passed
nly high freq}enaes the two frequencies (AF and
RF) will be separated
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pquipment:

Radio frequency generator
Power amplifier
‘Microphone

Loudspeaker

Dual traced oscilloscope
Digital multimeter

Pk A R s

Method Y
1 Connect the audio signal from the.amphﬁer to
the oscilloscope and the amplitude displayed. /
Determirie the voltage from your reading.
2. Connect the signal from the radio frequency |
- generator to channel B of the oscilloscope and
measure the amphtude Determine the voltage

from your reading._
3. Add the two signals together to obtam a
modulated signal. ~* f
4. Measure the maximum ‘and minimum
amplitude modulated 31gnal and record your
valtie, o8

5. Draw the modulated signal with the accurate’
‘measurement on a graph sheet.

6. Divide the amplitude of the audio mgnal by the
.amplitude of the radio frequency signal. Thisis
the modulation index (Mi).

ie. Mi = audio signal amphtude
radio frequency amplitude
7. Determine the percentage modulation (M) i.e
M =MIx 100%.
8.  Tabulate your result as shown in table 1.3
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L R T e bl st e b o Meean e L o Sl e < r——

‘Audio signal amplitude

Modulation index

| Percentage modulation

Radio frequency amplitude i
Maximum modulated amplitude |
Minimum modulated amplitude

Table 1.3

St

AR\
"
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SECTION C

APPLICATIONS AND PROJECTS
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WATER-OPERATED SWITCHES

INTRODUCTION

You may have already noticed thdr
accidentally shorted out the photocell or rea,
Projects 9 and 10 with your fingers, the bulb
operated. Your fingers, particularly if they are,
act as a low resistance which triggers the cm3
surely as if the illumination increased
photocell or the pressure increased on the reg,l
The resistance between two fingers on one hy,
between each hand, is very dependent on W,
your hands are wet with water or perspiratiop
water is avery good electrical insulator, but wy
the body contains dissolved body . salts, an
makes perspiration a good electrical conducto
can easily investigate the resistance of the body
the way it is affected by perspiration, by usj,
ohmmeter scaleof a multimeter.

“This project makes use of the fact that we
general, is a'good electrical conductor becy
contains dissolved impurities. This is even
rainwater, which contains dissolved carbon
~and sulphur dioxide from the atmosphere ny
the rain acidic and conductlve -

==
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THE CIRCUIT

A —

[ m<o | S5NT'T ST T
0 : . :
Aepay 081l XL : R = N _ !
, / | :
8010
oouap
| oiLe
-t ey
ZOLENZ ] ez
€17 : AN

ig.1 Schmitt-trigger used in water operated switch
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Bither of the circuit of figures “One-transigy
pressure-operated switch” and “A two- transmtn
pressure-operated switch” may be used as a WatQ
operated SW itch. In figure “A two- transmt
pressure-operated switch”, the resilistor shoulcih
replaced by two probes across which a Ppil€ce
blotting paper is wrapped. If the paper beCan
damp, the voltage rises at the base of T,;, and t\
lamp or relay in the emitter circuit is operated. Y,
may need to increase the value of VR, in this Cll’eh
but, even so, neither circuit is as sensitive to Wy,
across the probes as is the Schmitt-trigger ClrQL
shown again in figurel “The Schmitt trigger uSCdln
water-operated-switch circuit”. At first T, IS ON, a
hence T,, and the relay are off; but, if the rCSIStah
across the probe terminals T} and T, falls, T 1 806y

and the relay switches on. F1gure “S-DeC 1ay0utk
vater-operated switch” shows the appearance of

ircuit when it is assembled on S-DeC.

QUESTIONS AND SUGGESTIONS
The Schmitt-trigger circuit of figurel “'"
Schmitt trigger used in a water-opera
switch circuit”. I will operate if the termin,
are gripped by the fingers, but you may neeq
- change the value of VR, to 0.25MQ or higher,
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S

L) 3

The circuit could be used in a rain-warning
device, or as a fog and mist detector. The
terminals of the probe should then be replaced
by a grid of bare wires laid out on an insulating
board. Figurel “Printed-circuit layout for a
water-operated switch” shows one possibility,
in which copper-clad board has been etched to
leave a grid of copper in this circuit, a bulb
lights when moisture shorts the copper on the

board. Of course, the relay enables an alarm to

‘be sounded consider using one of the circuits

in Projects 2 and 3 as an alarm.
The circuit could be used to warn: thata bath is

filled to the level. you want by placing the

probes at that level. But how would you

-arrange for a warning to sound if the water
- stopped comlng out of the tap, whatever the

water level?

How would you use this circuit to prov1de
automatic control of a water sprlnkler in a

- greenhouse? You could decide to use a grid as

shown in figure “Printed-circuit layout for a
water-operated switch”, so that the sprinkler
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fo furiend on when the grid hecottics 4,
wsisidt realiv e A eontrol of H“nﬁ(ﬁfv" ’
'~-\)f‘i? li!f\(- 1 '{‘ '{\ g(‘( ]\ ‘]1(\ r)’ (”)(\q ”‘ "‘h p

RS

thit the sprinkler operates when the se,

HEAT-OPERATED SWITCHES

INTRODUCTION

A thermistor is the transducer used fo

project. You will remember from Section C th,

thermistor is really a resistor, the value of ,
changes its temperature. One useful kln
thermistor has a resistance which decreaseg
temperature rise it is known as a ne,,
temperature-coefficient (ntc) thermistor,’
appearance of these thermistors is shown in §,
C, and you will remember that they are in rod,,
or bead form. They have different resistance vq
(usually quoted for 25°C), the choice dependln
the application required.

In the circuit to be described, the temperq
change of the thermistor is used to contro|
switching of a relay. The relay contacts are ug
switch on and off the current to an electric he
and some of this heat provides the essg
feedback common to all control circuits. The}
diagram of figure 2 “The principle of a then
control circuit” shows the essential requiremer
a thermal-control circuit, or thermostat.
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THE CIRCUIT

ﬁ
M
M
|
|

T ——

ST T SAT'T 5I0ST
Ae[2y dA
_ "8601VA
Z0LENT HI
24
103STUIdY ]

Fig.2 A thermostat circuit
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et B8 PHErOSAL This eireutt jy B
figiase D “R IHECIRBEIAT CTROUEE and photogy, s
el Bhappit o S DeC i figare 2“8 fiee 4
ptsroe il SRR, Thie phrwngh_\m‘}-::
Paersid? K tienl ts ThAL Shown in “A Sehinm, "
Wt spvernted switeh T, “The Sehmite trigpe, '
B regsUre spasitive electronic-switeh cifm’}a'
“The Schmin trigger used in a water-operatey'|
civenitt apart from the type of transducer Uty
ite prsitinn in the voltage-divider. “Veroboa,r,i"’

PPN

n Wl
¥ A g td

.
[

nt the Schmitt trigger” is Veroboard assempy, '
S DeC lavout in figure 2 “S-DeC layout of a'.-r

operated switch”. 5> . }
The operation of the Schimtt-trigger p,

described. In the thermostat, an increa‘
temperature of the thermistor causes T, to Swit“':
and so T, to switch off. This means that, if thesﬁ:
of heat for the thermistor is reduced, the th'ehz}
©ools; when its resistance has increased suffjy
T, turns off and T, on, so that heat i 34
generated by the heater switched on by the |
contacts. The thermistor shown in the photOgrap
2 disc type (VA1098) which has a resistance ofy
1.5KQ at 25°C. The rod.type VA1065S, which|,
resistance of about 4.7KQ at -25°C,_i,s. also suj,
&s well as many other types; but, whlchevgrtyp
wised, you should be able to check the y
c#issipation in it by measuring the current throy
2 7rd the voltage across under operating condi

\
1

106



https://v3.camscanner.com/user/download

3, FehiEesd A% an M T8 AR ATeEi th! qutwﬂhﬁq” #lym
S ¢ o Rhdd SIS AT Y ‘l«-»ﬂ 44 sv{mq A ?f'ﬂr' hv' ?han
CREEIINN Al AT TR AR i.\‘ Bl atibinis
Whieh SOMRELTIONG Are Mdde 18 tHe darally
SR bt te A LA AVATH A pelaY. 9H Uit e
N SRt BVeN, CONCATHING care witH el
ARG FURRTATIV AT T Hiitds tH B Reated

InhIv dlectrical conductara,

OQURSTIONS AND Stiaawndfiofes . ..

You may need to alter the value of rhe-
potentiometer from that suggested in figure 2
‘% thermostat circuit” if a different thermistor
is need. This potentiometer would have a dial
cahbrated in Celsus units, so that the
remperature of a liquid or the air can be
adjusted.

. Consider using the thermostat for the

following purposes:

environmental control, for example of animal

nursery houses, or reptile ponds, of insect-

breeding cages, of the artificial hatching of

eges, and of tropical-fish aquaria;

for maintaining a constant temperature in

greenhouse, especially when the growth of

tropical plantsis to be encouraged,;

in plant-propagation beds where soil

temperature must be steadily maintained,

d. to maintain a constant temperature in a water

bath in which, for example apparatus is

assembled for the measurement of the

viscosity of a liquid, or in calorimetric

107
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measurements which require the Calor

to be surrounded by a water bath; "
e.  to control the operation of a central-},
system;
f. fire control, where the thermistor trigge;,i

opening of water vents if unusually
temperatures are detected by the thtarm'i\,”i

A BATTERY ELIMINATOR

INTRODUCTION

When transistors began to replace valy,
the active components of electronic circuits,vthe
thing that people appreciated was that
electronic equipment became really portable ;.
could at last be made to slip into the pocket.
wasn't only because transistors themselves,
.small; it was mainly because transistorized cj,
'réquired Jow-voltage batteries. Gone were they,
“high-tension” and “low-tension” batteries of,

- circluits. | | -
i To those people who can clearly remeg
elebtronic before transistors, the chang
iniaturization of electronic equipment has:
4emarkable. Radios which are built into the f;
.. of spectacles and televisions which can restj
palm of the hand are two examples
demonstrate the trend towards miniaturiz
‘Without small-scale electronics, the eéx
" advances in computer technology and
exploration would certainly not have been poss:
One of the drawbacks of portable, bz
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operated radios 18 that batteries have to be bought
Also, although distortion as the battery wears out ig
noU the problem it used to be, the output from a
Iransistor radio does get weaker. One solution is to
PUY a radio which has the facility to recharge its
internal batteries from the mains; another is to have
a Tadio which can operate from mains or battery.
This project describes a circuit which could be used
0 construct a battery eliminator unit giving a 9V
puitput and sufficient power to operate a portable
radio so that the inconvenience and cost of replacing
patteries may at least be reduced. But, of course,
(his is a set-back for the radio is no longer truly
pDI'table.

THE CIRCUIT ,

This is shown in figure 3 below, parts of which
-ou should recognize. For instance, the
ransformer, the two diodes D, and D,, and the
Jectrolytic capacitor C, make up a full-wave
ectifier. The transformer is chosen with care paid to
hree essentials: ‘

It has a centre-tapped secondary Winding SO

that full-wave rectlflcatlon requires two

diodes, notfour;

The Voltage avallable at its secondary

terminals is a few Volts higher than the d.c.

output which is required this enables a

voltage-stabilizing circuit to be included;

The secondary of the transformer is rated to el

carry a current greater than that which is to

be drawn from the circuit.
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Fig.3 Stabilized power supply
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The simple voltage-stabilizer has been
~ecribed briefly, and a fuller explanation of the
wwration of this circuit is given in Note D, Note that
o 1V zener 18 used to maintain a conatant voltage
, the base of the transistor. This tranaistor ahould
- n!ﬂv to pass the maximum current which may be
caten from the circuit. The 2N3704 haa an 1, of
potit 800mMA, so clearly a transistor with a lower
sting would also be suitable. C; provides further
moothing of the stabilized output.

QUESTIONS AND SUGGESTIONS

With careful layout and design, it should be
possible to make an eliminator as shown in
figure 3 “Appearance of a 9V battery
eliminator”, which could replace the battery.
Fit terminals so that contact terminals of the
radio may be attached to the eliminator as they

are to the battery

A Veroboard assembly of the circuit of figure 3
above is showing in-figure “The 9V eliminator
circuit assembled on Veroboard”. Care should
be taken when wiring the mains lead to the
transformer to ensure that shorts:will not
occur. If the unit is to be contained in a metal
box, then the earth lead from the mains should
be connected to the metal case. This ensures
that any faulty wiring resulting in the live
(brown or red) wire touching the box

immediately causes the mains fuse to blow.

Measure the voltage at the output of the
elimindtor and the base of the negative line.

why is the latter smaller than the former?
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Cconnect a SKQ potentiometer acrq,
sutput” with maximum resistance
circuit. Also connect a voltmeter in
with the potentiometer. Decrease t},
resistance and observe the variation
output voltage. When the load voltage |
to drop, switch off; otherwise damage
transistor or transformer may result.

5 The eliminator may be used to power ¢,
other than a portable radio the photog,
timer unit, for instance, or the thermost;

A METAL-LOCATOR

INTRODUCTION

This may be surprising to learn that a,
detector has applications other than ordin
Although there are obvious and vital reas
being able to detect arms and buried mines
troubled times, the fortune hunter or archay
has a clear interest in an instrument ‘whicj
him to find coins during ancient and modern
metallic bric-a-brac of a bygone age. Bnt
particular has a rich history stretching far |
the metal-working culture which was respong
the building of Stonehénge around. 200085
man-occupied Britain has left behind nu
ancient towns, roads, boundary kilns and t
many of which have still to be investig&
archaeologists.

The archaeology apart, there are often
everyday reasons why a metal-locator wu
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useful to find lost keys and other personal property,
for instance. But suppose you wanted to find the
positions of hidden nails in second-hand timper
before sawing it; or to locate the path of electrical
wiring or conduit before a wall is drilled; or to trace
the path of water pipes under the ground; or to
decide whether or not an animal has swallowed the
g you have kept. §

THE CIRCUIT
- 0.1pf ==
R, = 100 g
1.2KQ = LOHIS; " oi00 e

R,
3.3KQ

Fig. 4 ‘A metal locator
The circuit of figure 4 “A metal-locator circuit”

s simpler than most because part of the complete
lectector system is a transistor-radio receiver. The
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Cfmr‘ui: it the radio-transmitter part of the 8y

Drodueces a steady carrier wave (an Unm‘;)dh%
radio wave), the frequency of which is arg, "
freguencies corresponding to the mc.dh.,m hy'l
picked up by a radio. This carrier wave iNnteyp, ",
“hents”] Wwith the cartier wave transmittﬂqh‘
station on the medium-wave band, to Prog, |
sudible note. 1f this was all that happey '
circuit would be worthless; but the Ci"f:i'il%
common with most metal-locator Cil‘Cu{ti'-,
sensitive to the presence of metal near the coj) |
coil is near to a metal object, the frequerfey‘ll.
audible note from the radio changes. What iaqf'
the note changes one way for a ferrous objeq "
as iron or nickel, and the other way for a non-fy \
metal such as copper or gold. Thus, not only dy.
known when a metal object is close to the coj !
You can get a rough idea of the type of metq] ’f’~
which itis made. , - r.
‘ The circuit of figure 4 “A metal-locator ¢,
1s known as a Colpitts oscillator; unlike the Haﬁ
oscillator, positive feedback is here providedb
Connection between a tapped capacitive dividg,:
the emitter. Oscillations are generated in the g,
circuit of the collector, and a fraction of the voltag‘
this circuit fed back to maintain the oscillati()t
Two types of transistor are suggested, but you,
find that other types are suitable if you make,
that they are radio frequency types. C, j
decoupling capacitor and ensures that the ba
effectively grounded for feedback signals. The vy
of C, and C, required oscillations to be mainty

are given in an equation.
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QUESTIONS AND SUGORATIONS

A& oW i figare 4 i e appeardiice of the
Prototype metal-locator”, one way of ereloaing
the cireuit i to Assemble it in 4 plastics

"trangparency box’. A 3v 'mpph provided 1,.
feo 1.5V “penlight” celld drives the cireutt. An
on- off awviteh s fitted to the bk, And two lealy
are taken from it to the coil.
The coil consists of about 100 turng of abeout
DRsw.g enameled-copper wire wound on a
plastics or other non-metallic former. One
suggestion for a former is indicated by figure 4
“The appearance of the prototype metal-
locator”. A thermoplastics tube is heat-formed
to produce -a ring of not less than 15¢m
diameter. A saw cut is made rourid the ring so
that the wire can be wound inside it. Similarly,
the handle of the locator could be made from a
plastics tube. Through the handle of this tube,
a wire is threaded to make contact with the
positive line of the circuit. This wire will
increase the sound from the radio if it is
plugged into the serial socket, but you may not

need to do this since just wrappirng the wire .

round the radlo should produce a loud enough
note. ]

Switch on the radio and tune to stationsin the
medium-or long- wave band. You should hear
a whistle as you tune across a station, but
choose a station for which the whistle is
loudest and one*where the interference from
speech or music is minimal. The note should
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ot change in pitch ag you tune acrqy,

handwidth of the station. Test the loe \tl

bringing up various kinds of metal objeey

experiment so that you know how ferray, ,'

non-ferrous objects alter the piteh of the ,"
youwill soon learn how to distinguish bey,,
copper and iron articles, for instance,

4 If the whistle that you hedr 18 not very sty
or if it is too high or too low, adjustment q;
should be made. Alternatively, you may I,

small alteration to the values of C; and C,,

AN ICE ALARM

INTRODUCTION

Pure water freezes at O°C however, W,
containing dissolved impurities, such as salts, h
lower freezing-point, which could be 3°C
instance. Common salt is sprinkled on roads,
pavements during icy -Weather to reduce
poss1b111ty of ice forming as the air temperature;
below 0°C. - |
Of course, an ordinary. 11qu1d in-g
thermometer will tell you when the air temperg
has fallen to zero degrees Celsius; but ¢
thermometers are not only fragile they also ne
be looked at closely in order to read them,
advantage of all electrical thermometers is tha
temperature reading can be obtained at s
distance from the temperature sensor. In
project, two circuits are described which g
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visual indication that the air temperatureé has
rearched the freezing-point of pure water whether ice
will form on the water depends upon the purity of the
water. One obvious application is in the car, where a
warning signal on the dashboard would, it is hoped,
make the driver proceed with caution. It should be
appreciated, however, that there are times when the
air could be just above 0°C while ice still forms on the
road surface.

THE CIRCUIT
Vlh[il _ p
Th; : 33](9 25KQ — Trs
VA1098 | ZTX500
|
|
i — I%V
R KQ R
2.2KQ
. 4.7KQ
| 12V
T { L 1w

Fig.5 Abasic temperature alarm circuit

In figure 5 above, “A basic temperature-alarm
circuit” should be assembled on S-DeC, so that you
can more easily understand its operation. This
circuit causes the bulb to light when the
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SN o e theriietor has réached 0'¢
NI R, B8 ) s e etreutt will work from fhﬁ
MR e fa *Mt pm poses a C‘\’ 41’5

bopuh !‘;‘:.. (*% AN t, AARS! (\p(m ””h(‘t‘mmtnr “hf”ﬁ{,
recomen ‘ ' the \1 ATTH rnmm but nthnr

PreiE e A Y M("‘npf‘t.\f\lr(‘. at which ynu wmmgl
bisth th hgw R 1t take care that the thermistor i
diteipnting more than the permitted maxim
power, this is 0.6V for the two thermw,
s\hmtm’pd

The circuit works as follows. First note tha
the temperature of the thermistor falls, the voltags
¥ decreases; when the temperature rises, the volt.,
at X increases. You should be able to see the reas,
for this behaviour, since the thermistor is part of
voltage-divider, Th, and R, across the supply.

Suppose the voltage at X is greater than g
voltage at Y. If T,, is conducting, the voltage at?
about 0.6V less than that at X; and so the bay
emitter Junctlon voltage of T,, is less than 0.6V,
this transistor is turned off. Since there isno curre
flow through R,, the voltage at P is close to
positive supply voltage (12V in this case); T,
biased off (it is a pnp transistor), and the bulbis off

Suppose the voltage at X is less than
voltage at Y. the voltage at Z will take the higher
these two voltages, less the 0.6V for the base-emit;
junctions. T,, will be off and T, on. Current fly
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ssspugph R The e of T , S Aegative: T awitehey
s A R T Mhre “ Ten the (ultagea at N ard Y
Wi mipedl AR BeanaiabAre AvA wideed o Thus T,
HarMe Hh NC AN Ad tThe tHermister temper !”lﬂ"
MR e PreEent vallre

Pl oA We ANviAey miAade o aF VR and R, ELL
O o thie e emal) Anabled gei to et the
e s far e (e Bulh lighta Tn arder to et
P entae of VR &4 that the bully lights ae the
nrmietnr reaches 0°C, the thermiator muat first be
srntod in A water-tight cover, It ig then immersed n
welting  crushed dce, which ahould be at 0°C
sithugh this can be easily checked with a
thermometer if vou wish, VR, is then slowly adjusted
an that the bulb lights. Now remove the thermistor
from the ice. As the temperature of the thermistor
~ars, the bulb will go out.

To improve the switching action of the
transistors T, and T,,, a fraction of the rising voltage
at the collector of T,, is fed back to the base of T,,,
thereby driving the transistors T,, and T, further on.
This is called “regenerative switching”, which you
remember was an essent1al part of the Schmitt

trigger.

The add-on circuit of figure 5 “An add-on audio
alarm” will provide an audible warning note rising in
pitch as the preset temperature is reached as the
indicator light comes on, the note isheard. This add-
on circuit was incorporated in the unit shown in
figure 5 “An assembled unit for measuring
temperature” and made use of a miniature
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Pig.6 HIGH-VOLTAGE SUPPLY CIRCUIT |

The figure 6 “High-voltage supply  circuj
snsistsofad.c. to a.c, converter, or ‘jinverter”. The
st part is required so that a transformer may be
wed to step-up the voltage, and the second part g
at the output from the transformer can be doubled
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L vectified to give ad.c. voltage of about 420V. The
sian of the voltage-doubler has been described in
apction B, |

The two transistor in the d.c.-to-a.c. converter
sperate in a simple resistance-coupled circuit. This
arcuit is self-oscillating. When the switch S, is
clowed, inevitable inequalities in the characteristics
of the transistors and in the inductance of the two
halves of the two transformer windings cause one
transistor to conduct more heavily than the other.
Suppose T,, begins to conduct. Its collector voltage
falls as the current rises in the upper half of the
transformer winding. T,, is driven off by the base-
emitter bias provided by means of R,. Positive
feedback provided by an induced e.m.f. in the lower
half of the winding drives T,; quickly into saturation.
Once T,becomes bottomed, feedback ceases, since
the transformer saturates and T,, returns to the off
state. But, because of the symmetry of the circuit,
the state of the circuit with T,, bottomed and T,, cut
off cannot be maintained. The magnetic field which
has been established in the upper half of the winding
now collapses, and an induced e.m.{f. drives Tr2 on.
- Now the lower winding carries an increasing current
until T,, is bottomed. The cycle repeats itself, each
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#

transistor alternately “providing” pulses of cur,,
through alternate halves of the primary Wlh(l,,
Thus 6V switched across each half of the ]Jrnn
winding produces about 220V across the seconq
for the transformer suggested.

The plateau of the MX168 is shown in ﬁgu
“Count rate versus tube voltage for MX168 |
tube”; it is the range of voltage over which !
countmg rate of the tube is approximately consty,
Since the plateau is about 80V wide for the MX16,
the voltage applied to the circuit range from pel‘hap
370V to 450V. VR, in figure 6 “High-voltage sup
- circuit” allows you to adjust the voltage.

QUESTIONS AND SUGGESTIONS

1.  Other switching transistors could be useq;
this circuit for instance the ZTXY

| (remember this is a pnp type) |
2. In the completed unit shown in figure 6 “Q;
“version of a complete Geiger-counter unit”, ¢

- circuit was assembled on Veroboard and ¢
2000 ohm earpiece was mounted inside
.box. If required, the box can be held to thee
should the unit be operated in a ng
environment,

3.  With one of the tubas suggested a backgrou
- count rate of approx1mately 45 per minute w;

heard. The count rate depends partly on ¢
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THE TRANSISTORIZED SOUND-SWITCH C'R'
t

>
(=)}

~ Fig.7 Transistorized sound switch circuit
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You will notice from the figure 7

“ransistorized sound-switceh circuit” that the part of
1 circuit on the first S-DeC is the two-transistor
amplifier used in previous projects (for instance, the
intercom and radio). The output from this ammlﬁer_
oper ates a two-transistor switch on the second &
DeC.

The second part of the sound-switch circuit
works like this. When the speaker receives sound
waves, the output across the points X and Y consists
of voltage changes which are the amplified electrical
signals corresponding td the sound waves. The two
resistors R, and R, are arranged as a voltage-divider,
so that, when«there is no single input to T, this
transistor is just turned off. This means that the
base-emitter voltage is close to 0.6V. The varying
voltage is now impressed on this steady base voltage

'so that the voltage at X goes above and below 0.6V.
As the graph of figure “Signal variations from an
amphfler” is intended to show, only those parts of
the signal which drive the: base to greater than 0.6V
smtch the transistor on. | |

- Transistor T, is a pnp translstor and R, holds |

this transistor off. But, when T,, begins to conduct,

the current flow through R, and R lowers the voltage

at the hase of T, so that this tran31stor turns onand
the bulb lights.

The purpose of C, is to hold on T.a 11tt1e longer
- than T,; that is, even though T,, has turned off and
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B TR ey o, W 1. v s

C, has discharged while T, is conducting, cury, |
contimues to flow through L, for a short time 4, |

charges up again through R,

You will notice that, when you first awitcl,
the supply to the circuit, the bulb lights for a gy
time; this is caused by current flowing througy, ‘;“
and the bulb as the capacitor charges. C, is u“%:.'
when a relay replaces the capacitor, since the t,

holds on for a little longer than the tiqe for which ];
and T, are switched on. o .

|
QUESTIONS AND SUGGESTIONS
1. An 80 ohm moving-coil loudspeaker, as yg,
in previous. project, is suggested for y
microphone, since this matches the low inpt;
impedance of the amplifier. A cryy,
microphone works in the circuit, but it hg
high impedance and so the response of tki
circuitwillnotbeasgood. '
2. The S-DeC arrangement makes it easy,
adjust the value of R, so that T, is just ont
point of conducting without a-signal at
point X. To do this, connect a 10mA meter;
series with the emitter of T,; so that it only jy
‘begins to show a reading as R, is adjusted.
3.  The sensitivity of the circuit may be increag
by means of the one-transistor pre-amplif
shown in figure 7 “A pre-amplifier circuit’
‘the circuit becomes unstable with tk

F

126



https://v3.camscanner.com/user/download

addition, so that the bulb comes on even
though the microphone is not receiving sopnd,
then this can usually be cured by connec;tlng a
large-value capacitor across the posit_lve-t9-
negative lines of the cirouit at least 100uF will
do. Nearby mains-operated electrical
equipment often causes instability. |
When a relay is used in the circuit, ensure that
its resistance is high enough to limit the

————

current which flows through T, to the

transistor's 7., value. e
Silicon transistors other than- the ones

- suggested may be used: 2N2926 or BC108
instead of ZTX300: 2N3702 instead of.

ZTX500, for instance. |

Use an oscilloscope to examine the waveform
of the signal which appears across R; when
different sounds are made in front of the
microphone. |

Figure 7 “A printed circuit version of a sound
switch” shows a sound switch connected on
printed circuit. - I
What applications does the above circuit
have? Could you use it to trigger a photoflash

when you want to take a photograph ofaneven

which produces a ‘sudden noise? Would the
circuit work as a baby alarm?
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The circuit described here is that of a simplé
aygedhee. The circuit is based on two low-cost CMOS
IR

IC1, (MC7555), which is wired as a clock pulse
generator, generates pulses which are fed to 1C2.
CD4033). The frequency of these pulses is |
dependent upon R1 and Cl, IC2 counts these N
pulses, and accordingly displays a digit between 0 '
and 9, -on the common-cathode display DISI

LT543) |

As long as S, is pressed, IC, continues to
generate the clock pulse, and the d1g1t 8 is-displayed.

When §, is switched off, any number between 0
and 9 1s randomly selected and displayed by DISI. D,
is used to protect the current from any damage due
to the reverse battery connection. The current being = ‘
based on CMOS ICs, can safely be oper'ated from a
power supply voltage ranging from 5 to 15V.

The circuit would cost around one thousand
naira.

PARTS LIST SO LY ey :

Semiconductors |

IC, ’MC7555 |

IC, - CD4033 |
DISI - L1543 u |

DI y IN4001 =

(‘apac1torsOOIqu e

Resistors =

R, 4’7K~t

R, ; 2’)(_%{ \\
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A o

470K

Push Button Switch

CIRCUIT A

resilistor

15KQ

=3

VR;
5KQ |

|

Fig.9
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CIRCUIT B

resilistor - 6V
15KQ

R"

I
l

ol

Tl'z ’
2N3702

Fig.10

1.

Assuming that T,, and'T,, are equivalent to a
single transistor, use a milliammeter to find
the d.c. current gain of the circuit. Compare
this the d.c. current gain of Circuit A. Is . e
Circuit B better than Circuit A for the pomt
of view of current gain?

~The values of the components of Circuit B
enable it to be used on a circuit as a parking.
light. Figurel0 “A printed-circuit layout for a
parking light” shows a completed parking-
light circuit mounted on printed-circuit board.
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Yo must not use this circuit to switch o,
current to a lamp connected to the maiy,

Why? Hotwever, you could replace the bulb by "
relay and use the rely contacts to control th, |
maing current. This would enable the cireuit l(;
switch on a porch light, for instance, Whe,
dariness fell. Note that, if the circuit is to by
used with a relay and the mains supply, Yoy
must be sure to heed to warning given abgy

using mains voltages|
Is there any way in which you could use thig
circuit in the photographic darkroom? -
When this circuit is used as a parking light,
is essential that the light is-not switched of
when the light from passing cars falls briefly
onto the photocell. C,,—of high value, i
included to damp the action of these lights; it
absorbs any current changes'in the potential.
divider caused by sudden - changes in
illumination of the photocell. |
Interchange the photocell and potentiometer.
What is the effect on the photocell of an
increase in illumination?
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CIRCUIT C
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Fig. 11 Pressure sensitive electronic switch
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CIRCUIT C©
Clasatemct 8 high resistance voltmeter acrogg
the Base emitter junciion of T,, and measup,
which just switches the relay o

fhe wvoliag:
and off Should the difference be small? (See

NI’Y'I"(:;
The mehmitt tmgger may be used for thy

apphoations sugeested for hgure 10 “A two. |
transistor light-operated switch”, but does ity
Higher sensitivity make it specially applicahlg
1I6Y certaun situation? How does interchanging
the photocell and the potentiometermake thig

CIreunt useful?

QUESTIONS AND SUGGESTIONS

~UITA
Could this simple circuit be used to detect the

resence of a person on the mat? If a relay
replaced the bulb, how could the circuit be
=z rranged to ring an electric bell? | |
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I

What is the usefulness of the circuit if the

resilistor and the potentiometer are
interchanged?

CIRCUIT B
This is a more sensitive circuit than that of
figure “One-transistor pressure-operated
switch”. With T,, of the typé shown, the circuit
will switch on a greater load than that of the
bulb 1llustrated. Could this circuit be used to
sound an alarm when someone sits on a seat?
Perhaps it might be used so that a car thief
sounds the car horn as soon as he 31ts in the
driver's seat?. £ SRR
It 1s suggested that you cons1der using this
circuitin a pram. If the pram is left unattended
for a while, a switch is set so that the circuit is
ready to detect a drop of pressure on a
resilistor placed under the mattress. If the
baby is lifted, an ‘alarm sounds perhaps the

“wailer” circuit could be used.

CIRCUIT C

" The greater sensitivity of this circuit to pressure

changes makes it more suitable for detecting the.
presence .of smaller weights. For instance, a
resilistor in this circuit it could be placed under a
valuable show-case item. In this application, a
pressure decrease is required to energize the relay or

“to light a bulb, this means interchanging the

resilistor and the potentiometer.
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