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PROJECT NO. I

THE SINE WAVE.

Laboratory Projects

2nd Year

The term "SINE WAVE" is used to express the shape of a wave form of e.m.f. generated
when a conductor is rotated at a constant speed in a uniform magnetic field. As the sire
wave is the basis of all alternating current work, it is necessary to fully understand its
generation, and the relationship between values.

AIM: To construct a sine wave and to stud various alternating current values.

NOTE: All calculations corrected to 2 decimal places.

METH0D Theoretical circuit used as in Fig. 1.

0V/1c/s

(PEAK or MAX)

2 9

Using Ohms Law calculate the maximum value of current in the circuit.
Record in Table 1.

Using the sine tables calculate the instantaneous value of current each 1/24th of
a second, that is, each 15°,

"inst. Max. Value X Sine 6.
STEP_3• From your results in Step 2 plot a graph of current through the load resistor

against time for one cycle on Graph 1.

STEP 4. (i) Calculate the average value of current, given that:-

2/7 a8cs kerase Value
'

0.637 of Max. Value. (y
(ii) Calculate theeffective or R.M.S. value of current given that:-

2ze, Effective or A.ML.S. Value ,707 of wax. valuo (z)
(Mark R.M.S. Value on graph.)

STEP_2• From your results in Step 4 calculate the following relationships

I effective ...///... times the Average Value,
!

Average Value ../{l.. of *R.M.S. or effective.

TABLE 1.
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e SIN I INST, e SIN O SIN O SIN
e I INST. I INST. I INST.

6 6 O

15 ·25$3 1-29 10 5 ·<634 4 33 195 285·2539 1-2 - -969 433
30 • 5 2 50 120 433 210 S 300

$3%0 2·so $3%0 433
45 -7071 354 135 -707l 3· 54 225 315

✓ • 707l 3 s4 - 707l 354
60 $3l0 4-33 I SO 5 2·50 240 4 33' 330·$3%o S 2So
7S 5 4·83 165 ·25$3 1·29· 255 , 345 129- ?69 4 83 -2533

90 I s 180 0 270
, ,0 , I G' 360 0 0

TABLE 2.

GRAPH 1.

TEST QUESTI0NS:
-..-_---- _----

jiMtE.

c/s.

1. A conductor is rotated at a constant speed in a uniform magnetic field, and, has a maximum e.m.f. of 30 volts induced
across it. What are the values of the instantaneous voltages and their polarities at the following instants?

co s ..tz....R5..78.¥.est2......... (n av ....t.....!S...¥es72.......

2. Define the tore "Effective" or *R.M.S." value of alternating current ..(S..74N7...¥!F...9F..A...AI......

AAS.....II£....SA1£.....*SA11!5...Ez£S7....A$... .A... .24tA44A...884£...S.5...PS....et..te..Sette con~

3. A transformer has a secondary voltage of 50 Volts; to which of the following values does this refer -

(i} Instantaneous (11) Average (44) Effective or R.K.S. (Iv) Peak on Kax.

4. A capacitor Is rated at 400 peak volts. Calculate the following values which can be applied without risk.

(1) A.C. Sine Wave Voltage of vol ts.
283

(11) D.C. Voltage of .......•.. vol ts.
40Ou
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RESISTANCE IN AN A.C. CIRCUIT.

Laboratory Projects

2nd Year

In a resistive circuit, the current and voltage reach their maximum and minimum
values at the same instant; they are said to be "in step" or "in phase".

In low frequency alternating current circuits, as in D.C. circuits- Ohms Law applies.

AIM: To prove that in a resistive A.0. circuit -

(i) Ohms Law applies

(ii) Resistance value is unaffected by frequency variation (neglecting skin effect).

APPARATUS: Voltmeter 0-10V (Multimeter A.P.O. No.2) Milliammeter 0-10mA (Multimeter 1mA-1OA),
Resistors 2k9, 5ki, 10k9, Oscillator (variable), and Connecting Leads.

METHOD :

SEP 1. Connect the circuit as shown in Fig. 1.

_mlit

5v/IO0 </s

0
V 0-lo

FIG. 1.

0-1O

2K.n.

STEP 2. Adjust the supply voltage to read 5 Volts at 100 c/s. Measure the circuit current.
Record in Table 1.

SEP 3. Increase the supply voltage to 10 Volts. Measure the circuit current. Record in
Table 1.

STEP 4. With supply voltage at 10 Volts connect the 5k?, and 10k9 resistors respectively.
Measure the circuit currents. Record in Table 1.

STEP 5. Replace 100 c/s supply with 200 c/s, connect the 10k9 resistor, adjust the supply
voltage to read 10 Volts. Measure the circuit current. Record in Table 1.

STEP_O. Using Ohms Law calculate the resistance of the circuit for each step.

STEP 7. Compare the practical and theoretical values of resistance in Table 1.
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RESISTANCE FREQUENCY VOLTS CURRENT R = E
T

2,000.n 00 c/s 5 VOLTS 25+0 2000)
2,000. II o VOLTS 5+# 20007

- j

5,000.0 8 IO VOLTS So00A,2.A

10,0000 II l0 VOLTS /0A 10,0 00%
10,000.0 200 c/s lo VOLTS /+A 10,0001,

J

TABLE 1.

TEST QUESTIONS:----------

1. Ina resistive circuit-

increases.
{i) When the supply voltage is doubled, the circuit current nemains the same.

decreases%

increases"
(ii) When the supply voltage is constant and the frequency doubled the current remains the same.

decreases. v

PROJECT NO. 2

\

I
(iii) In an A.C. circuit the curr'ent is~:~~ proportional to the . sup~,]y vo! tage and~ proportional

rorsety - sincuil'resistancd inversely

to the ®upply-voltage.
circuit resistance.

R
in phase . 0 ✓

(iv) The current and voltage are said to b° ""tofphas"d the phase angle is ••.••••••••• degrees._z

°» P.- z?= ExI P= IK = R(v) Poser in a resistive A.C. circuit is calculated from the formulae (a) ......•.....'Jb)4...../....()......7.
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CAPACITANCE IN AN A.C. CIRCUIT.

A capacitor is a device which stores energy in the form of a static charge.
When an e.m.f. is applied, the charge causes a rise in P.D. across the plates and a resultant
electric field between them.

When an alternating voltage is connected, the plates alternately charge and discharge.
The opposition that a capacitor offers to alternating current in termed Capacitive Reactance
(Xg) and is found from the formula -

X4¢
1
2fC

The value of current in this type of circuit can be found from the restatement of Ohms Law for
capacitive circuits.

I E
X¢

In a purely capacitive circuit the current leads the voltage by 90 degrees.

AIM: To prove that the principle of Ohms Law applies in a capacitive circuit,
R o-go

APPARATUS: Voltmeter 0-10V (Multimeter A.P.O. No.2), Milliammeter O-1OmA (Multimeter 1mA-1OA).
Oscillator 1000 c/s, Capacitors 0.1µF, 0.05µF, Switch and Connecting Leads.

MEH0D t

SEP 1. Connect the circuit as shown in Fig. 1.

lah

0- 10
O·1 µF

5V/I000 c/s Vo-10

0-05µf
JO Ot.1(A.F

"

FIG. 1.

SEP 2. Adjust the supply voltage to read 5 Volts. Measure the circuit current.
Record in Table.1.

STEP 3. Increase the supply voltage to 10 Volts. Measure the circuit current. Record in
Table 1.

STEP 4. Connect the 0.05µF capacitor and repeat steps 2 and 3.

STEP 5. Using the formula XO
Record in Table 1.

SEP 6. Using the formula Xg
Record in Table 1.

E=, calculate the capacitive reactance for each step.

211
~C' calculate the capacitive reactance for each step.

STEP 7. Compare the results of steps 5 and 6.
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C FREQ. E ImA X, = I E
c " 2nfC xe - ,

0·I I000C/S 5 3 sq2 I500

O· I II 10 G 1592 S00

0·@ II 5 • 3327 3333- 047 ✓

O·@5 II lo 3 3327 3333 ✓
o.047

TABLE 1.
\

* TESTQUESTIONS:

1. From your results :-

increases.

{i} When E is doubled the circuit current remainekha»same.
6de0n889es%

increases+increases
(ii} When the capacitance is halved the capacitive reactance n~ma#we the same and the circuit current remains the same.

d9creases decreases.

2. In a capacitive circuit :-

(o

186
(i) The circuit current (1) [°°° the supply voltage (E} by 0- degrees.

+ags 90

(
.. ) Th . ·t t · directly..,/ t· 1 th lt b t~ l h C/)1'{,/(.l'rllJt' ,,,.....,...fu-lC'fii) The circuit current is "" s@l, Proportional tothe voltage but ," s@], Proportional to the .':..............5

anensely inversely

. increases
3. When the capacitors of FIG. 1 are connected in parallel, the total capacitano° Aeerees@, and the

capacitive reactance deecreases.

4. When an alternating supply of 5 volts at a frequency of 800c/s is applied to a capacitor,

is 50mA. What is the value of the capacitor?

+
2m1f Xc
ii +sa2
- Xto'*

I--300
the circuit current

X< < ]xE

l·q4 «
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EFFECT OF FREQUENCY ON CAPACITIVE REACTANCE.

Capacitive reactance is the opposition that a capacitor offers to alternating
current and is found from the formula -

Capacitive reactance varies with - (i) frequency of supply
(ii) value of capacitance.

Wen stating values of capacitive reactance the frequency must be given.
For example a 2µF capacitor has an Xg of 1000 at 796 c/s.

AIM: To prove that in a capacitive circuit the capacitive reactance varies with frequency.

APPARATUS± Voltmeter 0-10V (Multimeter A.P.O. No.2), Milliammeter 0-10mA (Ammeter 1mA-10A),
Oscillator Variable, Capacitor 0.1µF and Connecting Leads.

METHOD :

STEP 1. Connect the circuit as shown in Fig. 1.

VARIABLE FREQUENCY
SUPPLY

Po•

0-30 :0·Iµf

FIG. 1.

STEP 2. Adjust the frequency to 200 c/s with the supply voltage (E) atZ5 Volts. Measure
the circuit current. Record in Table 1.

Maintain the supply voltage at5 Volts increase the frequency in 200 cycle steps
to 1400 c/s. Measure the circuit current for each step. Record in Table 1.

EUsing the formula Xc = , calculate the capacitive reactance for each step.
Record in Table 1.

STEP_2• Using the formula X¢
Record in Table 1.

1pspt• calculate the capacitive reactance for each step.

STEP_6. Compare the results of steps 4 and 5.

STe_I. Plot a graph of capacitive reactance versus frequency on Graph 1.
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FREQ. C E Im A Xe = --- Xe = -2 rfC I

.
200 O· I 25 3 7,3€0 9333 &,, ..
400 t t G 3,720 9,166 6

e ~
600 " II

4 2,453.8 2,66% 6
~

8.00 Li ti & 1,940 2,0g3- 3
000 / g

Bt Ji $ I,542 4c6¢ 6
/

p 5
1200 4 11

1? 432G-% ,383 8
1400 II at 2i 1,137 -I 1,190·$

PROJECT NO. 4

/

J

TABLE 1.

$i 00

Xe f

"?«
1 7 0
00
U•

* TEST QUEST ONS:
&ce «e •ebRAPR 1• seeF s c/s 4Q00

1, When the frequency of a supply voltage is increased capacitive reactance remains the same.
-decreases.

2. When the voltage' and frequency are constant and another 0.1 F capaci~connected in series, the capacitive
reactanco ..JA666/?FR.... and the current .PG«&E.~.SGS..

3. From Graph 1, state the Capacitive reactance of (i) a 0.1 F capacitor at 750¢/s ...@Q@9.... ohms.

(i1) a 0.5 F capacitor at 750¢/s .•...A.9%.... ohms.

(ii1) a 0.5 F capacitor at 1500¢/s ....{..l.[..... ohms.
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INDUCTANCE IN AN A.C. CIRCUIT.

An inductor is a device which stores energy in the form of a magnetic field.

Inductance is the property of a inductor to oppose any change in current. When
current changes, the induced e.m.f. opposes the change (Lenz's Law).

Inductive reactance (Xr) is a measure of the opposition that an inductor offers to
alternating current and is found from the formula -

AL = 2nfL

The value of current in this type of circuit can be found from the restatement of Ohms Law
for inductive circuits - J

I

In an inductive circuit the circuit current lags the supply voltage by 90°

AIM: To prove that the principle of Ohms Law applies in a inductive circuit. •

APPARATUS :

METHOD :

SEP 1.

Voltmeter 0-10V (Multimeter A.P.O. No.2), Milliammeter 0-10mA (Multimeter 1mA-1OA).
Inductor 80mH(2) Oscillator 1000 c/s and Connecting Leads.

,l .

Connect the circuit as shown in Fig. 1.
(

2V/1000 c/s Vi0-30 80 ml

STEP_2. Adjust the supply voltage tol@ Volts. Measure the circuit current. Record in
Table 1.

STEP 3. Increase the supply voltage to2@ Volts. Measure the circuit current. Record
in Table 1.

STEP 4. Connect the two 80mH inductors in series and repeat steps 2 and 3.
N

SEP_5- Using the formula AL,
E calculate the inductive reactance for each step,7

Record in Table 1.

STEP 6. Using the formula AL,

Record in Table 1.

2fL calculate the inductive reactance for each step.

STER [• Compare the results of Steps 5 and 6.
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FREQ. L E Im A X = 2 mfL XL
Ez 1

1000 80mH 10 20 $0o s06

o00 80mH 1 qO s00 J 50o Sl

1000 160mH 11 O to00J 1000 5l

000 160mH 26 20 t000-R 1oo {l

4i

TABLE 1.

TEST QUEST IONS:

1. From your results :-

increases. j
(i) When the supply voltage is doubled the circuit current +emains.the.same.

Ce0r889s.

i ncr eases

{ji) When the value of inductance is increased the inductive reactance remains#heoame and the circuit

V

00m880.9$
jne1e0ses.

current pew@eel/eene
decreases.

J
2. In an inductive circuit, the circuit current is .PIRECT!Y.... proportional to the supply voltage and JUE&SEC

proportional to the inductive reactance.

3. In an inductive circuit the circuit current is in phase with the supply voltage by I degrees. This angle is called z
the .....P?HASE........ an9le. lags 90

t
\

4. What value of inductance is required to give a circuit current of 50mA when the supply voltage is 50V,

(Given that - 2nf = 5000.)·

M = E5,C =··············'···························--·············.
s - £°......4. ..-:- !elt" .
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EFFECT OF FREQUENCY ON INDUCTIVE REACTANCE.
Inductive reactance is a measure of the opposition that an inductor offers to

alternating current and is found from the formula -

Inductive reactance varies with -

KL, = 2nfL

(i) frequency of supply

(ii) value of inductance

When stating values of inductive reactance the frequency must be given.
For example a 80mH inductor has an inductive reactance (X1,) of 4009 at 800 c/s.

AIM: Tlo prove that in an inductive circuit, inductive reactance varies with frequency.

APPARATUS: Voltmeter O-30V (Multimeter A.P.O. No.2) Milliammeter O-1OmA (Ammeter 1mA-1OA)
Inductor 80mH, Oscillator Variable, and Connecting Leads.

METHOD :

STEP 1. Connect the circuit as shown in Fig. 1.

® ma

O- 10

OSCILLAT0R Vi0-10

FIG. 1.

80mH

STEP2. Adjust the frequency to 600 c/s and the supply voltage to/Evolts. Measure the
circuit current. Record in Table 1.

STEP_5•

Maintaining the supply voltage atiz Volts, increase the frequency in 200 cycle
steps to 1400 c/s. Measure the circuit current for each step. Record in
able 1.

EUsing the formula AI = 7 calculate the inductive reactance for each step,

Record in Table 1.

Using the formula XL, = 21fL calculate the inductive reactance for each step.

Record in [able 1.

STEP 6. Compare the results of Steps 4 and 5.

SER_L• From your results plot a graph of inductive reactance versus frequency on Graph 1.
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L FREQ. Im A X=2mfL E
E x= 4

80mH 600 46 50 300 300%
,/

II 800 1 37 q0 0 40$/

II 1000 II 30 50 0 / s00Ju

II 1200 ti 2s 400 / G00Ju

II 1400 II 2, 700 / 714l
TABLE 1.

3

✓
/

PROJECT NO. 6

700

j

40o

I Okn#S.

r
*

I8o

TEST QUESTIONS:

70 0 zo 0
Fgee

.({c

40 o 1300

j

400

increases.
1. From your results - When the frequency is doubled the inductive reactance remains the same.

6k80\000s88

2. List the two factors that affect inductive reactance -

0........E..&E9MEI!C.X...................z( .......LO9.S..619£....................

3

3. From your graph state the inductive reactance of (i) a 80aH inductor at 750¢/s ..&75. ohns.

(+9) a 4o0nH inductor at 7506/ 4.8,/,5. has.

(1ii) a 400#H inductor at 15006/ 3.75.9 ohms.
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CAPACITANCE AND RESISTANCE IN SERIES.

When alternating current passes through a circuit consisting of resistance and
capacitance in series the total opposition is termed impedance. Symbol Z.
The circuit conditions can be calculated from the restatements of Ohms Law for A.C. circuits -

I.= E
z

g
7 Z = + x6°

In a circuit with capacitance and resistance in series the P.D. across the resistance (Ep.) is
in phase with_the circuit current (I), the P.D. across the capacitance (Ec) lags the circuit
current by 90°, and the resultant supply voltage is obtained by graphical or vectorial addition
as shown in Fig. 1.

Ec

FIG. 1.

E

I

ban O
E¢ XO
a Pr s

I

The phase difference is shown on
the vector diagram by angle 0 and
is calculated from -

AIM: To study the voltage distribution and the phase relationship of the supply voltage and
circuit current in an A.. circuit consisting of capacitance and resistance in series.

APPARATUS: Voltmeter 0-30V (Multimeter A.P.O. No.2) Milliammeter 0-&0mA (Multimeter 1mA-10A),
Resistance 1k9, Capacitor 0.1µF, Oscillator 1000 c/s and Connecting Leads.

METHOD : OSTEP 1. Connect the circuit shown in Fig. 2. l J'"'as O- 6O

srPE. Measure, and record in Table 1
30V/ 1000 c/s-

(1) Supply voltage (E) f
lK.0

(As) Voltage across the resistor (ER)
(iii) Voltage across the capacitor (6)
(iv) Circuit current (I).

FIG. 2.

STEP_. Using Ohms Law applications calculate in Column 1, Table 2 -

(i) Resistance (R)
(ii) Capacitive reactance (Xc)

(iii) Impedance (Z).

SEP 4. Using the formulae stated calculate in Column 2, Table 2 -

(i) Capacitive reactance (Xg)
(ii) Impedance (Z)

Compare the results of steps 3 and 4.

(i) Draw a vector to scale using the results in Table 1.
(ii) Measure the phase angle and insert on the vector.

(iii) Calculate the phase angle.
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TABLE 1.

I 2

E,
= 10oo R =IKQ -Q--

I

Ee I

x.= =/542 • g Xe z: 546
1

X¢ - 7$92 /

z2 = 4?+ x3Ez = ,= 1375•·✓ z = 1880•

TABLE 2.

PHASE ANGLE

f25
• 76

Ec
-25V

1
Scace To =1u

From tables--------

ta 4.$.62.5
Angle @

o
57 23

...S.2... ere. I
* [ts1 aEsTiow9:

1. The circuit phase angle is the time difference in degrees between the supply voltage and the circuit .K"URRENT

.E...2, The values of Ep and Ep must be added vectorally to find the value of "•..•••..F4..........•..•.•....•.•.............• • •

3. When the capacitance is halved, s.tate the effect on - /

(i) Capacitive reactance ••.•Jf:J.~R-~.1?..~.$. (ii) The impedance JN.c;./~.~fJ.~~$. ~.

Co) me et-et arrant ......PE¢8.EB.S.ES......... (w) me ohase «ml• .....I.MG8EASES...........
198@8860%

4"Whenthe value of series resistance is increased, the phase angle desonolohange.
decreases._

s0%so
5. A circuit consisting of a resistor 160 and a capacitor Id are connected in series to an alternating voltage of (e volts

836 cycles per second.
Et
Calculate

(o) % ..... .299..... oho
(0) 2......25.9.....•ohns

• ./
(vi) 6a ..... .$.0........ volts.

O(iv) Ec •.... .Gd:M........ volts.

0 %
(v) calculate the phase angle of circuit. ©69
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INDUCTANCE AND RESISTANCE IN SERIES.

When an alternating current passes through a circuit consisting of inductance and
resistance in series the total opposition is termed impedance.
The circuit conditions can be calculated from the restatement of Ohms Law for A.C. circuits -

E
1 7

E
Z 7 z

The P.D. across the resistance ER is "in phase" with the circuit current (I), the
P.D. across BI leads the circuit current by 90, and the resultant supply voltage (E) is
obtained by graphical or vectorial addition as shown in Fig. 1.

FIG. 1.

tan O or

The phase difference is shown on the
vector diagram by the Angle O and
is calculated from -

AIM: Tb study voltage distribution and phase relationship in an alternating current circuit
consisting of inductance and resistance in series.

APPARATUS± Voltmeter 0-30V (Multimeter A.P.O. No.2), Milliammeter 0-60mA (Multimeter 1mA-1OA),
Resistor 1ku, Inductor 80mH, Oscillator 1000 c/s and Connecting Leads.

METHOD ±

STEP 1. Connect the circuit as shown in Fig. 2.

STEP 2. Measure and record in Table 1 -

(i) Supply voltage (E).
(ii) P,D. across the inductor (EI,).

(iii) P.D. across the resistor (EE).
(iv) Circuit current (I).

20¥/I000 c/s

0 -40

STEP_ 3. Using Ohms Law applications calculate in Column 1, Table 2 -

(i) Inductive reactance (A1,).
(ii) Resistance (R).

(iii) Impedance (Z).

STEP_4. Using the formulae stated calculate in Column 2, Table 2 -

(i) Inductive reactance (Xy,).
(ii) Impedance (Z).

Compare the results of steps 3 and 4.

(i) Draw a vector diagram to scale, using the results in Table 1.
(ii) Measure the phase angle and record on the vector.

(iii) Calculate the phase angle.
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ER0.VOLTS. t_18. nA 2
10

%
TABLE 1.

2

£

5• oo0y KO2R - 4 =I000 R =

'±2 ,19 XL = 271f L ✓X=4=472
XL z: $02-4l

E
-1111-

72 = a+ x° /
Z -:

I z z 141g·sue

TABLE 2.

PHASE ANGLE----------
5L

to o ii

From tables-.--------.-

gs
'.
1%

4722

/
J

Ao9le 0 ...ZS... de9roes
v

16 4
g

s - Iu

ER= 1gv

TEST QUESTIONS:

I
1, From your results complete the following statements -

Ci) ne etreu1t au"" [,7,""0, ctt ue supply voltage 6y ..2.5.... degrees,
lags

(ii) The circuit current::: plleee with the P.D. across the inductance by ...~.9? .. degrees._/
lags

y
l~ads

(1ii) The circuit current is in phase with the P.D. across the resistance by ..©.... degrees.
legs..

2. State the methods of adding (1) in phase voltages ..DIRECT&I...... (ii) out of phase voltages ..MCC1@«!CY

(
\

3. When the resistance of the circuit is doubled state the effect on -

(i) the impedance •.... IJ:-!.C;-.~J.!J.~J-.~ :····· ~~
C) me ciratt aurrent .PF98.€9.SE......................""

(111) the phase angle . . .PEC©E?sfS.......................... .
' C



PROJECT NO. 9 Laboratory Projects
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INDUCTANCE, CAPACITANCE AND RESISTANCE IN SERIES (1).

When alternating current flows in a circuit consisting of inductance, capacitance
and resistance in series, a P.D. exists across each component,

With respect to the circuit current, Ep is in phase, Ej, leads by 90° and Eo lags
by 90°.

The vector sun of the P.D's equals the supply voltage. Impedance is the total
opposition offered by this type of circuit to A.. and is calculated from the restatement of
Ohms Law for A.C. circuits

I Ez E
2 T z

The resultant phase angle the circuit current makes with the supply voltage isfound from -

tan ( Ex X
= - OfER R

AIM: To study the voltage distribution and the phase relationship in a series circuit,
consisting of resistance, inductance and capacitance.

APPARATUS: Voltmeter O-30V (Multimeter A.P.O. No.2) Milliammeter 0-4OmA (Multimeter 1tA-1OA),
Inductor 80mH, Capacitor 0.1µF, Resistor 1k9, Oscillator 1000 c/s and
Connecting Leads.

METH0D ±

STEP 1. Connect the circuit as shown in Fig. 1.

FIG. 1.

SEP 2. Measure and record in Table 1 -

(1) Supply Voltage (E) (iii) P.D. across the resistor (ER)
(ii) P.D. across the inductor (EI) (iv) P.D. across the capacitor (Ec)

(v) Circuit current (I).

STEP_. Using Ohms Law applications calculate in Column 1, Table 2 -

(i) Resistance (R) (iii) Inductive reactance (Xi,)
(ii) Capacitive reactance (Xc) (iv) Impedance (Z).

STEP 4. Using the formulae stated calculate in Column 2, Table 2 -

(i) Capacitive reactance(Xe) (ii) Inductive reactance (X1,)
(iii) Impedance (Z).

STEP_5. Compare the results of steps 3 and 4.
(i) From values in Table 1 construct a vector diagram to scale.

(ii) With the aid of a protractor measure the phase angle 6 and record on the
completed vector.

(iii) Calculate the phase angle.
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/
.I

e2Svotrsl .8 levotrs 26 /k_ \EL----VOLTS] Eg---VOLTS [Ec-£VOLTS) I --+--- mA

TABLE 1.

I 2

E g
R = 4= 1000J R = KO

v ,

, I
Ee Xc =

xe=* (625 2 7 f C

✓ Xe - 1 542 /

EL L = 27f L
KL 4 - $00J

$02¢XL =

E
z2 - a?+(XL-X2)?

z = 4 -1562$° z = 1473 ✓

TABLE 2.

PHASE ANGLE

5tan O 5 ____Ii---
iG

EL=su

I
-

l

i" = 10v

From tables
--.- -.- --- -.--.

• 1250

.1.:.125.9.. 4g' 2a
Ao)e 0 - ..f.. decrees

Lzoem?

ea e-]
- 18v

TEST QUESTIONS:-.- capacitive.
1. From your vector the resultant circuit is nesstive.

i•nduetive.

2. Define "Impedance"

..4.2....Zz*.......TS..85.....CA?98.1.49.1.....9.EC.ERE.P.....1....£2.....S..S.2.......92...EE.S.

.....A........S.OASIS.7... ..9£......RE.S4z.2MC.4......z..... .REIK7AA8£..........................
J. 2 • ~

3. when the resistance of tho circuit (FIG. 1) is doubled the impedance 'I""°°I because 2 - s4RI,i..C¢....EXKy)
«gde€1eases

4. With respect to (3) -

Cs The circuit current "I1"*es .ecreas.es.

(ii) The P.D. across the inductance [""°°esecreases

() me phasean91e """°e»ecreases.
/
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INDUCTANCE, CAPACITANCE AND RESISTANCE IN SERIES (2).

When alternating current flows in a circuit consisting of inductance, capacitance
and resistance in series, a P.D. exists across each component.

With respect to the circuit current, Eg is in phase, Ej, leads by 90°, and Bo
lags by 90° The vector sum of the P.D's equals the supply voltage.

Impedance is the total opposition offered by this type of circuit to A.C. and is
calculated from the restatement of Ohms Law for A.C. circuits -

E
I- m z E

I
The resultant phase angle the circuit current makes with the supply voltage is found from -

tan (
Ex X

== ± O1ER R

AIM: To study the voltage distribution and the phase relationship in a series circuit,
consisting of resistance, inductance and capacitance.

APPARATUS; Voltmeter 0-10V, (Multimeter A.P.O. No.2) Milliammeter 0-10mA (Multimeter 1mA-1OA),
Inductor 80mH, Capacitor 1µF, Resistor 1kg, Oscillator 1000 c/s and Connecting
Leads,·

METHOD :
STEP 1 . Connect the circuit as shown in Fig. 1.

®l i0-10

(0V / 1000 c/s ,l
FIG. 1.

STEP 2. Measure and record in Table 1 -

(i) Supply voltage (E) (iii) P.D. across the resistor (EE)
(ii) P.D. across the inductor (EI,) (iv) P.D. aoross the capacitor (Ee)

(v) Circuit current (I).

SEP_3• Using Ohms Law applications calculate in Column 1, Table 2 -

(i) Resistance (R)(iii) Inductive reactance (XI,)
(ii) Capacitive reactance (Xc) (iv) Impedance (Z).

Using the formulae stated calculate

(i) Capacitive reactance (XO)
(iii) Impedance

Compare the results of steps 3 and 4.

(i) From values in Table 1 construct a vector diagram to scale.
(ii) With the aid of a protractor measure the phase angle ® and insert on the

vector.
(iii) Calculate the phase angle.

in Column 2, able 2 -
(ii) Inductive reactance
(z).
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I e_ VOLTS IE, voLT•I•• VOLTS I•• VOLTS 11 mA

TABLE 1.

I 2

En R KOR= I z:

I

Ee Xe
I=

Xe=, 2T f C

Xe =

EL XL - 27fL
xu =

XL -:

E z° z a° + (XL- X _)?
z = -=l z =

TABLE 2.

PHASE ANGLE

tan O

From tables

tan

Angle ( = .....•.... degrees.

TEST QUEST IONS:-- -
capacitive.

1. From your vector the resultant circuit is resistive.
inductive.

2. When the inductance of the circuit (FIG. 1) is doubled -

I

increases
the inductive reactance remains the same

decreases

increases
the impedance remains the same

decreases

A

increases
the circuit current remains the same

decreases

increases
the P.D. across the capacitor remains the same

decreases

increases
the P.D. across the inductor remains the same

decreases

increases
the resultant phase angle remains the same

decreases
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INDUCTANCE, CAPACITANCE AND RESISTANCE IN SERIES (3).

When a varying frequency alternating current supply is connected to inductance
resistance and capacitance in series such as bell and capacitor in a telephone circuit,
the circuit current increases until it reaches a maximum at one particular frequency
(resonant frequency). When the frequency is further increased the circuit current decreases.

ATM: To study

(i) the effect of a varying frequency on a telephone ringing circuit.

(ii) the impedance offered by this circuit at voice frequency.

APPARATUS: Voltmeter 0-0V (Multimeter A.P.O. No.2), Mill1ammeter 0-60mA (Ammeter 1mA-1OA),
Telephone Bell 59U; Capacitor 1.7µF, Oscillator Variable and Connecting
Leads.

METHOD :

VARIABLE
FREQUENCY

O -0

o - so

FIG. 1.

4
I
I
I
I
I

1-7µF

STEP 1. Connect the circuit as shown in Fig. 1.

STEP 2. Increase the frequency to 15 c/s and adjust the supply voltage (E) to 25 Volts.
Measure the circuit current. Record in Table 1.

STEP 3+ Maintaining the supply voltage (E) at 15 Volts increase the frequency in 5 cycle
steps to 45 c/s. Measure the circuit current for each step. Record in Table 1 .

STEP 4. Maintaining the supply voltage (E) at 25 Volts increase the frequency to 1000 c/s.
Measure the circuit current. Recori in Table 1 .

SEP_2• Plot a graph of frequency versus current on Graph 1.
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j $ I
273 25 14 ✓ 323 2.$ 155

FREQUENCY VOLTS CURRENT FREQUENCY VOLTS CURRENT

15 2.5 s V 35 25 5-•
20 15 8 40 25 1 3 ./,
25 5 2 45 5 \\ /

A*

30 25 I5 o 00 95 f,'

TABLE 1.

IIIIIIHlAlAuLLLLLLLLSAuLLLLuts»h
l,i-

4L

HA

In
44,A

5;-
75A "+

TEST QUESTIONS:

30. 3s 4o
9MPH1. Fe/s

1. From your results :-

(i} At what frequency did electrical resonance take place? "............................................ .. . .

(ii) Calculate the impedance of the circuit at :-

30 c/s 1000 c/s

2. In a telephone circuit the bell and capacitor are across the line during conversation. What effect does this have on

speech currents? .1.1... ...AA5.......A9.......Sift£I....a7...B!M...............................U
. I

hy is this so?

.B8&A986....A....MI....3ME....K....IA....S9..A!6#....AS...S.£.51en84.9...sit....2f..

..SESSA....SSRKENT...../ICU3.S...0844...M~SEMIl.E...U..E.4.a.78$989M..I7 2
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"
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EFFECT OF FREQUENCY IN L, C AND R SERIES CIRCUITS.

When a variable frequency supply is connected to a circuit consisting of L, C and R
in series, at one particular frequency the effect of the inductance and capacitance are equal
but opposite, and, the circuit behaves as if it contains of resistance alone.,
ATM: To study the effect of frequency variation through resonance in an A.C. circuit

consisting of L, C and R in series.

APPARATUS± Voltmeter 0-10V (Multimeter A.P.0. No.2) Milliammeter 0-10mA (Multimeter 1mA-1OmA),
Oscillator Variable, Inductor 80mH, Resistor 2009, Capacitor 0.33µF, and
Connecting Leads.

METHOD ±---

STE¥_1•, Connect the circuit as show in Fig. 1.

Omak

0=60

OSCILLATOR V I0-IO 0·33µF

80mH

STEP 2. Adjust the frequency to 600 cycles with the supply voltage at g Volts. Measure
the circuit current, Record in Table 1,

With the supply voltage at gVolts, increase the frequeney as per Table 1 up to
1400 cycles. Measure the circuit current for each step. Record in Table 1.

Calculate in Table 1 the impedance for each step.

Plot a graph of -

(i) Circuit current versus frequency.

(ii) Impedance versus frequency,

STEP 6. Indicate the resonant frequency on the graph.
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E E
FREQ. E I mA Z FREQ. E I mA Z= -

I I
/

€ q ,/ /
2.0$600 $6% 1000 5 24

/

.,I / ,
700 5 13 394-5 1100 t;" 21 210,, ✓ /
800 s 7-¢ 280 1200 t;;' 3 27$

/ ·./ ✓
900 s 22 227 I300 5 I5 333

/

1400 s 2 41G
.

V

V

TABLE 1.

27 700

2.4 Goo ;?:., 4
2, s00

IMPEDENCE
CURRENT

ne e8

»A. 1$ q00 OHMS

300

42

et,
6re

TEST QUESTIONS:

0¢ g0o q0o GRAPH 1. u0o

PREQuENc N CPS.

i0o
s00

i qoQ

1. In a circuit consisting of L, C and R in series at resonance -

•••greaten than greater then minim

0xv»wt to (2nest u g (n 2sf"""1" (v.tu f"\"
maMiu EaX71Um

lessthan lessthan doubled

2, When the resistance of a serles.7esonant iPc:u.it is halved' the circuit current Is.~ therefore
balal

doubled. increases _
fi and tc will be k~e=eeme . Any variation in resistance does not change the resonant frequency of the circuit,

tau£! falved. decreases
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EFFECT OF FREQUENCY ON

IN A SERIES A.C.
ER EL AND
CIRCUIT.

Laboratory Projects
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Ec

In a circuit consisting of L, 0 and R is series at resonance the potential drops
across the reactive components are equal and can exceed the supply voltage many times,

ALM: To study the effect of frequency variation on Ep, Ej and Eg in an A.0. series circuit,

APPARATUS: Voltmeter 0-10V (Multimeter A.P.0. No.2), Oscillator Variable, Inductor 80ml,
Resistor 2000, Capacitor 0.33µF and Connecting Leads.

METHOD :

STEP 1. Connect the circuit as shown in Fig. 1.

OSCILLATOR V Ho-io

STEP 2. Adjust the supply frequency to 600 cycles with the supply voltage at 2 Volts.

SEP 3. Measure -

Record in Table 1.

(ii) 1y (iii) 1¢

STER 4. With the supply voltage at 2 Volts increase the frequency as per Table 1 up to
1400 cycles.
Repeat Step 3 for each value,

STEP 2. Plot a graph of -

(11) BL, (iii) BC against frequency on Graph 1.
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FREQ. Eg FL Ee FREQ. En FL Ee
/ I/, J 7 ., ,/ ✓

600 I· 7 2G 73 1000 4% 12 I
/ ./ /

4/
7 u

/
7o0 2.4 4· 4 2% +oO 11-( q

/

./ J / ./ ,/ 1,-
8o0 33 g.97 /0 12 00 3-3 1~ 1°,

./ • / > ✓ /
900 43 1O 2 13 00 2-7 9.3 S4

A ,
V , ,,

/ 14 00 2-3 q 42

V

PROJECT NO. 13

TABLE 1.

]

IN
vouws

-,I,4.}

ha 1I

T1.[.} 2

!iVHt~;,➔b+-l--h,i"l-+il++H--1-++++-1-+-,+;.++H-.-++++-H--I
1.171

sip44
4 i-itt
711445
HI4 AL A9HHTITHI4TEETETETEITETIVI1TEhi1liitjiir tiaUH1!I EE

G0e
TEST QUEST IONS:-------.- -.---.-

, I

'4

z¢ e

greater than
1. Below the resonant frequency Ee is the sane,as ti.

less-than

te oRAka'i.
FREQuENC
/"'

greater than
2. Above the resonant frequency Ei is the=same"as Ep.

} ess=k han

leee

iM CPS U

i g=greaten»than
3. At resonance Ep equals the supply voltage.

isless-than
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SERIES RESONANCE.
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When a variable frequency supply is connected to a circuit consisting of L, C and R
in series, at one particular frequency the circuit behaves as if it consists of resistance
alone, and, the circuit current (I) is "in phase" with the supply voltage (E). T'his is the
resonant frequency of the circuit.

The ratio of the P.D. developed across the reactance, to the P.D. across the
resistance is indicated by a number called the Q factor.

This ratio or voltage magnification is dependent upon the relative values of reactance
and resistance, and is found from

Q
4L EL,

(as E = BR.)= R or %

AIM: To study the voltage distribution in a series circuit consisting of L, C and Rat
resonance"

APPARATUS: Voltmeter 0-10V (Multimeter A.P.O. No.2), Milliammeter 0-10mA (Multimeter 1mA-1OA),
Resistance 2009, Inductor 80mH, Capacitance 0.33µF, Oscillator 1000 c/s and
Connecting Leads.

METHOD :

STEP 1. Connect the circuit as shown in Fig. 1.

u
2v/1000 c/s

SEP 2. Measure and record in able 1 -
(i) Supply Voltage (E).

(ii) P.D. across the inductor (EI,).

200.±

(iii) P.D. across the resistor (Eµ).
(iv) P.D. across the capacitor (Ec).

(v) Circuit current (I).

Using Ohms Law applications calculate

(i) Resistance (R).
(ii) Capacitive reactance (Xe).

in Column 1, Table 2 -
(iii) Inductive reactance (Xi,).
(iv) Impedance. (Z).

Using the formulae stated calculate

(i) Inductive reactance (XI,).
(ii) Capacitive reactance (Xc).

in Column 2, Table 2 -
(iii) Impedance (Z).

STEP_• Compare the results of steps 3 and 4.

SEP 6. Draw a vector diagram to scale, of the results in step 2,
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E_ VOLTS l•c-----VOLTSI ,, voLTS l•o-----VOLTSI I----- ••

TABLE 1.

I 2

R
Ea R = 2000E -l

EL XL z 2 7 f L
XL =;

XL ;;:

X a
I

E, -Xe E = 2 7 fC
l

Xe z

°
: a° +(x -x_-)?

Ez. -I z =

\
TABLE 2.

Q FACTOR

EL
• E

. • Q of c i-rcu it

TES]_QUEST IONS:

1. From your results and vector diagram list five conditions that exist when a series circuit is resonant.

(i) .

(ii)

(iii)

(iv)

······················-····················································~·····································
···················································••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••
.. • • , • •• • • • • • • • • • • • • • • • , • • • • • • • • • . • • · • · • · • . • . • • . • • • • • • • • • • · • • • • • • • • • • • • . • . • • • • • • . • • . • • . • • • • • • • •. • • • • • • • • • • • • • • • • •

(v) - .

2. A circuit consisting vfL; C'andRisresonantat 1000 c/s. When the frequenoy. of.the supply, is.decreased, the

capacitive..
resultant circuit becomes resistive.

inductive.

3. A 80mH inductor and a 0.33µF Capacitor resonates at 1000 c/s. When the inductance is increased to 160 ml, what value

of capacity is needed for res~nance at the same frequency.

Answer ..
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CAPACITANCE AND RESISTANCE IN PARALLEL.

When an alternating e.m.f. is connected to a circuit consisting of capacity and
resistance in parallel the circuit current will divide into two branches IR and Ig,

The current through the resistor (IR) is "in phase" with the supply voltage (E),
the current through the capacitor (Ic) leads the supply voltage by 90°,

The circuit current (I) is the vector sum of IR and Ig and leads the supply voltage
(E) by some angle between 0° and 90° as in Fig. 1.

The phase angle 0 is calculated from

tan 0
E
»

The total opposition a parallel circuit offers to alternating current is termed
impedance and is calculated from -

E
Z 7

AIM: To study (i) the current distribution, (ii) phase relationship in a circuit consisting
of capacitance and resistance in parallel,

APPARATUS: Voltmeter O-3OV (Multimeter A.P.O. No.2), Milliammeter 0-40mA (Ammeter 1mA-10A),
Oscillator 1000 c/s, Capacitor 0.1µF, Resistor 1k and Connecting Leads.

STEP 1. Connect the circuit as shown in Fig. 2.

STEP 2. Measure and record in Table 1

(i) Supply voltage (E).
(ii) Circuit current (I).

(iii) Current through the resistor (Ig),
(iv) Current through the capacitor (IA).

)5v/1000 c/s 0·1µ F 1Ko

METHOD ±

STEP 3. Using formulae stated, calculate in Table 2 - FIG. 2.
(i) Resistance (R). (iv) Current through the resistor (Ig),

(is) Capacitive reactance (X¢) . (v) Current through the capacitor (Ig).
(iii) Impedance (2). (vi) Circuit Current CI).

STEP 4. Compare the results of steps 3(iv), (v) and (vi) with the results of step 2.

(i) Prepare a vector diagram from the results of step 2.
(ii) Measure the circuit current on the vector and compare with the meter

reading in Table 1.
(iii) Calculate the phase angle.
(iv) Measure the phase angle and compare with the calculated value.

O-z.. :
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E_l5 voLrs 1I9l. «A t _(56«A q5Ic ----- mA

I,_
I

TABLE 1. PRACTICAL VALUES

K9 la
E 15AR = r

Xe=
I

27rf C Fe = E 45»n-
Xc = 1 592 £2

Xe

E I - + 1°
z =:

84-
I I - 18- €

TABLE 2. THEORI7CAUL MALES

PHASE ANGLE THrogy
! 95
7 7gig

Fron tables Pkncicnt VAuues
o %

us 92..41.23 3!..A9.

k_<s1°..#2.'. «".¥

tan

s-ade
k - - - - -....~ 1$·"'

l
l

-2
E

k TEST QUESTIONS:

1. In a circuit containing Capacitance and Resistance in parallel

lesskhan
(i) The P.D. across the resistor is eneele than tP/supply voltage.

the same as

/ess-khan"
(1i) The P.D. across the capacitor is gmselen than the sy0ply voltage.

the same as

• (iii) The current and voltage of the resistive branch are~phase.

inr .z,

(iv) The currents In and lc are"+ "« Phase and must be/DD.SQ. MIC8Io calculate the circuit current.
OU l 0

+as
(v) When C and R are connected in parallel tc an alternating current supply, the circuit current leads the

supply voltage,is in phase=wibke

2. Complete the following statement -
When the capacitance of the circuit FIG. 1 is doubled -

doublesv doubles
lc remainsbhesame,

drakes
R remains the same, ✓

increases v
the circuit current remains«t/ls30e

decrease s%=

✓inereases increases
the circuit impedar.ce remains#the*same, and the phase angle nowasdhesame

decreases decreases
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INDUCTANCE AND RESISTANCE IN PARALLEL.

When an alternating e.m.f. is connected to a circuit consisting of inductance and
resistance in parallel the circuit current (I) divides into two branches Ij, and IR•

The current in the resistive branch (Ig) is "in phase" with ±he supply voltage (E),
the current in the inductive branch (Ii,) lags the supply voltage by 90°,

The circuit cyrrent (I) is the vector sum of Ij, and Ip and lags the supply voltage
by some angle between 0 and 9o° as in Fig. 1.

E

J:~;;J
PIG. 1.

The total opposition a parallel circuit offers to alternating current is termed impedance (Z)
and is calculated from -

)
The phase angle G is calculated from -

tan O

E
Z - 7

ATM: The study (i) the current distribution (ii) the phase relationship in a circuit
consisting of Land R in parallel,

APPARATUS: Voltmeter 0-10V (Multimeter A.P.O. No.2), Milliammeter 0-10mA (Ammeter1mA-1OA),
Inductor 80mH, Resistor 1k9, Oscillator 1000 c/s and Connecting Leads,

METHOD :

STEP_1. Connect the circuit as shown in Fig. 2.

5v/I000 c/s IO-10 1K 80mH

FIG. 2.

STEP 2. Measure and record in Table 1 -

(i) Supply voltage (E).
(ii) Circuit current (I).

Using formulae stated, calculate

(i) Resistance (R).
(ii) Inductive reactance (X1,).

(iii) Impedance (Z).

(iii) Current through the resistor (IR).
(iv) Current through the inductor (II,).

in Table 2 -

(iv) Current through the resistor (IR).
(v) Current through the inductor (I]).

(vi) Circuit current (I),

STE8 4. Compare the results of step 3(iv), (v) and (vi) with the results of step 2.

(i) Prepare a vector diagram from results of step 2.
(ii) Measure the circuit current on the vector and compare with the meter

reading in Table 1.
(iii) Calculate the phase angle.
(iv) Measure the phase angle and compared with the calculated value.



Laboratory Projects

2nd Year

IE VOLTS I!_ mA

PROJECT NO. I6

TABLE 1.

K92 E
R : In -.R

XL = 27fL E
IL T

XL = XL

E l
-?

+ 13
z E .. •

l
l -

TABLE 2.

PHASE ANGLE

tan O

From tables
------------_-_-

tan .

E

Angle O

k TEST QUESTIONS:

degrees.

1. From your results and vector diagram:-

[·1) Th l ·tu nt[1)· th Vt S f d ndleads',hesupplyvoltagee circul currer 1s e ec or um o an afl!1ag$
by ...•....•. degrees.

2. When the resistance is decreased to 500 ohms:

i ncreases
(i) Ip remains the same, (Ip " . )

decreases

increases
(ii) The circuit current remains the same, since the circuit current (I) is the Vector Sum of and .

decreases

increases
[ ••• ) Th lt t • d • th • z d th • ·t h l increases11 ne resultant impedance remains ne same, since •- ••....•..••••• and :he circuit phase angl° ecreases

decreases



PROJECT NO. 17

L, C AND R IN PARALLEL (1).

Laboratory Projects

2nd Year

When an alternating e.m.f. is connected to a circuit consisting of L, C and R in
parallel the circuit current divides into three branches, IL, Ig and IR. The current in
the resistive branch (Ig) is "in phase" with the supply voltage, the current in the inductive
branch lags the supply voltage by 90, the current in the capacitive branch leads by 90,
The circuit current is the vector sum of Jg and IL - Jg as in Fig. 1.

Le

The phase angle 0 is calculated from -
E

tan O

FIG. 1.

AI: o study (i) the current distribution and, (ii) the phase relationship in a circuit
consisting of L, C and R in parallel.

APPARATUS: Voltmeter O-10V (Multimeter A.P.O. No.2) Milliammeter 0-10mA (Multimeter 1mA-1OA),
Oscillator 1000 c/s, Inductor 80mH, Capacitor 0.1µF, Resistor 1k and
Connecting Leads.

METHOD :

STEP 1. Connect the circuit as shown in Fig. 2.

2V/1000 c/ 10-Io

FlG. 2.

0· 5KO 0·IµF 80mH

STEP 2. Measure and record in Table 1 -

(i) Supply voltage (E).
(ii) Circuit current (I)

(iii) Current through the inductor (Iy)

(iv) Current through the capacitor (1c).
(v) Current through the resistor (Ig).

STEP 3. Using formulae stated, calculate in Table 2-

( , ~ Resistance (R). (v) Current through +e seen+*» S*3]1 Capacitive reactance (Xg). (vi) Current through the inductor (IL).
(iii) Inductive reactance (Xy). (vii) Current through the resistor (Ip).
(iv) Impedance (Z). (viii) Circuit current (1).

STE_4. Compare the results of steps 3(v) to (viii) with the results of step 2.

()
(ii)

(ii1)
(iv)

Prepare a vector diagram from the results in Table 1.
On the completed vector measure the resultant circuit current and compare
with the meter reading in Table 1.

Calculate the phase angle,
Measure the phase angle and compare with the calculated value.
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E _Ju voLTs I j_ ___ - mA Fa -JI.- m A
Vc -_-

m A 21LL----- mA
✓ ., - ,/ ,,,.

TABLE 1.

R -: 0·5KO JR, = E- IO»AR
./

l
xe "rd E £-280Vc -XeXe = 1542 -5 /

XL = 2 71fC E

19=0L T • -

XL = 502.5 9? XL

5Te
E I -: + (1L-1-)2

z = -= 53$.0I I 1G.$%A/ : v
TABLE 2.

PHASE ANGLE-----------

le:.. IGmA

le
,,--~-.._-c------~I'-- """11-..._-11-------➔:

I

I
ScAle LA= an

o /

tan O L - '¢.-..-.-..- -
R

From tables

t I, ·3, '10an •«..34..

Angle 9

1. From your results:-

() me sire1t surest (0) te the vector su of ..... ].~..... ana .].4..8..ls..

Co) me circuit current }51*° ea suooly voltage 6y 43..43.. deres. /ags

2. When the value of capacitance in Fig. 2 is increased to 0.5µF,

.increasedthe resultant phase angle i° ~e¢ ed *ecreaseu

inereases;
Kc, eemainsthe"same,

decreases

increases
lg, eemainsthe same, and

decreases

3. What would be the effect on the following when the value of resistance in Fig. 2 is disconnected

.86net2....Sons.. ..Kett0u&....Sas..
Circuit current P.JJJ~f.~~F.?. ✓ .



PROJECT NO. I8

L, C AND R IN PARALLEL (2).

Laboratory Projects

2nd Year

When an alternating e.m.f. is connected to a circuit consisting of L, C and R in
parallel the circuit current divides into three branches, I1, Ig and Ip• The current in the
resistive branch (IR) is "in phase" with_the supply voltage, the current in the inductive
branch lags the supply voltage (E) by 90°, the current in the capacitive branch leads by 90°
The circuit current is the vector sum of IR and Ic-Ij, as in Fig. 1.

Te

E

The phase angle 6 is calculated from -

tan (

PIG. 1.

ATM: To study (i) the current distribution; and,
(ii) the phase relationship in a circuit consisting of L, C and R in parallel.

APPARATUS: Voltmeter O-30V (Multimeter A.P.O. No.2), Milliammeter 0-0mA (Multimeter 1mA-1OA),
Oscillator 1000 c/s, Inductor 80mH, Capacitor 1µF, Resistor 1k9 and Connecting
Leads.

METHOD:a

STEP 1• Connect the circuit as shown in Fig. 2.

iy /too e/s V Io-io EK.n I Jf 80mH

FIG. 2.
STEP_2. Measure and record in Table 1 -

(i) Supply voltage (E) (iv) Current through the capacitor (Ic)
(ii) Current through the inductor (IL) (") circuit current (I)

(iii) Current through the resistor (IE)
STEP 3. Using formulae stated, calculate

(i) Resistance (R)
(ii) Capacitive reactanoe (c)

(iii) Inductive reactance (x)
(iv) Impedance (2)

in Table 2

(v) Current through the capacitor (Ic)
(vi) Current through the inductor (IL)

(vii) Current through the resistor (I7)
(viii) Circuit current (I).

Compare the results of step 3(v) to (viii) with the results of step 2.

(i) Prepare a vector diagram from the results in Table 1.
(ii) On the completed vector measure the resultant circuit current and compare

with the meter reading in Table 1.
(iii) Calculate the phase angle.
(iv) Measure the phase angle and compare with the calculated value.
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TABLE 1l. lc SeALE -3
1° /
• l»AE 10 -R - Ko ta= 4 5f heel - a' -2tanTy£dR- / I

Xe= I E27r f C I, =
32~e is4.2s2,

c X¢

I
XL= 27f L E q.qP

$02.45' ' XL
XL=

-4- «u-157 (?'.

E I
z - II

1$2 22-2A-
TABLE 2.

THEORY PHASE ANGLE
--...·."".

tan O

V
)

From tables

us .4..32....
Angle O

* TEST QUESTIONS:

lu 10mA

1. From your results:-

(o) mhe circuit current (U) to the vector sun of •. ..IK,,...... and .,Ji,5'.lc
a) ms e-at av {"*" oo vet w1use to , .76"s.3«.

20,s

2, When the resistance of the circuit is doubled -

MA9889s

Rr momaso.tho-sem
decreases

iprrcr.as8s

l, oomeine the-sane
decreases

er , f)
Z, boneinobho-sane ('_/

@@@/@8988

3. When the frequency is increased:-

.E 'wees Ele=r .x- nae TEI.» •w "leR... ..e-2m/cd!!,JLu llie sam·e because. ~:7.!~ ,'-;2:.iT,-(. IL, Pe111aiRs•-,,-sa11,e ecause .f'............. J
@degreases decreases

increases
and the phase angle nemzs-the-same,

@de8188809 7
17is INPUCTIUE

4, How do the results of this project differ from those of project 17,

P&oJ€en 1& I s CA pACUT1Ut 1/



PROJECT NO. 19 Laboratory Projects

2nd Year

EFFECT OF FREQUENCY IN L AND C PARALLEL CIRCUITS

When a variable frequency supply is connected to a circuit consisting of L and C in
parallel, at one particular frequency the currents in the inductive branch and the capacitive
branch are equal but 180 degrees "out of phase", thus the resultant or circuit current is
zero. This is the resonant frequenoy,

J.
In a practical circuit, due to the resistance of the inductor, a low value of circuit

current will flow. This current is "in phase" with the supply voltage.

AIM: To study the effects of frequency variation through resonance, in a circuit consisting
of inductance and capacitance in parallel.

APPARATUS: Voltmeter O-0V (Multimeter A.P.O. No.2), Milliammeter O-40mA (Multimeter 1mA-1OA),
Oscillator Variable, Inductor 80mH, Capacitor 0.33µF and Connecting Lead's.

METHOD:

STEP 1. Connect the circuit as shown in Fig. 1.

OSCILLAT0R V IO-I0 0·33µf 80mH

FIG. 1,

.-1
STER 2. Adjust the frequency to 600 c/s and the supply voltage (E) to20 Volts. Measure

the circuit current. Record in Table 1.

Maintaining the supply voltage at 5.Volts increase the frequency in 100 cycle
steps to 1400 c/s. Measure the circuit current for each step. Record in
Table 1.

STEP 5%

Calculate in Table 1 the impedance for each step.

Plot a graph of circuit current versus frequency (Graph 1).

On the same graph plot impedance versus frequency.
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FREQ. E
E

ImA Z--t

600 20

700 2.0

800 2.0

9oo ]20

FREQ
E

E I mA Z-
L

r000 20 1ohs
1100 2.0 « 2v3

1200

1300

"2 I2ol ] 4r#re I40I l I20/K]'+00
TABLE 1.

121r

Ce-r

u &RE»18 3°

1En

\ s0EDENCE

es • a&o «eoanahu i.' abo

EtSUE9I!ON78reueuc. c?$
1. From your results:- • / (J

(
·(·i)) :::hhatt :s tthhe r~son~tnt_ fredquency tot the circ;it? ······-;_-1·~:;I·· -~.J~·•······················~/·1
l l r, a 1S 8 ClrCUI lffip:! ance a resonance. ••••••••••••••••·••••·••••••••••••••••••••••••••••••••••••v

(iii) What is the effect on the circuit impedance when the frequency is increased above resonance, :

... ....PE¢RE0SE...E.8ER.UfM£Y.....Ce4......8E¢9M1.64..s4rAG.IT1M1... . . AK

{«,0a i30¢ iyOo
e



PROJECT NO. 20

PARALLEL RESONANCE.

Laboratory Projects

2nd Year

When an alternating e.n.f. is connected to a circuit consisting of L and C in
parallel, the circuit current divides into two branches Iy, and IC•

At one particular frequency (resonant frequency) where Ii = Ig the circuit current
is zero; therefore at resonance the impedance of the circuit is infinite.

In a parallel circuit, the Q factor is a number which inoicates how many times the
circulating current at resonance is greater than the circuit current. Q factor is calculated
from -

Q
IC or

I
1L

where Ig or Ij is taken as the circulating current.

AIM: To study current distribution in a parallel resonant circuit.

APPARATUS: Voltmeter O-0V (Multimeter A.P.O. No.2), Millianmeter O-40mA (Ammeter 1mA-10A),
Oscillator 1000 c/s, Inductor 80mH, Capacitor 0.33µF, and Connecting Leads.

k METHOD :

STEP 1. Connect the circuit as shown in Fig. 1. Adjust frequenoy for minimum current
(1,000¢/s approx.).

.-----------mA----------

2@V/ t000 c/s V 0-Io

o - 1o

FIG. 1.

0·33µ£ 80ml

STEP 2. Measure and record in Table 1

(i) Supply voltage (E)
(ii) Circuit current (I)

(iii) Current through the inductor (IL,)
(iv) Current through the capacitor (Ic).

STEP 3. Using formulae stated, calculate in Table 2 -

(i) Capacitive reactance (Xc)
(ii) Inductive reactance (X1,)

(iii) Impedance (Z)

(iv)
(v)

(vi)
Q factor.

Current through the capacitor (Ic)
Current through the inductor.(Ii,)
Circuit current (I)

(vii)

STEP 4. Compare the results of step 3(iv) to (vi) with the measured values in Table 1.

STEP 5. Prepare a vector diagram from the results in Table 1.
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e_20.votfsl 1_l16_x

I
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o
TABLE 1.

nroP'
Xx= sz / E +4"nC Le -
Xe = 4$2.4-.$2

X¢

XL= •r'+/ TL-
E j- 34.3,0

XL = $02$.$2 XL

.l I = Ie -IL
z E

2-1"Av= ,
I ;:

le 26Q =
[ I

TABLE 2.
1

4{A

1. From your results :-

The circuit curren\ is= and is .. I.ti phase with the supply voltage, with a phase angle of 0./1'("'\
The impedance of the parallel circuit at resonance is .tr'f...~....J:'!'fl@... :-:-:- ... (t:f.f.t.NfT)'. ✓ C,./

2. List two methods used to make a circuit resonate when the circuit current lags thefpply voltage. /Z'J

(; I . :i)©;_f.!s'/1.~I;;. .T.ttlf l.tto. \.l~Th.~U: / X. .............•.\~
(ii i .. h~-'.c~.1;:$.$~ T.~!~ <";.n~~.n .

3. A circuit consisting of L and C in parallel is resonant at 1000c/s. When the frequency is increased

increases/io+eases=
(i) The inductive reaciJnce &emai.ns_tb.a..sam&, and the current in the inductive branch (IL)➔-enraeim ll.e sameao• •

5 +roor f «cremes/ J
IL .....~'-,..... J.

in9re29increases
{ii) The capacitive reactance nemains±he=same, and the current in the capacitive branch (Ir) remains=the=same

&decreases dassoeses«1.5e.....
greater than f (\ \ (!)

(iii) lc is therefore oae ......4.d..... and the circuit current .K0444 the applied voltage,( 7
L@66=ii8ei



PROJECT NO. 21

A metal rectifier is a semi-conductor device which allows current to pass more
readily in one direction than the other.

When the voltage is increased in the conducting direction, the resistance decreases
to a low valve, thus, the rectifier has a non-linear resistance voltage characteristic,

ATM: To study -

APPARATUS: Voltmeter 0-50V (Multimeter A.P.O. No.2), Milliammeter 0-100mA (Multimeter 50µA-1A)
Variable D.0. Supplies 0-20V, 0-3V, Metal Rectifier 1/60 and Connecting Leads.

METHOD :

METAL RECTIFIERS.

Laboratory Projects

2nd Year

(i) the voltage/current characteristic;
(ii) the voltage/ resistance characteristic of a metal rectifier.

STEP 1: Connect the circuit as shown in Fig. 1.

3 V
o.c.

+
V Io-3

PIG. 1.

sTPc: Adjust the input voltage to 2 Volts. Measure the circuit current. Record in
Table 1.

STEP_s Decrease the input voltage in 0.5 Volt steps to O Volts. Measure the circuit
current for each step. Record in Table 1.

STEP {: Connect the circuit as shown in Fig, 2,

A

0-100

+
20 v
O.C. V lo-30

PIG. 2.

STEP_: Adjust the input voltage to 20 Volts. Measure the circuit current. Record in
Table 1.

STEP_6r Decrease the input voltage in 5 Volt steps to O Volts. Measure the circuit
current for each step. Record in Table 2.

STEP_Is Calculate values of resistance in Tables 1 and 2.
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CenPETE
t

Cue'rar*
PROJECT NO. 21

STEP 8. (i) Complete a graph of Current/Voltage for conducting and non-conducting
directions on Graph 1.

(ii) Complete a graph of Resistance/Voltage for each step on Graph 2.

E I R= E 5, i

2·o 4·3 470
I· 5 2.0 750

I ·0 2 5000
0·5 o a

E I R- 5
uf I

20 30 6(7 K

15 22 682 K
10 s GG7 K
s O 500 K

TABLE 1. TABLE 2.

t+

t

10

w

,I
Jo

c
I I 'es

. I 1I
20

I il i !1
•

¼I
LE:

20
10

s

E

I

1,

20v
TEST QUEST IONS:
•-·•••-• •-·--

0¥ ev
GRAPH 1.

1u
20¥ I0v o

GRAPH 2 I 2v

1, From your graphs-

Compare the resistance of the rectifier, forward and reverse, when the input voltage is 2 Volts.

. . . . .I.M. ::u•n~ F:.Q. ,;.,~·"-~~- 0.1.tgr.1.C?.~ R -'-~- ~.f.~"l. ~.9. -~- t- !H .

...HG.......&EYE&SE.....2.18EST!2.8......1.......&a....HER...H!I...................... .



PROJECT NO. 22 Laboratory Projects

2nd Year

RECTIFICATION.

Metal rectifiers can be used for half or full wave rectification, that is, to change
alternating current into direct current pulses,

AIM: To study metal rectifiers connected for half and full wave rectification.

APPARATUS: Voltmeter 0-50V (Multimeter A.P.0. No.2) Transformer 4012A, Resistor 0.5k9
Metal Rectifiers 1/12A, Supply Voltage 50V 50¢/s and Connecting Leads.

METHOD :

STEP 1. Connect the circuit as shown in Fig. 1.

0-50V A.C.
VARIABLE

8

/12A

SEP 2. Adjust the supply voltage to 20 Volts.
Measure the P.D. across load resistor. Record value in Table 1 and polarity on
Fig. 1,

STEP 3. Connect the circuit as shown in Fig, 2.

J i
*" /0- 50V A.C. 4 0·5K

VARIABLE

) 2

FIG. 2.

Adjust the supply voltage to 20 Volts.
Measure the P.D. across the load resistor.
on Fig. 1.

Record value in Table 1 and polarity



Laboratory Projects

2nd Year

CIRCUIT LOAD VOLTS T

HALF WAVE o·$Ku 36 7A
FULL WAVE o gx 0 6-2 14A

TABLE 1.

TEST QUEST IONS:

PROJECT NO. 22

"2

1. From your results in Table 1 -

(i) The voltage across the load resistor on full-»ave rectification is approx ...,gr....... that on
half-vave rectification.

Give_reason_for_youranswer.

R!l"!Sc-c-4 .

}

X



PROJECT NO. 23

EFFECTS OF FILTERS.

Laboratory Projects

2nd Year

An output filter is used to reduce or eliminate the A.C. component or "ripple" from
the direct current output of a rectifying circuit.

ATM: To analyse filtering methods.

APPARATUS: Supply Voltage 12V AC, Rectifier Bridge, Milliammeter 0-10mA (Multimeter DC 50µA-1A),
Load resistor 2,2k9, Receiver, Capacitor 4µF, Inductor 14H 60mA, and Connecting
Leads.

METHOD :

SEP 1. Connect the circuit as shown in Fig. 1.

12.v
A.C.

4mAi.C

0-10

RECEIVER

STEP 2. Listen with the receiver-note value of direct current as indicated by meter.

Nole: 100 e/s ripple heard in receiver.

STER_J. Connect the circuit as shown in Fig. 2.

12¥
A.C. RECEIVER

STEP_4. Listen with the receiver with the inductor in circuit.

Note the effect on ripple content compared to negligible decrease in current.
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2nd Year
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Connect the circuit as shown in Fig. 3.

12v
A.C.

Listen with the receiver.

4µF

RECEIVER

Again note the effect on ripple content and value of direct current.

TEST_QUESTIONS:

i ncr eases
high1. In Step 4 the ripple content through the receiver remains the sane because the inductor offered a 1" reactance to the

deer eases
100 cycle ripple frequency.

increases hiah
2. In Step 6 the ripple content through the receiver remains the same due to the '*" reactance shunt path of the capacitance

decreases Iow
at the ripple frequency.

iq8pa9s
3. In effect, FIGS. 2 and 3 are respectively bond-pmss filters.

low pass



PROJECT NO. 24

TYPES OF FILTERS.

laboratory Projects

2nd Year

In Telecom. many different types of filters are used. Phe type of filter used ir a
particular circuit and the values of the components depends on circuit requirements.

AIM: To study types of filters used in telecommunication.

APPARATUS: Supply Voltage 12V 50 c/s, Rectifier Bridge (1/12A), Capacitors 4µF, Inductor 14H 60mA,
Receiver, Resistor 2.2k0 and Connecting Leads.

METHOD :

STEP_1. Connect the circuit as shown in Fig. 1.

12V
A.C.

FI0. 1.

RECEIVER

STEP 2. Listen with the receiver. Note the level of the ripple content.

SEP 3. Connect the capacitor 01 in circuit as shown in Fig. 1.
STEP 4. Listen with the receiver. Note the level of ripple decrease.

sr1P_5- Connect the inductor CI) in circuit as shown in Fig. 2.

LI

12V
A.C,

114H/60mA

.,.T" ...
FIG. 2.

CI

STEP 6. Listen with the receiver and note the effect in ripple level.

STEP L. Connect the capacitor 02 into circuit as showr in Fig. 2. Listen across the
receiver and note the effect in ripple level.
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llllt

DEMONSTRATION

L.LI..

PROJECT NO. 24

STEP 8. Connect the C.R.0. across the resistor. Repeat Steps 3, , 7. For each step
record the input and output wave form of 2 cycles on Graphs 1, 2 and 3.

INPUT I OUTPUT

E E
h

TIME TIME

GRAPH 1.

OUTPUT

E E
TIME TIME

GRAPH 2.

TEST QUESTIONS:
--------------

INPUT

GRAPH 3.

OUTPUT

Er------------
TIME

varying dIrecl
2. From Graph 3b the output of a capacitor input filter is direct current.

a]±ernalir
/

3. Under what circumstances could a resistor be used in place of the inductor?

( . series . high1. In the filter circuit (Fig. 2) the inductor is I" "anal@ *ith the output and offers a j" reactance to the ripple

frequency, vhI1st the capacitors betas in parallel vith the output offer a [[" reactanee ""I" path for the ripple
ow snun

frequency.
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VAlVE CONSTANTS ( l).

Laboratory Projects

2nd Year

The inherent characteristics of an electron tube that determine its suitability fox
a particular purpose are termed CONSTANTS, of which there are three

(a) Amplification factor (µ) change Ea for same change Ta•change Pg

(ii) Anode resistance (ra) ch2pee 2a g constantchange Ta
.

(iii) Mutual conductance (e%) chap69 Ea Ea constant.change Eg

AT: To plot a "family" of mutual characteristic (Ia/Eg) curves of a triode electron tube,
and to determine from them values for the tube constants at a typical working point .

APPARATUS: Voltmeter 0-300V (Multimeter A.P.O. No.2), Mill1ammeter 0-50mA (Multimeter
D.C. 50µA-1A), HT Supply 0-250V, Variable D.C. Supply 0-15V, Electron Tube
12AU7 and Connecting Leads.

METHOD:

STEP 1. Connect the circuit as shown in Fig. 1.

0-15V D.C.
VARIABLE
+

V to-3o

FIG. 1.

0- 50

V 10-300

STEP 2. Adjust the anode voltage to read 150 Volts with the grid voltage at zero,
Measure the anode current. Record in Table 1.

I

Maintaining Ea constant at 150 Volts, increase the grid voltage in 3 Volt steps
to -15 Volts. Measure the anode current for each step. Record in Table 1.

STEP 4. Decrease the anode voltage to 125 Volts. Repeat step 3.

STEP 5% Decrease the anode voltage to 100 Volts. Repeat step 3.

STEP 6. Decrease the anode voltage to 75 Volts. Repeat step 3.

STEP 7 From the results in Table 1, complete a family of Ia/Pg curves on Graph 1.
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Eg

E a
ov - 3 - 6\ - 9\ -12V -15V

150V 18 1o$ q I 0 0
125¥ 14 7-5 2-2$° 2¢ O o

Ia
. . . r

4

A. ,
IOOV 10-2.s 4 $ I 0 0 O
75V 7 2·$ 0 0 O 0

TABLE 1.

E
- I

18

PROJECT NO. 25

- l

t

-
j2 1a-

JH

e
/a.

'
'

I G
I

I:: I

I
I

1'

~ HI ,,. 3
•»

' 'y' l::-JQ~1/.

KTI-:3 -
2¢ -

-15 -1 - GRAPH 11
TESTQUESTIONS:Eg v~u7s

1. From your results_in Table 1, calculate the amplification factor of the triode used.°es 50 • .
. . . . 4-:.:: A.f:J. :: •••.•..... ~ .:- JJ.: .6 / ··2i· t6-· .

63. l,]
2. Fros your completed graph, calculate the mutual conductance in (1) m1l1ianps/Volt Sy?3.... 4Eg......at 2l»a/v

9eke - 2,1¢ "~3(ii) Micromhos .....g? ..•.....A...7... ......z,{9Q4ro
4Fa

3. Calculate anode resistance ••.• '/<(.{-;.':: ..~.Tii. £~ ..~'!f.TfJ.~ ✓. .
?5 o0o·

........................... :'.: .. lf.f: ?-: .. ?-:?.~..~ T. ::: qoqo · CJ .Jl.. .
* • • • •·•··• • ·• • • • • • • •• • • • •i • • • • • ••• • • • • • • • • • ·• • • • • • • • • •

o
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The constants of an electron tube can also be determined from the anode characteristics.
These characteristics are given in most valve data books.

AT: To plot a "family of anode characteristics (Ia/B") curves of a triode electron tube,
and to determine from them values for the tube constants at a typical working point.

APPARATUS: Voltmeter (Multimeter A.P.O. No.2), Milliammeter 0-501A (Multimeter D.C.
50µA-1A), HT Supply 0-250V, Variable D.0. Supply 0-9V, Electron Tube 12AU7 and
Connecting Leads.

METHOD:

STEP 1. Connect the circuit as shown in Fig. 1.

STEP 2.

STEP 3.

STEP 4.
STEP 5.

STEP 6.

VAlVE CONSTANTS (2).

0- 9V D.C.
VARIABLE
+

V lo-io

0-50

Laboratory Projects

2nd Year

0-250 ¥

FIG. 1.

Decrease the an~de and grid voltages to zero.

Maintaining t~e grid vo+tage constant at O Volts, increase the anode voltage
in 25 Volt steps to 150 Volts. Measure the anode current for each step.
Record in Table 1.

Repeat step 3 with grid voltage of -3 Volts.

Repeat step 3 with grid voltage of -6 Volts.

Repeat step 3 with grid voltage of -9 Volts.

STEP 7. From the results in Table 1, complete a family of Ea/la curves on Graph 1.

Eg
E a

OV 25V 5OV 75V IOOV 125V 15.OV

ov

- 3V
Ia

- 6V

- 9V

TABLE 1.

-
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PROJECT NO. 26

GRAPH 1.

TEST QUESTIONS:---------··-_--

1. From your results calculate the anode resistance of the electron tube used for the experiment.

ra .

•••••••••••••••••••••••••••••••··•·•·•··•·········································································

2. Calculate amplification factor .

•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••·••··········································
3, La]culate mutual conductanCe "....•.•..••••...••••..••..••••....•••.••••..•••.•.••.••••••...•......•............... . . . . • •

•••••••••••••••••••••••••••••••••••••••·••••••·••·········································································
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NEED FOR GRID BIAS.

Laboratory Projects

2nd Year

Grid bias is the fixed potential applied to the control grid of an electron tube to
ensure its correct operation. When operating on the linear section of the I"/lg
characteristic curve uniform changes in grid voltage result in uniform changes in anode
current. When the grid is made positive with respect to the cathode, grid current flows
causing distortion of the output.

AIM: To study the necessity for grid bias.

APPARATUS: Oscillator, Amplifiers, C.R.O. and Connecting Leads.

DEMONSTRATION.

METHOD :

STEP 1. Connect the circuit as shown in Fig. 1.

4
SEP 2. Record the waveform of the oscillator on Graph 1.

GRAPH 1.

STEP 3. Connect the circuit as shown in Fig. 2.

FIG. 2. AMPLIFIER CORRECTLY BIASSED.

STER_£• Record the waveform of the amplifier on Graph 2.
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PROJECT NO. 27

GRAPH 2.

STEP_2• Connect the circuit as shown in Fig. 3.

FIG. 3. AMPLIFIER INCORRECTLY BIASSED.

STEP 6. Record the waveform of the amplifier on Graph 3.

2E&0 NEGATIUE

Ne@ATIUE 8lnS
GRAPH 3.

TEST QUEST IONS:

1. () men an amp1f1er ts unbiased the [",'," half cycle of the taput signal becomes distorted.

(ii) Explain with sketches how this distortion is produced.

Ta

c

•• • • • • • • • • • • • • • • • • •• • • •• •• • • •• •• ••••••• ••• • • • • •• • • • • ••• • ••••• • • •• • ••••• • • • • • • • • • • • • • • • • • •• •• • • • • • • • • • • • • • • • • • • • • • • •

# 2. State two methods of obtaining grid bias:-

6 ..Ba11.........{IS........... .....
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PRACTICAL TRIODE VOLTAGE AMPLIFIER WITH CATHODE
RESISTOR BIAS.

A triode when used as a voltage amplifier converts small alternating voltage changes
in the input circuit,into larger alternating voltage changes in the output circuit.

To ensure correct operation with undistorted output cathode resistor bias is used.
Anode current through the cathode resistor is such that the grid is negative with respect to
the cathode. A capacitor is generally placed in parallel with the resistor to bypass the
A.C. component of anode current.

AIM: To observe a cathode resistor biassed triode electron tube when connected as a voltage
amplifier.

APPARATUS: Milliammeter 0-50mA (Multimeter D.C. 50µA-1A), Voltmeter O-100V (Multimeter
A.P.0. No.2), Oscillator, Model Amplifier, HT supply 0-250V and Connecting Leads.

METHOD:

STEP 1. Connect the circuit as shown in Fig. 1.

470K

IA
0° 0IµF

}e__h lo

-2sov

-----,
I

0-11100-1oev

I

FIG. 1.

STEP 2. Record the anode current in Table 1.

STEP_• Calculate in Table 1 the value of bias voltage.

STEP • Measure the value of grid bias (across the bias resistor) and compare with
calculated value in Table 1. 9? v

Connect the oscillator to the input.
of 1000 c/s.

Adjust the input to 1 Volt at a frequenoy

STEP_6. Measure the output voltage and record.

Output voltage ....I,...... Volts. 2

STEP I. Calculate the voltage gain.

E outputVoltage Gain = E a I¢inpu
rO

/Ovocr s GAIN
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8 Ea FBIAs = F * R,

2-2K 3-% mn 7-4%v

TABLE 1.

k TEST QUESTIONS:

1. What is meant by "distortion" in an amplifier?
des(

·.....P1ST9.81!9.8......9.404R?....S.HE!S....T.KE....Q.HEH7.. .8IVE.. .E9K!1..E!2....NY?
..89.1......THE......S.AH5...SH?A9TE8451495...£1.5....I4.£...15T97..2?Mz..........YAP€ SHAPE,

2. On what part of the laiEg characteristic must the valve be oper'ated to prevent distortion? _ /

..........Z.KE...T.......4.50.a8.......SES.40.t......A......z... .S.#EK.TE£................. ..EXs 0
3. How is the operating point on the l"/t, characteristic established? What factors in the circuit of Fig. 1 determine the

operating point?

·····················································································································.,x···o

•••••••••••••••••••••••••• .. •••••••••••••••••••••••••••••••••••••••••••••••·••··············································
• • • • • • • • • • • • • • • , • • , • • • • • • • • • • , • • • • • • • • • • • • • • • • • • • • • • • • • • •• • • • • • • • , • • • • • • • • • · • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • ·•• • • ·• • • • • • • • •

+. Why must the value of input voltage to the amplifier be limited? .....7.9.....RREyE!1......P4ST987.4411...AS

...$16MA4.....34.....@t!TE&....TE...H£EK....®.£......Ae.Y.Ez.....&EM9...........y>*•••.....
5. What is the effect, on the output voltage and therefore the gain of the amplifier of disconnecting the cathode by-pass

capacitor in Fig. 1?
2

....7.Me.....SH7£47......IS.....©A!4.1....z..I'2....TA1A.7....©.....Z!!5...©A!447.A.......AMP....
/

OE THE

2
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OSCILLATOR (L/C).

An oscillator is essentially an amplifier with positive feed back which generates
an alternating current signal. In an L/O oscillator the frequency of the generated signal
depends upon the values of the tuned circuit components.

AIM: To study the operation of a tuned grid oscillator.

APPARATUS: Oscillator Board, 1OOV HT Supply, Filament Supply, Variable Oscillator, C.R.O.
Receiver and Connecting Leads.

METHOD:

STEP 1. Connect the circuit as shown in Fig. 1.

C ¢

0·IµF

OUTPUT

_-"roov

FIG. 1.

STEP 2. Listen with the receiver and vary the feed back control (Rf) until the circuit
just oscillates.

Replace the O.O1µF capacitor with the O.OO2µF capacitor and listen with the
receiver. Vary the feed back resistor until the circuit just oscillates.

Repeat steps 2 and 3 several times comparing the pitch (frequency) of the
output signals.

lo -
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DEMONSTRATION

PROJECT NO. 29

STEP 1. Connect the circuit as shown in Fig. 2.

MODEL
OSCILLATOR

FIG. 2,

VARIABLE
OSCILLATOR

STEP 2. Instructor to measure the frequency of the model oscillator with -

(i) the 0.01µF capacitor

(ii) the 0.0027µ1F capacitor.

Record frequency in Table 1.

.
MODEL OSCILLATOR. .

O·0lµF 0·002µf

.

1200_cl• .- .%* e/$

TABLE 1.

TEST QUESTIONS:

1. mat ts an oset11at»rt ..3.8...A...Q.5VISE..HAE9...E98..THE....8R9R4T(9M..9.5...A..Set'I.I!0us
AG....$19M0..4....95....A....QESI8ED...'.0YE..S.1.AR6..4..f.8£9...6.89M1..0....?c...s.g?fA %

k 2. List 3 fundamental characteristics of all oscillators.

~1 Y.9.?. !'.'r.i.l.!.s f.f.%.P... ·IJ.I):~.!. .
~. fi.t1P..l:J.f !.(,..J).7t9.~ 7:<:;? .. t-:,,t;;IT.. 7.i!ff... .. t;;.N.. fl?~.'( <..-~.~T. .. J.t:{ 7:H.~ <-.o.fl1/ .
~J .. fo... --~~ l:T.~Ji?~ .11 ~IZIH:-i4.~t-1.€.t:<':r.. ::c:>.f..-.?tr.(~ ..~t.t~l-!.l.':r. ..f~!'!.IT!H!~ ~

%

increases.
(i) When the value of capacitance in Fig. 1 was decreased to 0.0027µF the frequency remains=thesamer

690/8398&

rc1e3s8s.

(ii) When the value of feedback resistor was decreased the amplitude nomains-thesemex
decreases.

(iii) Hf the tuning capacitor is changed to 0.02µF, what is the output frequency?

3. From your results:-
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PENTODE ELECTRON TUBE (1).

A Pentode electron tube has five elements.

I. ANODE

2. SUPPRESSOR GRID

3. SCREEN GRID
4. C0NTROL GRID

5. CATHODE ASSEMBLY

Laboratory Projects

2nd Year

The inclusion of the screen grid increases the anode impedance and thereby the
amplification factor of the tube also.

The suppressor grid overcomes the effects of secondary emission.

AIM: To study the anode characteristic Ia/Ea of a pentode electron tube.

APPARATUS: Voltmeter 0-10V, 0-300V (Multimeter A.P.O. No.2), Milliammeter 0-50mA
(Multimeter D.C. 50µA-1A), HT supply 0-250V, Variable D.0. Supply O-10V,
Screen Supply 150V, Electron tube 6AU6 and Connecting Leads.

METHOD:

STEP 1. Connect the circuit as shown in Fig. 1.

0-I0V D.C.
VARIABLE
+

0 -10 - 1s0.v

0- 50

V 10-300
0-250V

FIG. 1.

STEP 2. Adjust (i) the screen voltage to 150 Vets FIXED AT IOSV
(ii) the control grid voltage to -© Volts

(iii) the anode voltage to zero.
225 v

STEP 3. Increase the anode voltage in @5Volt steps to ®@50Wits.
Measure the anode current for each step. Record in Table 1.

f
STEP 4. Increase the control grid voltage to -2 Volts. Repeat step 3.

OMMrj STEP 5. Increase the control grid voltage to - 3 Volts. Repeat step 3.

STEP 6. Increase the control grid voltage to -4 Volts. Repeat step 3.

STEP 7. From the results in Table 15 complete a family of Ia/Ea curves on Graph 1.'
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Ea
lo

la
1s9. Ea

/a
Iba lse.

0 • 2 6·G 1-se 50 6.2 27
25 5 2 I 6-2 175 100 2¢6· 4
59 10 3· g I 4 4+ 2o0 IS0 6£ 2-5
75 1$ 4· $ q 225 200 6 2·$

re® 20 5I 3-% 25-0 22$ g-7 25
$25 2$ 3-7 I 3-1

TABLE 1.

st±ti±itHii
KLLLE7TELLHFEEEEHIETEEHEESEIFTE

HIE

+ di;
I

3

' -
• I I
I I

1 r+ it,
., .

2
G se

/4 I

3

2

+

1t.
-F-l+LILEL++

- -
-

-
-

i.
I

- ,Ii4.m

-

rec es I z'si7 % 3.002s so vs '8RAPH 1.TESTQUEST10¥S:vsra Ee vocis
1. Explain the function of ( i) Screen grid (ii) Suppressor grid - • j

2. Q./55525......A48...... .E4C198..../Q...8E.9.9.995......S.5.99880RY......E.:A1KE99198..
2. Calculate Anode Impedance. Compare with triode.

280 K n·······························································1.. : -.~ .
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PENTODE ELECTRON TUBE (2).

Small changes in grid potential of a pentode electron tube will produce changes in
anode current.

AIM: To study the grid voltage - anode current characteristic of a pentode electron tube.

APPARATUS: Voltmeter 0-10V (Multimeter A.P.O. No.2), Milliammeter 0-50mA (Multimeter
D.0. 50µA-1A), HT Supply 0-250V, Screen Supply 150V, Variable D.0. Supply O-10V,
Electron Tube 6AU6, and Connecting Leads.

METHOD :

STEP 1. Connect the circuit as shown in Fig. 1.

0- 50

0-I0V D.C.
VARIABLE

+

V 10-300

0 -IO -1s0.v

FIG. 1.

STEP 2. Adjust (i) Anode potential to 250 Volts. (Ea)

(ii) Soreen potential to 150 Volts. (Egg)

(iii) Grid voltage to zero. (Eg)

Measure the anode current (Ia). Record in [able 1.

STE?_3. Increase the grid potential (Eg) in 1 Volt step to -6 Volts.
I

Measure the anode current (Ia) for each step. Record in Table 1.

STEP 4. From the results in Table 1, complete a Ia/Eg curve on Graph 1.
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F,

OV

- IV

- 2V

- 3V

A S0V CHANCE IH Eo

CAUSES A •2»A CHANGE

1r Ta

Ia ----- - mA

7

Fg

- 4V

- 5 V

- 6V

TABLE 1.

Ka-----_ mA

o

O

O

7

PROJECT NO. JI

1a

TEST QUESTIONS:
GRAPH 1. -2

E9
1. Calculate the mutual conductance of the electron tube used for the experiment (compare with triode) ....................• . .

••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••·················
2. Briefly explain why a pentode has a higher anode resistance than a triode .Bi...i&IM?9.r....AT...SCRtE!.egiD
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PRACTICAL PENTODE VOLTAGE AMPLIFIER.

A pentode when connected as a voltage amplifier allows small input voltages to be
increased many times. This increase is possible because of the high anode impedance resulting
from the inclusion of the screen grid. A capacitor is generally connected between the screen
grid and the cathode to bypass the A.C. component of screen grid current.

AIM: To observe a pentode when connected as a voltage amplifier.

APPARATUS: Voltmeter 0-110V, 0-3V (Multimeter A.P.O. No.2), Oscillator, Model Amplifier and
Connecting Leads.

STEP 1. Connect the circuit as show in Fig. 1.•

O*O1µF

0·0lµF O•1M

--l
I

00-11.ov

o5¢. I
470K -250 ¥ __ ..J

STEP 2. Adjust the input oscillator to 0.5 Volts with frequency of 1000 c/s.

Measure the output voltage and record.

Output voltage.:..... S'. ~- . . . . Volts. /

STEP 4. Calculate the voltage gain.

Voltage Gain 8 output
E input s o4•

(Compare with Step 7 Project 28.)

srP _5- Decrease the screen voltage-note effect on output voltage. DECREASES

STEP 6. Increase the screen voltage-note effect on output voltage. INCKEASES

STP 7- Open the screen bypass capacitor-note effect on output voltage. €cr2Ase I
STEP &. Vary the anode voltage-note effect on output voltage.

DECEASE Ir AM0Df v&LTAde DECREASE5 THE

7HEY auey pRorotTtost
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TEST QUEST IONS.----

1. With the aid of la/Ea characteristic curve, briefly explain the operation of a Pentode electron tube as a
voltage amplifier.

inePuLT A1ItS Pp THE

0AKI@J THE ANOP' Cu&&EHT

<

/

...SH£.t1....A.....ZENT9RE....!2....Se:t!.....Ai...At...A149...1I..1440'...3!1A...A?KT.. vocwes

...J9.....zE.....I!S&E52......I?N...TI!AE2.....PS5....T9..I...A9K...tr!9e..u!re?nee

... 8£5HH7!8.....Z69!3....Tt£....'z1S..219!...95...t5....zS£¥!'...S!2.......................

2. Explain why the voltage amplification of the Pentode was greater than that of the triode.

.....IH.....RE!T9.PE......IA9K£SES.....THE....•............................................. .. .

•• • • • •• • • • • • • • • •• •• •• •• • • • • • • •• •• • •••• • •• • • • •• • • • ••••••••• ·•• ••••••• ·•••·••••••••• ·•••••••·•··•••••·•••• · ·• •·· • ••••• • • • •

• •• • • • ••• •• ••••••• •••••••••••• • ••• • •• • • •• •••• • ••••••• •• • • • • • • • • • • • • • • • •• • •• • •• • •·••••••·• •• ·• · • • • •••·••••••• ••·• ·• •• • • • • •

i

3. Explain the reason for the effect in Step 7.
12-9l8tG6)./)

.. .M?&!T9MS....es54....A9?}.......{IS.....x.n!9!1....u#¥Mz....8gononuon..on

.. :r.'!1s= ..':¥.. ?.??!..~-. ?irnMi-~ <,(.r.c:.~ ·"-~- &. r-/4 *jJ!".'?!. ..P.?7"':!.. .S:, .
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VOLTAGE DOUBLER.

Laboratory Projects

2nd Year

A voltage doubler is a type of rectifying circuit in which the direct current output
voltage is approximately twice that of the alternating input voltage. The current output
depends on the value of the capacitors.

AIM: To study the operation of a voltage doubler circuit.

APPARATUS: Voltmeter O-3OV (Multimeter A.P.O. No.2) Rectifiers 1/6A, Capacitors 4µF and 1OOµF,
Resistors 33k9, 1Ok9, 3.3k9, and Connecting Leads.

METHOD:

STEP 1. Connect the circuit as shown in Fig. 1.

.-------0-Cl r-4p.-F -..:.....iQ

12 6 v
A.C.

c2. 4µF

FIG. 1.

STEP 2. Measure the input voltage. (Convert to peak value.)

E peak

E peak
Effective * 1.414

x 1.414 .........• Volts.

ls

\ Record in Table 1.

STEP_3. With the D.C. Voltmeter, measure -

(i) Voltage across C,

(ii) Voltage across Cp

(iii) Output voltage.

Record in Table 1.

STER_• Connect the 33k9 resistor across the output terminals.
Measure -

(i) P.D. across load resistor

(ii) Load current.

Record in Table 2.

STEP_2• Replace the 33k9 resistor with 1Ok9 and repeat step 4.

SEP 6. Connect the 3.3kO resistor and repeat step 4.

k STEP I• Replace the 4µF capacitors with 1OOµF capacitors and repeat steps 4, 5 and 6.
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INPUT 17-G---- - -VOLTS PEAK

Cl 1 % D.C.- -- - - _VOLTS

C2 -I6_ vocrs O.C.

32 /

OUTPUT -- --- VOLTS o.c. 2 /

TABLE 1.

k
CI , C2 = 4µF CI C2 = I00,F

LOAD RESISTANCE
OUTPUT E LOAD I OUTPUT E LOAD I

33 Kl 25u • 7$A 2G V • 75%A

-
47 Kt tuu s +e 5 v 32$+A

3-3 kl 2.5 4 36,t 135v 35A vf/

TABLE 2.

?
TEST QUESTIONS:

1. From the results in Table 1.
peak

The capacitors C1 and C2 charge to the average value of the input voltage» "t
effective

-·
sun

The output voltage is the product of the individual voltages across the capacitors, i
differenee or 7

2. servo rev1at ...US.......Te6.. .. Z.....c.6.....M.A840T!9M!.....{EI¥5¥!!....19... 4911.0......
. . . . . . .. . . . . . . . .. . . . . fl.MP. 1:-.9.fl P. c;:.<?.~ P.r:r.,.a11:;;. ·~ (•

k 3. From the results in Table 2.

ioreases
(i) The output voltage remains=the*same when the load current is increased, v

decreases /,

Co) mo s sawed b ..T.HE.....C.A?A91.19.88....RISCH086MN@....HR044!...4.900.....Toss.. au_a.A,
C8) Why is better regulation obtained vt th larger capacitors? .. .B.EC.QUE.....TtE.I....S.T9.RE...MICRE........

.. ~.l:-~~.7.1~9.~:S: <;.-9.':'.$J.tt rf R. 1..-ll. Rflf.~ ~~f?F.~.~ 6 r
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GERMANIUM DIODE.

A germanium diode is a semi-conducting device having characteristics similar to a
metal rectifier.

When a D.C. voltage of correct polarity is applied to a germanium diode, it offers
a low resistance and allows a current to flow. In this connection the diode is said to be
conducting.

When the voltage is reversed, the diode offers a high resistance and only a minute
current will flow. In this connection the diode is in the non-conducting or high resistance
direction.

AIM: o study the characteristics of a germanium diode.

APPARATUS: Germanium Diode (0A79); Variable D.C. Supply 0-20V 0-3V, Milliammeter 0-50mA,
Microammeter 0-100µA (Multimeter D.C. 50µA-1A), Voltmeter 0-50V (Multimeter
A.P.0. No.2) and Connecting Leads.

METHOD :

Connect the circuit as shown in Fig. 1.

r-------------~mA-----

0- 50

0-3V D.C.
VARIABLE
+

V Io-3

,/
Adjust the input voltage to 2.0 Volts. Measure the circuit current. Record in
Table 1.

Decrease the input voltage to zero on 0.5 Volt steps. Measure the circuit current
for each Step. Record in able 1.

Connect the circuit as shown in Fig. 2.

e__u@1

0-100
I I

+
0-20V D.C.
VARIABLE V I0-50

Adjust the input voltage to 20 Volts. Measure the circuit current. Record in
Table 2.

Decrease the input voltage in 5 Volt steps to zero. Measure the current for each
step. Record in able 2.
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/
(o

STEP_L. Calculate the value of resistance for each current reading in Tables 1 and 2.

STEP 8. From your results plot a graph of

(i) current versus voltage.

E I R = EI
2·0V

I •S V I$A 0o.$
I·oV •A 11£
0.5V 3 f 10g7 -62

O V 0 o -s2

TABLE 1.

(ii) resistance versus voltage,

E 1 n = 5
20V 0aA 2M¢ .52
15¥ Sun 3 Ma -9

a

IOV 36A 3 Mg .f
sv +f $M4.
ov -

TABLE 2.

'i o

TEST QUESTIONS.

oi

9RAPE 1• E vouT,s

'

I i I
I

20 i o o - s i i 5

GRAPH 2. r e
C Vo~TS

10Mg

/
1Ma

R.s
t00k

$°

1. Draw the symbol of a germanium diode, and indicate the conducting direction.

2. State two advantages of a germanium diode compared to a metal rectifier.
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ZENER DIODE.

A zener diode is a silicon junction diode, whose reverse current remains extremely
small below a certain value, the "Zener Voltage". Then, as the reverse voltage is raised
slightly, the reverse current increases rapidly.

These characteristics allow the Zener Diode to be used as a voltage limiter or
voltage regulator.

AIM: To study the operation of a zener diode.

APPARATUS: Zener Diode (Z2433, 5%) Variable D.C, Supply 0-6V, Voltmeter 0-10V (Multimeter
A.P.0. No.2), Milliammeter 0-100mA (Multimeter 50µA-1A) and Connecting Leads.

CAUTION. MAXIMUM CURRENT MUST NOT EKCESD 85EA.

METHOD :

Connect the circuit as shown in Fig. 1.

____mil_

0- I00

0-6VD.C.
VARIABLE
+

Y°

V 1o-io ZRI

Adjust the input voltage to 1 Volt. Measure the circuit current. Record in
Table 1,

STEP 3. Increase the input voltage as per Table 1 to 3.0 Volts. Measure the circuit
current for each step. Record in Table 1.

From the results in Table 1, complete a graph of E and I of the Zener diode
reverse characteristic,

- a
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1+

TEST QUESTION.

REVERSE REVERSE
VOLTS CURRENT

IV

2V

2·5V

3V

TABLE 1.

GRAPH 1.

PROJECT NO. 35

1. What is a Zener diode? ..........................................................................•••••••••••••••••••••• ••••
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THERMISTOR - DIRECTLY HEATED.

Laboratory Projects

2nd Year

Thermistors are resistors having a high negative temperature co-efficient of
resistance.

When current is passed through a thermistor the heating effect causes the resistance
to decrease. A thermistor is therefore a current sensitive device having a non linear
resistance characteristics.

AIM: To study the resistance versus current characteristic of a typical thermistor.

APPARATUS :

METHOD :

Thermistor Type CZ10, Voltmeter 0-50V (Multimeter A.P.O. No.2), Milliammeter
0-100mA (Multimeter 50µA-1A), Variable D.0. supply 0-50V and Connecting
Leads.

Connect the circuit as shown in Fig. 1.

T________4may

0-100

+
0-50VD.C.
VARIABLE V Io-50 a THERMISTORz ct1o

STEP 2.

STEP 3.

Increase the circuit current to 10mA. Measure the voltage. Record in Table 1.

Increase the circuit current in 10mA steps to 60mA. Measure the voltage for
each step. Record in Table 1.

Calculate the values of resistance for each step in Table 1.

From results in Table 1 plot a graph of resistance versus current on Graph 1.
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TEST QUESTIONS.

I m A E VOLTS R = E-1
10

2 0

3 0

40

50

60

TABLE 1.

PROJECT NO. 36

GRAPH 1.

1. From your results.

When the current was increased the resistance

co-efficient of resistance.

remained constant

increased

deer eased

neutral

therefore the thermistor has a negative temperature
positive

2, Sketch the symbol of a directly heated thermistor "............••••.•..........•...........•......•.................... •• •
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THERMISTOR - INDIRECTLY HEATED.

Laboratory Projects

2nd Year

A thermistor is a resistor having a very high negative temperature co-efficient of
resistance.

The thermistor element consists of a small bead of resistance material which is
formed on two parallel wires, These may be -

(i) directly heated

(ii) indirectly heated.

AIM: To study the temperature (current) versus resistance characteristic of an indirectly
heated type thermistor.

APPARATUS: Thermistor (Type B25), Ohm-Meter (Multimeter A.P.O. No.2 Ohms x 100) Mil111ammeter
0-20mA (Multimeter 50µA-1A), Variable D.0. Supply 0-50V, and Connecting Leads.

CAUTION. WAIT 60 SECONDS BETWEEN BAO STEP FOR STABILISATION,

Connect the circuit as shown in Fig. 1,

c__lmA1_

0-50

0-50¥ D.C.
VARIABLE
+

Measure the resistance. Record in Table 1.

.n. 0HM
METER

Increase the current of the heater to 5mA. Measure the resistance. Record in
Table 1.

Increase the current of the heater in 5mA steps to 20mA. Measure the resistance
for each step. Record in Table 1.

From results in Table 1 plot a graph of resistance versus heater current
(temperature) on Graph 1.
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++t1Lt+I-

TEST QUESTIONS.

HEATER CURRENT RESISTANCE

0 m A

5 m A

o m A

I 5 m A

2.0 m A

TABLE 1.

GRAPH 1.

PROJECT NO. 37

1, Sketch the symbol of an indirect}y heated thermistor "......•.....•.•...•..•...••.•.•.•.....•...........•........••... •. .• •

2. From your results -
remains constant

(i) When the heater current (temperature) is increased the resistance increases
decreases

(jj] What is the resistance of the thermistor when co]d? "..•.• ...•••••...•.••.•.••••.••••..•••••.•....••...•.•..... .• • • • •
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VARISTOR.

Laboratory Projects

2nd Year

A varistor is a voltage dependent semi-conducting material (silicon-carbide), the
resistance of which varies with the applied voltage.

When used as a spark quench across a relay it has the advantage of being non-polarised
and self restoring.

All: To study the voltage/resistance characteristic of a voltage dependent resistor.

APPARATUS:

METHOD :

Varistor (Phillips type VDR P-128), Milliammeter 0-100mA (Multimeter DC 50µA-1A),
Voltmeter 0-50V (Multimeter A.P.O. No.2), Variable D.0. Supply 0-50V and
Connecting Leads.

Connect the circuit as shown in Fig. 1.

0-50V D.C.
VARIABLE
+

V Jo-50 VARISTOR

Adjust the input voltage to 5 Volts. Measure the circuit current. Record in
Table 1.

Increase the input voltage as in Table 1 to 24 Volts. Measure the circuit
current for each step. Record in Table 1.

Calculate the resistance for each step in able 1.

From results of Table 1 plot a graph of resistance versus voltage on graph 1.

Reverse voltage supply and repeat steps 2 and 3. (Compare current readings.)
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E VOLTS I m A R E«- -I
5

o

I 5

17·5

20

22·5

24

TABLE 1.

PROJECT NO. 38

+

TEST QUESTIONS.

I I

1EE

111

$> i $

!
1

il

GRAPH 1 .

I:

, .

!

I

1. Sketch the symbol of a varistor.

2. From your graph, describe the characteristics of a voltage dependent resistor • • • • • • • • • • • • •• •• • • • • •• • .... • • .... • • .... • .. •

• • • • • • ·• • • • • ·• • • ·• • • ••• • ·• •. • • • • • . • •• •••• • • • • • • • • • • • • • • • • • • •• • • • • • • • • • • • • • • • • ••• •• • • • ·• ·• • · • • •. •. • • • • • • • • • • • • • • • • • • • • •
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TRANSISTOR -COMMON BASE.

A transistor or crystal triode is a semi-conductor device, one of its most important
application being in amplifiers. In contrast to electron tubes, transistors are essentially
current controlled devices.

When connected so that the bas.e electrode is common to both
(common base configuration), current amplification Alpha is the ratio

collector current (Ic) to the change in emitter current (Ig) or a

input and output circuits
of the change in

small change Ic

small change Iy

Voltage amplification is possible because of the low impedance input circuit
(emitter base) and the high impedance output circuit (collector base).

Leakage current Jco is largely determined by thermally released "minority current
carriers" making the transistor sensitive to temperature change.

AIM: To study transistor behaviour in common base configuration.

APPARATUS : Transistor 0070, Milliammeter 0-10mA (Multimeter A.P.O. No.2), Milliammeter
0-50µA, 0-10mA (Multimeter DC 50µA-1A) Battery 1.5V, 4.5V Tapped, Potentiometer
5k95W, Resistor 1k9 and Connecting Leads.

METHOD :

STEP 1. Connect the circuit as shown in Fig. 1.

(5009 resistor protects emitter base junction as this is connected ii the
conducting direction.)

OC70

5K

A)°-50µA
uf fo-l mA

le

SWA 1·5¥

~------tY'lt-------J

Bl

4'5¥

82

FIG. 1.

STEP 2. Note the collector current (with the input open circuit). Measure the leakage
current Ico as indicated by Ig meter. Record in Table 1.

Change range of Ig meter to O-1mA. Close the switch SWA. Adjust the emitter
current (Ig) to 0.6mA and measure the collector current (I) and base current
(g). Record in Table 2.

Increase the emitter current in 0.2mA steps to 1ma. Measure the collector
current and base current for each step,

Increase collector voltage in 1.5V steps to 4.5V. Measure the collector current
for each step. Record in Table 3+

-
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LEAKAGE CURA.ENT (lc0)1

TABLE 1.

JA

PROJECT· NO. 39

EMITTER CURRENT 0·6 mA 0·8mA mA

COLLECTOR
CURRENT

.
BASE CURRENT

TABLE 2.

Note:- Ip

COLLECTOR VOLTAGE (Ee) COLLECTOR CURRENT (Ic)

1·sV m A

3-0V mA

4·5V m A

TABLE 3.

Note:- Collector Impedance

* TEST QUESTIONS:

1. Draw a labelled sketch to show the construction of a P.N.P. transistor.

2. Draw the symbol used to represent a P.N.P. transistor.

3. From your results, calculate the current gain alpha (a).

0hange Ea
Change lg

4. In the common base configuration, the emitter current (Ir) is the addition of •••••••••••• and •••••••••••• and the value

of collector current (Ir) is independant of

increases
5. When the collector voltage is increased, the collector current remains the same, therefore the collector of output

decreases

t t
. d . large

output impedance is a]1°sma

• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • , • • · · • • • • • • • • • • • • • ·• •• ·• · • • • • • • • • • • • • • • • • • • •
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2nd Year

TRANSISTOR - VOLTAGE AMPLIFIER COMMON BASE.

A transistor is a semi-conductor device used for amplification and is current
controlled. Amplification, in common base configuration, Alpha ( a ) is the ratio of the

change in collector current (Ic) to the change in emitter current (Ig) or a
change Ic
change Ig

Project 39 showed that the collector current changes are slightly less than the
emitter current changes; voltage and power gains are achieved however owing to the fact that
nearly all of the current emitted by the low impedance input circuit is collected in the high
impedance output circuit.

Voltage Gain
Change EC
Change Eg

AIM: To demonstrate the voltage gain of a transistor in common base configuration.

APPARATUS :

METHOD:

STEP 1.

Transistor 00.70, Voltmeter 0-10V (Multimeter A.P.O. No.2), Milliammeter 0-10mA
(Multimeter D.0. 50µA-1A), Resistors 1k9, 5k9, Potentiometer 5k95W, Batteries
1.5V and 9V and Connecting Leads.

Connect the circuit as shown in Fig. 1.

-i Al

0-IO

1K

0c70

V Io-ro

5K 5W S WA

o]I6____4{ Ill

9v

STEP 2. Calculate the input resistance.

(i) Decrease the potentiometer to zero ohms.

(ii) Measure the emitter current (Ig) and record. Ip •••• ••• • • • 1A,

(iii) Total R

(iv) R emitter

v1.9-
Total R - 1000 ............ ohms.

............ ohms.

Adjust the emitter current to 1.2mA.

Adjust the emitter current to 0.7mA.

Calculate change in collector voltage.

Volts.

Volts.

Measure collector voltage

Measure collector voltage

Record in Table 1.

lllll--~~-~
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2nd Year

STEP 6. Calculate the change in emitter voltage.

change in emitter current X resistance emitter (Step 2).

mV.

Record in Table 1.

CHANGE Ee
CHANGE E¢ CHANGE Ee V GAIN - CHANGE E g

TABLE 1.

STEP 7. Calculate in Table 1 the voltage gain.

PROJECT NO. 40

NOTE: We have assumed that the input impedance as calculated in Step 2 remains constant
during Steps 3 and 4.

The input impedance does rise slightly as the input current is reduced. However, as
it is still very low compared to the output impedance, this does not affect the aim
of the project, although the figure obtained in Step 6 is an approximation.

TEST QUESTIONS.

1. The input impedance emitler base junction biased in the forward direction is 'C'.

2. Voltage gain in common base circuit is possible due to the {'*" meut impedance and the c'}" output impedance.ow1ow

180 degrees
3. The phase change between input and output voltage is 0 degrees.

90 degrees
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TRANSISTOR - COMMON EMITTER (1).

When the transistor is connected with the
and output circuits (common emitter configuration),
the ratio of the change in base current (Iy) to the

that is ~=
Change
Change

emitter electrode common to both the input
the current amplification "Beta" ( ~ ) is
resulting change in collector current (Ic),
Io
I» B¢ constant

Leakage current Joo is largely determined by the thermally released "minority
current carriers", making the transistor sensitive to temperature change.

The value of leakage current in common emitter configuration is greater than that of
common base.

AIM: To study transistor behaviour in common emitter configuration in comparison to common
base configuration.

APPARATUS: Transistor 00.70, Resistor 10k9, Potentiometer 0.5M9, Battery 1.5V and 6V.
Milliammeter 0-500µA (Multimeter D0 50µA-1A), Milliammeter O-1, 0-10mA
(Multimeter A.P.0. No.2) and Connecting Leads.

METHOD :

STEP 1. Connect the circuit as shown in Fig. 1.

0-I mA
0-10mA

0 C70

S WA

0

1 5 ¥

FIG. 1.

6 V

STEP 2. With SWA open, measure the leakage current (Ioo). Record in Table 1. (Compare
with Project 39 Step 2.)

STEP 3. Hold and warm the transistor for 30 seconds. Measure leakage current (Joo)•
Record in Table 1. Note that the transistor is temperature sensitive. (lest
will not be effective when ambient temperature approaches blood heat.)

Close the switch SWA. Adjust the base current (Iy) to 20µA. Measure the collector
current (Io). Record in able 2.

Increase the base current (Iy) in 20µA steps to 100µA,
current (Ic) for each step. Record in Table 2.

Measure the collector

4
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LEAKAGE CURRENT AT ROOM TEMP.

LEAKAGE CURRENT AFTER RISE IN TEMP.

TABLE 1.

----LA

--- • JA

PROJECT NO. 41

TEST QUESTIONS.

BASE CURRENT (Ig) COLLECTOR CURRENT (Ic)

20µA

40 JA

60µA

8OJA

OOµA

TABLE 2.

1. Calculate the current gain (Beta) of the transistor, for a change in base current (Ig) of 40 to 80µA.

(B} chagge_in collectorcurr en}EC
change in base current lg

180 degrees
The phase change between input and output is 0 degrees.

90 degrees

2. Briefly account for the higher leakage current of transistors in common emitter configuration when compared
with common base circuits.



PROJECT NO. 42

TRANSISTOR COMMON EMITTER (2).

Laboratory Projects

2nd Year

The input resistance, in common emitter circuits depends upon the base voltage and
base current, and can be found from the EB/I} static characteristic curve.

For small signal considerations the input resistance can be calculated -

Input resistance
small change base voltage Ey
small change base current Iy

AIM: To study the base input characteristic of a transistor (common emitter).

APPARATUS: Transistor Model, Microammeter 0-100µA, (Multimeter D.0. 50µA-1A), Voltmeter O-1V

(Multimeter A.P.O. No.2), Batteries 1.5V and 4.5V and Connecting Leads.

* METHOD:

STEP 1. Connect the circuit as shown in Fig. 1.

2K

1K

oc70

0-45V

PIG. 1.

* Note: To convert the A.P.O. Multimeter 0-1mA range to 0-1 Volts for
Base Voltage readings, use the 460 ohm R3 resistor,

STE? ?, Before closing supply ensure potentiometer at point "a",

Adjust the collector voltage to - 4.5 Volts.
steps to 300mV. Measure the base current.

Increase the base voltage in 50mV
Record in Table 1.

From the results in Table 1, plot a graph of Iy versus Pg on Graph 1.
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L

PROJECT NO. 42

COLLECTOR VOLTAGE -4·5V

Fg Fg Fg Jg

50mV 200 mV

100 mV 250 mV

150 mV 300mV

TABLE 1.

GRAPH 1.

TEST QUEST IONS:

1. From your results calculate the input resistance for

(i) A change Lo I50-200mV (Ee - 4"5) ""....•••...•••••••••••••.•••••••••••••••••••••••.••........•..•....••• • • • •
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TRANSISTOR - COMMON EMITTER (3).

Laboratory Projects

2nd Year

The output or collector impedance of a transistor circuit is the opposition offered
to the A.C. output current,

In common emitter circuits the output impedance depends upon -

Change in collector voltage BC
Change in collector current Ig

The output impedance can be found from the B/Ig static characteristic curve.

A1M: To study the collector voltage versus collector current characteristic of a transistor
(common emitter).

APPARATUS: Transistor model, Microammeter 0-100µA, (Multimeter DC 50µA - 1A) Milliammeter
0-10mA, (Multimeter A.P.O. No.2) Supply Voltage 1.5V and 4.5V Tapped and Connecting
Leads.

METHOD:

STEP 1. Connect the circuit as shown in Fig. 1. Before connecting the battery supply
ensure the potentiometer is at point "A'.

5K
5.0w

1• 5 V 0- 100

oc7o
o-10

0-45V

•

FIG. 1.

STEP 2. Adjust the base current (Ip) to 25µA.
Increase the collector voltage to 1.5 Volts. Measure the collector current.
Record in Table 1.

Increase the collector voltage (Ec) in 1.5 Volt steps to 4.5 Volts. Measure the
collector current (Ic) for each step. Record in Table 1.

STEP 4• Increase the base current (Ig) to 50µA . Repeat Step 3.

sTEP _5• Increase the base current (Ty) to 75µA and repeat Step 3•

STEP 6. Increase the base current CIµ) to 100µA and repeat Step 3.

SEEP_I- From the results in Table 1, complete a family of Io/Ec curves in Graph 1,

STEP 8. Note similarity to pentode Ea/Ia curves project No. 30.
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PROJECT NO. 43

lg =25µA 'g 50µA Jg 75µA 1g 00,uA

Ea Te Ee le Ec Te Ea 1.

1·5V 1·5 V 1·sV 1· 5V

3•0V 3·0V 3·0V 3•OV

4·5V 4·5V 4•5V 4.5V

TABLE 1.

GRAPH 1.

TEST QUESTIONS.----
1, From your Graph {i) Calculate the current gain of the transistor used for the experiment.

•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••···•
(ii) Calculate the output impedance with (lg) 75µA and a change in Collector Voltage (Eg) from 3¥ to 4.5¥.

••• • • • • · · • • • • ·• • • • • • , • · ·• • •• • • • • · • • • · •• • • • • • • • • • • • • • · • · • • • • • • • • • • • • • . • • • • • • • • • • • • • • • • • . • • . • • • •• • • • •
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TRANSISTOR - COMMON EMITTER (4).

laboratory Projects

2nd Year

Current gain in common emitter circuits Beta (~) is the ratio of the change in
Collector Current to the change in Base Current. Amplification can be calculated from the
Ic/Iy static characteristic curve.

Ails To study the static characteristic curve (Ic/Iy) of a transistor (common emitter).

APPARATUS: Transistor Model, Microammeter 0-100µA, (Multimeter DO 50µA - 1A)
Milliammeter 0-10mA, (Multimeter A.P.0. No.2) Battery 1.5V and 4.5V Tapped and
Connecting Leads.

METHOD :

STEP 1. Connect the circuit as shown in Fig. 1.

5 K

15V 'A 0-100

oc70

0- IO

STEP 2. Before cornecting the supply, ensure that the potentiometer is at point "A",

Adjust vhe collector voltage (Er) to -3 Volts.
Measure the Collector Current (Is). Record in Table 1.

With (Ee) constant at -3 Volts, vary the base current (Ig) in 20µA steps to 100µA.,
Neasure the collector current (Ic) for each step. Record in Table 1.

From the results in Table 1, plot a graph of Ic/Ig on Graph 1.
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COLLECTOR VOLTAGE - 3 VOLTS

Is Ve 'a Va

0 05 0A 6 OJA 222..8

2 OµA 45»A 80µA 5·1".n

4 OµA 1- 4A 0OµA 4 lo.}

TABLE 1.

PROJECT NO. 44

lo

%

*JEHJIIIEIIEEEETJTEEEJEEETEIEII~(JAJI4IT]LI1IT1EST1TIES

/

o
TEST QUEST IONS.-------

40

TBA
.-

$0 GRAPH 1 .1P0

remaisconstant
increases
decreases

1. When the Bias Current is increased the Collector Current

small
2. Small changes in Base Current cause mo changes in Collector Current.

. large

3. Calculate the current gain of the transistor used. /
bl •8m£..8....%.u.vent. Ek..ttxee....zaci0......7....$Q......... ....•........ .
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TRANSISTOR AMPLIFIER - COMMON EMITTER.

A transistor used as an amplifier allows small changes in input current to control
larger changes in the output ci.rcuit.

Change Ig
Current amplification -

Change I3

Change BC
Voltage amplification - page Ea

AIM: To study the amplification of a common emitter amplifier.

APPARATUS: Transistor Amplifier, Receiver, I.M.S. and Connecting Leads.

METHOD :

STEP 1. Connect the circuit as shown in Fig. 1.
AD3 o$¢ vurPuT TO Odbm

TA1848

15K

\ioo$/s
osC,

600.

600 680
1000 JF

3V +

9V

TA1848

NOTE: To decrease gain inser~~ resistor in primary circuit.

STEP 2. Listen with receiver to - (i) the input. (ii) the output.

Bro
STER_3. Replace the 3000 resistor g receiver with a 6000 termination.

STEP_4. Adjust the .Mi.S. "to Zero.
With the range switch at @ read the input and record in Table 1.•TEP_2• With the range switch at + 20 read the output and record in Table 1.

STEP 6. Calculate the gain of the amplifier in Table 1.

◄
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TEST_QUESTIONS.

y9go

INPUT _L d bm /

OUTPUT +17_- d bm ./

GAIN 1 8 /- - - - - do ,-

TABLE 1.

PROJECT NO. 45

1. Calculate the output po*eE,f the amplifier when the input power is 2mW,

...~t :: ~ P..!•:f/j.~ 1.1.. -~- .!Q..l:-99.£- .I.:.?.~ ~:r:~~9. .. ::- f. .
6 .

. . . . . . .. .. .P.4IP..V:T. 1.i.,..~.w.. /... .
I. Whal l,e, of Mas i, ,,.d foe n,. 1. /

2. ( r.?r.t.G.I. ~~.T ~ ~ i! -~ t fJ.~ .
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OSCILLATOR TRANSISTOR TUNED BASE.

An oscillator is an electronic device which generates an alternating current, The
frequenoy of the generated signal depends upon the tuned circuit components.

An oscillator is an amplifier with positive feed back, where energy is fed back from
the output to the input to overcome the circuit losses and to sustain oscillation.

AIM: To study the operation of a tuned base transistor oscillator.

APPARATUS: Oscillator Model, Battery 9V, Receiver, C.R.0. and Connecting Leads.

METHOD:DEMONSTRATION.

STEP 1 Connect the circuit as shown in Fig. 1.
0·047µF

O K

220 K

O·Iµ F

ROLA
DR22

----7-o·tr "t4.01F
©I- j

CN

9v

STEP 2. Connect the C.R.0. to the output and record the wave shape on Graph 1.

GRAPH 1,

STEP3. Replace the 0.1µF (C1) capacitor with the 0.01µF capacitor.

STEP 4. Connect the C.R.0. to the output and record the wave shape on Graph 2.
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GRAPH 2.

PROJECT.

STEP 1. Connect the circuit as shown in Fig. 1.

SE8. Listen across the output.

PROJECT NO. 46

STER_z· Replace the 0.1µF capacitor with the 0.01µF capacitor and repeat Step 2.

STEP • Switch off. Reverse one side of feedback transformer. Switch on and listen
across the output.

TEST QUESTIONS.

increases
1. When the value of the capacitance is decreased the frequency remains the same.

decreases

increases increases
2. When the feed back resistance is increased the frequency remains the same, and the amplitude remains the same.

decreases decreases

3. Briefly account for the effect in Step 4.

•• • • • • • • • •• •• ·•• • ·• • • • • • • • • • · •• • • • • • • • · • •• •· •••• • •· • • ·•·•·••·• •··•·•·· •• •• .• · • · • • ·• • • • • • · • · • • • •• • •· • • •·• · • •• • · • • • • • • • • • • • • • •

•• •• · • · • • • • • . · • • • • • • • • • • • • • · • · • ·• • • • • • • • • • • • ·· , • • • • ·• ·• • •• • • • • • • • ·•• • · • • · • • · • • · • · • • • • • • • • . • · • • • • • , • • • • • • • • • • • • • • • • • • • • • • •

• • • • • • • • • • • • • • • • • • • • • • • • , • • • • • • , • • • .•. • • • • • • • •· • • • • • • • • • • • • • •· •· • • • •• • •· • • • • • • • , • • • • • • • •· ·• • ·• • • • •• • •• • • •• • • ·• • • • • • • • • • 4
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OSCILLATOR TRANSISTOR TUNED COLLECTOR.
An oscillator is an electronic device which generates an alternating current.

The frequency of the generated signal is dependent upon the tuned circuit components.

An oscillator is an amplifier with positive feed-back, where energy is fed back
from the output to the input to overcome the circuit losses and to sustain oscillation.

AIM: To study the operation of a tuned collector transistor oscillator.

APPARATUS: Oscillator Model, Battery 9V, C.R.O. Receiver and Connecting Leads.

METHOD:DEMONSTRATION.

STEP 1. Connect the circuit as shown in Fig, 1.

ROLA
DR22

0·Iµf cl

220K

l, 0·0lµF

O· OlµF

9V

ORAPH 1•

STEP 2. Connect the C.R.0. to the output and record the wave shape on Graph 1.

STER_z• Replace the 0.1µF (C1) capacitor with the 0.01µF capacitor.

STEP 4. Connect the C.R.0. to the output and record the wave shape on Graph 2.
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GRAPH 2.

PROJECT

STEP 1. Connect the circuit as shown in Fig. 1.

SEP 2. Listen across the output.

PROJECT NO. 47

STEP_z· Replace the 0.1µF capacitor with the 0.01µF capacitor and repeat Step 2.

TES]QUESTIONS.

increases
1. When the value of the capacitance is decreased, the frequency remains the sane,

decreases

2. What is the purpose of the 200k© resistor.

••••••••••••••••••••••••••••••••••••••••••••••••••••••••••··••···························································

• • • • • •• ·. ··• •· •• • • • • • · •• • ·• • • • • • • • • • • • • • • • • • • • • • • . • • • • . • • . • • . - • • • • • • • • • • , • • • • • • . • • •• • · • • • • · • • • • • • . · • • • •. • • · • • • • •·•• •• • •• •
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OSCILLATOR TRANSISTOR PHASE SHIFT.

Laboratory Projects

2nd Year

An oscillator is an electronic device which generates an alternating current. The
frequency is dependent upon the value of components in the phase shift netork being such that
only one frequency is fed back to the base in phase.

An oscillator is an amplifier with positive feed-back where energy is fed back from
the output to the input to overcome the circuit losses and to sustain oscillation.

AIl: To study the operation of a phase shift transistor oscillator.

APPARATUS :

MIETHOD :

STEP 1.

Oscillator iodel, Battery Supply 9V, C.R.O., Receiver and Connecting Leads.

DEMONSTRATION.

Connect the circuit as shown in Fig. 1.

0·0I µF 0-022µf

I I
I I I I

4µ1' 441'
0·04µF 0·04µF 0·04µF

I Ok I Ok

FIG. 1.

STEP 2. Connect the C.R.O. to the output.
Record the wave shape in Graph 1.

GRAPH 1.

Connect a 0.04µF capacitor in parallel with each of the 0.01µF capacitors.

< a J g
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STEP 4. Connect the C.R.O. to the output.
Record the wave shape in Graph 2.

PROJECT NO. 48

GRAPH 2.

PROJECT.

STEP 1. Connect the circuit as shown in Fig. 1.

STE? 2. Listen across the output.

STEP 3. Connect the 0.04µF capacitors in parallel with the 0.01µF capacitors and
repeat Step 2.

TEST QUEST IONS.

increases
1. In Fig. 1 when the capacitance is increased the frequency remains the same,

decreases

2. Calculate the phase angle of 0.01µF and 10k at 1000 c/s.

•.•· • • • • • • ·•• • • • ·• • ··•· ·. • ·• • ·•·•• •· • · • · · • •• · • ·•·• ·• ·• · •• ·• • • • • • ·• • · • · • • ·. · • · • • • • · · • • • · · ··• ··· •· • · ·• · • · · · · • · • • · • • • • •· • ·• • • • • •

•• • • • • • • • • · • • • • • • • • • • · • • • · • • ·• ·• ·• ·• •• •·· ·· · • ·• · • •·• •• • • ·• ··• • • •••· • ·• •·• • ·• • • · • • · • • • • ·· · • · • ··• • • · • • · • · • · • •• • • · • • • • • • • • • • • •
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SWITCHING TRANSISTORS (1).

Transistors in common emitter configuration can be used as switching devices to
operate relays etc.

Small changes in input current control larger changes in output current.

AI To study the operation of a transistor in a circuit used for operating a relay from
D.C. or A.C. pulses.

APPARATUS: Model Switching Board, Oscillator 1000 c/s, Battery Supply and Connecting Leads.

METHOD:

STEP 1. Connect the circuit as shown in Fig. 1.

0A8l

A.C.Cl

D.C.O/
1K

50µf

0c72
2NI85

+

~o-----+-----+----------'
COMMON

PIG. 1.

STEP 2. Close the switch SWA. Note the relay operation.

Open the switch SWA. Note the relay releases.

Connect the circuit as shown in Fig. 2.

A.C. 0 A 81

1000°

IV

600

D.C. lK

0 C 72
2N185 50/50

+
50µF 4·5¥

S WA

o------/o---___.___........_ ____.
COMMON
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SEP5. At a frequeney of 1000 c/s, adjust the oscillator voltage to approx. 1 Volt
R.M.S.

STEP 6. Close the switch SWA. Note the operation of the relay.

STEP_I. Open the switch SWA. Note the release of the relay.

TEST QUEST IONS.

When the D.C. supply voltage is connected to the input, ®9°V!Y° bias is connected to the base, thus Increasing
positive decreasing

the collector current. This causes the relay to .

2. 13E19-?-

When 1000 c/s is connected to the input, the relay operates. Why is this so?
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2nd Year

SWITCHING TRANSISTORS (2).

Switches can be classified broadly into three groups -

(i) Manually controlled

(ii) Electrically controlled

(iii) Electronically controlled.

Electronic switching circuits using transistors can be operated or switched at a
much higher frequency than the mechanical or electromechanical methods, as there is less
transit switching time, and no mechanical parts.

Transistors can be used to operate a counting device as in the bi-stable circuit of
Fig. 1. Pulses are applied to the input, and for every two input pulses the indicator
operates once. This type of circuit can be used for binary counting.

AIM: To study pulse switching in a transistor circuit.

APPARATUS: Transistor Model and Connecting Leads.

METHOD:

STEP 1. Connect the circuit as shown in Fig. 1.

OUTPUT

15V

STRAP

1OK 0A5
2·2 K 25 2-2 K

+

FIG. 1.

STEP 2. Note which transistor is switched. When the indicator is released VT1 is in the
switching condition, When the indicator is operated VT2 is in the switching
condition.

Apply one pulse to the input from the dial.
Note that when VI2 is switched the indicator operates and remains operated.

P
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PROJECT NO. 50

Apply a second pulse from the dial.
Note that the indicator releases. (Vi is switched.)

STE?_2• Apply two pulses. Observe that indicator operates once.

DEMONSTRATION.

STEP 6. Connect the various models together. Remove strap (Fig. 1) from all models
except No. 1 as in Fig. 2.

No. l No. 2 No. 3

FIG. 2.

STE?_I• Explain briefly using model method of binary counting.

TEST QUEST IONS.------

1. Fros your observations, hos many input pulses were required to operate and release the indicator once.

••• • • • • ·• • • •· • • · · • · · • • · • • · • · • · • • • • • ·• •• ·• ·• ·• ·• • • • • • • • • • • • · • • • • • •• • • • • • • •• • • • • • ·• • • ·• • • ·• • · • • • • · • · • • • · • • • · • •• • • • • • • • • • • •

····································••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••

When VT2 is conducting, VT1 is cut off. Why is this so?

·········································•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••
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TRANSFORMER TURNS RATIO.

Laboratory Projects

2nd Year

Turns ratio or transformation ratio (T) is the ratio of the SECONDARY turns (Ng) to
the PRIMARY turns (Np) -

NS
T = Np

The secondary voltage (Es) is dependent upon the primary voltage (Ep) and the turns
ratio (T) -

Bg = Ep T

AIM: To prove that the secondary voltage of a transformer is dependent on its turns ratio.

APPARATUS: Oscillator 1000 c/s, Transformer 4012A; Voltmeter 0-50V (Multimeter A.P.O. No.2)
and Connecting Leads.

METHOD :

STEP 1. Connect the circuit as shown in Fig, 1.

I0V/I000</s

7

8

FIG. 1.

STEP 2. Measure Ep and Eg. Record in Table 1.

Calculate the turns ratio in Table 1.

Connect the circuit as shown in Fig. 2.

5V /I000 c/s

0- 50

2

7

8

1K

FIG. 2.

STEP_2• Measure Ep and Eg. Record in Table 2. \

STEP 6. Calculate the turns ratio in Table 2.

Connect the circuit as shown in Fig. 3.

,
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15V/1000c/s

7

2

STEP &. Measure Ep and E5. Record in Table 3.

SEP 9. Calculate the turns ratio in able 3.

E p E s T -
E s,

10 v 1Ov I

TABLE 1.

Ep

16v
TABLE 3.

TEST QUESTIONS.---_--------

Es
T - Ep

8%

E p

5v

E s

5v
TABLE 2.

E s

- E,

1. From your results -

{iJ When Es· Ep the secondary turns .•f.~.1:-'.~~. {e primary turns, and the turns ratio is J.. ( .
{ii) ~hen the turns ratio is 4 and the pr i •ary turns are 100, the secondary turns are ff)_ .t:? ( .

{iii) When the secondary turns are 1000 and the turns ratio Is 8, the primary turns are /.'J...f ✓.. .
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TRANSFORMER - RESISTIVE LOAD.

Laboratory Projects

2nd Year

Under no load conditions, increasing or decreasing the secondary turns of a
transformer does not vary the primary current.

When a resistive load is connected to the secondary the primary current increases.

For a given applied voltage, the magnitude of the primary current is dependent
upon -

(i) Value of resistive load.

(ii) The turns ratio.

AIM: To study the effects of load resistance and turns ratio on the primary current.

APPARATUS± 1000¢/s Oscillator, Transformer 4012A, Milliammeter 0-50mA (Multimeter
DC 50µA-1A), Resistors 1k9, 6000 and 1509 and Connecting Leads.

STEP 1. Connect the circuit as shown in Fig• 1.

5V/1000c/%

,.
.I

3

STEP 2. Measure the no load primary current. Record in Table 1.

STEP 3. Connect the 1k resistor to the secondary. Measure the primary current.
Record in Table 2.

SE8_• Replace the 1k0 resistor with (i) 6009 and (ii) 1509 and in each case measure the
primary current. Record in Table 2.

STEP_5• Increase the turns ratio to 2:1.

STEP 6. Measure the no load primary current. Record in Table 1.

STEP_L• Compare results of steps 2 and 6 in Table 1.

STEP 8. Connect the 1k? resistor to the secondary. Measure the primary current.
Record in Table 2.

STEP_9• Replace the 1kn resistor with (i) 6009 and (ii) 1509 and in each case measure the
primary current. Record in Table 2.



Laboratory Projects

2nd Year

NO LOAD SECONDARY

PROJECT NO. 52

T - I.N 1 = 2:I

TEST QUEST IONS.

T = I.N

T= 2:1

TABLE 1.

RESISTIVE SECONDARY LOAD

RL = KO I PRIMARY -.. Se£_ -
A = 600£2 a8 -8re~-- -

Ry = 1s002 4a 37m6_

R1 = if2 I PRIMARY - 20rA--

R1 = 60002 II $5-1f-

RL = 150f2 al --------

TABLE 2.

1. When a resistive load is connected to the secondary of a transformer, energy absorbed by the load is provided by -

...... .T.HE.....[R18.89...M.01.7AGE.....I8PH4IN@.....ENERG•.....FR0MI.......

....AT5.........Su.PP±«......AN.T9......THE.....SE£.9N.PA8%....498.P...../..............
increases "

2. (i) When the turns ratio of a transformer with a resistive load is increased, the primary current nemains tho=same
ed99e99%

an my so us so? .••A4A&GE8....M.0HT.45.....1.5....JN.PUCEP.....IN.T9...TME........
...SE.9NP08:......8.....ReM.R.£R.....K...REMn!N5...IM£....SAME Is...I5

I NCREAS E.D
•• • . • • • ·• · • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •· · • , • • • • • • , • • • • • • • • • • • • • , • . • • • • • • • • • • • • · · · · • •· • • • • • •• • •• • · • • ·• • • •· . . • • · • • • • • • ·
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TRANSFORMER - REFLECTED IMPEDANCE.

Laboratory Projects

2nd Year

The value of impedance reflected into the primary winding of a transformer depends
on

(i) Turns Ratio.

(ii) Impedance of secondary load.

AIM: To study impedance transformation in a transformer with varying turns ratios and
resistive loads.

APPARATUS: 1000c/s Oscillator, Milliammeter 0-50mA (Multimeter DC 50µA-1A), Voltmeter 0-10V
(Multimeter A.P.0. No. 2), Resistors 1500, 600¢ 1k9 4k0 and 2.4k9, Transformer
4012A and Connecting Leads.

k METHOD:

STEP 1. Connect the circuit as shown in Fig, 1.

5V/I000 </s 1 V Io-Io

2

7

8

150

STEP 2. Adjust the primary voltage to 5 volts. Measure Ip. Record in Table 1.

STEP_3. Calculate the reflected impedance of the primary winding in Table 1.

STEP_4. Replace the 150 ohm resistor with (i) 600 ohm, then (ii) 1000 ohm.
Repeat Steps 2 and 3 for each value of resistance.

&TEE_2• Increase the turns ratio to 2:1 and connect the 6009 resistor to the secondary.

*
L

STER_o• Adjust the primary voltage to 5 volts. Measure Ip• Record in Table 2.

STEP 7. Calculate the reflected impedance of the primary winding in Table 2.

STEP 8.- Replace the 600 resistor with (i) 24009, then (ii) 4000¢.
Repeat Steps 6 and 7 for each value of resistance.

Compare the primary impedance values of Table 1 and Table 2.

•
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TURNS RATIO = 1I

SECONDARY
E"

Ep
LOAD

Ip 2, Ip

5e8 Su 2.6+A 2000 -02 .j2000

se-92 Sv l».A 5000 n /Se00

1000? 5v SmA l0000 -£ /

TABLE 1.

TURNS RATIO = 2.l

SECONDARY ' , Ep

LOAD
Ep ', = i,

60of? 5v 104A s00 -9 /
20000
2400f) 5u 4wA 12.s0-0 /so0o•

•009° 5v 2.A 2560.£. J0000

TABLE 2.

TEST QUEST IONS.

PROJECT NO.53

1. (i) When the turns ratio is 1 and the resistance of the secondary load is increased, the primary current
pr('

ianeneases increases
nemansshhe»same, and, the reflected impedance in the primary remains the=same.

decreases decreases

2. From your results, prove that T2 4
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TRANSFORMER - IMPEDANCE MATCHING.

For most practical purposes maximum possible power is transferred from a source of
supply to a load, when the load impedance equals the impedance of the source.

In A.C. circuits, unequal impedance are matched by means of a transformer with a
suitable turns ratio.

Primary Impedance (Z)
Secondary Impedance (Z)

Turns ratio ()

AIM: To study impedance matching in a transformer with varying turns ratios and resistive loads.

APPARATUS: 1000c/s Oscillator with 6009 output. Milliammeter 0-50mA (Multimeter DC 50µA-1A),
Voltmeter 0-10V (Multimeter A.P.O. No.2), Resistors 500 1500 4000 6000 and 1kg,
Transformer 4012A and Connecting Leads.

STEP 1. Connect the circuit as shown in Fig. 1.

15V/I000 c/s
600£

FIG. 1.

V I K

STE8. Adjust the primary voltage to 15 volts. Measure E, and I". Record in Table 1.

STE?_. Replace the 1000 ohm resistor with (i) 600 ohm (ii) 400 ohm.
Repeat Step 2 for each value of resistance,

IE8_4. Calculate values of power for each step in Table 1.

STE2• Vary the turns ratio to 1:2 and reconnect the 400¢ load resistor.

STE_6. Readjust the primary voltage to 15 volts, Measure Eg and Ig• Record in Table 2.

SEP 7. Replace the 400 ohm resistor with (i) 150 ohm (ii) 50 ohm.

STEP 8. Repeat step 6 for each value of resistance.

STE • Calculate values of power for each step in Table 2,
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SEC
L

o
.

6

4

SEC
L

TEST QUESTIONS.

1. From your results.

n Step 1 (load 150 ohms), i

•• • • • • • • • • . • • • • • ·• • • • • • • • • •

............................
2. ({i) Calculate the reflected

secondary and 1000 tur

(ii J Calculate the resistanc
5000 turns primary and

PROJECT NO. 54

TURNS RATIO =I:I

ONDARY
OAD E , I , P(mW)=Ex I(mA)

00 f2 m W

0of2 m W

00 f2 m W

TABLE 1.

TURNS RATIO = I'2

ONDARY
OAD Es Is P (mW)= E xI(mA)

400f2

s0f

so02

TABLE 2.

f the turns ratio was 1:2 calculate the impedance of the primary.

impedance of a secondary resistive load of 50009 through a transformer having 5000 turns
ns primary.

e of load when the internal resistance of a generator is 2009 and the transformer has
1000 turns secondary.
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AMMETERS.
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An ammeter is used to measure the current in a circuit. Most ammeters are capable
of accurate measurements, but reliable readings can only be obtained by using a meter which is
suitable for the particular circuit conditions.

Using an unsuitable ammeter will affect normal circuit conditions and give
incorrect readings.

AIM: To study the use of ammeters in varying circuit conditions,

APPARATUS: Milliammeter 1009 0-1mA, Milliammeter O-1mA, (Multimeter A.P.O. No.2), Resistors
2k9 and 50k9, Battery Supply and Connecting Leads.

STEP 1. Connect the circuit as shown in Fig. 1.

m8_

O- I
(10 o

1• 5 v
+

FIG. 1.

STEP2. Measure the circuit current. Record in Table 1.

2 K

STE82. Replace the 1009/1mA meter with the A.P.O. Multimeter O-1mA. Measure the circuit
current. Record in Table 1.

STER_4. Using Ohms Law calculate the circuit current in Table 1. Compare with the measured
values of Steps 2 and 3.

STEP_S• Connect the circuit as showm in Fig. 2.

f"1al

0-1
(A.P.O.)

50 ¥

+
50K

a ➔
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STEP 6. Measure the circuit current. Record in Table 2.

STEP 7. Using Ohms Law, calculate the circuit current in Table 1. Compare with the
measured value of Step 6.

CIRCUIT RESISTANCE 2KO2

METER R E I 1= E
R

0of2

500f

TABLE 1.

CIRCUIT RESISTANCE s0Ki

METER R E I 5
R

5000

TABLE 2.

TEST QUESTIONS.

1. From your results in Table 1 -

Which meter is more suitable for use with the circuit conditions of Fig. 1.......•••••••.••••••..........•.•...•...•.• • •

Why is this so? .•...........................................................................•..........................

• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • · • • • • • •. • • • · • • ·• • • · • •·• ·•• ••••·••·•••• ••·• • • •• ••• ·• ·•···•·•••·•·••• • •••• ·••• • • • • • • • • • . •

• • • • • • • • • •· • • • • • • •• ·• • • • • • • • • • • • • • • • • • • • • ••••• • •·••• •• ••·• •• •• • • • · • • • • • • • •••·••·••••••· • • • • • • • • • • • • • • • • • • ••••• • • • · • • • • • •
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VOLTMETERS.

Laboratory Projects

2nd Year

A voltmeter is used to measure the voltage of a circuit, or the P.D. across circuit
components. Most voltmeters are capable of accurate measurements but reliable readings can
only by obtained by using a meter which is suitable for the particular circuit conditions.

Using an unsuitable voltmeter will affect normal circuit conditions, and give
incorrect readings.

AIM: To study the use of voltmeters in varying circuit conditions.

APPARATUS: Voltmeter 1009/Volt, Voltmeter 10000/Volt, Resistors 1k9, 1.5k0, 50k0, 75k0, 100k0
Battery Supply and Connecting Leads.

METHOD :

STEP 1. Connect the circuit as shown in Fig. 1.

A C E

50V D.C.

+

50K

75 K

100K

STE8 2. Using the 1000/Volt meter, measure the P.D. between 50V positive and points
A, B, C, D, and E. Record in Table 1.

STEP_3. Using the multimeter A.P.O. No.2 repeat Step 2.

STEP 4. Calculate the P.D, between 50V positive and points A, B, C, D and E in Table 1.
Compare with the measured values of Steps 2 and 3.

a
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MEASUREMENTS
BETWEEN 50V+

& POINTS

A

B

C

D

E

TEST QUESTIONS.

METER IO0 I2 VOLT
MEASUREMENTS

CALCULATIONS

TABLE 1.

PROJECT NO. 56

MULTIMETER A.PO.
MEASUREMENTS

1. Fron your results in Table 1 -

(i) Which meter more accurately measures the circuit P.Ds.?

(il) Why is thls so? .

2, Is the measured reading at polnt ME° correct? "..•.•••••••••••••••••••••••.••.••...•••••.••.••.•••••••••••..•.••••••.••• • •

(jjye Meas0ns tor VOu! anSWe! "».•• •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••.•••• • • •

a • • •• • • • • • • •• * • • •• • •· •• *• • • • • • • • • ·• • • • •• • •• • • • • • • • • • •• • • • •• • • • • • • • •• • •• • •••• • • • ••• •••• • • •• ·• • • • • •• •• •• •• •••• ••• • • • • • • • • • • •
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A.C. METERS.
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A moving coil meter is unsuitable for measurement of A.C., as each reversal of
current tends to reverse the deflection of the pointer.

When a moving coil meter is adapted to read A.C. by the use of rectifiers, the
deflection of the pointer corresponds to the average value of the pulses, but the scale is
calibrated to the R.M.S. or "effective" value, which is 1.11 times greater for an alternating
current with a pure sine wave.

ATM: To adapt a moving coil meter to read A.C.

APPARATUS: Milliammeter 0-10mA (Multimeter A.P.O. No. 2) Milliammeter 0-10mA (Multimeter A.C.
1mA-10A) Resistor 10k Rectifiers 2/2A, Battery Supply and Connecting Leads.

METHOD :

STEP 1. Connect the circuit as shown in Fig. 1.

~-----1mA~-----~

0-I0
(MULTIMETER

A,P.0, No.2 )
50V/50c/s

0-10
(A.C.)

STEP 2. Note the deflection of the pointers.

STEP_. Connect the circuit as shown in Fig. 2.

lo K

50V/ 50c/s

0- 10

------~mAt---------~

o K
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STEP 4. Measure the circuit current. Record in Table 1.

SEP 5. Calculate the R.M.S. value. Record in Table 1.

METER READINGS

AVERAGE VALUE = ----- mA

R.M.S. = [·II x AVERAGE = mA

TABLE 1.

TEST QUESTIONS.-----------

PROJECT NO. 57

1. When a moving coil meter is connected to a sinusoidal A.C. source, the scale reading shows 95mA. State the name given
to the value of current which governs the meter's deflection, and calculate its magnitude.

2. When a moving coil meter with bridge rectifier is used to measure D.C., calculate the actual value of direct current in
the circuit when the scale reading is 5.55mA.

Answer mA.
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VACUUM TUBE VOLTMETER.

Laboratory Projects

2nd Year

To measure small P.D.'s in high impedance circuits it is necessary to use a voltmeter
having an impedance much higher than the part of the circuit under test. A V.T.V.M, is a
suitable instrument for this purpose as it has an impedance of approximately 10M9.

AIM: To study the V.I.V.M. when used to measure voltage.

APPARATUS: V,T.V.M., 10009/Voltmeter, Resistors 1M9 and 4M9, Oscillator Model Board,
50V Supply, 250V H.T. Supply, Filament Supply and Connecting Leads.

METHOD ±

DEMONSTRATION.

STEP_ 1. Connect the circuit as shown in Fig. 1,

A
I

50v

+

ETH.

SEP 2. Adjust the supply voltage to 50 Volts.

IM

4 M

SEP_3. Using V.I.V.M., measure the P.D. across each resistor,
Record in Table 1.

STEP_4. Using Voltmeter 10009/Volt, repeat Step 3.

STEP_2• Compare the results of Steps 3 and 4 in Table 1.

SEP 6. Connect the circuit as shown in Fig. 2,

0·01µF

0+00lµF

0·0lµ F 47K

FIG. 2.

-sov

s
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STEP. Using V.T.V.M., measure the voltage between the grid and cathode.

STEP_8. Using Voltmeter 10009/Volt, repeat Step 7.

STEP_• Compare the results of Steps 7 and 8 in Table 2.

METER
PD.

1MO2

0000/ VOLT

V.T.V.M.

TABLE 1.

4M{2
METER P.O.

000f?/voLT

V.T.V.M.

TABLE 2.

TESTQUEST 10NS.

1. State the advantage of using a V.T.V.N. for measuring a P.D. in a high impedance circuit.

2. Fron_your results in Table_2.

Explain the reason for the different readings.
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OSCILLOSCOPE - FAMILIARIZATION.

Laboratory Projects

2nd Year

The oscilloscope which is one of the most versatile instruments used in the field of
electronics, displays a graph of voltage variations with respect to time.

AIM: To become familiar with the controls of a cathode ray oscilloscope.

APPARATUS: Cathode Ray Oscilloscope,

k METHOD: NOTE:- Control names to be altered to suit the available C.R.O.

STEP_1. Note the position and the functions of controls listed below -

(i) Intensity - controls the level of brightness.

(ii) E09US - in conjunction with the intensity control sets the sharpness of
trace,

(iii) Horizontal Shift - .shifts the trace horizontally.

(iv) Vertical Shift - shifts the trace vertically,

(v) Sweep range selector - sets the oscilloscope for viewing different frequencies.

(vi) Sweep Freguenoy Ag.Just - fine adjustment for (v).

(vii) syn0 Adjust - eliminates horizontal drift by varying the synchronization
amplitude.

(viii) syno Sele0tor - selects either internal or external synchronization.

(ix) Vertical Attenuator - adjusts the height of the waveform.

(x) Vertical Amplitude - provides fine adjustment of (ix).

{xi) Horizontal Input Selector - selects internal or external input to horizontal
amplifier.

(xii) Horizontal Amplitude - provides width adjustment.

.s l a
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STEP 2.

PROJECT NO. 59

(i) Set the Select Sweep Range and Sweep Frequency Adjust to the centre of
their range.

(ii) Set the Vertical and Horizontal Shift Controls to the centre of their
range,

(iii) Set the Sync Selector to Internal, and the Sync Adjust to minimum.

(iv) Turn the oscilloscope on, and the Intensity to 75% of full control.
Set the Vertical Amplitude control to minimum.

(v) Set the Horizontal Amplitude of 75% of full control.

(vi) Centre the trace,

(vii) Adjust the Intensity and Focus.

(viii) Vary the Horizontal Amplitude and note the effect on the width of trace
(for a 5" screen the trace is approximately 4" wide).

STEP 3. Note the positions and designations of the terminals provided for connection of
external voltages to the deflecting plates.

k TEST QUESTIONS.

2

1. list two applications of an Oscilloscope. ~

votrAct +easurne.is. ........ ! L·························································•··•··••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••

············~~.~~ ~~~.~.,~~'!~ ✓.. t .

··················•··••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••

2. State the function of {he following terminals.

() mhe Vertical or "Y" amplifier CO6a&EC/TS wiPutT v1A APP to ( PLATE

(11) mhe Vertical or "Y" plates ,, C.ORM&C"TS iNPUT TO PLATE

( )
,..0 .., ,,._,. ...,..,.. 11··.n••'T _. 'i A \i /jLI(' --. 0 ~/' Pi..J¼TE.iii) The Horizontal or "X" amplifig€©#RCCTSii?u? ul A 1vv z

(iv) The Horizontal or "X" platesCONNECTS iNPLT To X Pu?TE

(v) External Sychronization [.a, CE7 BUT
$0u?ca

wAVE FO&Ms

oe su2Pu
ii9 ?Hips E
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OSCILLOSCOPE.

Laboratory Projects

2nd Year

The oscilloscope displays a pattern of voltage variation with respect to time.

The instantaneous position of the electron beam is dependent upon -

(i) the potential applied to the vertical plates.

(ii) the potential applied to the horizontal plates.

AIM: To move the electron beam to various positions on the screen,

APPARATUS: O.R.O., Battery Supply 45V, Voltmeter 5O-O-5OV, Potentiometer 5kO 5OW and
Connecting Leads.

CAUTION: Reduce the intensity control until the spot is just visible.

k METHOD:

SEP 1. Connect the circuit as shown in Fig. 1.

50-0-50

45V

FIG. 1.

SEP 2. Adjust the supply voltage to zero.
Note the position of the electron beam. Record in Fig. 2.

STEP_3• Increase the supply voltage in 5 Volt steps to +15 Volts.
Note the position of the electron beam for each step. Record in Fig. 2.

STEP_4• Decrease the supply voltage in 5 Volt steps to zero.
Note the position of the electron beam for each step. Compare with Fig. 2.

STER_2• Reverse the supply voltage and repeat steps 2 to 4¢
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STER O. Connect the variable voltage supply to the horizontal plates.

STEP 7. Adjust the supply voltage to zero.
Note the position of the electron beam. Record in Fig•. 3,

STEP &. Increase the supply voltage in 5 Volt steps to 15 Volts.
Note the position of the electron beam for each step. Record in Fig. 3.

STEP_• Decrease the supply voltage in 5 Volt steps to zero.
Note the position of the electron beam for each step. Compare with Fig. 3.

STEP 10. Reverse the supply voltage and repeat steps 7 to 9.

TEST QUEST IONS.

16 h
10,°

$.•

o o I- 0•0 , •
15v 0.6

FIG. 2.

1 I th 1 ·t· th l t b •• th ( /fNTR..E f th• in hie normal posit10n e electron eam 1s in he +••+.JT.....•••••••••••• or he screen.

up
vertical plates is increased in a positive direction the beam moves aoness the screen, when the voltage is

down

reversed the beam moves •..• •Day,14.......

✓
2. When a potential is applied to the horizontal plates, the beam moves ...../CRQSe......... the screen, the

G7
PROJECT NO. 60

When the voltage on the upper

THE PoTEu7in of TE HORI208TAdistance the beam moves depends on "++•.•",•J•7•.••••••'•"t..".T....•"•",I..T,•••"..",•••••••.••.+,•.•••.•••••••••••. • •

/
........... l.t'I!.'!. ~~ .
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OSCILLOSCOPE - VIEWING WAVEFORM.

Laboratory Projects

2nd Year

The oscilloscope is used to display a pattern of voltage variation with respect to
time.

AIM: To study the waveform of a signal with the C.R.O.
I

APPARATUS: Variable Frequency Oscillator, 0.R.O. and Connecting Leads.

k METHOD:

(i) Turn on the power switch and allow the C.R.O. to warm up.

(ii) Set the Horizontal Selector to Internal Sweep position

(iii) Adjust the Focus and Intensity for optimum viewing.

(iv) Adjust the Horizontal Amplitude Control for a convenient width of line.

(v) Centre the line on the screen.

SEP 2. Connect the circuit as shown in Fig+ 1.

0
0Sc. I000 c/s

o/kl

FIG. 1.

•
(i) Adjust the Vertical Amplitude Control for desired height.

(ii) Set the Sync-Selector to Internal Sync.

(iii) Set the Sweep Range Selector and the Sweep Frequency Adjust for two
cycles of waveform on the screen, (Note position.)

(iv) Adjust the Sync to prevent horizontal drift of pattern,
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0-PROJECT NO. 61

STER_4. With Sweep Controls in the same position, adjust the Oscillator to 500 c/s.

STEP_5. Repeat Step 4 with 1500 e/s.

STEP 6. Repeat Step 4 with 2000 c/s.

* [ESL RUES7LONS.

1. From your observations in Steps 3, 4, 5 and 6, complet Graphs 1 to 4 respectively.

}

00

~ o{}/h

+

50 0

CIs o\

GRAPH 1. GRAPH 2.

}

I
O

i
- 200
c/s p-

GRAPH 3. GRAPH 4.

'2. Show the patterns you would expect on the screen when the oscillator frequency is (1) 250c/s and (ii) 750c/s.

-• 5

GRAPH 5. GRAPH 6.
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FREQUENCY MEASUREMENT.

The cathode ray oscilloscope can be used to determine frequency by means of
Lissajous figures.

These figures are obtained by applying two sine wave voltages simultaneously to the
two sets of deflection plates. The known frequency is connected to the horizontal plates
whilst the unknown is ccnnected to the vertical plates. From the resultant pattern (Fig. 1)
the unknown frequency can be found.

Unknown Frequency No. of 109p8 touching horizontal side X Known frequenoy,No. of loops touching vertical side

FIG. 1.

APPARATUS:

METH0D :

STEP 1.

SEP 2.

Cathode Ray Oscilloscope, Oscillator Fixed 1000 c/s, Oscillator Variable and
Connecting Leads.

Turn the Horizontal Selector to External.

Connect the circuit as shown in Fig. 2.

AIM: To determine frequency from lassajous figures.

p00 </s

FIG. 2.

-
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STEP 3. Set the variable oscillator to a frequency of

f
(1) Boo c/s

(ii) 4900 e/s

1go0
(ii1) 15OD c/s

#600
(iv) 2000 c/s.

Record the pattern for each frequency on Figures 1-4 respectively,

8 c
CI) (II)

( ?:& / 00 /
3 '

(u) (iv)

f a
TEST QUESTIONS.

1, When a known frequency of 5 kc/s is applied to the horizontal deflecting plates, determine the unknown frequency from
the Lissajous patterns below.

0 ...7..7.S. sf.
/

..2.2...7. et. tm)...?..2..«%.
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OSCILLOSCOPE - VOLTAGE MEASUREMENT.

The oscilloscope can be used to measure the peak to peak value of alternating
voltage. When the C.R.0. is calibrated by applying a known voltage and calculating the volts
per inch of screen, the unknown voltage can be found by direct comparison.

NOTE:- An internal sweep is not essential but when used it eliminates the possibilities of
danger to the screen and facilitates the measurement of the vertical deflection.

AIM: o measure voltage using theC.R.O.

APPARATUS :

METH0D :

SIEP 1.

C.R.O., Voltmeter 0-50V (Multimeter A.P.0. No.2), Potentiometer 5k9, Resistors
10k9, 15k9 and 25k9, Supply Voltage 50V, 50 c/s and Connecting Leads.

Connect the circuit as shown in Fig» 1.

0-50

5.K
50v/50¢/s

SEP 2.

SEP 4.

FIG. 1.

Adjust the input voltage to 50 Volts.
Calculate peak to peak value in Table 1.

Increase the Internal Sweep frequency.

Set the Vertical Attenuator and Vertical Amplitude for a waveform height
of 2.8 inches.

NOTE POSITION OF CONTROLS.

Disconnect the input voltage from the C.R.O.

C
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STEP 6. Connect the circuit as shown in Fig. 2.

PROJECT NO. 63

50¥/50c/s

I

1OK

15.K

25K

I
I
I
I

--
I
I
I

--I

FIG. 2.

SEP 7. Measure the P.D. across each resistor. Record in Table 2.

SEP 8. Using Ohms Law, calculate the P.Ds. in Table 2.

STEP 9. Compare the results of Steps 7 and 8. s

TABLE 1.

- E RMS E PEAKTOPEAK

so VOLTS
0i f« Y

I

TABLE 2.

TEST QUESTIONS.

RESISTANCE
MEASURED CURRENT P.D. = Ix RP.D.

1. Before measuring voltage the C.R.O. must be calibrated against a •""•.•.••.••.•.••.••.•..• voltage.

peak to peak
2. When the C.R.0. is used to measure alternating voltage, it measures the effective voltage.

average
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FREQUENCY MEASUREMENT (B.F. METHOD).

When two alternating currents having different frequencies are added together over
a period of time, at some instants they aid, and at others they oppose. The amplitude of the
resultant current varies at a rate equal to the difference in frequencies.

This principle can be used to determine the frequency of an unknown signal by
"beating" it with a known frequency. [he difference or beat frequency can be detected by a
meter or a monitoring device such as a loud-speaker or head receiver.

AIM: fo determine the frequency of a signal by using the beat frequency method.

APPARATUS : 2 Variable Oscillators, Resistor, Voltmeter 0-10V (Multimeter A.P.O. No.2),
Amplifier, Loud-speaker, Head Receiver and Connecting Leads,

METHOD :

STEP 1.

DEMONSTRATION

Connect the circuit as shown in Fig• 1.

oSC.I

0-10
600

,1 t

600
0SC.2I

AMP. LOUDSPEAKER

FIG. 1.

STEP 2. Set oscillator 1 to approx. 1,000 c/s.

Vary oscillator 2 until the signals start to beat -

Note (i) the variation of the meter.

(ii) the beat tone from the loud-speaker.

Continue to vary oscillator 2 until "Zero beat" is reached.

Record the frequency. . . . . . . . . . . c/s.
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STEP 1. Connect the circuit as shown in Fig. 2.

FIG. 2.

o-I0

PROJECT NO. 64

STEP 2. Adjust oscillator 1 to approximately 2000 c/s.

STEP_*• Determine the unknown frequency by the "beat frequency" method.

AnSWer •.• •••.••••. C.p.s.

STEP 4. Repeat Step 2 with new unknown frequency.

AnSWer ".• • ••••.•• • C.p.s,

TEST QUESTIONS.

1. The "beat frequency" is the in frequency between the known and the unknown frequencies.

2. When the two frequencies are identical, the beat frequency is
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VOLTAGE REGULATION - SATURABLE CHOKE.

Voltage regulation by means of a saturable choke is achieved by using the output
D.C. to vary the input impedance offered to the applied A.G.

AIN: To study voltage regulation.

APPARATUS: Supply 'Voltages 50V/50 c/s, 50V D.0., Saturable 0hoke ("frimax TP 1633 240/115V
0.7/1.35A or TA 763) Potentiometer 5k 50W, Milliammeter 0-50mA (Multimeter A.C.
1mA-10A) Milliammeter 0-500mA (Multimeter D.0. 50µA-1A), Voltmeter 0-50V
(Multimeter A.P.0. No.2), Inductor, Battery Eliminator and Connecting Leads.

_ 81
STEP 1. Connect the circuit as shown in Fig.l,

0-500

50V/50c/s
STE2 2. Vary the current through the

saturable choke. Note the effect on
the input A.C.

/e Li mecasce lu Li icspst
p1pE

STEP 3+ With the direct current at zero,
measure the primary current.
Record in able 1.

Increase the direct current in 50mA
steps to 200mA. Measure the primary
current for each step. Record in
able 1.

FIG. 1.

Calculate the primary impedance for each value of direct current, in Table 1.

DEMONSTRATION

Connect the circuit as shown in Fig. 2.

A

5 0 V
A.C

BATTERY

ELIMINATOR
V
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STEP 2. Demonstrate (i) Manual regulation,

(ii) Automatic regulation.

DIRECT PRIMARY CURRENT Ep
E p

CURRENT (Ip) Zp = Ip

O mA 2 50u 3000 ✓I5n
I /50mA 33 $»8 50u I so0

00mA 45 "A 50v I I 1-i 5
50mA g0mn S0v 9so 9- y

200mA

TABLE 1.

TES]_Q!!EST IONS.

1. What is the function of the saturable choke?

*......s.....GE.¢0t15.....A1A.Gt!K7160MM.A......$43.4480KR......SX.....IC......T.HRM...
.....4..2......AM0.....T.c....&.6¢8.4.ASE....I.MOM<.AME......R.8.891.814.£.....Te..fS.....
. . .. . ~r.HR.'-:'. 1.:.:.1 ..Y. .

ieen@iiigig S:

4a When the secondary load current increases, the P.D, across the load resistor romaino-the=same, and the
'decreases,

ism9ae•
impedance of the primary circuit »emals=the=same

decrease


