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CIIAPTERONE
1,0 INTRODUCTION?

:.,.·

The experimental traine ti AC/D .
.r or C sources 1s a useful, low cost, multi-

purpose mini-lab for learning tl1 b
·

d' ·

"
·e as1c 1screte and passive components startmg

from fuese characteristics to simple and more complex applications. The kit

! saves time and money in experimentation as no sold?ring-inequired to dry out

$-
new circuits and components can be reused again and again. All inputs/outputs

and components for experimentation are terminated on 4mm base terminal.

Interconnection is through 4mm patch cords. Various DC/AC regulated power

supplies are built-in. the kit is housed in a sturdy designed power coated metal

enclosure.

1.1 AIMS OF THE PROJECT

d to various parts and components rating that can beTo expose rea ers

d
.

tr ct1·ng an experimental trainer module source for-AC/DC.
use m cons u

.

t I training module source AC/DC to be used
To construct an expenmen ª

1.2

in the lab for experiments.

OBJECTIVES OF THE STUDY

.
.

les ofkirchoff's current law
To study the pnncip

.
.

'

ofkirchoffs voltage Jaw
To study the pnnc1r e

.
.

d find out its cut off frequency
ss RC crrcu1t an ··

To verify the low pa

To verify ohm's laws
.

.

·1 also works as an mtegrator
ass RC circu1

To observe that the low p
.

:

'.'



l'o verify the high Pass RC circuit and find o?t its cut off frequency
To observe that the high pass RC circuit also works as a differentiator

• ? To implement a band pass filter using RC.

To implement a low pass RL circuit ano find out its cut off frequency
To implement a high pass RL circuit and find out its cut off frequency
To implement a RLC Band Pass circuit and to find-the"'-Cut-off frequency

from graph.

To implement a RLC Band Reject circuit and to find the Ct\t-off

frequency from grar 1.

Serl.es RLC Resonant circuit and find the ResonantTo implement

frequency
. .

d ti Resonant frequency.
. li l RLC Resonant crrcmt an ieTo implement para e

SIGNIFICANCE OF THE STUDY
. .

l.J
.

.

a device that 1s basically. tal trainer for AC/DC sources isThe expenmen
I

,

t bodies and as wel as
d nd of individuals, co-opera e

d
·

t eet the ema
· ·

es1gn o m
.

, lues during clectnc1ty.

I
. reducing errors Ill va

It l·s very essentm Illindividuals.

experiments.

?'.

?; 1.4

.....

i
I
I

' THE PROJECTSCOPE OF
.

the multi-meterf the resistor usmg
Measure the value o

.

·t diagram with the help of•

the crrcm
.

•

as shown Ill
Construct the c1rcu1t

'

patch cords.

2



rs; .,,.?1;
·.

I:

I
5 LIMITATION

•

l.

ENERGY AND TIME FACTOR=> It took time and energy to gather
¡::; together the required component and material that

shoul? ??-?sed
to carry out

Select the appropriate current range on the niulti-meter
Turn the kit and measure the current on the multi-meter

Í the construction and the necessary information on how to construct.?
.;
'·

i

ii:

],
i.

3
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I '''f" CIIAPT?aTwo:
t.0 t.l'l'ERATUitE REVIEW

2.1 RESISTORS

I
?'

A resistor is a passive com h. .

..ponent w 1ch exhibit the property of res1stmg
the flow of current. The magnitude of the current is inversely proportional to the
value of the resistance.

!!..

! NOTE:• Resistor may? assumed to be linear i.e their-resistance will be

assumed to remain constant when the temperature is maintained con,stant. Effect

of temperature can be ignored, since all resistor dissipate heat when operating.

SYMBOL OF A RESISTOR

1-·__ Fixed resistor

I
--1 I 1?0R

I

TYPES OF RESISTORS

two types ofresistorThere are

2.

?
;;t

? l.
i

2.

l I Variable resistor
1?--

Fixed Resistor

Variable Resistor
.

I
.

constant. Examples are.
.

.

tor whose va ue is
Fixed Resistor is a res1s

Wire Wound Resistor

. • ResistorCarbon Compos1t1on

4
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!';'.?-??--.--:
_,,;-·.

·

1<:'

. . . I. ?.·.
Wtre wound resistor ma be

.

¡
.

. y wound on ha' l .

·

. i?
w

,

t ooks like a large washer
made.from an msulating ?laterial such as

: .

,.card. Ni arm is mounted through the
centre of the washer, by rotating th

•

.

e arm, the length of wire between. the point of
contact and the end of the coil is v

·

dane .

Variable Resistors

?
MainsFd_roppenesistor

with
1xed tappings cement

coated on a ceramic former

Variable resistors ?iave three connections, being each end of the coil plies

the connection from the wiper arm. When all the three connections are used, the

device is said to be a potentiometer. In some cases, fixed connections are made

to the wire so that we know the resistance offered between any two terminals,
.,

s?ch intermediate connections are known as tapping.

RESISTORSCOLOURCODING

DIGIT COLOUR

o Black

Brown

f, Red
' 2

3
Orange

iiic

I ,, '.

4
Yellow

Green
5

6
Blue

5

11



7
Violet

8
Grey

9
,?, White

TOLERANCE
COLOU? ?

5%
Gold

10%

20%

Silver

No colour band

The application of this code is best explained by the diagram below.

The first bands ar? the orange and blue whi?h, from the table are 3 and 6

respectively. Therefore, we are being told that the resistance has a numerical

value of 36, the third band tells us how many zeros to put after the nwnber. In

this case, the third band is green and there should be five zeros which resistance

becomes 3600,0000Q

--_ First Band (Orange)
? Second Band (Blue)
I. .?irdBand (Blue)

-j 1111 11 11p-- Fourth Band (Silver) greens noughts

2.2 INDUCTORS
.

.
. d

.

d to store energy in its magnetic field.
This is a pá?1veelement es1gne

.

· · ··

.
.

Jectronics and power systems, and :..re
Inductors find numerous ?é?plicatwns

m e

,,..

d. Iv's radio's, and electric motors.
. ..... .. cformers, ra 10s, '

used in power suppltes, uau.,
I

'

6



tNOTE=> An ). . ) .

.

Y conductor of el
.

.

I
i

. ectnc current ha
.

.

.

.

Jl13Y be regarded as an ind I

s inductive properties and
uctor, but in ord :er to enhance th

.
.

·.practical inductors is USuaJl "' :

e mducftve effect, a
Y lOI1lled

.

t .in o a cylindrical coil with m
conducting wire shown below

!
any turns of

Cross sectional area A
"-- Core material

Number of turns N
It is formed that the volta •e .

.
,

.
. .g across the mductor 1s drrectly proportional to

the time rate of change of the c t ·f
·urren

,
1 current 1s allowed to pass through an

inductor.

SERIES AND PARALLEL INDUCTORS

It is necessary to extend the powerful t0ol of series-parallel combination,

we need to know how to find the equivalent inductance of series- connected or

par?llel-connected set to inductors found in practical circuits.

Considering a series connection of N inductor below with an equivalent

circuit showing the inductors with the same current passing through them.

Applying Kirchoff's Volta ;e Law (KVL) to the loop.

11 L2 L3 LN

?---?
?--

t· ofN inductorA senes connec 10n

o?
7



Equivalent circuit for the sen .

es mductor
£"'TE=> Inductors in Parallel ar .y e

combined in ti
. le same way as resistors inparallel for two mductors in parallel (N.,, 2)

.

I¡ _ I¡ I¡ ¡
leq

- LI + 12 + /13 + ------ + I¡•
LN

Become 111eq
=

1/u + 1/L2

APPLICATIONS OF INDUCTORS
Inductors with appreciable inductance are difficult to produce on a

substance, hence inductor. 'coils usually come in discrete fonn and tend to ·be

more bulky and expensive, in this case, inductors are not as yersatile as

capacitors and resistor, and tlley are more limited in application. However, there

are several application substitutes, they are routinely used in relays, delays,

sensing device, pick-up heads, telephone circuits, rad10 and Tv receivers.

PROPERTIES OF INDUCTORS

(i)

(ü)

l
t

(iii)

l
·

rt· inake an inductor very useful in electric circuitsThe fol owmg prope 1es

nsitive this property makes them useful forInductors are frequency se '

frequency discrimination.

makes them useful as temporary voltage orFor the store of energy and

b ed for generating a large amount of
current sources. Thus they can e us

·od of time.
voltage for a short pen

b t change in current, this property makes
An ·

d t oppose any a rup ·m uc or
.

ulsating DCression and for convertmg p
inductors useful for spark or supp ·

th DC voltage.
voltage into relativelysrooo



BIASED DIODE

ForwardBi?
N- type material

íl
__ +¡,--.:.:.___¡

De Supply

P N

FigA.

'r
I

?

Under forward bias condition, the positive terminal of the De supply is
connected to the P-type semi conductor and negative terminal of the De supply
fr:;onnected to the n-type semi conductor as shown in figure A above.

I

?·

I
•

Initially, no current flows due to the barrier potential. The applied
foiward potential repels the charge carriers and have hence pushes it forward

through the junction.

Reverse Biased Diode

.

1 N-type materialP-type matena

----?f·.J.
rl'p N

f1

I '--=-1,?
?B.

.

.f e tenninal of the De supply is. dition, the pos1 ivIn reverse biased con
.

. .

d negative :terminal of the De supply· nductor an
,connected to the n-type semi co

I own in fig. B above..

i conductor as s J

18 connected to the P-type sem



DIODE BREAKDOWN
A breakdown can occur in di

·

"!'ª ode due to tw. . 0
rnechanisms, each of themrequires a cnttcal electric field E at the .

.
depletion region of the diode. The twomechamsm are responsible for breakd .

,own tn PN-.iunction diode namely(1) Zener breakdown

(2) Avalanche 11)ultiplication

ZENER BREAKDOWN: In a doping of high concentration of atom, the
depletion layer is very narrow, which results in tunneling of electrons from the

P-type valence band to the N-side conduction band, constitutes a reverse current
from n to p, this is called zener effect. The basi¿ requirement for tmmeling
current is a large number of electrons separated from a large number of empty

states by a narrow potential barrier.

AVALANCHE MULTIPLICATION:- A diode is said to be reverse

í:

J
3

i

b. d I
· ·

s sufficient energy from thermal ener¡,>y along withI¡lSe w 1en carrier acqmre

• ·

11· in the high electric field E in the depletionthe applied reverse bias resu mg

. . c. p side may be accelerated to a high kineticregion. An electron entenng 1rom
!

li'
.

the ionizing collision result in the
'inergy to cause an ionizing co iswn,

. Tl riginal and the generated electron are
generation of new electron hole pair. ie 0

.

d ti e generated hole is swept to tile p-bo . f th J.
unction an l

th swept to the side o e
.

I air results in the generation of
electron ho e p

.Side, the generation of new

,

. . ess called fiss#on.
enonnous energy by the proc
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i

DIODE CHARACTERISl'
·

- Ics
Ir(MA)

...

'

'

'

'

'

-1--f
?

V1

Ir (;UA)

¡

¡
I

'

l

t

On forward biasing, the diode curre, t
.

_1 mcrease exponentially with an
increase in the f01ward voltage after th t

.

.e cu -m voltage 1s reached or the barrier

potential is overcome. When the diode is reverse biased, the applied voltage is

negative.

t
,,

Ii

L

r
t

¡:
··•:

Thus, on reverse biasing, the reverse current independent of the applied

reverse voltage is equal to the reverse saturation current. When tJie reverse

voltage is increased beymd a certain limit, the diode breaks down and the

revçrse current shorts up to a very large value. The breakdown in diode is due to

either zener breakdown or avalanche multiplication since reverse saturation

current is temperature depend parameter.

DIODE RATING
.

d 1. g tliat must be known for any application
The two important d10 e ra m

'

are

(i)

(ii)

The maximum forwardcurrent

or peaks reverse voltage
The maximum reverse voltage ·

11

I

Dynamic
resistanc? r-= !!!¡ ( hI ? Ü ms)



VARACTOR DIODE

It is basically a PN-. .

1

:Jllllction diode .

h
.

.

Which exp!
-

property
w en it ts reverse b"

.
o1ts tlie junction .

tased In ti
capacitan. ce

· le ¡·
.

ear ier secti .

reverse voltage directly i 'fl
· on, it was shown h ti

.:.' uence th .
,

ow 1e

.

h.

··" e space charge regi
.

(d

.

wbíc causes the transition _

.

on epletion) regt0n
capacitance to •

.

vary w1tli volt ·

? enable the varactor diode t b
:

age, this property

:::;

0 euseda ··

,

s a voltage contro11 ô . .

"

-'
where the input voltage v

.

e õscI!Iator (VCO),
aries the capacitance.

APPLICATIONS

'

I

(i)

(ii)

It is used as à high frequency tuner

It is used in par,., tr·
.

.... ne 1c amplifiers

(iii) It .

is used in microware frequency multiplication

(iv) It is used in active filters

(v) It is used in a harmonic generation.

,
TUNNEL DIODE

This is a PN-junction diode that operate in a certain region of its V•I

characteristics, by a quantum mechanism, tunneling of electrons through the
---,

_¡

? Potential barrier. When the se1niconductor is continuously doped with
-?

impurities, a point is reached at which the impurities becomes so closely packed

Within fue crystal lattice that interactions between the charge carrier dominate.

UN-BIASED TUNNEL DIODE

A .
. ;?

·ct t be un-bi?ed when the Fermi energy level
..

tunnel diode 1s .JPll o
{

'
'

'

distribute l.mifonnly through of the junction.
The Fermi energr, level lies

2



ibetween the ... valence band energy le¡ f .

i

·

ve o
n-side,1 the conduction band energylevel over laps with valance band

energy level on
tj1e Fermi scale.PIN DIODE PRINCIPLE

,, When a diode is reve,,, biased_ Ih, =rent floW is mru,ty drn, to minorityg,', carrie, ciment/ rnve.-se satwation citmont) blocking lho majority carriOJ" current/ross the depletion layer. The amount of minority carrier-increases with the
amount of light-absorbed, which in tum increases the width of the depletion
region, by depletion layer width, not rely entirely only on the bias voltage.

CONSTRUCTIONOF A PIN DIODE
Pin diode is constructed by sandwiching an intrinsic (pure) semi-

conductor between heavily doped p and N semi-conductor. An
anti-reflect?ng. .

1

·

d t the t"p face of the pin diode to receive light radiation and
coatin<s JS app Je a

avoid secondary emission.

Anti-reflecting
coating

Radiator

-----1 I
S02 ?
Intrinsic region/

l_

,
? A PJN DIODEADVANTAGES OI

..

h
.

trinsic region, it reduces the noise.

bsorpt10n at t e m
.By concentratmg a

.

.
.

fn it radiate to light as m the case o.

h. g response wile
.and slow sw1tc m
.

·

al boto diode.convention P

13

J
?

1-
T+



i

The reduced noise and in .

.1

creased speed ¡ .

fact that it has higher .
.

can also be achieved due to the
., resistively th :

'i.;
an other devi f

.

The speed of th ,:..;•
.

·
ce O

·

its family.
·

e l-•U d1od
·

•
•

·

e is !united b ', .
.

,

Y vanat1on in ti t' .

electrons to pass tl
le une 1t takes

trough the devic TI •
•

.

e. le tune can reduce in two

! a:- By mcreasing the bias voltage
'

ways.

?.
t b.
•
,,.

(iii)

By reducing the thickne
1ss ayers

TYPES OF _PIN DIODE

There are two types of Pin Diode

(i) Metal semi-conduc'tor pin diode

(ii) Hetero-jw1ction pin diode

2.4 TRANSFORMERS

A transformer is a device which is widely used to change the voltage and

c'Fent relations in on AC electric circuit. The voltage and current can either be

inci:;eased or reduced as required with the rapid development. The fields of extra

high voltage (E.H. V) AC power transmission system are possible to a great

extent through the use of transformers. A transformer is a device that has no

i moving part and it transfers energy from one circuit to another without any

& electrical connection, but by electromagnetic induction. The energy is always

trans£ d ·th t h .

.
1·n frequency but usually with changes in volta¡_;e

erre w1 ou c angt ;,
'

;¡?

and d •1·
· . h' 1

·

ltage Conversely, a step-down transformer receives
e 1vers 1t at a 1g 1er vo ·

en d d 1

·

rs it at a J9wer voltage. Transfo?ers requíre
ergy at one voltage an e ive

,
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_L
• Lanúnated core

.

:

• Windings

• Tank

• Conservator

• Bushing

• Breather

• Radiators

?i· • Winding leads (input)
?

d (output),··?· • Winding lea s

.

little care and maintenance because of their simple, rugged and durable
construction.

CONSTRUCTIONAL DETAILS OF A PO?ER TRANSFORMER5
6

5_.? 9?9

? JO ír!l??

Transfonner oil
.

·s made of silicon steel ortransfonner core I

CORE:- The
.

·nated and are
LAMINATED

, , the sheets are lamt.

ddition to this,·¡\

il" n In a?ieet with 4 % S lCO .

•

lS



coated with an oxide lai;?r to reduce th .

. /4,r. e rron losses. The thickness of t'Je
laroin;tion is 0.35mm for 60Hz operation and 5 fi1 2 Hz .m or 5 operation.

WINDINGS:- A conventional tr ti
¡

.
•ans onner has two winding. The winding

which receives the electrical energy is called the primary winding and the

'1:
winding which delivers the electrical energy

i!s-:known as the secondary

J:'.winding. Windings are generally made of high grade copperfor carrying higher
current, stranded conductors are used. The winding are provided with insulation

such that any one turn will not come into contact with the other turn.

Methods of cooling of transformer:- The three method are commonly
. used for cooling of the transformers windings and the core which are given

below

(a) Natural :- Used for transfonner having low voltage and output rating

(b)

(c)

(i.e up to 500V and 5KVA)

If led·- Used for large sized transfonners withOil filled and se coo ·

rating up to l 32KV and 1 00MVA

.
. bl t·- Used for machines with rating higherForced cooling with air- as .

than 33KV and l0OMVA
.,_

1.
transformer is oil filled and self, ANK- Wien aCONSERVATOR,:_f .

.

b' ted to heat, thus naturally ;xpand and
. .

the tank is su ?eccooled and the otl m
'

ti the oil to settle
tank provides the means or

th
·

nservatorcontract due to e co

d heavy loads.
down by expanding un er

llii



BUSHINGS:-
Brushing provide ro .

:

P per insulation for the output leads to
be taken out from the transfonner tank . .

, ·

Bushm?s used are generally of two
(1;pes.

(a)

··(b)

higher than 33KV.

BREATHER:- Moisture and dust from the environment may occur if a

transformer is exposed directly to the atmosphere to avoid this from happening
a breather is provided. Tlv breather completely prevents moisture and dust from

coming into contact with the oil in the conservator tank when it_ expands or

contracts.

l.

Porcelain type wh.ich ar d ,,e use ?or voltage rating of up to 33K and
Condenser type and oil fill d -

.
I e type which are used for voltage ratrng

TYPES OF TRANSFORMER

CORE TYPE TRANSFORMER:-There ar; two types namely (a) the

cor? type (b) the distributed core type

(A) CORE TYPE
Laminated iron core?-------

L -------?Magnetic

/yf £- g---Cirnillt,e; , ?--- Output
Input :

J (Secondary)

;j (Primary)
limt{ Yoke.

11· h there is only a simple magnetic
has a core m w ic

The simple core-type

?l d the limbs carry one half of the
.

cal members_ e e

circuit, each of the two verti



?ary????th '

'

e
secondary. Windin

I

•

.are called the yolks, hen
.

th

g. Horizontal member of the core
ce, ere ar e as many parallel · . .

are parts of the distributed
,

magnetic c1rcUit as these

.

core. The general fonn of tho
.

, oval or rectangular
· 1 ?

se cods may be circular
.

m small sized. core typ tri

'

e ansformer and is d
.

Ir cylindrical coil wh
·

h .

.

use with

',.

IC are either circul
'

ar or rectangrul
·

circular cylindrical .1
.

·
ar Ill shape, while the

coi s give mechani Ica
.

strength and are 1nsulated from each

other by paper.

(B) DISTRIBUTED CORE TYPES

PRINCIPLE OF OPERATION

' Operating a transfonner is based on the principle of electrical energy that

?au be transferred efficiently from one winding to another by electromagnetic

\ ..
induction. While an alter?\ting magnetic flux is established in the transfonner

;¡"core, the flux links the winding turns of both windings. For example ifE1 and E2

\are the primary and secondary emfs induced in the winding having N1 & N2

iumber of turns respectively. Then E1/E2 = N¡/Nz, since the terminal voltage of

he primary and secondary y1 & V2 are only slightly?different from the induced

mfs E1 and Ez.

lit



EMF EQUATION OF A
TRANSFORME?

Looking at an
alternating current which flows through it set up as an

,alternating magnetic flux. · Some of the lines of force which link with the
_.secondary winding consequently, an alternating e?f is induced in the secondary.,:· winding. If N1 and N2 are the number of turns on the primary and secondary,

?-

f and if <I>m is the maximum value of the flux in Weber's 11aving a frequency of
fHZ t'1en.

The average rate of change of flux = 2<l>m = 4f<l>m wb/se .

(½f)
Then the flux changes from+ <t>m to - cJ)m in halfa cycle or in ½f(se)

:- average induced emf/turn=4f<l>mv

In case of sinusoidal wave, the r.m.s value = 1.1 lx, average value.

R.M.S value of the induced emf/turn

= 1.11 x 4f<l>mv

= 4.44f<I>mv
.

I
. 'N turns is E1 = 4.44f<l>m N1v.nf .

the pnmary mvmg i

,Hence, the induced e1 m

.

= 4 44f<l>m N2vdary havmg N2 turns E2 ·fin the secon
Equally, the induced em

k'. .
. -4 44fcI>mN1Vand?? l'Jom the equat10n Ei -

·

·S,;•'T.

:""'-t:
- 4 44f<I>mN2VE2- ·

E1= N1

E2 N2

V1,.:&
½ N2

I is also the same as

.19



AN IDEAL
TRANSFORM.ER 1

•
I

A transformer is said to be an
. I

f

ideal
whe? the primary and secondary

·winding resistance are neglected th 1.
, e secondary ! mduced voltage E2 will be

. .

.

I
·

equal to its termmal voltage V rk ·

.

:
.

:
2, 1 ew1se, on the

P,mnary side, the induced emf

?-- E(Will be equal to the applied voltage V1. It is an! ideal transformer, hence, V1?
'Jtand E1 will oppose each other. Consider a load on the n-ansformer secondaryt

such that it gives a lagging power factor 0.2. Then the load current in the

s"',condary Ii will lag the secondary voltage V2 by an angle P2. The secondary

causes a current h to flow in the primary surh that (11
= h (N1/N2) neutralizes

the demagnetizing effect of h. In addition to I2, the no- load current Io

(discussed in the previous section) also flows in the primary as shown below.

,..V1

OF A TRANSFORMER ON NO-LOAD

:=_(_i_i:
..

:

EQUIVAL ENT
CIRCU?T. circuited whc'] it takes only a very small

_,_
A dary transfonner ts open

:,. secon
.

.'\
tl iro¡1 losses only, which remam

.
. ainly due to ie

:nirrent and the losses are m

h t 2 transformer on no-load can be

loads. Which means t a

I . lent shown below. ,

µresented by an equiva

20



Secondary Open

EQUIVALENTCIRCUIT OF A TI> ANS
¡

"'- FORMER--
A transfonner can be better dun erStood and analyzed ifwe first assume it

,
to be an ideal transformer-\\a

·

1 ak
. .

·

vmg no e age of mfimte penneability, which is

zero magnetizing ClllTent and th ·t
· · · ·

, en I s g1vmg that the wmdmg resistances,

magnetic leakage and the magnetizing circuit are inserted externally.

VOLTAGE REGULATION OF A TRANSFORMER

A transformer is define as a change in the secondary tenninal. Voltage

bet\yeen no-load and full-load, is expressed as a percentage of the no-load

voltage, assuming, the primary and frequency to be
:held

constant, that is

Percentage regulation=no-load voltage - __J'ull-load voltage
No-load voltage

Ify2 is the secondary terminal voltage on full-load and Y20 is secondary

tage on no-load. Then% regulator= (V20
- V2) x 100

V20

CAPACITOR
·t r is to store electrical energy when its plates are

The property of a capact O ·

I ,

.
.

.

h.
. ailed its capacitance and its unit in farad (F).

hfferent potentials whtc ts c ·

21



Th capacitance depends on the ph ·ca1 d" •
¡

e
. YSI 1mens1on of the system of bodies. InI

I

,

this case, two conductors S and the permittivity! of the medium in which the
. bodies are placed.

··?
CONSTRUCTIONAL DETAILS OF A CAPACITOR

I'---
?- stage of metal coil, separated by strips ofwaxed o? impreg1füt?d paper shown by'?'.

J'

·

the clotted line below, both the metal coil and impregnated paper are woundi'

spirally to increase the area and the entire assembly is impregnated in hot

paraffin wax.

TYPES OF CAPACITORS
. .

·1 if the
cap_

acitance of the capacitor is atwo types of capac1 ors,There are
·

.

,

kn?wn as fixed value capacitors..

most of the cases, they arefixed value, as m
. Tl

·

can be achieved
• .

.

and for tumng purposes. us
·;.·... • d in radio receiver,
L . They are use

.

"til respect to another set of?e
•

that vanes w11·1;w .

ble capacitors_.rei. h
.

t of mova
d

?;wY avmg a se
.

t the nature of dielectric employe--,¡
. classified accordmg o

,, xed values. It can be
•

Air capacitors

Mica capacitors

Ceramic capacitors

The most common types of capacitors used in practice consist of two

, '

22



?. )
iv. Electrolytic capacitors

i

I

I

FACTORS AFFECTING T IHE CAPACITORS
One of the factors that cc- i

I
auect cap ·1

,

.•
ac, ors 15 ;he parallel plate. Parallel

_. plates have two large platesr separated b li
-

?-··
y sma distances between them. A

iit. dielectric material is placed betw
1

.

t,.
.

een t le plate as shown-below, let the area of

? plate be A and Er be K. Assume that th .

i

e electnc field between the two plates is

unifonn and the field at the ends is neglected.

v. Paper capacitors

+ + +

Fringe field
¡ J ¡

\-
Dielectric with Er= k

The parallel plate capacitor is directly proportional to the area of the plate

and the permittivity of the dielectric material is inversely proportional to the

distance between the plates. This suggest that the capacitance of a mica filled

capacitor is more than that of an air filled capacitor for the same physicral

?· .
.

fü dimension, the value of the dielectric constant (Er = k) of some nnpo_rtant

l•'i)

!fllelectricmaterials used i¡}capacitors
are given below in table.

-·- ;..

MATERIAL DIELECTRICALCONST?NT

Vacuum
1.0

Air
1.0006

2.0-2.5 t.

Dry paper ,

Bakelite
4.5 - 5.5

23



Glass

t Rubber
5.0-10.0

I!

2.0-3.5
.

!:
Mica

3.0-7.0
Porcelain

6.0-7.0
• Mylar...

?. 3.1

f Polyethylene
¡. 2.25
1.

'
?. Polyvinyl chloride( 3.2
?-

Water 80.4

Titanium dioxide 173.0

Teflon 2.1

Gennanium 16.0

ARRANGEMENT OF CAPACITORS

Capacitors can be arranged in two ways either in parallel or in series,

when both of them are combined, the calculation of the equivalent capacitance

in such cases is necessary.

CAP A CITO RS IN PARALLEL

The arrangement below shows a capacitor in parallel 11, 1z and h, are the

e ·t cted in parallel The voltage across each capacitor is the
e capac1 ors conne ·

1 l d q be the corresponding change on C1 C2.
evo ts v. et q¡, q2 an 3

,

a- :4r¡
e :.--\l.-+:'' '-

' ''' '

c3 , e = C1 + C2 + c3

(Equi?alent capacitance)

--+l•i•I?
2.4



The total charge of the sy tsem ofca ·
.

pac1tor u¡ given b
1

I
y

q =
q + q2+ q3

•
I

= C1 Y+ C2 V+ C V= (C

.

?
3 I+ C2 + C3)V

Therefore, the equivalent c
.

_

apac1tance C is given by
C= C1 +C2+C3

Thus, when arranging capacitors
.

111 a parallel system, the equivalent

'capacitance (e) is always greate tb
- · ·r an any tnd1v1dual capacitance and is equal to

,

the sum of the capacitance in parallel.

'.ú CAPACITORS IN SERIES

The arrangement of capacitors C1, C2 and C3 in series is shown below, the

right hand plate of the first capacitors is connected to the left plate of the second

one to the left hand plate of the third. Finally, all the three capacitors are

connected in series to the battery supply providing the emf across the points A

&b

,h each capacitor since there is only one path

A charge q passes throng '

Tl
.

tential difference across each capacitors

ough which charge can pass.
ie

·
po

i

•
I

. VBC= cyc2
VCI>== q/c3:

I

I

erent is given by

VAB"= cycl

??
'

'

:.-y-:
'

:

25



f
I

z'.

From the circuit abov .
.

i

e, tt ts seen that th
i

AB
e sum of th thr

V + VBC + VCD = V
,

•

e ee voltages.

V - q/ cl + q/c2 + q/c3

V= q (I/cl+ \2 + l¡c3)
I

:.·If c is the equivalent capacita
i

nee of the three
. .

.

e = q¡ V

Ca?acttor Jll Series then,

.,

:. From equator¡&'""{¡

Cle)= \1 + 1/c2 + I/c3

Thus, in general, if n capacitor of value C 1, C2, C3 ..... (n are connected in

series, their equivalent capacitance is given as

I¡ I¡ ¡ ¡

c =
C1 + fc2 + /c3 + + 1/cn

NOTE => When capacitors are connected in series, the equivalent capacitance

is always less than any individualcapacitance in the circuit.

ENERGY STORED IN A CAPACITOR

A device in which electrical energy can be stored is a capacitor, consider

I":,,1·'.

·?8a capacitor which is charged progressively from zero charge to a value q. Let

? final potential across the c,pacdo< plote be V. Al any iru.t..,. d"riog the

barge, let the corresponding potential is V.

i

:!

uired to do so will be.

dw=Vdq = Cvdv since q"' cv ,

If dq be the additional charge placed on the capacitor, then the work

• baroing process
Total work done dunng c e,--

1,6



,.,,,.e {vdv= {cv2}4??joules,,
2 2

•

q.ç¡ since cv = q
,w-

2

.
.

'L. energy in a capacitor is.equal to work done which is given by

w = qc/2
= 1\cv

where q is express in_ coulombs, e is farads and v in volts.

1
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CHAPTER THREE

CIRCUIT DIAGRAM

..

In electrical engineering technology, the construction involved method,

1 principle, processing
and,J:?ctivitiescarry out to perform a specific work.. J¡iis¡

, .

l •
.

r methods are used in the construction of alternating currentiA. C} and direct
'

current {D.C} source in an experimental training for AC and DC source.
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CIRCUIT DIAGRAM OF PO ¡
?

WERSUPPL\'

I
OF AC/DC SOURCE

I
I

7
e:C:'
8:
g
e

:::,
-:::,

lc470UF-::,
e !UF

9V

?
DC

I470UF!UF DC

_I_ •ov
-

o

240V ACP . .

· ower supply source ctrcmt

OPERATION OF POWER SUPPL y

When the switch is on the input voltage 240v/220v is applied to a step

down
.,transformer

which i::p down the applied voltage to th? voltage applicable

to the circuit
f;

•

.

;,

[:
From the transformer output 15v and 9v alternating current supply was

t

?,çonnected.The output of the transformer is then input into a rectification circuit,

?'
;;::,r direct current conversion.

The output ;oltage of the rectifier is applied to a LC regulator to maintain

,

·? direct current (D.C) output voltage.

At 12v output L7812 I.C regulator is connected for 9v output, KA7809

r gul
. d t 5 utput supply VA7805C was used to maintain

e ator 1s connecte a v o ·

.

. D. C
. in case of voltage variation at the input.

_regulation of the output .
i.e :

12v
DC
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.

.

.

I

COMPONENT BOARD MODULE
FUNCTIONAL ANALYSIS ;

OF THE COMPO .

Resistor are used to,oppose th .

NENT RESISTOR
·'

,,

e free flowm
. i?\

.
g of electric curr

.
. . .

, Types of resistor u;::d in th·
.

.

.

ent m a cucmt
18 crrcmt

Fixed resistor:- Differenc
1

e va ue of re
.

tSIS or connected se ?

l00L l00VL
parately such as

' ' lKVL, lKVL, lOKVL, 22KVL, 3·3"'-VL,l'I..
1 OOKVL and

l00KVL.

Variable resistor·- Two vari bl
.

.

¡·

.
. a e resistor are used and they are connected

separately to each other and the value are lOKVL and IMVL.

INDUCTOR It is
· ·

.- an opposition to the flowing ofan electric current in a

circuit. It is common in an alternating current circuit (A.C)

In this circuit five inductors are used and the value are lOOUH lOOUH' '

lOMH, 33MB and IO0MH and it's connected separately to each other.

,,,

r\i\PACITOR:-
It is a device used in storing electric charges. Five capacitors

?'.are used in this circuit and the values are 0.0lUF, O.OlUF, O.lUF, O.lUF, 0.lUF

t:
?

.. I

?d is connected separately.
?!

?\ECTROLYTE CAPACITOR:- Electrolyte capacitor are devices used in

¡;;
¡'

•

1

.

1
d also used in smoothly the output of a direct

nng e ectncal c iarges an

• .

1
lyt capacitor were used in this circuit and the

- ent {D.C} source. Five e ectro e .

__ 470UF and 1000UF and they are connect?d

ues are 4.7UF, 10UF, 5looUF,
'

?

?
arately to each other.

(l



rll?.1.

JtECflFICATION:- This is th

·

: .

e process of ob
.

.

?alternating current (AC) so tail.mng direct e

¡¡¡

.

urce through the
i

•

urrent from an

? F

use ofl d1od
IRST RECTIFIER p AN

i

e.

.

EL CIRCUIT DI
' A.C Supply

1 ¼--_

:

AGRAM

¡l?II lOOOllF

I
25v

...

??Ov
SECOND RECTIFI

-

:;?II? ¡?;;NELcrn1;1,AG?':,?
_l__

• 0v

THIRD RECTIFIER PANEL CIRCUITDIAGRAM

A.C Supply

?¾?11{L---._Tl.l---4;??F-
?:L
fl

t i,

_(;'

?f
I.C REGULA TOR (I.C REGULATOR):- It is used to regulate or

ii' .
.

.

amtam output voltage of a direct current (D.C) supply source.

'

SWITCH:- Is a device used to open or close the circuit tenninal, when

ning the terminal there will not be flow of current, while when the terminal

,

·

losed, the flow of current will occur.

r---- 12v
De Output

?5V De Supply

'H
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1'}UNSFORMER:- Is a d
. I;

.

.

.

· evice' th
'

,

..
-

.. . } at
emp?oyed an

.

.

-e) ?ystem to change th ¡ magnitude of th
,

·

.

alternating C\!!Tent
e current or volt

.
.

f

other.
I

age m one section to
I

I

CONNECTOR: Is a devi j

•

ce used for netwo ki .

f ng the crrcuit termi al

s·used to connect a conductor in a
.

.

n s. It

.

circmt together: d
. . .

t
.

.

:an it is m form of cable b

Jv1th
terminal at

ea?h end.
·

f:

ut

TOOLS USED FOR CONNECTIN
,·

G THE €IRCUIT TOGETHER
Ii LEAD· Thi

·
I

=J·:
.- s 1s used when it has b 1

·.

j'..
een ieated with a soldering iron to sold

:r components together. !

t SOLDERING IRON·- It ·
·

t' '-
. is a tool that is used to sold the component like

,t

I[ resistor, capacitor i.e to the vero board.

1. \

1\. /l
PRINCIPLE OF OPERATION OF AN EXPERIMENTAL

? f:t

; TRAINERMODULE FOR AC/DC SOURCE
?
"\':

i ,

Since the current is based on two different sources i.e the alternating

í,t••t(AC) and direct current (DC') expe,imental traüUng "'"""' depends on

,-,;?e principle of ohm's for operation.

When the switch is on the current will flow :through
the conductor to the

s.fio
·

d ti output of the transformer. It will step down t?e
. rmer mput an it:1

.

t·
-?- ,,

·
· ·

_,;,-?' t source 15v and 9v source are connected to

Jm1tude of the altematmg curren ·

,

I
d 9 fthe transformer.

a ternating source of 15v an v O
I

I
,

ec•"d to the transformer output source,

Then, the rectifier diode was conn 'f"
1

. d 12v 9v and 5v.
te direct current produce are '· ·



At the. direct current (DC) source, the 1 tr ·

·e ec 0nic
equipment can bed to the source for experimental purpose.

¡

coJJllecte

!At the A.C side the lSv and 9v, the curi-ent flow in it was reverse! .

&rectton.

__ At the D.C side the 12v, 9v and 5v, the current flowing in them has
',

t alue and direction with respect to time.tostan
V

'!
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CHAPTERFOUR
TESTING AND RESULT
The experimenta] trainer for AC/DC I

.
.

. .

_ source,s kit m It Is a self contained
'!tit without any m?asuring instrument.

1 t

-?

It works on 23Ov 50Hz e . •' power. onnection to 230v power point is by
•

?eans of the power cord of the trainer.

Turn this main ON/OFF switch or the front panel to "ON" position. By
this switch, the various D.C and AC supply will be available on the front panel.--......

All the connections including supply and ground to and from a device

'.index supply are made using of 4mm stackable patch cords. It is a good practice

t, turn the main power ON switch to OFF position while making circuit

cpnnections. The power can be restored after connections are made and
'

( Joroughlychecked.

?; The trainer is now ready for conducting the experiment on different

¡,__, _'
.

d
.

11. hare described in the subsequent experiment. •

ii ttive and passive ev1ces w IC
_

i.:.?
fafa EXPERIMENT or,(E .

'

lV' i:.,'

,,,..

rVERIFICATIONOF OHM'S LAW

AIM

To study and verify ohm's Jaw

EXPERIMENTEQUIPMENT REQUIRE f

. AC!DC sourçes
Experimental tramer for

Volt meter/ Digital multi-meter



I

IAmmeter or 0-25MA/Digita) Multi-meter Resistor & Patch Cords:IEXPERIMENT PROCEDURE
Measure the value of the resistor using the m?Iti-meter
Construct the circuit as shown in the circuit piagram below with the helpof patch cords.

ISelect the appropriate current range011 the multi-meter-=
Turn on the last

and,)1easure the current of the multi-meter?'"'"

Replace the 470 ohms with Ik resistor and repeat the procedure to find
the current flowing through it.

Measure the exact value of the resistance using a multi-meter, since the

I S are fiound for resistance value give;1 ?JY colour codes.to erance

In

5Vregu?
Sury
+
THEORY

.

constant the current.

I state of the conductor remams
As the phystca

.,
I t the potential applied,

di tly proport10na 0ductor is recing through the con

\
nductor that is V "" JR.

r?•een the ends of the co
,

Voltage
= Current x

through Resistor
Resistor

__ :....1-----;:.,-SV

-

al CurrentResistor V ue
(I)
0.024

I o.ooss_
5V

I

I

I

j·



I

From the above calcul . ¡1ation and bo servation in tl
?· that the calculated cui\ t

i

le table above we
.

.

. ¡;.,en and obse
, can

•

" 4·
rved current tl

.

t ohm's law.
. .

are le same tllus provr[1g
•.

I

EXPERIMENT TWO

VERIFICATION OF KIRCHOFF'S CURRENT LAw?
AIM

.

I (,.

To study the principle of kirchoff
,.

s CUITent law

EQUIPMENTREQUIRED

-¡

Digital multi-meter (3 to 4 nos)

Resistors and Patch Cord

Experimental Trainer for AC/DC source

EXPERIMENT PROCEDURE

Construct as shown below in tl1e circuit diagram with the help of patch

cords and turn on the kit.

Select 12volts DC supply and connect it at the input of the circuit.

Connect 3 nos of ammeters between the terminals shown by dotted lines.

Note the following current value R2{IR2} R3{lR3} and R,¡{IR,¡}

1 Now remove the current meters and short the R1 to ground terminal

.· .,.

. {

Measure the curreJ from Ri by connecting the current meter in series

I?

¡
.

wíth R1 and !,'fOUDd name it as IR1. ,

·Verify that IR1·= IRi + JR3 + IR4

j



+

12v?
De sources

RESULT

Kirchoff's current law = IR -
I - IR2 + IR3 + IR¡

IR1 = 11.SMA

I
!·

I
ii)
?-
=: :. IR.1 = IR2 + lR3 + ?

I elO.O a 1 + 0.5 ~ 11.5MA

,I.
·

From the above calculation we know that the amount of current which

lows in a circuit is determined by the amount of vultage applied and the total

;1,SÍSíanceof the circuit. Kirchoff's current law is expressed as follows:-

IR2= IOMA

IR3 = IMA

lR.i = 0.5MA

The swn of the current flowing through to a point in a circuit. is equal to

==r sum of current flowing away from that point. This is a very simple

--'ct uent, which is fundamental to the understanding of electrical circuit.

In this laboratory activities. You will studythe application of kirchoffs

lit law for a combination circuit. TJ,.is Jaw explain the distribution of

it in a circuit.

22K.f¡,



EXPERIMENT T!JREE
!'?

- ,VERIFICATION d? KIRC j .

A1M

HOFF'S VOLTAGE LAW

To study the principleofk' 1

'

trc ioff's volta ¡•ge aw

EQUIPMENT REQUIRED
'

Digital multi-meters {3 t 4

·

· o nos)

Resistors and Patch cords

I f

·= :'

?( ...
?

?· ¡

?- I

I-
i

·

.. j Kirchoffs voltage Ja
·

b
·

.

,,,_

'

w is as1c to the understanding of electrical circuitry.

1.
te may express this voltage law in two way:-

?; J
The sum of the voltage drop in ay current path ofa circuit is equal tothe

,, f voltage applied to that path.
·I

2
•, • The algebraic sum of the voltage drop and voltage source of current path

m a circuit is equal to zero.

In this laboratory activity, you will study the application of kirchoffs

_tage law for circuits with one voltage source and those with more than one

,.

-

:tage source. Single sou• ,;:e circuit problems can ordinarily be easily solved ,'1y

- :.1ngohm's law, ho:?vermultiple source circuit are not as simple. The

,Practical application of kirchoff's voltage Jaw may be seen by applying

Hebraic method of the solution of a mi,ltiple ?ource circuit problem.

Experimental Trainerfor AC/ DC source

OBJECTIVE



EXPERIMENT PROCEDURE

Construct the circuit as shown in the circuit di -

.

·
·

agr111u below with the helpofpatch cord and turn on the kit.

Connect 12vDC source to the Vs input of the circuit.
Observe the voltage drop across R1(VDE), R2(VCD), R3(VBC) &
Rt(VAB) by using the digital volt meter.

Now apply the formuJa and verify that total of V AB + VBC + VCD +
VDE is equal to 12volt.

.l Repeat the experiment with different voltage source.I

l

L. R2 ,.. ...
R3

Jl/'M -----¾ ?/\/i/111

Bi¡u IK.fj,
e

IKíl,

e ifl?Kn
R1

Connect 12v D.C
A+

source

VB= 12 volts

VB= VAB +_ VBC + VCD +VDE = O

VB=IR1

V= IR1 + IR2 + IRJ +JR!= O

VAB =IR,¡= 0.09v

VBc = IR3 = 0.96v

I! • :

11.89v ? 12V



f .

VAB+VBc +Veo+ VoE =7 + 2 + 2
·

·
+I== 12v

VB- VAB + VBc +Veo+ Von== 12-12 ==Ov

EXPERIMENT FOUR.

f

To show that ·the High Pass RC circuit also
:

.

wprk
as a Differentiator

EQUIPMENT REQUIRED:

Experimental Trainer for AC/DC sources

Function Generation (100.KHZ/lMHZ)

,), Dual Trace C.R.O

EXPERIMENT PROCEUDRE:

tJ Construct the circuit as shown below with the help of patch cords

'NOTE:

-i. The unit need not be switched ON as are using passive devices and using
..

::?qt from function generator and observing the output on C.R.D

i][ The function generator and CRO should be connected 10 the mains suppl¥

I

? switched ON when doing experiments.

1iJ:?="'

Rr_::,:·;...

,Çh•nncl

ore?.
.

on Gcneralor ílJ VJN

)!IOKHVtMHZ

:. d set frequency 1 00HZ and

Select square wave on function generator 811;
.

.

.

!

I f.1 of CRO. Let the wput
·

. al n, cbanneide 5Vpp and observe the SJgD O
:

i

Output to be observed in

CRO Channel 2



denoted as Vout.

Vary the square wave and observe the ou?ut for
frequencies below cut-off and above cut-off. The wave forms will be shown below.

'usERVATIONS:

y;. t
lJl/-=- (1)

I

I

I
I

:
I

I

:

¡ i ¡ };'.,'

'

:
'

'

'

'

l

j

?i.

:

Voutt '

If Vi (t)

b ¡ cut-offFor Frequency e ow

vm f lJIF•<O'

' '
I

I I

I
I

4 I

¡
I

t 'I
I

'
'

' '

'

,

'
'

'

'

'

'
:

---1 i
Voutt

ii.

'

()i,serve the output of the cireuit on the ?I 2 of Cl\o let 1lii,
'

I

.

(t)

above cut-offFor Frequency

.

.

i h Pass Filter
NCLUSION

;n,u;t oc? as a H g

.

e that the c

frequencies

can se

those

From the above, we

d attenuateass anUt-off to p .

.

· bove e?ng frequencies a

. differentiator.. ·tworks as an
1

cut-off. Also the circut
·



Since we are familiar with the design and construct,·on of
·

¡. , expenmenta
,!:-?

ei for Ac/ De sow-ce G>w, the errors and problems are no longer visible.

Therefore, the design and construction of experimental trainei· for Ac/De

"¡ource can be used to measure current, voltage, also to verify ohm's law, to

,Vmfy kirchoffs voltage law and kirchoffs current law, to use as an integrator
1 ?

··;:RC-circuit, to r?gulate direct current and to supplied alternating current, to

''.4 out cut-off frequency and to find out the resonant frequency.
·.1,;

CONCLUSION
.

. tinuous problems, students in
The project provides solut10n to con

·,
•

•

.

'11 with the maintenance of

neenng are facing in the construction and desig '

- . It has also contribute to the

,experimental trainer for Ac/De source.
.

\
.

bl d them to put into

•¡ unit and ena e

r edge and skills on how to operate
•

.

kn .
.

th urse of study.re owledge acqurred dunng e co

CHAPTER FIVE

SUMMARY,CONCLUSION, RECOMMENDATION
SUMMARY

In summary, this project (Experimental trainer fior Ac/ De sources). We

dJticed that, there is always a problem ··pertaining to lo _effi
.w

1c1ency, heavy



II

e Íl.

RECOMMENDATION

After the completion Work on this project (E:v-n...
.

.

·

_

·.

··-nmenta1 trainer forClf)C source), the following analysis should
always be put - ? '

r
I

The project work (Experimental trainer for Ac/ De
source) should berepair and maintain by a specialist-?hen ever

ther?i;-aspecified fault orit.

The moisture part should be cleaned to avoid rusting.
The experimental trainer for Ac / De source should be kept under normal

temperature.
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