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CIIAPTERONE
1.1. GENERAL INTRonucTION
In tbe Síudy of

Electrical/Electronics, there are some basic needs thatare to be considered. Parts of this need are:
i. Basic Electricity
ii. Basic Electronic.
In this project Twill be discussing the constmction of Basic ElectricityTrainer.

Firstly, Electricity can be considered from different points of view.The scientist is concemed with what happens in an electrical system and
seeks to explain its mysteries. The engineer accepts that electricity is there
and seeks to make use of its properties without the need to fully understand
them, but this trainer is designed for engineer that needs training on basic
electricity.

In fact, dealing with electricity can be summarized into five

categories.

l.

11.

Ill.

The production of electricity
The transmission of electricity
The application of electricity

iv. The control of electricity

v. The training of electricity.
· ·

b
·

g the bulk transfer of power by high voltage linksTransm1ss10n, em
·

d tr deals with extra high voltage, low current andbetween mam loa cen es,

c. Aluminum conductors are used in transmission.bulk energy trans,er.
. . . . . . ..

d
.

d tries in canying out their daily acttvtties utilizeIndividuals an m us

.

1

.

·ty transinissions problems such as shock and fireelectricity. During e ectnct '



occur, resulting from
over---cun-ents and earth leakage, resulting from a fault.The faults may he due to sustained over-loading, short circuit, bad designand poor installation methods. The above highlighted problems can beminimized by following electrical precautions, using fuses and circuitbreakers. Due to numerous complains heard during electrical experiments,this report is being developed and it highlights the problems related to stressand ineffectiveness of apparatus used in carrying out laboratory researcheson electricity. Institutions generally are faced with the problems related tothe ineffectiveness of apparatus and exactness of values during experiments.This trainer is designed mainly and specifically for the study and

verification of law and network theorem in D.C circuits.
It also enhances the practical aspect of the lecture in classroom.
Part of this practical experience is verification of Ohms law and many

more that will be discussed in the objectives of the trainer. It is absolutely
self contain and require no other apparatus, for instance using of multi-
meter, practical experience, on this bound carries great educative value for
science and engineering students.

l.l. OBJECTIVE OF THE TRAINER
The basic objective oftbe trainer are listed below:

l.

li.

iii.

iv.

Verification of Ohm's law

To draw the y_ I characteristics

d
. f D e behaviour of the following:Curve stu ymg O ·

a. Ideal resistance

b. Semi conductor diode

c. Zener diode

d Thermistor (NTC type).

rify v:-choff'sCurrent law and voltage lawTove 1.'u.l'

2
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V.

vi.

vii.

viii.
ix.

Verification of Sllperposition theoremVerifi ·

cation of Series d pan arallel Law for resistance
Stndying of potential divider
Verification of maxim um power transfer theoremTo verify Thevelin th

.
.

eory and to find equivalent voltage sourcecrrcmt

X. To verify Norton's theorem and to find equivalent current
source circuit.

XI. To study the design of a multi-meter.
1.3. TRAINER ARRANGEMENT
The trainer is rectangular in shape with the main power on/off switch

at one side.

There are many components in this trainer, among them are:
l. O - 30v D.C at lOOrnA continuously variable IC regulates

power supply.

n. + 9v D.e at lOOrnA, IC regulated supply
111. + 5v D.e at lOOmA IC regulated power supply
1v. Other electronic components like Thermistor, Diodes etc.

The unit is operative on 230v +/- 10% at 50Hz A.C. main. Adequate
no of patch cords stackable from rear both ends.

Good quality, reliable terminals, sockets are provided at appropriate

place on panel for connection and observation of waveform.

Also sockets value of resistor, a rectified diode and 6.8v Zener diode

¡1 are provided in the bottom part of the panel.

j 1.4. LIMITATION OF THE TRAINER
:;j¡
?'. Before this project work could be successfully used for training, its

limitation lies on two (2) major factors.

3



i. Financia) factor
Sourcing for funds for the purchase of the material and componentsneeded to execute the project was a little bit difficult due to the high cost ofcomponents as a result of the economic meltdown of the nation.ii. Time and Energy factor
Gathering of the necessary information on the construction of device,getting the component for the construction ready including the constructionof the trainer is another problem.
Also problem of poor electrical supply for the soldering process is

encountered, it took a very long time to be dealt with.

4



CIIAJ>TERTWoLITERARYREVIEW
2.0. INTRODUCTION TO THE THEORYIn the construction of basi 1 tri .

. .c e ec city training module, some theorywhich has been taught in class needed to be reviewed.2.1. OHMS LAW
One of the most important steps in the analysis of the circuit wasundertaken by George Ohm who found that Potential Difference (P.D)across the ends of many conductors is proportional to the current flowing

through them. This, he found, was a direct proportionally, provided that
temperature remained constant. Also physically there are some condition
that affect a conductor. Examples of these conditions are temperature,
density, mechanical strain etc. "If all this condition stated above or a

homogenous conductor remain constant, the current flowing through the
conductor is proportional to the potential difference between its ends.

Ohms Law :For A Circuit

y = E ? I r where V is the PD

E is the EMF

I is the current

ris the internal resistance.

Differential Form Of Ohm's Law

. . .

d e-- ÓE although it does not contain any differentialThis 1s given by
.

·1 refer to value of d and E at a pomt.coefficient of so called because 1

. . . ·

t that as long as physical conditions remam
Generally Ohm's law sta es

.

.

through a conductor is proporbonal to the·

urrent flowmgsame, the electnc c

-1 d is given byvoltage applies across 1 an

5



Vl=-
R

Where R is the resistanc f
. .

e O tbe conductor to current flow in Oluns VJS voltage m Volts and I is Curr t
.

Am
'

en in peres.The above expression b .can e put Ill different fonn as below:
V=JR

R=.!::
I

2.2. RESISTANCE
By definition a conductor is said to have a resistance of 1 Ohm if a

voltage of 1 volt applied across causes a current of 1 Ampere to flow
through the conductor. Resistance of a material is the disruption of the
orderly movement of electron by interrelation with its atomic structure. As
the electron moves through the material they transfer their kinetic energy to

the librating parent atoms through collision whereby their vibrational
amplitude increases. This is observed as heating of conductor. This

resistance is the name given to the property of a conductor of transforming
electrical energy into heat.

Effect Of Temperature On Resistance

In the temperature range O ? 200°C this effects can be represented for

conductor by the equation R+ = Ro (l + at) where Ro, R+ denote the
· oºc d + ºe respectively is called temperature coefficient ofresistance at an

•

th te
·

I defined as the increase in the resistance per unitresistant of e ma na
·

resistance per ºe risk in temperature.

6



Series Connection O R .r esJStorsr----J

+-vi---? +--v? .__ v,--.
I

?---------- ___J
K

.

Series Connection Of Resistors
Usmg the dia bgram ª ove the resisto R R . .

end so that:
r I, 2 and R3 are Jomed end-to-

a. The same current fl thr
_

ows ough all the resistors I1
=

f2
=

IJ_ _ ..... I
b.

The_
crrcuit act as a voltage divider V = V1 + V2 + V3 and the

eqmvalent resistance is greater than any one of the individual
resistance.

Parallel Connection Of Resistors

_L
--Vs

T

Also in the diagram above one end of each resistor is joined to a

common tennínal and the other end to a common terminal B so that.

a. The voltage across each resistor is equal to the source voltage.

V1 = V2 =E

b. The circuit is a current divider.

I= I1 + I2

Hence, the equivalent resistance ís always less than any of the

individual resistance.

7



Ideal Resistance
An ideal resistance has only a

•

ti.
.

.
. .resis ve pomt and there 1s no mducnveor capacitive Part assaciated with it. all resistor have an inherent smallamount of inductance and capacitance and this affect the way they behave athigh frequencies. The inductive and capacitive parts are however more? pronounced at higher frequencies. At D.e voltage carbon composition type

f
resistors are nearly idea] as compared to wire wound and film type resistors.2.3. TEMPERATURE COEFFICIENTOF RESISTANCE ATO"C («,,)

The temperature coefficient of resistance of a material at 0ºC (ac,)
can be defined as the change in the resistance of a sample of the material
having a resistance of I ohm at Oº C when its temperature is raised by 1

° C.

from observation, it is clear that when the temperature equals Oº C,

th
.

t
. 1" If the temperature is now increased to 1°C, then thee res1s anee 1s ?"-

. . .

. ti the temperature coefficient of resistanceincrease rn resistance 1s exac Y

.at Oº C. If the temperature is further increased to 0f C' then the increase, m
. . .

the relationship between resistance and temperatureresistance 1s ao 81, smce

is assumed to be linear.
•

I h ws values of temperature cocffic1ent ofThe table 2.0 be ow s o
. . .

on metals used in electrical cngmeenng.resistance at Oº C for some comm

8



SIN
Materia)

a., at OºC (perºC)'I ?
2 0.00412

Copper
0.00426

;:
3 ? 0.00424
4

¡? Tungsten 0.00495
5 Gold

0.00365

Table Z.O: Temperature Coefficient of Resistance at OºC
2.4. TEMPERATURE COEFFICIENTOF RESISTANCE AT

ANY GIVEN TEMPERATURE(u6)
It sometimes occur that the temperature coefficient of resistance of

any material at 0° C is either not known or cannot be determined. In such

cases, temperature coefficient of resistance of the material at any base

temperature is useful and is determined as follow:

a9 Is the change in resistance of a sample of material having a

resistance of l Q at 9° C when its temperature is raised by 1
º

C. Therefore, if

a conductor has a resistance value of Re at base temperature 0ºC, then, its

resistance Rei at temperature 0? C is given by:

Rei =Re+ Reae(01
- 0)

2.5. ELECTRICAL QUANTITIES

CURRENT
·

d fined as that current which, if maintained in twoThe ampere 1s e

. d tors of infinite length, of negligible circular cross-
straight parallel con uc

et art in a vacuum would be produced between
section and place 1 m er ap

,,_ f 2 x J07 Newton per meter of length. The
these conductors a Jorce 0

9



conductors are attracted towards
.

. each other if thdirecbon. Whereas they 1

e current are in the samerepe each other ifdirections. the current are in opposite

CWTent symbol: I Unit ampere (A)The value of the current .

m tenns of this definitt·
by means of on can be determineda very elaborately c tn
b tw fix

ons tcted balance in which the forcee een es and moving c ii .

f .
.

0 carrying the current in balanced by the forceo gravity actmg on a known mass.

QUANTITYOF ELECTRICITY
The unit of electrical tity

•

. .

quan 1s the coulomb, name the quantity of
electnc1ty passing a give

·

t
·

. .n porn m a crrcmt when a current of 1 ampere is
maintained for 1 second.

Charge symbol: Q Unit: Coulomb (C)
POTENTIAL DIFFERENCE
The unit of potential difference is the volt namely the difference of

potential between two points of a conducting wire carrying a current of I

ampere where the power dissipated between these points is equal to I watt.

The term voltage originally meant a difference of potential expressed

in volts but it is now used as a synonym for potential difference irrespective

of the unit in which is expressed.

Electric potential symbol: V

Potential difference has the same symbol and unit. Electromotive

force has the symbol E but has the sarne unit. Because P.d is measured in

volts they are also referred to as volt drops or voltages. By experiment it can

be shown that the relation corresponding to the definition is

Unit: Volt (V)

10



flow

V p
T

This is better expressed as:

P=VI
It also follows that

V x_
I J__

Q
V w

Q

That is the p d is e al. qu to the energy per unit charge.
2.6. CONDUCTOR AND INSUL\.TORS
Using these rods made fr tal

. .om me s penmt qU1te reasonable currems to

while those made from non-metallic material permit virtually no

current to flow. Not all the materials conduct as well as each other. Copper

being better than steel, Aluminum being better than zinc and so on. Non-

metallic materials permit so little current to flow that no comparison can be

made between them, but nevertheless the observation may be made that

there are certain material which permit current to flow are the conductor,

while those that do not permit current to flow are the insulators.

Examples of conductor are copper, Aluminum, Silver, Platinum

Bronze, Gold.

f. 1 t rs are Glass, Rubber, Plastic, Air, Varnish, Paper,

Examples o msu ª 0

W
.

C ·e Centain Oils.
ood, Mica, erann , .

.

• of the conductors 1s to provtde a complete
Therefore the functton

.

. .

· material with free electrons. Matenals with
. .

all
.

ts where there is
crrcwt at potn

.d th :free electrons and are used to make up a

adil provt e e
no energy gap re Y

_ .th sizeable energy gap between the valence and

circuit but these material wt
,

11



111111

conduction bonds are used to .

lllSults the circ
.

within the conductors.
wt and to contain the current

2.7.DIODE
a. Semi-ConductorDiode
A Semi-conductor di d .o e are diode that fc

a P-type and a N-type semi d

are onned by joining together
-con uctor material.

b. Forward Biased Diode
When P-type is mad ..

e positive with respect to N .
.

is said to be forwardb.
-type regmn, the dmde

iased the deplef .

fl d
IOn regwn narrows and electric current

ows ue to electron _ hol b.
.e recom mation inside the diode.

c. Reverse Biased Diode
A reverse biased diode is obtained h p .w en -type made - Ve with

respect to N-type reoion, th d. d
.

.d
. .

º' e JO e ts sai to be reverse biased. The depletion
region widens and there is no electric current flow

2.8. ZENER DIODE
In ordinary semiconductor diodes on certain reverse voltage the diode

breaks and the large current flows which permanently damage the diode.

This reverse voltage is called Reverse Break-down Voltage VBo and is quite

high.

Zener diodes are specially made silicon diode with known VBo

ranging from about 2v and above. Thus Zener diodes are always used in

reverse biased mode. After reverse breakdown the voltage across the diode

remains almost constant to its Zener voltage although current flowing

through it may vary. Zener diodes are thus used to give stable fixed voltage

reference in voltage regulators. The forward characteristics of regulators.

The forward characteristics of a Zener diode are similar to the forward

characteristics of an ordinary silicon diode.

12



?! Z..ner diode

?-The Figure above showing a Zener diode.The figure above showed how a voltage regulator diode (zener diode)can be used as a voltage stabilizer to provide a constant voltage from asource whose voltage may vary appreciably. A resistor R is necessazy tolimit the reverse current through the diode to a safe value.

? Variable voltage

R

? Zener diode 1
--=-- Consl?nt vol?ge

T

7

" diode as a voltage stabilizer.
.

h
.

g the usage of ZenerFigures owm

(E)THERMISTOR
.

·t comes in two basic types.
.

·conductor deVJce, IA Thermistor ts a senu
.

decrease as its temperature isthi type resistanceNTC Type: In s ,

• ·

creases as the
increased.

f Thermistor, its resistance mhi type oPTC Type: In t s

temperature is increased.

13



2.9. KIRCHOFF'S LAW
(a). Kirchofrs Law f

.

o Currents
This law states that th

. . .

e current flowin
crrcwt 1s equal to the e

g towards a point od
.

.

urrent leaving that .

or n e m a

m another form that the al .

pomt. Also this law can be stat d
.

gebraic SUIIl of all
e

pomt or node is zero.
the current directed toward a

The law mathematicall .
.

N
Y IDlplies that;

¿t,, =O
n=l

Where:

N-N b- um ers of branches connected to the node

in= nth Current entering or leaving the node.

Figure 2.5 showing the proofofKirchoff'scurrent law.

By this law, currents entering into a node may be regarded as positive

while currents leaving the node may be taken as negative or vice versa.

To prove KCL, assume a set of currents ik (t), k = 1, 2 etc. flows into

a node. The algebraic sum of the currents at the node is;

ir(t) = i1 (t) + i2 (t) + i3(t) + ···
i,1 (t) equ 1

Integrating both sides of equation 1, gives;

14



q,.(t) = Qi (t) + Qz(t) + Q3(t) + ...
qn (t)Where.

qK(t) = I IK(t)dt
qr(t) = J ir(t)dt

The law of conservation of electric charge requires that the algebraicsum of electric charges at the node must not change. That is, the node storesno net charge_ Therefore, qr(t) = O -. ir(t) = O, confinning the validityofKVL.
Note: The current flowing towards the points are taken as the positive

whereas current flowingaway from the point are taken as negative.
(b). Kirchoff's Law of Voltage
This law states that the sum of the voltage drops across a series circuit

is equal to the voltage applied by the source.

The law can be interpreted as:

I dr - sum of voltage rises. KVL is mathematicallySum of vo tage ops -

expressed as:-

M

¿Vm=O
m=1

Where:-
.

the loop or the number of branches in theM = Number of voltages m

loop

15



__________ -Avs +

Figure showi·?_n_g_th_e_p_ro_o_f_o_f_v_ol-ta?g=e=la=w==:?--y
2.10. SUPER POSITION THEOREM AND PRINCIPLE
Super Position Principle: This states that the mutual interaction of two

charges is independent or the presence of other charges so that the total
electric fields of all the charges at the points.

Super position theorem states that in a linear network containing more
than one source of E.M.F the resultant current in any branch is the algebraic
sum of the current that will be produced by each E.M.F acting alone, all the

other sources of E.M.F being replaced meanwhile by their respective

internal resistance. In order to verify the theorem we require to know the

internal resistance of each E.M.F source. The other method is to connect

series large value resistor with E.M.F source in order to be able to neglect

the comparative very small internal resistance of E.M.F sources.

2.11. PROCEDURE JN APPLYING SUPERPOSITION

THEOREM
-0· theorem as stated above, is applied to electric

The superpos1 on '

·,
circuits by followingthe steps listed below.

d replace any other source with a shunt (i.e.
I Select one source an

·

nt source with an open-circuit (i.e. I=O).
V=O) and any other curre

V,,.= mth voltage

-=:_y,
T'

16



2.

3.

Determine the current .

111 or voltagewith the single source actin al .

across any desired branchg one as mput.
Repeat steps I and 2 using one other source at a time until allsources have been consider de

.

4. Add al b
·

allge rate Y, the component branch voltages or branchcurrents.

2.12. THEVENIN'STHEOREM
Thevenin's theorem states that the current through a resistor RL

connected across any two points A and B of an active network. (i.e. a
network containing one or more source of E.M.F) is obtained by dividing the

open circuit voltage V oc ( with RL disconnected) by R1, + Rr:o is the

equivalent resistance of the network measured between points A and B with

R1 disconnected and the source of E.M.F replaced by their internal

resistance.

Alternatively, Thevenin's theorem can be stated as follows:-

An active network having two terminals A and B can be replaced by a

I h ving an e m f E and an internal resistance r. theconstant-va tage source a · ·

I f E
.

ual t the open-circuit potential difference between A and B,va ue o 1s eq o
. _ f th etwork measured between A and B with the

and r 1s the resistance o e n
. _

es of e rn f replaced by thelf mtemal
load disconnected and the sourc · ·

?t resistances.
!t·.,.=.

17



R2
A lv------

--E

R1

I

?Ri
I

8

The figure showin ·
.

·- :J
-

g crrcUit for proving Theverun· '
th- ??-----

s eorem

--Eth

f? ?RI\

8

#

The Figure above showing Thevenin's equivalent circuit

Suppose A and B in the above drawn figure to be the two tenninals of

a network consisting of resistors having resistances R1 and R3 and a battery

having and e.m.f £1 and an internal resistance R 1. It is required to detennine

the current through a load ofresistance R connected across AB.

E1

Current through R3 = ? and,

E1Ra
P.d across R3 = ?
S. th

.

0 cUITent through R2, P.d across AB is:
mee ere1sn

18



r
.

.

E

iii
a
? r= R2 + R1R3

R1 +R3

Current through R = ¡ = ..!_
R+r·

Thevenin's theorem so
.

. .

, metnnes referred to as
an application of the superpositi. th

Helmholtz's theorem is
on eorem.

'

2.13 NORTON'S THEOREM
This theorem is used whe

. .

re it is easier to sim rfy .

of current instead of voltage Thi
P 1 ª network m tenns

. s theorem reduces a nonnall .

network to a simple parallel
.

.t
. .

Y complicated
errem cons1stmg of:

a) An ideal current source '
. finfi . .

i
_..,-

0 llllte mternal resistance and

b) A resistance R,v in parallel with it.

Here, IN is the current which would fl tJrr I how oug 1 a s ort circuit

placed across terminals A and I3. R,v is the circuit resistance looking from

the open AB terminal. These terminals are not short circuited from finding

R,v are open as for calculating R,H for Thevenin's theorems.

When a branch in a circuit is open-circuited, the remainder of the

crrcuit can be represented by one source of e.m.f in series with a resistor.

Norton· s theorem states that the current which flows in any branch of

a network is the same as that which would flow in the branch if it were
,.

it

f?
Si connected across a source of electrical energy, the short-circuit current of

which is equal to the resistance which appears across the open-circuited

branch tenninals
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"

I
I
I
i

Network

A

B

1

___J_

The circuit explaining Norton's theorem
HOW TO NORTONISEA GIVENCIRCUIT

J_
--=--24 V

T B

•

4 Ohm

··'\/\f'v

12 ohm V=O

n ,4ohm
??

cp,"
-=-24V
L?------

B

A

•

.
.

. Norton's theorem
The crrcwt proving

.
.

are as follows:-
.

.

the above crrcwt
Steps to nortomsmg
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Put a short acmss fenninaJs A and B. it results in shorting out 120resistor.

I . Remove the short from tenninals A and B so that they are again open.Remove the battery and replace it by an internal resistance which inthe present case is zero. The resistance RN of the circuit as viewed back or=' looked into from open tenninais A and B.
If'

'

i
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CIIAnta 'IllRn3.0. CONSTRUCTION AND DESIGNBefore this basic
electricity training lllOdule is useful for students inthe laboratory, it has undergone different steps and the first of this steps isthe design and construction of the trainer. In this chapter, the procedure andthe steps used in

constructing the trainer will be discussed. Also under thischapter, the circuit components will be highlighted and parts of this are:i. The Case (Housing)
ll. Transfonner

111. Power Supply
iv. Power Cords

v. Resistors

VI. Capacitors

VU. Rectifiers

viii. Diodes

ix. Panel

x Thennistor.

G (HOUSING)3 I THE CASIN
d -th a wooden case,

· •

. -

constructe WIth tramer is

.d

The housing of e

d well painted to avo1lar shape an
.

d sired rectangu
I king at the it.

constructed to a e
.

·

to anybody 00ake tt attractivedecaying of the plank and to m

ORMER
·

I variable IC
;,·.. 3.2. TRANSF

. 30v D C at 1 0OmA, contmuous Y

_

.

IS .

th A e supply that IS

'

The transformer ratmg
t down e .

¡,

function is to s ep,£

pply. Its
-

regulated power su
.

.

the trainer -

=

onent within

I entering into the comp
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3.3. POWER SUPPLY
The mains On/Off .

SWttch, fus
Jeft hand lower part. Th

e and jewel li .

e Püwer sup 1

ght is locat d

it is regulated through IC
P Y supplies thro

e at extreme
.

ugh the transfiorm er and

L,w

, I

r-
+5V

3.4. POWER CORDS

Connection of adequate patch cords are made to the fuse and the

SWitch tenninals and socket are provided at appropriate position on the panel

for connections or observation of wave forms.
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3.5. RESISTOR
In this basic

•lectricity Oaining module, two type of resisto,, are med,
one is the fixed resistor and the other ones are van· bl ·a e resistor.A resiStor is a device which provide resistance in an electrical circuit.The resistance of a resistor is said to be linear if the current through theresistor is proportional to the P.d across its terminals. Tf the resistance wereto vary with the magnitude of either the voltage or the current, the resistor issaid to be non-linear. Resistor is made from semiconductor materials.All resistors have power rating which is the maximum power that canbe dissipated without the temperature rise being such that damage occurs tothe resistor.

In this training module, resistor of different rating are connected at the
designated position according to the circuit diagram of the basic

elect?citytraining module different value of resistors are connected to reliable
.

th vided at the appropriate place on panel for
terminal/socket at are pro

connections/observation of waveform.

3 6 RESISTORCODING• •

d t d that there are resistors made from carbonWe have airea y no e

d
.

fil Both are small, if not very small, an
.

f firm metal-made m.moldings o
.

.bl to mark them with a ratingWould find it almost 11llposs1 etherefore we

such as 470on,¼ watt.

.

·t is usual to identify the ratings byf arbon resistors, 1In the case O e
.

stors One of the bands is always
.

ted around the res1 .means of rings, paID
.

d should be taken as the first band.f the resistor anplaced near to the end O

sed to indicate the resistance of the
.

d bands are uThe first, second and tbir

fa colour code.resistor by means 0
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••·

The application of this COde ;, best ""Phrined by lho <tiann ""-;,,figure 1.6. Here, the fust two
bands.,..-.., and blu, wlúd, &om.,.

tablo are 3 and 6 ""Pectíve!y. l1ie thttd band ;, lho -hoc of_,. lo boput after that number. In this case, the third baud is green and there should
be five zeros. The resistance then becomes 3600ooon.

Orange Orange Blue Gold

J

._J? [
L

: Frnmh B,oo
First band

Third band
Second band

.

] 6· the diagram of a resistor showing the colour codes.
F1gure . .

t of colours and the percentage of their tolerance are
The arrangemen

shown in table I.I below.
.d d tolerance of resistors.Table 1.1: colour co es an

.

7L Digit f Colour
__ _ _

---jO Black

Brown

2 Red

3 Orange

4 Yellow

Green

?-t-Blue

Violet

-I
?;

8
i

\¿

?

9I L_a
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The standard values f .

. No colour bando resistance=-s-:-'---?--
3. 7. CAPACITOR

range from
o.1n-to-c2-2-.0MO_J .

In the construction of thi .

·

s basic electricity tr
· ·

capacitor used are seven (?)
.

- ammg module, the
.

m number which are f difli .

capacitors are listed below:
0 erent ratmg. These

t. 2200µ!40v
ii. 100r¡£'40v

iii. 10µ£140v

IV. IOOr¡

v. 1µ/40v
vi. Booster Capacitor

3.8. THERMISTORS
A Thennistor is a temperature-sensitive resistor, that is, its terminal

resistance is related to its body temperature. It is not a junction device and is

constructed on germanium, silicon and a mixture of oxides of cobalt, nickel,

strontium or manganese. The compound employed detennines whether the

device has a positive or a negative temperature coefficient. A Thermistor is

schematically represented as shown in figure 2.4.

?o-

The figure showing the symbolic representation of a Thermistor
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At room tei-., which ;, 2ô•c, lhe "'"'1anco of the Th_,..;, approximately SOOOll, wbe..., at l0O•c (212•F, tho ,..;-decreases to 1000. A temperature span of 80° C results in a 50: I change inresistance. The change in resistance is typically 3% to 5% per degree changein temperature. The change can either be internal or external. An externalchange requires changing the temperature of the
surrounding medium orimmersing the device in a hot or cold solution.

3.9. DIODE
Diode is used in this constn1ction as a component to achieverectification in the power supply, also in this construction of basic electricity

training module, a zener diode is used and it work is to regulate the voltage
in the circuit.

3 10 RECTIFIER
.

. •

hi h employs one or more diodes to
A rectifier is a component w e

.

u1 ting D C voltage.convert A, C voltage mto p sa .

GE REGULATOR3.11. VOLT A
.

ti
.

construction is to keep theltage regulator m usThe pwpose of the vo
. . .

A C. supply voltage ( deviation"te vanatzon m the .

. .

D.C output constant despi
t The regulator used m thisth D C bad curren .from 220 are common) and e ·

.

e·. . . .

module constructton ar .basic electnc1ty trammg

1. LM 312

ii. UTC 7809
•·· L7805CV

. 0_3ov,9vand5v.
111.

achieved that we canThey are use so

i

t
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1111

3.12. THE PANEL
The panel is

constructed using V bero- Oard and it consist of theResistors, Capacitors, Diodes,
Regulators, Connectors and Transformer. Allthis components were connected on the Panel by soldering, the Vero-boardís a ready made type which is

practically recommended for use in thelaboratory or electrical
workshop. The Vero board is drilled so that thesocket will be inserted into the drilled how from underneath.The components are brought together and constructed using afunctional circuit diagram of a basic electricity training module throughelectronic simulator. The weight of the assembled basic electricity trainingmodule is light and the number of the component used in construction are

quite low in nature.

The panel description are showll in tile diagram below:
..

+-.c ..

-
---;-1-'i··-?-
•• •

•V
•

.I

r

10K

•
9V

5\f

•·-I 111
•

'•OOEZW10K IW 1,0F '.W1'.)E 11'/

,____. ._.. ...
··

.···•.

·· I •.__, .. ··
. .-, ---4t ._.. ,\:

?K71W··• 1CKWI ;'<21\" i\'·, O
1K 1W

, . __. ?- .:
. ,

· ·• •__.-. • ?• ._ ,'
··.

47K 1W
100?

11'/

10f1l'/ •·- ............ ,,.,:,,-- _.
? ... ??T.1?.... ?·· ,-_.- -?

100K 11'1 J7K 1\'/
I2KZ 1W ?-··\:/ .. _. •--

•---·•./·•/•,.·· ?
470K 1W 470K 1W

101< 1W
·• •. ?• './'fr .. •···

2E2'W
•-·"./.,r,,-•

tDOe 1W

'\/ ...

,,/'·.., .
0-30\'

-?·

•

A m1.001

•
•

•
•

®'"'º'"
•
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CIIAPTER FOUR4.0. MAINTENANCEPRINc IPLES AND TESTJNIn every construction there
G

must be good maintentake a proper care of the constru ti
anee and one muste on. Also before anything is constructedthere must be a purpose of constructin th

.

.
.

g e mstrument and at the end of thisconstruct10n, the instrument should d .

. .
.

un ergo testing. In this chapter both themamtenance pnnc1ple and testing will be discussed.
4.1. MAINTENANCE
Maintenance of an instrument or a machine is the act in which the

machine or instrument is take care to be in good order.
Maintenance is the preventive measure put in place in order to ensure

a continuous safe and proper working condition of basic electricity training
module. Maintenance may be preventive, control, repair etc. maintenance
are very important because its part of the factor that determine the life-span
of an equipment. Generally, maintenance is the action to correct or prevent

problem that delay the use of an equipment. For its proper function.

Part of maintenance that I will recommend for student using this

trainer are:

i.

Ü,

iii.

To maintain the trainer, it must be handled with care.

.

t also be used in respect to the power rating of
The tramer mus

the trainer.
.

•

also important for the user by
Maintenance of the tramer rs

. ,

,
.

£ lt d high values senes resistance
checking short crrcu1t au an

fault.
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4.2.
SPECIFICATION FOREXPERIMENTAL TRAINER.MODULE

Input Voltage: 230v±
10%at50HzAcM.. runs.

Output Voltage: O -

30v, 9v, 5v D.e Power4.3. TESTING AND RESULT
The basic electricity training module has been purposely designedspecifically for the network theorems in D.C. circuit. The board is absolutelyself contained and requires no other apparatus. Practical experience on this

board carries great educative value for Science and Engineering Students.
Some of the experiment that arc listed in chapter one will be

considered in this chapter and they are:

l. Verificationof Ohm's law

2. To verifyKirchoff's current law and voltage law.

3. Verification of the series and parallel laws for resistance.

4. Study of potential divider.

MENT No I. Verification of Ohm's Law4.31. EXPERI · .

.
.

b
.

g the D.C voltage applied acrossOhm, s law can be venfied Y varym
. . .

al fthe corresponding c1rcwts.a resistor and recording tbe v ues 0

Ri
___/\N\?

Ik !

I

£_3
T

BASIC

¡___
.

. .

g Ohm's Law Procedures.
F. 4 1 Circwt for verifyín1gure ..

ELECTRICITY
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I.

ii.

""-ble the circu¡¡ of Fig. 3.3 kl!ep fue o - 30v "'Pply knob
to fully anti-clockw¡se position.
Switch On the supply to the training board. Vary the appliedvoltage in volt steps and record the

responding values ofcurrent in table 4 .2 below:
s7N VcV)

1<A) SIN
V(V) ?A)5.0 5xIO· 6 10 0.010

I

11 0.011
6xIO· 7

2 6.0

0.012
7xl0- 8 12

7.03

13 0.013
8.0 8xl0- 9

¡0.014
-

4

9.0
.

9xl0-3
¡

IO
j J;

5

'

.

..

, L for different values ofres1stor R.
iii. Venfy Ohm s aw

"f l(jrchoff's current law andERIMENT NO. 2 to ven y
4.32. EXP

voltage law.

d . (Law of Current)Proce ure .

.

Assemble the circuit
of_¿3.4(A)

l.

/
I I

I

__±L_
9y,-

I
L

I of current..

n of Kirchoff's aw

f the circuit and
(A) Verificat10

.

te branch o
Figure 4.2

.

the appropnat meter mm. Insert curren

measure I., 11, Ii.
Itage)(LawofvoProcedure:

1 w.

cuit be o .

i. Assemble the cir
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?

Figure 4.2 (B). Verificationof Kirchoff' l fs aw o voltage.

ii. Measure voltage V1, y2 and y aero R R R .
.3 ss 1, 2, 3 respect:Ively usmgthe voltmenter.

iii. Kirchoff's law of voltage is verified if:

4.33. EXPERIMENT NO. 3: Verification of series and parallel
laws for resistance.

Procedure: (Resistors in Series)

i. Assemble the circuit below.
lk 4k7

1?v1-+
9v

T •
• f series law of resSlOO

.
- e rificat1on o

Figure 4.3 (A). Circwt ior ve
.

I drops across each resistor rn table
. .

th t I and vo tageu. Record e curren

below:
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V1(Volts)
V2(Vo1ts)

1.14 V3(Vohs)

When
Yi
I1

Hence, series law is verified.

V
I

I1

+

_2v

?Olk
Figure 4.3(B). Circuit for Verification of parallel law ofresistors.

ii. Record the current I1, 12, 13 and V in the table below:

V (Volts)

9
-

Experiment No. 3(b) Result
I

I li(mA).

I1(mA)
---------

190 _1-18_.9_4_?

Hence, parallel law of resistors is verified.

.

5.35

+

Procedure: (Resistors in Parallel).

i. Assemble the circuit ofth fie gure below:

h

?lk

IJ(mA)

4.06

33
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II

4.34. EXPERIMENTNO. 4: Study of JJOtentiaIdivider.
A resistor network as shown in the figure below is widely used intronic and electrical circuit for

dividing the potential of a voltage source

efec

wr.ed for a potential application.asreq

Procedure:

l. Assemble the circuit of the figure below:

lk

!!.? ..
9v

'(2}k2 L

·

aJ divider..

4 4 Study of potenttFigure · ·

V and verify thatii. Measure voltage 2

e
2.2

J93.2

y2 = 6.1 Volt.

34



- In all ??then,
>nay be sligi,, """'due .. -

itl .111eter readings.

V _ When R1 is 2k2-

e
22 :')9

2 +2.2)

y2 = 4.7 Volt

y2 = When R1 is 3k

V2

v2 = 3.8 Volt

Y2 = When R1 is 4k

V2

e
R2

JVR1 +R2

22
J9C4+·2.2

_ 3 2 VoltV2- ·
i

I

i

!

I

35



V2 = When R1 is 5k

V2

CR1?R2)V
V2

e
2.2

J95 +2.2

V2 = 2.8 Volt

R1(KQ) IK 2K 3K 4K 5K... ,

•-

V2(volt) 6.1 4.7 3.8 3.2 2.8
----;

e;
_J

'

¡

t
f,



5.0. SUMMARY
Summarizing all that have been discuss. fr.

.
. mg om chapter one to

chapter four, the basic electnc1ty trainer modul h .

.
. e as been designed and alsoto funct10n as to verify laws and network th .

eorems m D.e. Circuits. Manycomponents has been used to build the main circ ·t d h• UJ an t e power supply,and part of it IS the Vero-board, resistors, capacitors, diode, regulators,thennistor, fuse, jack and socket plugs, transfonner, power switch and manymore.

CIIAPTERFJVE

Electronic work bench is used for the drawing of the original circuitdiagram after the diagram has been simulated, it was printed out and after
the printing, it was laininated so that it looks attractive and also to be able to
withstand hwnidity to some level.

The essence of the power supply circuit is to achieve the D.C sources
ofO- 30v 5v and 9v that are needed in carrying out experiments.,

h Id b
.

to thisAdequate care and proper maintenance s ou e given
.construction to ensure a longer life which will give chance to the framer to

serve the purpose in which it was built for.

5.1. CONCLUSION

bl d us to know and identifytruction has ena eConclusively, the cons
. Also during thisd therr uses.the various electronic components an

.

electronic simulators
erience of usmg

.construction, we had the exp
h d the experience of usmg

. board. We a
constructing electric circuit on a Vero

ffi
.

tly and also had been
. uJti-meter e cien

This
Vero board for panel, usmg a m

.
.

a positive result.
before achieVIIlgthought series of self correction
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........... also - us lo ""'"""' làul,s
arising fion, ........soldering, short-circuit, and open circuit.

5.2. RECOMMENDATIO:N
The following are

reconnnended for th e
construction of a BasicElectricity Experimental Trainerso as to achieve a positive result

The recommended AC voltage for the trainer is 220 - 230v
Toe project work should be repaired and maintained by a specialist
when there is a specified fault.

The moisture part of the trainer should be regularly cleaned to

avoid rusting
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APPENDIX
COMPONENTS LIST AND COST

ANALYSIS?NENT SPl:OFICATION QUALrry '

AVJ:RA.ce,,:a;,•
'1'0..,...,T'A•-;L,-,

NAME

COST (H) (H)
1500

1500

WÕÕdencase

VerÕboard

Transformer

( Printing of the

::; circuit diagram

and lamination

-Diode

Resistor

Variable
·

resistor

Variable

resistor knob

Regulator

?
Socket

Casing

Panel
3

200
600

800

200
800

200

JN400I 7

Different Value 27

lOk 2

Knob 2

LM317,UTC780 3

9,L7805CV
68

I?---
1-,?

22ooN, 40V[ Capacitor
¡ ?i Capacitor=1?g

Capacitor:.?I Power

JON, 40V

100n

20 140

20 540

50 100

30 60

JOO 300

20420

20020I O
_

-------
I ?-Õ100

5050
O

I

6
ÍO ----2---ro--

50

ON/OFF

----------1--;;-:-__ -

Zener

Diode¡·
Z06VS

_----

so
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pÕwer supply

adjustment

pãwêrCord
-

1000

200

Total
200

Miscellaneous
7880

Total
500

8400

SPECIFICATIONFOR BASIC ELECTRICITY TRAINER MODULE
Input Voltage:

Output Voltage:

220?240VA.C

O? 30V, 9V and 5V D.e.

I
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