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TASK DESCRIPTION

The Lab work involved in this activity is designed to get you up to speed on using the Electronics
Lab and Equipment. All Heaith and Safety Rules for working in the Lab must be adhered to.

Instructions

In carrying out this work you are required to construct a number of simple circuits using standard
resistors and breadboard and then to investigate features of the circuits. You are required to
record measurements and observations.

AT THE END OF THE SESSION:

1. Switch off and disconnect all Power Supplies.
2. Switch off all meters,

Practical Work in the Laboratory

1. Ensure that there is evidence that you have prepared for the laboratory exercise

2. Work within the laboratory showing that you are an active participant in all exercises

3. Complete all assignment work within the allotted time recording the results in the hand-out
provided

Report

4. Complete a report covering the items listed below:

a) Compile answers for all questions, including the conclusion sections of each laboratory
exercise. These should all be written within the handbock provided.

b) Briefly explain the scientific properties that differentiate a conductive and resistive material.
Use diagrams of the atomic structures to assist your answers.

c) Explain how a resistive material is affected by temperature, a general explanation will be
useful, but aided with diagrams and equations to give a science base to the discussion.

d) Prove the voltage and current divider rules from first principles.

e) Show how Thevenin’s Theorem is developed, from first principles, as discussed in the
laboratory sessions.

Lab 1a - Potential Division

Objective
On completion of this work the student wil! be able to use the concept of Potential Division
in determining simple series and series/parallel circuits.

Step 1
MAKE - the following circuit:

10V 10kQ2
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Step 2
MEASURE using a multimeter:

Supply Voltage= 10V /

Total Resistance = 9.75 KQ /

Current= 1.01 mA
/
Step 3
CONNECT:
10k0
+
10V
3 33k0

MEASURE using a multimeter the circuit current.
RECORD your observation:

Measured Cuirent = 234 yA .

CONFIRM that the calculated and measured circuit current agree.

I=V/R
=10 A743 KQ
1= 232.56 pA /

Step 4
CALCULATE the Voltage across each resistor.

V=I*R
V= 232.56 pA* 10 KQ
V=233V /

V=1"R

V= 232.56 pA* 33 KQ
V=7.674V
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RECORD your observations:
Voltage across 10kQ resistor = measured- 2.29V calculated- 2.33 V /

Voltage across 33kQ resistor = measured- 7.64 V calculated- 7.674 V /

Supply Voltage = 0V
Step 5
MAKE:
10k
+
10V

B 10kQ

Step 6a

DEDUCE, without measurement, the voltages across each resistor.
VRi= Vs* R1/R1+ R2
VR1= 10V *10KQ/ 10KQ+ 10KQ
VR1= 5V /
VR2= Vs* R2/ R1+ R2
VR2= 10V *10KQ/ yOKf}# 10KQ
VR2= 5V
These are equal resistor, so therefore have the same voltage across each resistor.
RECORD vour deduction:
Voltage across the top resistor = 5V

Voltage across the bottom resistor= 5V

Step 6b
Moasure the voltages across each resistor,

RECORD your measurement:
Voltage across the top resistor = 4.97 V

Voltage across the bottom resistor= 497V

/
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Comment upon the relationship between the voltages and resistance.

Both resistors hold the same value, so therefore the voltage is split equally between the two 10KQ
resistors. Each resistor has 5V across it. Y

Step 7
MAKE:
R lan V1
N
iov N
) R [47kQ V2
| — —
Siep 8
Calculate

VR1 =Vs* R1/R1+ R2
VR1= 10V *33K(Q)/ 33KQ+ 47KQ
VR1= 4,125V yd
VR2= Vs* R2/ R1+ R2
VR2= 10V *47KQ/ 33KQ+ 47KQ
VR2= 5.875V /
Voltage across 33kQ resistor = 4.125V Ve

Voltage across 47kQ resistor =  5.875v

MEASURE the resistor voltages.
RECORD your observations:
Voltage across 33kQ resistor= 4.1V~ /
Voltage across 47kQ resistor =  5.83V
CONFIRM that your calculations and the measurements agree.

There is a very slight discrepancy in the values, which could be down to the 5% iolerance in the
resistors or multi-meter calibration.

AGp
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Step 9
CONSIDER the foliowing circuit diagram:

R

Supply
voltage

From what you have learnt about Potential Division, whereby a Supply Voltage will divide between
resistances according to what proportion of the total resistance each resistor has, complete the

following formulae:

Rl

1R,

Voltage across R1 = Supply Voltage x

Voltage across Rz = SUPPLY VOLTAGE x Rz

R1+R2
Step 10
MAKE:
I
R |10k
+
10V C) Ry |*3
- |
R3 47k0)
]
Step 11
Measure:

Voltage across 10kQ = 1.1V
Voltage across 33kQ = 3.65v

Voltage across 47k0 = 5.18V
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CONFIRM measurements by calculation.

VR1 =Vs* R1/ R1+ R2+ R3
VR1= 10V *10KQ/ 10KQ+ 33KQ+ 47KQ
VR1=1.111V /

VR2= Vs* R2/ R1+ R2+ R3
VR2= 10V *33K0/ 10KQ# 33KO+ 47KQ
VR2= 3.867V /

VR3=Vs* R3/ R1+ R2+ R3
VR3= 10V *47KQ/ 10KQ+ 33KQ+ 47KQ

VR3= 5.222V /

Step 12
MAKE:
33kQ
: R
10V [
) 10k
R3
Step 13

47kQ2

Calculate the voltage across the 10kQ resistor and the voltage across the 47kQ/33k0) parallel

corbination.
1/RT= 1/R1+1/R2
1/RT=1/33KQ + 1/ 47KQ
RT=19.3875 KQ
VR3=Vs * R3/ R3+ RT
VR3= 10V *10KQ/ 10KQ + 19.3875KQ
VR3= 3.403V
VRT=Vs *RT/R3+RT
VRT= 10V *19.3875KQ/ 10KQ + 19.3875KQ
VRT=6.597V
RECORD your caiculations:
Voltage across 10kQ = 3.403V

Voltage across parallel combination = 6.597V
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CONFIRM your calculations by measurement.

Measured value across 10KQ resistor = 3.38V
Measured value across parallel combination (RT) = 6.58V

CONCLUSION
Write down a mathematical expression that can be used to find the voltage across a resistance
that is in series with other resistance if the supply voliage and resistances are kniown.

Use the potential divider rule:— VR1= supply voltage * R1
R1+R2

Lab 1b - Current Division
Objective

On completion of this work the student will be able to use the concept of Current Division in
determining the currents in 2 branch Paraliel circuits.

Step 1
MAKE the following circuit:

10V 10k

CALCULATE, using Ohm's Law, the current in the circuit.
I=VIR
i= 10V/10KQ
I= 1mA
RECORD your observations:

Calculated Current=1mA
Step 2
MEASURE, using a multimeter the circuit current.
RECORD your observation:

Measured Current = 1.01mA /
CONFIRM that the calculated and measured values of circuit current agree.

\
YES THEY AGREE
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Step 4
MAKE:

Is

Y
-

11 12

10k 10k
1o0v R1

> R2
| I
Step 5

DEDUCE, without measurement, the 2 branch currents.

fs= VIR
Is= 10V/ 5KQ
Is= 2mA /
M=R2*Is
R1+R2
1= 10KQ * 2mA
10KQ + 10KQ
11=1mA

2=R1*Is
R1+R2
12= 10KQ * 2mA
10KQ + 10KQ /

i2=1mA
RECORD your deduction:
I11=1mA J

2= 1mA /

MEASURE the supply and branch currents using a multimeter.

Measured Current = 2.02mA /
Measured Current in Branch 1= 1.01mA /

Measured Current in Branch 2 = 1.01mA

Page 10 0f 23

<SP



Step 6

MAKE: >
[ Is H
3|
+
- 20k0
~ R1
Step 7
CALCULATE the 2 branch currents using Ohm'’s Law.
1= V/R1
1= 10V/ 20KQ
1= 0.5mA /
12= V/R2
2= 10V/ 10KQ
2= 1mA /
RECORD your results:

Current in Branch 1 =

Current in Branch 2 =

Supply Current=  0.5mA + 1mA = 1.5mA
CONFIRM your results by measurement using a multimeter.

Measured current for branch 1 = 0.5mA

0.5mA

TmA

Measured currant for branch 2 = 1.01mA

Supply current = 1.51mA

/

12

10k
R2
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CALCULATE the fraction of the supply current that is in the 20kQ branch as follows:

Fraction in 20k(2 resistor = Currentin 20k} _ o5m4 _ 1
Supply Current 15m4 3

COMPARE the FRACTION obtained with the following resuit:

- Value of R in OTHER branch

Sum of the 2 resistances
10k 1

T 10kQ+20kQ 3 /
DEDUCE the current in Branch 2. '

Fraction in 20k( resistor

RECORD your deduction:

Current in Branch 2 = 2/3x Supply Current= 1mA /
and, from before:

Current in Branch 1 = 1/3x Supply Current =  0.5mA /

Step 8
MAKE: ~
- |
Is 1 | N ¥
+
10V Ry |33 47K
R2
)
Step 9

MEASURE the Suppiy Current using a muitimeter.

Supply Current = 522pA /
Current in 47KQ = 216uA /
Current in 33KQ = 306uA

CALCULATE, using the concept of CURRENT DIVISION that was introduced at step 7, the 2

branch currenis.
RECORD your results:

1/RT= 1/R1+1/R2

1/RT= 1/ 33KQ + 1/ 47KQ
T= 19.3875 KQ

Is= VIR

Is= 10V/ 19.387KQ
Is= 515pA /

S0P
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M=R2*Is
R1+R2
11=47KQ * 515pA
33KQ + 47KQ
[1= 302pA

2=R1*1!s
R1+ R2
2= 33KQ * 2mA
33KQ + 47KQ
[2= 212pA
Supply Current = 515yA
Currentin 47kQ = 212pA

Current in 33kQ = 302pA

CONCLUSION

Construct a mathematical expression that can be used to find the branch current in a two branch
paraliel network if the supply current is known.

_R2=ls
1= R1+R2 )ND

RlslIs
12=

R1+R2 ,/
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Lab 1c=The Product / Sum Rule

Objective
On completion of this work the student will be able to use the Product/Sum rule to find the
equivalent resistance of two or more resistance in parallel.

Step 1
MAKE the following circuit:

10k€2

10V

B 47k

Siep 2
MEASURE using a multimeter the current in the circuit.
RECORD your observations:

Supply voltage= 10V yd

Current = 176.3uA /

CALCULATE the circuit resistance.
RECORD your result;

R=E=—2—-=56.72KQ

Calculated resistance = 56.72 KQ /
DISCONNECT the multimeter and power supply.

MEASURE the circuit resistance.
RECORD your result:

Measured resistance = 55.6 KQ /

COMPARE the value caiculated using Ohm's Law with the measured vaiue.'
RECORD your comparisons:

Calculated value of resistance = 56.72 KQ /

Measured value of resistance = 55.6 KQ /

V) 4
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COMMENT on any discrepancy.

There is a difference of 1.12 KQ between the caiculated and measured values. This could be due
to the tolerances of the gold resistors + or — 5%.

Step 3
MAKE:
|
+
"y 10k 10k
l ]
Step 4

MEASURE using a multimeter the supply current.
RECORD your cbservation:

Supply Current= 1.987mA

Supply voltage= 10V /
CALCULATE the circuit resistance using Ohm's Law.
RECORD your resuilt:

Calculated resistance = 5032
DISCONNECT the multimeter and the power supply.

MEASURE the circuit resistance.
RECORD your measurement:

Measured resistance = 4910 Q /

FIND the PRODUCT of the 2 resistances and divide it by their SUM.

RECORD this operation:
R1 =+ R2
R1 + R2
Product = 10 KQ x 10 KQ
Sum = 10 KQ + 10 KQ Result = 5 KQ /
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COMPARE the value calculated, the measured value and the value found by the PRODUCT/SUM
Rule.

RECORD your comparisons:
Ohm's Law value of resistance = 5032 Q

Measured value of resistance = 4910 Q

Product/Sum value of resistance = 5600 Q /
COMMENT on any discrepancy:
The product/ sum value is a perfect value and doesn’t consider any tolerances. Whereas the
measured valus could have discrepancies in the resistor values or a multi-meter calibration issue.

The ohms law figure has a measured value for current, which again could have multi-meter
calibration issues.

Step 5
MAKE:

kO
16V 33 47k

Step 6
MEASURE the supply current using a multimeter.
RECORD your observation:

Supply Current = 522pA /

Supply Voltage = 10V /

CALCULATE the circuit resistance.
RECORD your result:

R=Z=-;—°1’—=1915m

Calculated resistance =  19.157KQ /
DISCONNECT the multimeter and power supply.

MEASURE the circuit resistance.
RECORD your measurement:

Measured resistance = 19 KQ J

4
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FIND the PRODUCT of the 2 resistances and dilvide it by their SUM.
RECORD this operatio:

Product =  33KQ x 47KQ
Sum = 33KQ + 47KQ Result = 19.387KQ _/

COMPARE the value calculated the measured value and the value found by the PRODUCT/SUM
Rule.

RECORD your comparisons:
Ohm’s Law value of resistance = 19.157KQ V4

Measured valus of resistance = 19KQ

Product/Sum vaiue of resistance = 19.387KO
COMMENT on any discrepancy:
The product/ sum value is a perfect value and doesn’t consider any tolerances. Whereas the
measured value could have discrepancies in the resistor values or a multi-meter calibration issue.

The ohms law figure has a measured value for current, which again could have multi-meter
caiibration issues.

Step 7
IAKE:
I
+
LoV 10kQ 33kQ) 47k} 100kQ)
N 1 |\2 R3 R4
Rt Y | | |
. !
Step 8

MEASURE the supply current using a multimeter
RECORD your observation:

Supply Current=  1.607mA
Supply Voltage = 10V
CALCULATE the circuit resistance.

RECORD your result:

1
R

X
Ri

1
R3

+ =+ Ll
R2 Ré

h.!

1 1 + 1 + 1 + 1
RT 10KQ 33KQ 47K0  100KQ

RT = 6188.9 0 / P
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Caiculated resistance =  6.189 KQ
DISCONNECT the multimeter and power supply.

MEASURE the circuit resistance.
RECORD your measurement;

Measured resistance = 6.11KQ /

FIND the PRODUCT of one pair of the 4 resistances and divide it by the SUM of the same pair.
RECORD this operation:

First pair:
Product =  10K( x 33KQ
Sum = 10KQ + 33 KQ Result = 7.674 KQ /

FIND the PRODUCT of the other pair of the 4 resistances and divide it by the SUM of the same
air.

RECORD this operation:
Second pair:
Product = 47 KQ x 100 KQ
Sum = 47 KQ + 100 KQ Result=  31.973KQ /

REPEAT the PRODUCT/SUM rule on the results for the 2 pairs.

RECORD this operation:
Product of 2 results = 7.674 KQ x 31.973 KQ
Sum of 2 results = 7.674 KQ + 31.973 KQ Final Result =6.189KQ  /

COMPARE the value calculated using Ohm’s Law with the measured value and the value found
by the PRODUCT/SUM Ruile.

RECORD your comparisons:
Ohm’s Law value of resistance = 6.189 KQ

Measured value of resistance = 6,11 KQ
Product/Sum value of resistance = 6.189 KQ /
COMMENT on any discrepancy:

Ohms law and product/ sum value are the same. The measured value has a small discrepancy,
which could be down to resistance tolerancs.
V4
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Lab 1d=Theveiniin's Theoiein

Objective
On completion of this work the student will be able:
1. Determine the Thevenin Equivalent voltage for a branch of a network, both practically and theoretically.
2. Determine the Thevenin Equivalent resistance that exists across an open circuited branch of a network,
both practically and theoretically.

Step 1

MAKE:
10kQ 33k

—

+

R4 R2

10V 47k 10kQ

D B
Vih= 2004780 _ g oaeyy /0

10K0+47K02

Rth = 10KQ*47X8 | 33K = 41.245KQ /

T 10Kn+47K0

Step 2
STATE the steps that would be applied to the circuit when using Thevenin's theorem.

1. Remove the load

2. Short circuit the supple

3. Calculate Rth the Thevenin equivalent resistance ~ Rth = ’;‘:_’:ﬁ: +R2
4. Calculate Vth The Thevenin equivalent voltage Vth = :3:_‘;?;

5. Redraw equivalent circuit - 2

Vth
Vth R

Asp
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Step 3
DRAW the Thevenin equivalent circuit.

41.245KQ
8246V | . R = 10KQ

Step 4
MAKE the Thevenin equivalent circuit that you have drawn, in addition to the criginal circuit:

Step 5
FIT the resistor removed from AB across the terminals of your Thevenin Equivalent circuit.

MEASURE the actual current through the resistor using a multimeter.
Cument=  193.7 uQ /

MOVE the resistor from its position in the equivalent circuit to its position in the original circuit.
MEASURE the actual current through the resistor using a multimeter

Current=  1858.8 uQ /

Conciusions?

The original circuit had more resistors therefore the circuit would have a varied range of
resistance due to each resistor having 5% tolerance. Also, when making the equivalent

circuit the resistance had to be less because of the resources available. A 40.8KQ resistor
was used instead of 41.2k(L /

V% /4

GUIDANCE FOR STUDENTS IN THE COMPLETION OF TASKS

1. Research-informed Literature: You must provide evidence of individual research of
component and circuit theory, selecting credible sources and application of appropriate
referencing conventions.

2. Knowiedge and Understanding of Subject: Must show an understanding of concepts and
underlying principles associated with ac circuits.

3. Analysis: Provide analysis of the practical activities.

4. Practical Application and Deployment: Show the ability to perform practical work and be
able to verify circuit operation against calculated and theoretical results.

5. Skills for Professional Practice: Your work should be well organised and presented in a
professional manner.
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MARKING CRITERIA AND STUDENT FEEDBACK

This section details the assessment criteria. The extent to which these are demonstrated by you determines your mark. The marks
+ N P S rhelnd

magmilabla far An iborimm e slemcsim |ty e P PR Y frdoed & et = " o
u'v'ahau!\.. for coch critorion oro shown, Locturers will use the Spacc p.’c‘.‘.m.u O LOINIGTRT G0 R uCnu—O’-.nu.uu. TNl WS35y,

including those areas in which you have performed well and areas that would benefit from development/improvement,

A

Common Assessment Criteria Applied E

avallahis

1. Research-informed Literature

Extent of research andfor own raading, selection of credible sources, application ol appropniate reterencing conventions |

widde vensg of (58 o A= \A(Q\m\m T

[
>

2. Knowledge and Understanding of Subject
! Extent of knowledge and understanding of concepts and underlying principles associated with the discipline. i |

Hujh\«,) Aakonds \zx/V\ow\a-ci.G@ DA L dongadey 17. 1
Prouon -

3, Analysis

Analysis, evaluation and synthesis; logic, argument and judgement; analytical reflaction, organisation of ideas and evidence |

(gc’fv\-v&/t [w}@’;mi "\/\,a«l)u)\'\ml \“LW\MWD 3.{,

%)
40

t
(4

4. Practical Application and Deployment AN
| Deployment of methods, matenials, taols and techniques; applicstion of concepts, formulation of innovative and ereative solutions to solve problems. A |
Al Cp\,..x«{x&‘ L u,s. .‘ngr WS o) "
CANHAD
5. Skills for Professional Practice 10

Attributes in professional practice: individual and collaborative working; deployment of appropriate media; presentation and erganisation l

C(”’(V\ Crnapnad W\ a » C(}V\Q‘L c’\i&,&?\*’a ' é

| Assignment Mark {Assessment marks are subject to ratffication at the Exam | Late Submission Penalties (tick if appropriate) , .
Board. These comments and marks are to give feedback on module work and are for Up to one week late (capped at 40%) 7 5 . 2 %
guidance only untif they are confirmed. } First Attempt?
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SEAN BEYNON PSDE4021 ELECTRICAL TECHNOLOGY DC CIRCUIT LAB

Task 4 (b)

An Atom is a small particle of an element. The Atom and ail its positive charge is concentrated in

the

nucleus, while negatively charged electrons revolve around the nucleus in an orbit. The nucleus is
made up of protons and neutrons. A neutron carries no charge, whereas a proton carries positive

charge. There are the same amount of positive protons as orbiting electrons, this is illustrated in
Fig.1.

Tha Structure of an Atom

Fig.1 structure of an atom

Due to the opposite charge, there is an attraction between the electron and the nucieus. The closer

the electron is to the nucleus the stronger the bound, therefore the further away in the orbit the
weaker the bound, which can result in a2 detachment from the nucleus. /

In metals, atoms are tightly packed together and the electrons in the outer orbits can experience
sufficient force of attraction from the neighbouring nucleus. By adding a small amount of energy

/

from an electric source the electrons start oscillating and become detached from the nucleus, these

are called free elections. Thiese free elections can be made to move in a particular direction by
applying an energy source. Such metals are categorised as conductors,

A material with atoms that are electrically stable and with the outer orbit complete, is called an
insulator. In such materials the gap between the atoms are very large, and as a result the energy

required by the electron to cross over is impracticable. Insulators do not conduct electricity easily

but are able to store electricity better than conductors.

VG 4



SEAN BEYNON PSDE4021 ELECTRICAL TECHNOLOGY DC CIRCUIT LAB

Task 4 (c)

In an insulator there are so few free electrons that hardly any current can flow. Almost all the
electrons are tightly baund within their particular atom (Fig 2.)

Nucleus
Free electron—» @ 'Y

Fig 2. Good insulator Fig 3. Insulator at high temperature

Heating an insulating material vibrates the atoms, and if heated sufficiently, the atoms vibrate
enough to actually shake some of their captive electrons free, creating free electrons to become
carriers of current (Fig 3.).

Therefore at high temperatures the resistance of an insuiator can reduce. When resistance FALLS
with an increase in temperature, the material is said to have a negative temperature coefficient.

The resistance at a particular temperature can be determined by using the following temperature
coefficient formula:

R = Rrer (1 + T — Trer})
R = conductor resistance at temperature T
Rref =Conductor resistance at reference temperature T, usually 20°, but sometimes 0°c
a = Temperature ceefficient of resistance for the conductor materia!
T = conductor temperature in °c

Tres = Reference temperature that a is specified at for the conductor material

Materials chosen as insulators will have a very low negative temperature coefficient over their
working range of temperature. VZ

</



SEAN BEYNON PSDE4021 ELECTRICAL TECHNOLOGY

Task 4 (d)

Voltage Divider ruie from first principles

T. " ,
VIN \

ouT
[ — —&
The total resistance is:
RT=R1+R2
Supply current is then calculated:
1. 1= m - Vin
RT ~ R1+R2
Also
V out
2. 1= RZ
Combine equations 1. And 2.
Vout V in
R2  Ri+RZ
Therefore,
V in+R2
L )
Vout R1+R2

DC CIRCUIT LAB
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SEAN BEYNON PSDE4021 ELECTRICAL TECHNOLOGY

Current divider ruie from first principles

! ) 11

'F’
VCD I R1
|

R2

Total resistance (RT):

_ R1+R2
R11R2

I+*R1+R2

Therefore, equation1. V= e

For R1:
Equation 2. V=I1*R1
For R2:

Equation 3. V=12*R2

Combine equations 1. And 2. For 11:

1 },1/_ I+ RI*R2
T R1+R2

Theref 11 = B2
erefore, . /

Combine equation 1. And 3. For 12

2 */R'{‘ I R1+R2
" R14R2

heref 2= 2
Therefore, = i /

DCCIRCUIT LAB
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SEAN BEYNON PSDE4021 ELECTRICAL TECHNOLOGY CC CIRCUIT LAB

Task 4 (e}
R1 R3 a
= ——| (— o
| |
vs R2 RII
. L
b
= = g 4
+ R1 | R3 +
vs () IRZ ocC VTH

Find Thevenin equivalent voltage with an open circuit {oc) between a and b:
2_yvs

R1+R2 /

With RL removed, the supply voltage is then short circuited (sc) and RTH can be determined
between a and b:

VTH=VR2=

RTH =R3+R1| |R2

RI1R2
Therefore, RTH=R3 + ——— /

Redraw the Thevenin equivalent circuit.
- A
. |

VTH I RL

S0P



SEAN BEYNON PSDE4021 ELECTRICAL TECHNOLOGY

The current through and the voitage across RL can be determined:

VTH.

I RL= RTH+R /
VIH*R
VRL=IR= RTH+R

DC CIRCUIT LAB

Vo4
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