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Summary

This Assignment provides a variety of techniques to scrutinize the performance of DC, AC
and electronic circuits. The assignment offered the ability to cross reference values, this
demonstrating the ability to perform tasks using practicable, mathematical, simulation and
computerised techniques. These techniques together with the analysis of the circuits

increases the understanding of circuit theory and principles.
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Task 1- Combinational Circuit

a)

For this section on Task 1, there is a requirement to build the DC circuit below using

breadboard, supply voltage unit and resistors. On completion of the circuit build, the

voltage was measure across each resistor.

3600
R:
1.8k02
R4 Rs
63002 2.2k0

In the table below the results obtained from the practical task can be seen. In the table the

4
N

10V

values for R2 and R3 are identical; this is due to the resistors being in parallel.

Resistor Resistor Value (Q) Measured Voltage across resistor(V)
R1 1.2 KQ 7.33V
R2 560 Q 267V
R3 1.8 KQ 2.67V
R4 680 Q 235V
R5 2.2 KQ 7.65V
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b)

Using Ohms Law and the Potential Divider rule, the DC circuit in Task 1 a) was calculated

to provide mathematical values for the voltages across each resistor.

R4 + R5 = 680 + 2.2x103% = 2.88x103= 2.88k( i

V —
R45 2.88x103

[ = =3.472x1073=3.472mA

V4=11xR4=3472x10"3x 680 = 2.36V 7
V5 =11xR5=3.472x10"3x 2.2x103 = 7.64V L

R2xR3 560 x1.8x103 _1.008x10°
" R2+R3 560+ 1.8x103  2.36x103

R23 =A97430

R123=R1+ R23 =1.2x103 + 427.12 = 1.627x10° = 1.627kQ -

V 10 P
[2= = = 6.14x1073% = 6,14mA
R123 1.627x103

V1=12xR1=6.14x10"3x1.2x103 =7.37V  /

V2=V3=V-V1=10-737=2.63V r

The Table below illustrates the values obtained in the calculations.

Resistor Identification Voltage across the Resistor(v)
R1 7.37V
R2 2.63V
R3 2.63V
R4 2.36V
R5 7.64v
~
£

Page 4 of 25




—

Electrical Principles, Methods and
Simulations

nationalgrid

07/02/19

c)

The DC circuit shown in Task 1 a) was simulated using Multisim computer software. Below
the results can be seen using the multi-meter function in the program.

a[v] 2 ®
R1 Ar] =
S
12k0 set...
"R3
e s P
1.8k0
+ Set :
R4 R5 Set..
S & e
6800 22k
: v <ol 6
: ; + . : 2
| son4s @
10V ‘
| =] ; il : :
& Muhmeter i | \ =
[ osov | SRR * : :
: ey
LR T a d8 :
~ =] s [v] 2 =

~ =T
# Set. n . : : ==l -
. + Set. -

The table below clarifies the simulated results gathered from Multisim.

Resistor Voltage across the | Calculated Voltage | Measured Voltage
Identification | Resistors using across the across the
Multisim (v) Resistors(v) Resistors (v)
R1 r.arV 7.37V 7.83V
R2 2.63V 2.63V 267V
R3 2.63V 2.63V 267V
R4 2.36V 2.36V 235
R5 7.64V 7.64V T8V
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d)

Using the circuit values provided a Matlab program was developed to determine the
voltage across each resistor.

A copy of the designed program is illustrated below, providing an explanation of each
stage of the program design.

W0 =1 en N W W M

et el T T S S SR Sy
~3 N e W N =

o

[ T S T S I S I S I o B S
[= LI T B L A S A e L )

% Task 1 DC Cicuit

V=input ('Enter the
Rl=input ('Enter
R2=input ('Enter
R3=input ('Enter
R4=input ('Enter
R5=input ('Enter

% Calculate ths V4 &

I1 = V/(R44RS5);
V4= I1*R4;
V5=I1*R5;

% Calculate V1, V2
R23=R2*R3/ (R24R3) ;
I12=V/ (R1+R23);
V1=I2*R1;
V2=v-V1;
V3=v2

% Display the Valu
disp('the voltage
display (V1)
disp('the voltage
display(V2)
disp('the voltage
display(V3)
disp('the wvoltage
display(V4)
disp('the voltage
display(VS)

R1:
R2:
R3:
R4:
R5:

3 by S5ean Beynon 11/10/18

Voltage:

and V3

€3

across Rl

across R2

across R3

across R4

across RS

I)'.

equals:

equals:

equals:

equals:

eguals:

$5upply Voltage

%Resistor value for Rl

$Resistor value for R2 ;
%$Resgistor wvalus for R3 ////
$Rzsistor value for R4 ;
%Resistor valus for RS

3Calculates resistance of R2 and R3 in
$Calculates current through Rl and RZ3
$Calculates veoltage across Rl
$Calculates Voltages across R

")
)
.)’

)

.

The original values provided in the task description were entered as below:

Enter the Voltage: 10

Enter R1: 1200
Enter R2: 560
Enter R3: 1800
Enter R4: 680
Enter R5: 2200
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On completion of entering the specified data, the program outputted a set of results as
shown below.

The voltage across R1 equals: V1=7.375

The voltage across R2 equals: V2 =2.625

The voltage across R3 equals: V3 =2.625 _
The voltage across R4 equals: V4 = 2.361 /
The voltage across R5 equals: V5 =7.638

The results from the Matlab program provides the same or very similar results to those
collated from Multisim, calculated and measured results which are illustrated in part c) of
this task.

The only small discrepancies are in the measured set of results, which could be due to
either resistor tolerances or the calibration of the test equipment. -

Part b) of Task 1 also required a new set of values to be inputted into the Matlab program
to ensure the program is operating correctly.
The new values that were selected are as shown below:

Enter the Voltage: 12

Enter R1: 980

Enter R2: 1300

Enter R3: 680

Enter R4: 350 Vi
Enter R5: 820 :

The results for both the Matlab and Multisim are collated in the following table. Multisim
was used to confirm that the program is functioning correctly. The table demonstrates that
this is the case.

Voltage across Resistor | Matlab results in volts | Multisim results in volts
R1 8.24 8.24
R2 3.76 3.76
R3 3.76 3.76
R4 3.59 3.59
R5 8.41 8.41
The Multisim circuit below provides evidence of the results achieved. ,f'/
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900 13000 |74l
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N o
Set.. 5800
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3500 700 1
v XS
oF
e -~
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o 4
S at
is
-
Al[¥] alim
~ =]
Set. J
Set.

Task 2- Circuit Theorem

a)
The circuit shown below is classed as a complex DC circuit. Task 2 requires different
methods to determine the current flowing through the resistor R2.

I |

R1 68002 R3 1.8k02

R2 1kQ

+ +

D )

The first method applied to determine R2 was mathematical calculation using ‘Norton’s
theorem’.
I= [ ! Jlsc ,'/
R +r

The calculation below illustrates the working out.

8 15
Isc=11+12=—+—==0.02A
680 1800
_ 680%1800

= ————=493.55 ()
680+1800

493.55

(——"—)*0.02A = 6.6 mA
493.55+1000
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The results was then confirmed by using Multisim, this is shown in the following circuit
diagram. Both theories confirm that the current flowing through R2 = 6.6 Ma.

b)
Attached below is the designed Matlab program for calculating the current flowing through
R2 using both Thevenin’s and Norton’s Theorem, providing explanation of each stage of

the Calculations.

Vl=input ('Enter the lst Supply Voltage: '); i

VZ2=input ('Enter the 2nd Supply Voltage: ');:

Rl=input ('Enter resistance for Rl: '); L

R2=input ('Enter resistance for R2: '); 2 1 '

R3=input ('Enter resistance for R3: '); 3 ////

I1 ;7(V2-Vl)/kR1+§é)i - e

El= V1+(I1*R1);
E2= V2=(I1*R3});

r=(R1*R3)/ (R1+R3) ;
I=E1/ (R2+1) ; - : P S S
P=(I°2)*r ;

Inl=V1/R1l;
In2=V2/R3;
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Isc=Inl+InZ;

rn=((R1*R3)/(R1+R3));
In=(rn/(rn+R2)J*isc;

disp('Thevenins, current Il:')

display(Il)

disp('Thevenins, egquivalent resistance r:')
display(r)

disp('Thevenins, equivalent current I:')

display(I)

disp('Thevenins, power dissapated P:')
display (P)

disp('Nortons, current 1 Inl:')
display(Inl)

disp({'Nortons, current 2 In2:"')
display(In2)

disp('Nortons, short circuit current Isc:')
display(Isc)

disp('Nortons, eguivalent resistance rn:')

display(rn)

disp('Nortons, equivalent current In:')
display(In) ///

The values in the complex DC circuit diagram were inputted into the Matlab program.

These values are re-iterated below:
Enter the 1st Supply Voltage: 8
Enter the 2nd Supply Voltage: 15
Enter resistance for R1: 680
Enter resistance for R2: 1000
Enter resistance for R3: 1800 /

The results for Thevenin’s and Norton’s theorems are highlighted below in red. The other
values have been displayed to allow cross reference to the calculated values at each
stage of the calculation. This also provides evidence that the Matlab program operates
correctly.

Thevenin’s, current 11 = 0.0028

Thevenin’s, equivalent resistance r = 493.5484

Thevenin’s, equivalent current | = 0.0066

Thevenin’s, power dissipated P = 0.0218
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Norton’s, current 1 In1 =0.0118

Norton’s, current 2 In2 = 0.0083

Norton’s, short circuit current Isc = 0.0201
Norton’s, equivalent resistance rn = 493.5484

Norton’s, equivalent current In = 0.0066 g
/Af(‘e'i"'“(. e ’-{.‘ {j—l»."’-*" ol Z 41'1"’:‘\7, Cana=gT f & "~ LC / reald /"’-?'

Task 3- Series AC circuit

Task 3 involves investigating different methods to determine the phase angle and resonant

frequency of the series AC circuit shown below.

L C R
4.7m 1uF 1200

V)

12V,

1kHz
a)

The first method requires the mathematical calculation of the phase angle and resonant

frequency.
XL = 2nfl = 2m * 1000 * 4.7x103 = 295310 .~
i A
e -t D
2nfc  2m*1000%1x10~6
29.531-159.155 g

L-XC
= -1 = 1 = 2"
J = tan K( e ) =tan i o -y =47 2]

1 1

= omdic 2MNET7+10-3%1+10-6 2.32 kHz S

fo

The series AC circuit produced a phase angle of 47.21° and a resonant frequency of
2.32kHz.
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b)

The series AC circuit was the constructed within Multisim, using the oscilloscope measuring

facility to determine the time (t) between each phase as it crosses the origin.

¥ Oscilloscope-XSC1 X
o
Time (t) =
[ o ——
- —— 130.697 us -
i SR = oy >
| Frequency (f)
- -+ =1kHz
Ti Chi |_A Channel_B
T osam a4V 97BAV
2 #*lcia00ms  44058my 2,969V
T2-T1 130.697 us 4,375V -2.983 V Save Exct. Trigger
Timebase Channel B Trigger
Scale | 20 us/Div | scaip_|5 V/Div Seale :-UDL;,_, Edge % E o e
X position j"J | ¥ position [0 ~._! ¥ position | 0 Level [p }v
[¥m]add B AB  AC 0O acl o [oc] - Type Sing. Nor. Auto

Once the time is confirmed, a short calculation can be completed to determine the phase

angle.

@=f*t*360°=1000*130.697*10¢ * 360 = 47.05° /

A phase angle of 47.05° was achieved using Multisim. The phase angle slightly differs
from the 47.21° that was achieved from the calculated method, this could be due the scale
of the oscilloscope when the points were place.

—xee1

3 |
| EEhSE |
N uT
% §42h
e AR 1 T
1]
éi |
8 R1
o 0
4TmH jpb 1200
|
. i |
Eaps
4. 24 Vrms
1kiz 2
o
-
Mode
[ vagnitude Phase
Horrontal Verbcal
| (5] Cm] o«

Within the Multisim package there is a facility to
determine the resonant frequency by measuring
the peak of the waveform.

The image of the Blode plotter provides evidence
that the resonant frequency of the circuit
measured in Multisim is 2.364 kHZ 7

Again this measured is slightly different to the
calculated value of 2.32 kHz. This could be
effected by the scale of the plotter when the point
is located at the peak and/ or the rounding off 91"

numbers when carrying out the calculations.
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c)

In this part of the task a Matlab program was designed to determine the phase angle and
resonant frequency, producing a waveform plot to illustrate the phase difference. Below is

the program that was created to deliver the necessary values.
f Task 3 Series AC Circuit by Sean Beynon 29/11/18
$Inputs

L=input ('Enter the wvalue of the Inductor:'):;

= C=input ('Enter the wvalue of the Capacitor:'):
- R=input ("Enter the valuz of the Resistor:'):;

[ R . B S T T
I

=, V=input ('Enter the supply voltage:'):
- f=input ('Enter the frequency of the supply voltage:'}:
10 — fprincf('\n') 3Blank 1
11
12 iReactance Calculation /
13 E
14 = X1=2*pi*f*L:
15 — Xc= 1/ (2*pirf*C);
18
17 %Phase angle calculation

=
oo
I

Angle=(180/pi) *atan( (X1-Xc) /R):

20
21 $Resconant Fregusncy

22

23 ~ RF=1/ (2*pi*sqgrt (L*C)):

24

25 $For loop to calculate the phass angle

26

27 = for A=1:5000 /

28 = freq(R)=A; fvariable frequency
2% -~ X1=2*pi*freq(A) *L;

ag = Xc= 1/ (2*pi*freg(A)*C):

31 - Phzang (A)=(180/pi)*atan( (X1-Xc)/R);

320 end

33

34 $Display the results

35

36 — X1=['The phase angle is: ' ,num2str(Angle), 'degrees’']; /
37'= disp(X1)

38

39 == X2=['The resonant frequency is: ',num2str (RF), 'Hz'];

40 - disp (X2)

41

42 — plot (freq, Phzang, 'b-"):

43 — xlabel ('Frequency (Hz)"'):

44 = ylabel ('Phase angle (deg)'}):

45 — grid;

46

The values from the series AC circuit were entered into the Matlab program,/providing

results of 47.21° phase angle and a resonant frequency of 2.32 kHz.
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The task criteria required a waveform to be plotted. The plot below illustrates how the

phase angle differs at different frequencies.

Phase angle (deg)

I I Y - —

90 \ 4 | | J J 1 | I
0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000
Frequency (Hz)

d)
The final method for determining the phase angle and resonant frequency was to complete
a practical assessment. The series AC circuit was constructed using breadboard, function

generator, oscilloscope and components specified in the task description.

The function generator was set at a voltage at 12V and a frequency of 1 kHz. The image of

the function below provides evidence of the values set. As seen in the image below.

Page 14 of 25




3 ®
na‘tlona|g rld Electrical Principles, Methods and 07/02/19

Simulations

J

The markers on the oscilliscope were set on each waveform where they cross the origin.
This provides a time interval between the waveforms, allowing a phase angle to be
calculated using the €' = f*t*360.

Ot =**360
6t = 1khz*100 pS *360° /
0r=36°" /

The practical method presents a quite substantial difference of phase angle at 36°
compared to the simulated and calculated methods. This could be due to the calibration of
equipment, such as the function generator and the oscilloscope and/ or component

tolerance values. /

A frequency response test was carried out to characterize the dynamics of the system.
This is achieved by changing the frequency to different values and recording the voltage

output. The table below shows the results from this investigation.

FREQUENCY (Hz) | Voltage Out (V)
100 1.39
500 4.8 '
1000 6.62 /
1500 7.19
2000 7.42
2500 7.4
3000 7.35
3500 7.07
4000 6.83
4500 6.55
5000 6.23
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After completing the table of results a graph was plotted to illustrate the dynamics of the

system. The red dotted line demonstrates where on the plotted graph the calculated

resonant frequency is located.

Frequency Response

V out
-

0 Fo
0 1000 2000 3000 4000 5000 6000
Frequency Hz

Task 4- Complex AC circuits

The values in the complex AC circuit below were used to calculate the current flowing
through the 33pF capacitor using Mesh theorem.

Ri Ra
228 300
c
10\Vep _: L
1kHz 33pF 12mH
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Multisim was used to confirm that the calculated results are correct and similar values are
obtained.

The circuit produced in Multisim shown below illustrates that the simulated current of

1565.45mA is very similar to the calculated value of 0.157A. This very slight difference is
probably due to rounding off of numbers when carrying out the calculations. ./
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% b

Task 5- Non-inverting amplifier circuits

The following circuit shows a non-inverting amplifier circuit. To be able complete a

practical investigation, firstly the values for Rin and Rf need to be determined.

R

a)

The task description defines that a gain of 200 must be achieved. AV= 200
Rf

Rin

Av=1+

B —av-1
Rin

Rf = (AV-1) * Rin
Rf = (200-1) * Rin

For the purpose of this task | chose a 3.3KQ resister for Rin.
Rf =199 * 3.3 kQ
Rf = 656.7 k)
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b)

The circuit was constructed using breadboard, a 741 op amp, and two resistors.

For the practical investigation a 680 kQ resistor was used, due to it being the closest
available resistor to the calculated results, and also a 3.3 kQ resistor.

An oscilloscope was used to determine the voltage gain by using the amplitude for each
Y o

-~

waveform.

3.0UUms
208 f de
2. 34Um

AR A A AE

Ha ¥

VY VYV e

[ T UU

The image of the oscilloscope above provides evidence of the amplitudes achieved from

each waveform.
Output voltage= 17.62 V
Input voltage= 102.96 mV /

Output voltage

Voltage gain = —
input voltage
17.62
Vol ain=———:
Qlage s 102.96+1073
Voltage gain = 171.13 V4

To determine the bandwidth for the circuit, voltages were recorded at various different

frequencies. The gain for each voltage could be calculated using the formula:

Output voltage
input voltage /

Voltage gain =
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On completion of the calculation for the Gain, the Gain (dB) could be calculated using the

formula:

Gain (dB) = 20*log(Gain) |
4

The results can be seen in the table below.

Frequency (Hz) | Output voltage (V) | Gain Gain (dB)
500 18 176.47 44 .93
1000 17.8 174.51 44.84
1500 17.4 170.59 44.64
2000 16.8 164.71 44.33
2500 16.4 160.78 44,12
3000 15.6 152.94 43.69
3500 15.2 149.02 43.46
4000 14.4 141.18 43.00
5000 13 127.45 42.11
6000 12 117.65 41.41
7000 10.8 105.88 40.50
8000 10 98.04 39.83
5000 9.2 90.20 39.10
10000 8.4 82.35 38.31
12000 7.2 70.59 36.97
14000 6.4 62.75 35.95
16000 56 54.90 34.79
18000 5.2 50.98 34.15 /
20000 4.8 47.06 33.45

A graph of the Gain (dB) against frequency was plotted from the results in the above table
to determine the bandwidth. The half power point, which is a point of the Gain that is 3dB
lower than the peak, is marked on the graph to determine the bandwidth. The following

graph shows that the bandwidth is approximately 5.1 kHz. P
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The results were confirmed using a Multisim simulation of the circuit.

" our & o
e I ] i T
XIG1L PEL il Fi:lun = \\ﬁ\\\
ey B8Ok 2 T “*—«LH
5 [l .
'\,_EJ‘\[ w J -
';ﬁ// 741 | |
aV2 !
[ C)'m « | 4801kHz [ 43317dB S
wBND | .
(Driev
vGND

The ‘bode plotter’ function was used to establish the peak frequency. Then the half power

point could be marked on the plot to confirm the bandwidth frequency. /
46.3dB — 3dB = 43.3dB ‘
Therefore the bandwidth frequency = 4.8 kHz
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The conclusion of this investigation shows a small difference of 0.3 kHz. This discrepancy
could be a result of a number of affects, such as accuracy of reading graphs, accuracy of
test equipment and reading the results, possible resistor tolerances of 5% and also the

accuracy of the function generator. Although there are when contributing factors, the result

P

are considered fairly accurate.

Task 6- Integrator circuits

The circuit below shows an integrator circuit using an op amp.

5
| |
Ra I C=135yuF
S f=200Hz
o . Yi=1¥
Ixm

a)
A Matlab program was developed to display the output waveform when a square
waveform is applied.

The first program was developed to create a function, Vin, that will utilized in the main
program that will display the output waveform.

% Task ¢© Integrator circuit (Vln}| by Sean Beynon 17/01/18

Al

$Calculate & function value at point x

function[V] = Vin (x)

¥The functicn expression .

= V = 1l*sign (8in(2*pi*200*x)):;

e I = T 4 5 Y-S FV I S B

The following image shows the Matlab program created. The plot in the image illustrates
the waveforms, the red showing the inputted square waveform and the blue showing the
output triangular waveform.
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1 % Task ¢ Integrator circuit by Sean Beynon 17/01/18
2
3 % Parameters
§ = Rl =200; C=0.0000015; f= 200: %$Input values
5 /
€ Time vector
= t = 0:0.0003:0.01; $Time 3cales
8
4 3 Output signal
10 - for m = l:length(t) $Output signal calculaticns
11 =  Vo(m) = -1/(RL*C)*quad('Vin',0,t (m)); /
I2 — end; /
13
14 % Input signal
15 = Vi = l*zign(sin(2*pi*f*t)); $Input signal calculaticn
16
17 % Display results
B == ploc{t, Vi, "T=",E, Vo,"b=")}
f 4 xlabel ('Time (sec)'); ylabel('Cutput and Input'):
20
21 .Figurel = O X
File Edit View Insert Tools Deskiop Window Help (L i
DEde | MARRNUDEL-2|0EBE ad
1 7 T T T T U T T T T T
/ \ | \
i
0' \I III II|I =
\ Fe u
i \ { I‘f.‘
At \\ — 7 \
/
g [\ :
/ \
= \
Eap g N '
° /
o
& 4f \5 / \ / .
5 \ /
S br \\ ;/ \ / 7] /
6 / b
\ /
\
"T" \ / -
| ’(‘) i
8} % \/ '
-9 I 1 ] 1 1 L 1 I 1
0 0.001 0.002 0003 0.004 0005 0006 0.007 0.008 0.009 0.01
Time (sec)
.| task6.rm ERiinit
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b)
The results from the Matlab program were checked by inputting the circuit diagram into
Multisim, using the oscilloscope function to determine the waveforms.

i E s mﬁnggms Cl'l\agon;I{rA Crsrlalnga%ﬁ Reverse A L. . g E
T e o
| Tmebase Channel A Channel B Trigger S
| Scale [2msDiv | Scale [ 2 VDV | scale |5 VDIV Edge [Fli[a]e b [
| Xpositon (0 | vposton [0 | vposton [0 tevel [g v ]

As a conclusion it can be seen that both methods of determining the waveform, shows that

the input square waveform converts to a triangular waveform output in an integrator circuit.
Although the Matlab plot of the circuit doesn't look as sharp and as square as the

waveform produced from the Multisim circuit. This is due to the number of samples obtain

during the Matlab program.
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