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Task 1

1.2k 5600
Rs
1.8kQ
R: Rs
68002 2.2k0

N
-

10V

For the following task it will
discuss about a DC combination
Circuit. The circuit below shows
the resistor values and the
voltage value. This circuit was
constructed on a bread board
and simulation. A table has been
provided which will show the
value that were calculated as
well as the value obtained from
both simulation and the
practical.

Table 1 as stated above dose
show all the values that were

Table of Values (DC circuit Task 1)

obtained and calculated. To Resistor (Q) |Calculated Voltage (V)|Simulated Voltage (V)| Measured Voltage (V)
show that the values in the R1_(1.2k) 738 738 733
table are the true values. R2 (560) 263 263 2.65
; R3 (1.8K) 2.63 2.63 2.65

Below shows the calculations TR e e =
that were required to be able to &5 (524 7 64 764 7 62
get the value for each resistor.
The calculations are as followed:

R4 + R5 ~ 680 + 2.2k = 28801 /7

I—V~10-347x10‘3 .

Y7 Rms 2880 A Ao/

V4= 1, xR4 ~(3.47 x 1073) x 680 =236v

V5= I, XxR5 ~ (3.47 x 1073) x (2.2 x 10%) =7.63v .~

i = R2 xR3 560 x (1.8 x10%) _ i

27 R2+R3 ™ 560+ (1.8 x 103) 7
{.

Riz3 = R1+ Ry =~ (1.2 x103%) +427.12 = 1627.12

L 10
27 1627.12

Vl=0L %Rl ={615 x 107 »x {12 x10°) = 7.38p

= 6.15mA P

V23=V—-V1 ~10—7.38 = 2.62v >4

/

//

Due to the way the circuit is designed the value for resistor 2 and 3 are equal. This is due

to the two resistors being in parallel with each other.

Carys Williams 110538




A @
~ ] B3

Vi ;|V2r=

2 | [] [a
=] =

N

- V3 Set.

BE==A

V4 =

Diagram 2 shows the simulation program that was created to follow the circuit that was given.
As seen on the multimeter that are connected to the circuit it shows all the values that are
presented in the table. The other multimeter that has not been labelled was connected to
ensure that the current through the circuit was correct. Due to having trouble gaining the

correct value.

When the simulation had been completed another part of the task was to create a MATLAB
program that would calculate all the voltage values in this type of circuit. This wasn't difficult to
do due to the fact that the calculation have already been done above and all that was required
was to write it in code for the computer to understand. However, when sorting out the part of
the code to allow the user to insert values took some time.

Command Window w08 X

1) New to MATLAB? Watch this Video, see Demc X

Enter the voltage:1l0

Enter the value for R1:1200

Enter the value for R2:560

Enter the value for R3:1800

Enter the wvalue for R4:€80

Enter the value for R5:2200

The Veoltage across R1 is:
7.3750

The Voltage across R2 is:
2.6250

The Veoltage across R3 is:
2.6250

The Voltage across R4 is:
2.3611

The Voltage across RS is:

7.638%

Carys Williams

Name

aalll
12
FH R
FH R123
HH r2
FH R23
HH r3
FH R4
HH rs
v
HH w1
HH v2
HH v3
HH va
FH vs

K

B

Stack: @Sele... -

Value

0.0035
0.0061
1200
1.6271e+03
360
427.1186
1800
680

2200

10
7.3750
26250
26250
23611
7.6389

/
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This image (diagram 3) is a
screen shot showing the
original values from the circuit
and the result that MATLAB
has provided. Half of the
screen shot shows what the
code had been asked to do.
The other half shows all the
calculation the program had
actually done in order to get the
results needed.



Enter the volitage:l
Enter the value for
Enter the wvalue for
‘Enter the value for
Enter the value for

Enter the value for

S

Rl:
R2:
R3:
R4:
R5:

3000
€50

7000
£S00

100

The Voltage across Rl is:

12.4032

The Voltage across

2.5968

The Voltage across

14.825¢

The Voltage
0.1744

across

L 4 L 4
ooy assv |

R2

as:

is:

R4 1s:

RS

is:

Name
] n
HH 12
HH R
FHRi23

HH ro3
—H r3
HH Ra
FH Rs

FH vi
vz
EEAE
] va
FH vs

Value

0.0017
0.0041
3000
3.6281e+03
690
628.0884
7000
8500

100

15
12.4032
2.5968
2.5968
14,8256
01744

In order to prove that MATLAB
worked, diagram 4 shows
different values of resistors that
were chosen at random. They
were entered in and the program
then caculated the new value of
voltages.

Below shown is diagram 5. This
shows multisim with the chosen
resistor values. On this diagram
the multimeter shows the
voltages. As seen the values are
very close between both
MATLAB and multisim.

Al [e] @
s =0

Set... =

A

dB

|

For this task it is imperitive to remember that multisim dose have a tolarance built
into its system. This is to allow the program to show values that would be very close
the the values in a practical. No matter what insroments is used in the real world
there were always be a tolarance. This is why MATLAB and multisim show a slight
difference in values. g
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Task 2

R1 6800

R2

Ok

1.8kQ2

of

R3

1kQ

15

8
= e -3
il (680)+ ((1.8 X 103) bl Iy

_ {(680 x (1.8 x 10%)
B ((680 + (1.8 x

- 493.55
"~ 493.55 + 1000
| = 6.64mA

Vi=input ('Enter the ltage Vi:*);

V2=input('E
Rl=inputr (
R2=input ('
R3=input ('Ent

¥Caculate Thevenin's Thecry
Il = (V1-V2)/(R1+R3);

V = V1-(I1*Rl);
rT=((R1*R3)/ (R1+R3));

IT=V/ (R2+xT);

% Caculate Norton's Theory
Isc = (V1/R1)+(V2/R3);

N = ((R1*R3)/(R1+R3)):

IN = (xT/(xT+R2))*1Isc;
$Display values
disp('Thavenin s 2 1)
disp (IT)

disp('Norton's Current:')
disp (IN)

iCaculate V1, VZ and V3
VR2 = R2*IT;

VRLI = V1 - VR2;

VR3 = V2 - VR2;

IRl = VR1/R1;

IR3 = VR3/R3;

$Display wvalues

disp('The Current through R
disp(IR1l)

disp('The Current through R2 is:
disp(IT)

disp('The Current thr

disp (IR3)

$Display value

disp('The Voltage a ss F R
disp (VR1)
disp("The Voltag
disp(VR2)
disp('The oltag acroas R3 is:')
disp (VR3)

Carys Williams

or I

: 03))) = 493.55

x (201 x 1073) =

1 I1)
/
3Displays message
$Display V1
$Displays message
$Display VzZ
/‘
./’
% Dis R
110538

Here is an Diagram showing the circuit
that will be used for this task. It is a circuit
that can be described as a complex DC
circuit. For this task Norton’s theorem will
be used t calculate the current flowing
through R2.

Norton’s theorem equations will be shown
below that are needed to find the current.

Diagram 7 shows a multisim simulation of
the circuit that was provided for this task.
The value obtained from the multimeter is
to confirm the outcome of the calculation
value.

For the other half of this task a MATLAB
program needed to be designed to be able
to calculate the value of the current through
R2. Both Thevenin’'s and Norton’s theorem
are used in for the MATLAB program. This
can been seen in Diagram 8. As part of the
task the MATLAB program was adjusted
slightly. This was to allow the program to
calculate the voltage across each resistor
as well as the current flowing through them.



Diagram 9 shows a series AC circuit. As part of

YYY™mM | l : this task a 1 kHz phase angle and the resonant

frequency was calculated.
4.7mH 1uF 1200
Here are the calculations that were needed in
order to calculate the phase angle at 1 kHz and
/V:\ resonant frequency.
\_/
7"
Reactance
_ -
XL = 2nfl XC = =y
Impedance
Z=VRE+ (l—xc)?
Phase angle
’ /
@ = tan~! 225
L=4.7mH C=1uF R =120
XC = 1/2nfc = - =159.15 (at 1 kHz) Ty

21 x 1000 x(1 x 107%)

XL=2nfl= 2 xmx1000 x 4.7 x 1073 = 29.53 (at 1 kHz

Resonant Frequency Moz 7oA _,/,//,,j,i,fc A

= 1 ; ate //u
2nVLC :

1
Fo = =

- 2m./(4.7 X 1073)x(1 x 1076)

RMS to peak to peak RMS = %
t = 120.52us (12052 x 1076 / |
B=fxtx360°=1000 x (120.52 x 10-°) x 360 = 43.3872° /

Carys Williams 110538
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A simulation was created on multisim after
the calculations had been done. Diagram 10
shows the simulation which shows the
circuit and an oscilloscope.

Even though the oscilloscope in diagram 10
doesn’t show the time value needed. The
value that was recorded was 127 .91us.

1000 x (127.91 x 107%) x 360 = 46.052

$¥inputs
Ll = input (
Cl = input |
Rl = input ('Ent
V1l = input |
Fl = input ('Enter ncy v
MAXFREQ = input ('Enter MAXIMUM

M frequanc R
fprintf('\n');
$reactance

XL = 2%pi*F1+L]1;
XC = 1/ [2*pi*F1*Cl);

$Phase Angle
PA = atan((XL-XC)/R1l)* (180*pi); /
L

$Resonant Frequancy
FO = 1/(2*pi*sqre(Ll*Cl)); /
/

$Plot Phases angle Loop
for PAL = 1:MAXFREQ

freg(PAL)=FAL;

XL = 2*pi*freq(PAL)*L1l;

XC = 1/(2*pa*freq(PAL)*Cl);

CPA(PAL) = atan( (XL-XC)/R1l)* (.152',-";::/
end;

iDisplay Values

Xl = ['The phase angle is ',num2str{PA),’
disp (X1)

X2 = ['The resonant
disp (X2)

plot (freq,CPA, 'b-"');
xlable('Freqgu (H
yvlable ('Phase (degrees)’'

Diagram 12 shows the results from MATLAB
program. It shows the phase angle value
also the resonant frequency value. On top of
that it does show a graph showing the
relation between phase angle and resonant
frequency.
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As well as the Multisim simulation it was
necessary to create a MATLAB program that
was able to determine the phase angle,
resonant frequency and also produce a plot
of the waveform showing the phase
difference. Diagram 11 shows a screenshot
of the code that was created for this task.

n Figure 1 3 o
File Edit View Insert Tools Desktop Window Melp

Qdde MALNODIEA-Q OB od

100 T + -

g0} e 3
g0 4
40}

20 J/ 4

O-H J

Phase (degrees)

20 kfl J
40 '“Pl
60

80+ &

ik 1 2 3 4 5 6 7 8 g

110538

Enter inductor value:4.7:10%-3
Enter Capacitor value:l+10"-¢€
Encer Resistor value:l20

Enter Supply Voltage value:12
Encer Frequancy value:l0Q0

Enter MAXIMUM frequancy value:é000

The phase angle 18 -47,2078% degrees
The resonant frequency is 2321.5134 Hz /




After that a circuit was constructed onto a bread bored to be able to take a recording of the
values obtained from the oscilloscope. Appendix 1 shows images from the practical as well as
the screen of the oscilloscope. Diagram 13 shows the table of results obtained from the
practical after changing the voltage input. And graph was produce to show how the results
change.

With the practical the value for the time difference was taken from the oscilloscope. This value
was recorded as 104uF. By using the time difference value it was possible to calculate the
phase difference. This was done by doing the following:

1000 x (104 x 107%) x 360 = 37.44°

Frequancy (Hz) | Vout (V)
170 2
2333 e Frequancy Response
307.3 3 s
371.54 3.5 7
450 4 6
518.43 4.5 < 5
600 5 T4
870 6 2 4
1550 Vs 5
2530 1.37 1
3600 7 i
5300 6 100 1000 10000
7680 “ Frequancy (Hz)
10290 4 :
14980 3 /
25100 2 ‘ Resenent frequancy 2530 Hz /

The resonant frequency was recorded from the graph as well as comparing with the table.
When the practical came to read 7.5 volts, it was impossible to reach. Due to this the
highest frequency that could be recorded was 2530Hz which results in bein/g the resonant
frequency. /

/

Carys Williams 110538 =g



Task 4

This task is based on a complex AC circuit. Below shows the mesh theorem calculations to be
able to calculate the current through the circuit.

XL=2nfL=2xm x1000 x 1.2 x 1073 = j7.53980

r i
Xt = L. - = j4.8229Q /
T 2nfC T 2xm x1000x33 x 106 "
Loop 1
V= (Rl xI1) + XC (I1 - I2)
10 = (22 x I1) + (—j4.8229)(I1 — I2)
10 = (22 - j4.8229)I1 + (j4.8229)12 (1)

Loop 2

0= (R2 x I2) + (XL X I2) + XC (12 — I1)

0 = (39)I2 + (j7.5398)12 + (—j4.8229) x (12 — I1)

0 = (—j4.8229)I1 + (39 + j2.7169)I2 ¥ (2)
Rearrange equation (2)

(j4.8229)I1 = —(39 + j2.7169)I2

—(39 +j2.7169)i12 vl
= 3
- j4.8229 d 3)
Substituting the value of 11 into equation (1) /
 —(22 - j4.8229)(39 + j2.7169)12
10 = 74.8229 + (j4.8229)12

10 = j0.2073(22 — j4.8229)(39 + j2.7169)12 + (j4.8229)I2
10 = j0.2073(871.1 — j128.32)12 + (j4.8229)I2
10 = (j180.58 + 26.6)12 + (j4.8229)I2

10 /

= = 0.0076 — j0.052
= sy oae - V00— /00528

Substituting the value of 12 into equation (3)
_ —(39+2.7169)(0.0076 — j0.0528) _ —(0.4399 + j2.0386)

i j4.8229 14.8229
I1= 0.4227 + j0.0912 /
Then
[ =11-12 = (0.4227 + j0.0912) — (0.0076 — j0.0528) = 0.4141 + j0.1440 = 0.438 £19.175°
- e 154.86 mA i
2 x V2

Carys Williams 110538 ~10~
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Here is a simulation that was
created to confirm the value
of the current that was
calculated. The values are
not exactly the same. But
they are very close



Task 5

+
4 \ Here is a diagram showing a
/ i non-inverting amplifier.

Below shows the calculation

Vin —:'— made to obtain Rin and Rf

= Var  when there is a gain of 200.

R: For this task a resistor value
was required to be chosen.
v v The chosen resistor value was
6.8kQ for R1.
_ R2
Av =1+ ﬁ

R2 = R1(Av —1)

R2 = (199) X (6.8 x 10%)
R2=1353200 OR13532MQ ,
Let R2 = 1.5MQ

R2 was made to be 1.5MQ due to that is the closest resistor value available in the
stores.

After calculation the value of the resistors they were used in a practical for a non-
inverting amplifier. The circuit used a 741 op amp that was constructed on bread
bored. Appendix 1 shows images of the practical that took place.

Frequancy (Hz) Vout (V) Gain | Gain (dB)
100 23.96 224,08 | 47.01 Fletiuaney Respanse
500 23.96 224,08 | 47.01 50:00 o1
e
1000 23.56 220.35 | 46.86 : 43,00 \
/ 40.00

1500 22.97 214.83 | 4664 | / i

2000 21.98 205.57 | 46.26 = 3000

2500 21.38 199.96 46.02 T 25.00

3000 20.59 192.57 | 45.69 & 20.00

3500 19.8 185.19 | 45.35 15.00

4000 18.81 175.93 | 44.91 10.00

4500 18.22 170.41 | 44.63 jgz

u.

5000 16.83 157.41 | 43.94 s . e
e e
15000 8.32 77.82 37.82
20000 8.12 75.94 37.61 Bandwidth  4.5kHZ

Vin was recorded at 0.10692 and Vout was recorded as 22.77. These were used to
calculate the gain which was recorded as 212.963."I’he table and the graph above
are the results that were provided and calculated from the practical. For the gain in
the table to be calculated it used Vin and the corresponding Vout that was recorded
at each frequency. The gain (dB) was calculated by 20Log multiplied by the Vout that
corresponding frequency. The bandwidth was recorded as 4.5kHz which is shown at
the bottom of the graph.

Carys Williams 110538 ¥



Here is the screenshot of multisim and the result obtained from it. As shown in the
screenshot below is the resonant frequency is 4.339kHz. When comparing to the
practical and the simulation the results of the resonant frequency is very close in

value.
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For this task a MATLAB

; f:;rrf jrivgm—— # program was developed that
£ = 200; would calculate the waveform
) output when a square
i e 3 waveform is injected. The
MATLAB program is
$ Output presented below.

for s = l:1ength(t)

Vo(s) = -1/(R1AC)*quad{'Vin’,0,t (s)): As well as the program
end; / another sub program was also

created that was used.

$ Input
Vi = 1l*signisin(2*pirfrt));

% Display results

plot{t, Vi, 'r=",£, No,'b-");
xlabel ('Time (sec)'); ylabel ('Cutput and Input'):
grid

%Propeties

%Calculate a functicn value

o

cint X

i

function[V] = Vin(x)

$The functicn expression ////

{
-~

V = 1*sign(s8in(2*pi*200°x)):

After calculating the values that were selected to be inserted into the program. The
graph below shows the output that was created. As shown in the graph there are two
waveforms. One is the square waveform which is the one that was injected into the
circuit. And the triangle waveform shows the output waveform.

nﬁgurc1 _ o %
File Edit View Insert Tools Desktop Windew Help £

Odde RRLROPELA- @ OE 8O

Output and Input

- I T T N N S
0 0001 0002 0.003 0004 0005 0006 0.007 0008 0003 001
Time (sec)
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Here is a screenshot
of the simulation that
was produced on
multisim. This was to
compare the results of
the outcome.

When inspecting both
the MATLAB and
multisim output, they
both produce a similar
outcome. This proves
both the programs
works.

/



Appendix
Appendix 1
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