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DC Circuits
Task 1 — Combinational Circuit
The circuit below shows a combinational dec circuit:
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a) Build the circuit using breadboard and measure the voltage across each resistor.

b) Calculate the voltage across each resistance, show all workings.

c) Venfy the calculated voltages using Multisim and comment upon the results.

d) Design a Matlab program that will determine the voltages for the circuit for different values of
resistance. Test the program with the original resistor values and a new set of values, confirm the
results using Multisim.

a) Measured voltages from each resistor:
R1 Voltage = 7.34v
R2/3 Voltage = 2.68v
R4 Voltage = 2.32v
R5 Voltage = 7.69v

b) Calculated voltages from each resistor:
R1=V1=12xR1=6.14x1200=7.37v
R2/3 = Rt = R2+R3 = 560x1800/560+1800 = 427Q
12 =V1/R1+Rt = 10/1200+427.12 = 6.14mA
VI=12xR1=6.14x1200=7.37v
V2/3 =12 xR2/3=6.14 x 427 = 2.62v

R4/5 = 11 = VIR4+R5 = 10/680+2200 = 3.47TmA
R4 Voltage = 3.47x680 = 2.36v
RS Voltage = 3.47x2200 = 7.63



c) Verify the calculated voltages using multisim

Figure 1 shows the circuit once it has been produced in multisim, the values are

very close to those of the calculated value, and the measured values are:
R1 =7.375v
R2 = 2.625v
R3 = 2.625v

R4 = 2.361v /

R5 =7.639v
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'Figure 1 /

These small discrepancies between the calculated and simulated values can
be put down to human error when rounding numbers, multisim may of rounded to a
higher decimal place making it slightly more accurate than those of the calculated

results. S
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d) Matlab Program:

Figure 2 illustrates the matlab program which was created to find the voltages of
the resistors in the circuit given in task 1, Figure 3 shows the program running, it
asks the user to enter the values of the voltage and the resistors, it then puts the

numbers into the equations which were programmed

kf:;k 1 - DC Circuits Enter The Supply VoltagelO
aul Miller (11/1 Enter Resisitor Value for R1:1200
Enter Resisitor Value for RZ2:5€0
=input ('Enter The PRl ita ) Enter Resisitor Value for R3:1800
Rl=input ( r Value % R1 ; Enter Resisitor Value for R4:680
R2=input ( = T R2 Enter Resisitor Value for RE:2200

(5, T £ S O O

e T L

(] in] In] il (n} -
7 -
4]

R3=input( >
Ré=input ( G r R4 72 =
R5=input ( ¥ Resisitor x v

T The Voltage across Rl Equals:
I1=V/(R4+R%);
V4=I1*R4;

VE=T

1*R5;

The Voltage across RZ/R3 Equeals:
. - 2.625¢
R23=R2*R3/ (R2+R3) ; The Voltage across R4 Equals:
I2=V/(R1+R23); /// 2.3611
V1=I2*R1; .
V2=V=V1 The Vol

isp('The Voltage acrozz R1 Egquaeis:')
disp (V1)
disp('The Voltagce acxross R2/R3
disp (V2)

disp('The Volrcage across R4 Egquels:')
disp (Va) ///
disp('The Voltage across RS Bguals:') P,

disp (VE)

Figure 2

The answers given by the matlab program match those of the simulated

values on multisim perfectly, therefore proving the calculations which were

completed are correct.



Task 2 — Circuit Theorem
The circuit below can be classed as a complex de circuit:

Ri 6300 R: 1.8k0

Rz 1O

a) Using Thevenin’s or Norton's theorem determine the current flowing through Rz and check the
value using Multisim.

e o M
i) Rearrange The formula: A ”‘”-”"‘/ 24 V“"""/'

i) Short out R2 branch and find Isc:
Isc=11+12=8/680+ 15/1800 = 20.1mA

-

iii) r=680x1800/680 + 1800 =494Q

iv) | =(494/ 494+1000) x 20.1 x 10-3 = 6.65mA
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Figure 4 illustrates the simulated value = I |
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which was obtained by recreating the ~ =
circuit on multisim, the calculated value and |~ : I i
the measured value are 0.008 difference: : JI
Simulated value: 6.642mA L—'Jggm | m;{gm
Calculated Value: 6.65mA F mﬁm |
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to human error when rounding numbers up., i
Figure 4 /



b) Design a Matlab program that will find the value of the current through R

using Thevenin's and

Norton’s theorem. Modify the program to find the current flowing through each resistor and the

voltage across them.

Matlab Program:

$5y Paul Miller
$Enter Resistor Values and Voltages
Rl=input{ 'Enter wvalue of Rl:' ):
R2=input( 'Enter walue of R2:');
LR=input( 'Enter wvalue of Load Resistor LR:' ):
El=input{ 'Enter walue of El:" ):
E2=input( 'Enter wvalue of E2:' ); ///
Il=(E1-E2) / (R14R2): //
;
E=F1-I1*R1; 4
tFind the total resistance at the open circult te
r=(R1*R2) / (R1+R2):
$Find the current through the load
It=E/ (r+LR):
disp( '"Trne load current by using Thevinins eguals
disp(It)
Isc= (E1/R1)+(E2/R2); //'
In= (r*Isc) / (LR+I):
disp( 'The load current using Nortons eguals:' )~



Results for Matlab program:

Enter wvalue of R1:630

Enter wvalue of R2:1300

Enter wvalue of Load Resistor LR:1000

Enter value of E1:8

Enter wvalue of E2:15

The load current by using Thevinins egquels:
0.0066

The load current using Nortons equals:
0.00€886

The results which are displayed by the Matlab program are very similar to
those of the calculated and simulated values, slight discrepancies can be put down
due to Matlab displaying the value as 0.0066 rather than 6.6mA. >
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AC Circuits
Task 3 — Series AC Circuit
The circuit below shows a series ac circuit:

a) Calculate the phase angle atlkHz and resonant frequency.

b) Using Multisim determine the phase angle and resonant frequency.

c¢) Design a Matlab program that will determine the phase angle, resonant frequency and also produce
a plot of the waveforms showing the phase difference.

d) Construct the circuit on breadboard and compare the practical and simulation results.

a) Calculate the phase angle at 1kHz:

XI=2 xpix FxL=2xpix 1000 x 4.7x10°=29.530
Xc=1/(2 x pi x F x C) = 1/(2 x pi x 1000 x 1x106) = 159.15Q .~

PhaseAng = tan"! (XI-Xc)/R = tan™! (29.53-159.15/120) = -47.207° .~

RF = 1/(2 x pi x sqrt (L x C)) = 1/(2 x pi x sqrt (4.7x103 x 1x10%) = 2321.51 34I-}

10



b) Using multisim determine the phase angle and frequency response:

Figure 5 illustrates the circuit which was built in multisim to determine
the phase angle and frequency response, to find the phase angle, the
time difference between the phase had to be found, this was done by

using an oscilloscope, from this time difference the sum:
TD x Frequency x 360 = Phase angle

131.827x10° x 1000 x 360 = 47.457°

Figure 5

il



Figure 6 shows the graph which has the two phases displayed on it, it also
shows the phase time difference which is 131.827x106.

| 4 Oscilloscope-XSC1 b &
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< = >
Time Channel_A Channel 8
T1L® s sems A474V 73.738 mv
T2 4«4 215488ms  50.981mv -2.953V
T2T1 131,827 us 4,363V -3.027V it A ok
Figure 6

/

Figure 7 shows the resonant frequency which was obtained using a bode
plotter, It shows the peak value which is 2.136 kHz, which is within tolerance of the

calculated values and values which were produced using the matlab program.

1

| ¥ Bode Plotter-XBP1 X
: o Mode
5 RN
. g e ‘ ;
; - \\ Horizontal Vertical
’ p / \\ Log Lin Log Lin
: /,/ g Fi 1 GHz ‘ FloO ds
11 mHz | p|[-200 g |
| Controls
: [Reverse | save Set...
| &« | 2136kHz 0.039d8 > % In - +/Out -
' 3
Figure 7
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c) Design a Matlab program:

Figure 8 illustrates the matlab program created to find the phase angle for the
series AC circuit in task 3, it illustrates the answers which are the phase angle, and

the resonant frequency:
Phase angle = -47.2079°

Resonant Frequency = 2321.5134Hz

Miller Zssignmment 1 task 3c 30 T T T . - : . ' ;
60_ / |
40

20 -

ooty

X1=2*pi*F*L; 3
Xe=1/ (2*pi*F*C): / /

40f .
Phasehing=(120/pi) *acan( (X1-Xc) /R); 80k ]

t RESCOHAN FE ENCY 8ol ]

RE=1/(2*pi*=sqrc (L*C));

Phase (deq)
5

A AR Estoe. S, SEsisy -100 | 1 L 1 1 1 I | 1
7S SR SR 0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000

for pa=1:10000 Frequency (Hz)

Freg(pa)=pa; §Variable Freg /

X1=2*pi*Freq(pa) *L: / Enter the inductor wvalue .0047

Xc=1/(2*pi*Freq(pa)*();
Ph({pa)=(180/pi)*atan((X1-Xc)/R):

t u

the capacitor walue .000001
nter the supply wvoltage 12

t 2

o

E
E e e resi * zlu C
X1={'The Phase Angle Equels ',numlscr(Phaseling),' degrees'j: wnter ne resistor wvalus 120
disp (X1) Enter the frequency of supply wvoltage 1000
P ~ I . I The FPhasze Angle Eguels -47.207%9 degrees
X2=['Tre Rescnent freguency Eguals Jnum2scr (RE) , 'Zz2']; = -~
disp (X2) The Resonant Freguency Eguals 2321.5134H

..\\ =

plct(F:eq,FI‘,‘::F‘}; /
& D] )

ylabel ("Phases (desg)'):

Figure 8
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d) Compare practical and simulation results:

Figure 9 shows a table of results which was obtained from the practical

results, it shows the intervals at which the frequency was increased and it also
shows the voltage out. With this table of values, a graph was produced which shows

the frequency response curve. Figure 10 illustrates the graph which was produced

using the practical recorded results.

Freq V-0Out
100 1.39
500 4.63

1000 6.45
1500 7.13
2000 7.41
2500 7.41
3000 7.29
3500 7.09
4000 6.85
4500 6.51
5000 6.3
Figure 9

Vd

Voltage Qut

Frequency Response

nnn

1000 2000 2000 4000 5000 600

(=]

Freguency

Figure 10 r

Comparing these results to those of the calculated value, they both match up
identically, as the calculated value was 2321.513Hz for a peak voltage, the
measured peak voltage was measured to be between 2000Hz and 2500Hz, which

means the calculated value is within tolerance which confirms the results. /

W, Fnhe andses ,/ © M pluwed o~gly
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Task 4 — Complex AC Circuits
The circuit below show a complex AC circuit.

R R
22Q 390

L)
Lad

o
10Vpp — 3 -
1kHz pF T 12mH

a) Using Mesh theorem calculate the current through C.
b) Using Multisim to confirm the value of the current.

a) Calculate the current through C, using mesh theorem:

da.
XL =2pfl = 2px1000x1.2x10-3 =j7.530
XC==-j4820Q /
Loop 1
V =R111 +XC (11 - 12) /
10 = 2211 + (-}4.82) (11 - 12) P
10 = (22 - j4.82) 11 +4.82 12 (1)
Loop 2
0 = R2I2 + XLI2 + XC (12 - 1)
0 = 3912 +j7.5312 + (-}4.82) (12 - I1) j7.53-j4.82 =2.71
0 =j4.8211 + (39 +j2.71) 12 F (2)

15



Rearrange eq (2)
j4.8211 =- (39 +j1.46) 12
1=-(39+j2.7198) 12/ J4.82 # (3)

Substituting the value of I1 into eq (1).
10 =j0.207 (22 - j4.82) (39 +j2.7198) 12 + j4.82 12
10 =j0.207 (8.71 - j128.36) 12 + j4.82 12
10 = (26.52 +j180.31) 12 + j4.82 12
12=10/2.65 + J185.14 = 0.0076 - j0.0529 /

Substituting the value of 12 into eq (3).
11 =-(39 +j2.7198) (0.0076 — j0.0529) / j4.82 7/
11 =0.4237 +j0.0913
I=11-12=0.4237 +j0.0913 - 0.0076 +j0.0529
1 =0.4161 +j0.1442

0.44037./19.1138 Peak to Peak ~ ~

Vrms = 0.44037 / 2V 2 = 0.1557.£19.1138 A = 155.7mA /



b) Simulated values using multisim:

Figure 11 shows the simulated value which was produced on multisim, the
current flowing through C1 on the simulation is:

C1=155.197mA
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These discrepancies between calculated and simulated values can be put

down to human error when rounding, as the equations are complex for the mesh

circuit.

Vy
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Electronic Circuits
Task 5 — Non-Inverting Amplifier Circuits
The circuit below shows an inverting amplifier.

BN

o s B

R>

You
Ri

a) Determine the values for Ri; and Rsto produce a gain of 200.

b) Using the resistor value that were determined in a) and a 741 op amp construct the circuit on

breadboard and determine the gain and bandwidth for the circuit. Confirm the results using
Multisim and comment upon the results.

a) Determine the values for Rin and Rf:
s

Vout/Vin = Av = Rf / Rin + 1
Av — 1 = Rf/Rin
Rf = (Av — 1) x Rin = (200-1) x Rin
Let Rin = 4.7kQ
Rf=199 x 4700 = 935.3kQ
Rf = Nearest Value = 1MQ

17



b) Confirm results using multisim:

Figure 12 illustrates the circuit which was created to check and

compare the calculated values which were calculated in part a

Figure 12

18



Figure 13 shows the results which were obtained when simulating the
circuit which is Figure 12, from these results the gain can be produced by using both
the voltages from each channel:

Channel A = 10.848V

Channel B = 49.995mV "

So Gain = Vout/Vin = 10.848 / 49.995x103 = 217

|
|

o Time Channel_A Channel_B
E * 1 198.500 ms 10.848 V 49,995 mv Reverse
* 9| 199.555ms -10,299 v -49.251 my
T2-T1 1.055ms -21.147V -89, 246 my Save Ext Tri%r
Figure 13
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From the simulations carried out on the circuit the bandwidth can also be
found, this was done by removing the oscilloscope and adding in a bode plotter,
from the bode plotter, a graph is produced, this graph displays the frequency
response, the max reading on the graph is 46.587db, to find the bandwidth then,
3db is then taken away from the max value, this means the bandwidth is near to
43.445db, Figure 14 illustrates this.

“# Bode Plotter-XBP1 X
—— g Mode
Magnitude Phase
: O
e 4 Horizontal Vertical
| ‘\“\x , _
m‘\ Lin Log Lin
s |ief1 GHz | F| 100 dB
111 |mHz | ] -200 dB
Controls
Reverse Save Set
L -
(€] 4s801kH:z 43,445 dB $ + In - 4% Out @i -

Figure 14
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Task 6 — Integrator Circuits
The circuit below shows an integrator circuit using an op amp.
c

Ra [ C=1.50F
_ = 200Hz
V=1V

Xm -+
I Yoz

a) Using Matlab write a program to display the output waveform when a square wave is applied.

b) Check the results using Multisim.

a) Matlab Program for Task 6:

Figure 15 shows the results which were obtained from the matlab program,
Figure 16 is another part of the program which was produced to work alongside
figure 17 which will ensure the program runs correctly. Figure 17 illustrates the

matlab program which was produced for task 6.

Output and Input

-9 L L I 1 1 I L 1 1
0 0001 0002 0003 0004 0005 0006 0.007 0.008 0009 0.01
Time (sec)

Figure 15
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LD =% £ T T =7 I Vo :
$Paul Miller fCaiculate a function valu

Al
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ot

Task £ Frogran [zl function[V] = Vin(x)

3The function expressgion

1

/ V = ligign(gin(2*pi*200*x));

/ Figure 16

¥ Time vectox
t = 0:0,0001:0.01; //

% Output Waveform

for P = l:lengthit)

Vol(P) = —l/(Rl‘C)'quad('V;:',O,t(ijj//
end;
£ Input S5i

Vi = l*gign(sin(2*pi*200%t));

plot(t,Vi,t, Vo,'r-");
¥label ('"Time (=3ec)'): ylabel ('Cutput and Z:p:t’j}

Figure 17
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b) Check results using multisim:

Figure 18 illustrates the circuit which was produced to compare the

results with the matlab program, there is a function generator connected along

with an oscilloscope which is what is used to measure the waveforms.

Figure 18

Figure 19 shows the wave which was produced by the circuit, channel A is
the blue waveform plotted on the graph, and the red waveform is the is channel B,
channel B is what is being recorded coming out of the function generator, and then
channel A is what is being recorded coming out of the 741 op amp.

Figure 19
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