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1.Introduction




2. Analysis of First Order Electric Circuits
In this part of the assignment a series circuit with 0.1H inductor and 250 resistor will be analysed
using a La Place model

0.1H
O SYY Y\ @ O

Vin 250 [] Vour

Oo—————0

Figure 1: Low Pass Filter

0.1s
O— YY" —o—0O

U(s) 250 I:I ¥(s)

o———=O

Figure 2: La Place Model

0.1H 250
1L
=R
= '1—0004
T=5p=0.
HE) = 7R
25 1
H(S)= 515325~ 000as + 1
or
H(s) =
(s) s+ 1
25 1
H(s) =

0.1s +25 0.004s + 1




num=[1] :
den=[0.004 1];
step (num, den) ;

xlabel ('Time,sec'):
vlabel {'Circuit Voltage,volts');
grid

Figure 3 Matlab program
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Figure 4 High pass filter plot

Y(s) = — U(s)

sL+R
Y(s) 25
U(s) ~ s0.1+25
25
we = 0= 250
250
H(s) =




a1 f£Low Pass Frequency Response
= num=[250];
3= den=[1 250]:
L= bode (num, den) ;
L= xlabel ("Time,sec'):;
a6 — ylabel ('Circuit Voltage,volts');
7= grid
Bode Diagram
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Figure 6: High Pass Filter
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$tHigh pass time constant
= num=[0.00099 0]:

= den=[0.00099 1];

step (num, den)

- T T R U U N
|

- Xlabel('Time,sec'"):
= ylabel ('Circuit Voltage,volts');
= grid

Figure 9

Step Response
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Figure 10
1
wc = =1000

RC ~ 100x10x10-°
£ Y

= s+w.-:= s+ 1000

FE;;& Pass Frequency Response
num=[1 0]

den=[1 1000];

bode (num, den) ;

Klabel ('Time, 3ec'):;

vlabel ('Circuit Voltage,volts');
grid

Figure 11




Magnitude (dB)
‘3 |

30 F
_35 =
40
45

-50°

90 F——™M

Circuit Voltage,volts (deg)
=
T

Figure 12

Bode Diagram
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3.Analysis of Second Order Electric Circuits

Low Pass Filter
Rs L:

O ——0
Figure 13: Low Pass Filter

Rs L

Vi — Your
O ——0
Figure 14

Potential divider rule

1
Y(s) = sC X(s)
R+sL+ =
Multiply by s/L
Y(s) % x %
X)) pel+ sLx%+ %x%
Therefore
1
H(s) = —LC—
s? + S+ 1c
Standard second order system equation
Kw,2

H(s) = s2+ 2{w, + wy2




Under Damped

K = gain
Wy = the natural frequency of oscillation
{ = the damping factor
R=4
L=0.2
C =50uF
Hs) = — 100000
52 4 20s + 100000
Passive systemsoK=1
Wpz = % Wy = iC W = 316.22 rad/s
4

5001076 oo
02

if { < 1thecircuitis under damped.

%2Low PFa=ss= ERLC

%4 ohm :5-2t“4

num=[0 100000]:

den=[1 20 100000];

step (num,den) ;

xlabel ("Time,sec');

vlabel ("Circuit Voltage,volts'):
grid

Figure 15




Step Response
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Figure 16

Over Damped
Changing the resistor value to 1k

100000
524+ 5000s + 100000

_ R |c _ 1000 [s0x1076
St el 02

if { > 1then the circuit is over damped.

H(s) =

$Low Pass RLC

%1k ohm resistor

num=[0 100000]:

den=[1 5000 100000];

step (num,den) ;

xlabel ("Time,sec'):

vlabel {'Circuit Voltage,valts');
grid

0.6




Step Response
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Critically Damped
To have a critically damped circuit the value of  must be 1.

To find the value of Rwhen 7 =1

R [C R [50x10-¢ R001581
¢= 2ol — 2 02 ~ 2
1

MZZ R =126.50

So
100000

H() = 53753255 + 100000

$Low Pass RLC
%LEG.Eul ohm resistor
num=[0 100000];
den=[1 632.5 100000]:
step (num, den) ;

xlabel {"Time, sac');
vlabel ('Circuit Voltage,volts'):
grid

Figure 18




Step Response
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No Damping
And to show the effect of no damping, the resistance is set to zero.
H(s) 100000
SIS e
52 + 0s + 100000
_ R |C 0 [50x10"%
Sl el R i

tLow Pass RLC
%0 ohm resistor
num=[0 100000];

den=[1 O 100000];

step (num, den) ;
Xlabel('Time,=sec'):

ylabel ('Circuit Voltage,volts'):;
grid

Figure 20
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Figure 21
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$Low Pass RLC Frequency Responses
%4 ohm resistor

num=[0 100000];

den=[1 632.5 100000]:

bode (num, den) ;

Xlabel ("Time, sec");

ylabel ('Circuit Voltage,volts');
grid

hold

£1K ohm resistor

num=[0 100000]:

den=[1 5000 100000]:

bode (num, den) ;

xlabel ("Time, sec');

yvlabel ('Circuit Voltage,volts');
grid

%$126.5 ohm resistor

num=[0 100000];

den=[1 20 100000]:

bode (num, den)

xlabel ("Time, sec');

vlabel ("Circuit Voltage,volts'):
grid

%0 ohm res:stcﬂ

num=[0 100000]:

den=[1 0 100000];

bode (num, den) ;

xlabel ('Time, sec')

vlabel ('Cir
grid

cuit Voltage,volts');

Figure 22




Bode Diagram
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Figure 23
Parallel Resonant Filter
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Figure 24: Parallel Resonant Filter
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Using the potential divider rule

Zp(s
Y(s) = ﬁ(p)@ x X(s)
Zp(s) is the parallel impedance of sL and 1/sC
R=4
L=0.2
C =50uF
The transfer function for this will be
H(s) = ——— e
s2+ Ypes+ 1/,

1/RC = 5000
1/LC = 100000

w H(s) = 5000s

52 +5000s + 100000

N S U N S
‘=2R(c = B [sox10° ~

%Parallel Resonant Step Response

Circuit is overdamped

%4 ohm resistor
num=[5S000 11;
den=[1 5000 100000]:
step (num, den) ;

xlabel ('Time, sec'):
vlabel {'Circuit Voltage,volts');
grid

Figure 26




Step Response
- -
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Figure 27

50 ohm resistor

1/RC =400
1/LC = 100000

400s
s2 + 400s + 100000

1L 0.2 —
85 2R /C — 100,50x10-¢ —

$Parallel Resonant Step Response

~H(s) =

Circuit is underdamped

%50 ohm resistor

num=[400 1];

den=[1 400| 100000] ;

step (num, den) ;

Xlabel ('Time, sec'):

ylabel ('Circuit Voltage,volta'):
grid

Figure 28
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Step Response
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To calculate R when ¢ = 1 i.e. critically damped
= 1L 1 0.2 1 63.245
T 2RJC T 2R [50x10% ~ 2R

63.245
= B 31.6

1/RC=632.9

1/LC = 100000
632.9s

52 4+ 632.9s + 100000

Hs =

%$Parallel Resonant
%63.24 ohm resist
num=[632.9 1];
den=[1 €32.9 100000]:
step (num, den) ;

xlabel ('Time, sec');

vlabel ('Circuit Voltage,volts'):

gri

Figure 30




Step Response
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Figure 31

With zero resistance and therefore zero damping.
Os

e P —
$ = $2% 0s + 100000

$Parallel Resonant S5tep Response
%$63.24 ohm resistor

num=[0 1];

den=[1 O 1000001]:

scep (num,den)

Xlabel ('Time,sec');

ylabel ('Circuit Voltage,volt
grid

Figure 32
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106 Step Response

20 -

o

10

Circuit Voltage,volts

5 | 1 |

0 0.01 0.02 0.03 0.04 0.05 0.06
Time,sec (seconds)

Figure 33

we’ = 100000
wo=316.23
B = 5000

Q=0.063




%(Parallel Resonant Fregquency Response
$4 ohm resistor

num=[5000 1];

den=[1 5000 100000];

bode (num, den) ;

xlabel {'Time, sec'):

ylabel ('Circuit Voltage,volts');
grid

hold

$50 ohm resistor

num=[400 1];

den=[1 400 100000];

bode (num, den) ;

xXlabel ('Time, sec'):

vlabel {('Circuit Voltage,volts');
grid

%$63.24 ohm resistor

num=[632.9 1];

den=[1 6€32.9 100000];

bode (num, den) ;

Rlabel ('Time, sec'):

ylabel ('Circuit Voltage,volta'):
gri

Figure 34




Bode Diagram
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4. Analysis of First Order Electronic Systems

Vin Vour
o~ 1} 1 °
I
10KC2 (o 10KC2
ov
Figure 36

For this task the capacitor C4 will be 50uF selected as an appropriate value.

Transfer function

s
BE)= =k (s + coC)
10k
wC = L =
50 x 107 x 10 x 103
s
H(S) = *l(m)
|%F_:3-' Order Electronic Frequency Response

num=[-1 0] :

den=[1 2];

bode (num, den) ;

Xlabel ('Time,sec')
yvlabel ('Circuit Volta
grid

Figure 37
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Figure 39
Again, 50uF will be used as a value for C5.
Transfer function
wC
H(s)= -K (—=>)

s+ wC




5600
~ 1000

B 1
T 50x 107 x 5600

3.571
~H(s) = =56 (35577

5.6

wC = 3.571

IndB 5.6 =

20log(5.6) = 14.96
= the magnitude at cut off is 11.96

£First Order Electronic Frequency Response
num=[-19.9976]

den=[1 3.571];

bode (num, den) ;

xlabel ('Time,s=sc');

ylabel ('Circuit Voltage,volts');

grid

Figure 40
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Bode Diagram
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5.Analysis of Second Order Electronic Systems

Vin Rs Rs
o——| I

Figure 42
wC =500 rad/s
C6/C7 = 50nF

R5&R6 = 40k

500 x 50x10-°
Using Butterworth coefficients K = 1.586

~ifR8=1k R7 = (K —1)xR8=0.586x 1000 = 586()

ov

Figure 43




6. Conclusions and Recommendations

In conclusion to this assignment we can see from the theoretical result that the electronic systems
are better than electrical systems in terms of maximal linearity and roll off rate, which are the two
most important characteristics of a filter circuit.

When simulated using Matlab, the plotted results tended to agree with the theoretical values,
proving the theoretical design process to be correct.
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