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1. Introduction

The purpose of this report is to critically analyse the differences between first and second order filter
circuits and first and second order electronic filter circuits. High pass and low pass circuits will be
used to test a wide range of circuits. On one circuit different resistor values will be used to see how
the resistance value affects the filter circuit.

The values of the circuit will need to be chosen and some will need to be calculated. The end design
of each circuit will be put into mat lab to be able to gain a graphical support in the comparison of the
types of the circuit. Data such as the gradient and the cut off frequency will need to be marked on
the graphs. When comparing two graphs the graphs may be combined for an easy visual analysis.

Laplace transfer functions will be used to put the data of the circuit into a format that can be
inputted into mat lab.

This report will need to be concluded to determine which types of circuits are best for a filter and
which where the most affective.




2. Analysis of First Order Electric Circuits

The difference between a RL circuit and a RC circuit will be analysed first. These circuits will both be
first order circuits. The RL circuit will be the first to be created and tested. Firstly suitable values
must be given for R and L.

R=10Q
L=0.01H

These values will be inputted to the circuit and used for all the calculations. Below is what a RL
circuit in Figure 1. The positioning of the two components makes it a low pass. If the resistor was
swapped with the inductor then it would be a high pass.

L

Figure 1 RL circuit

This circuit then has the Laplace transform applied to it. Below in Figure 2 shows the circuit after
Laplace transform.

SL

U(s) R Y(s)

e, +—0

Figure 2 RL Laplace transforms

The calculations chosen for this circuit can now be placed on the circuit. This is shown below in
Figure 3.




0.01H
oO—"YY"—s—0

U(s) 100 [] Y(s)

O O

Figure 3 RL circuit with values

The time constant will now need to be calculated. This is as below.
t=L/R

With the chosen values of R and L inserted

t =0.01/10
t=0.001
Transfer function
1
H(s) = ts+1
1
H(s) = 0.001s+1

The transfer function is placed into mat lab to prove the calculations. The graph shows an
exponential rise which is expected with an inductor. after 0.632 of the final value the time taken is
the same as the time constant. Although the value differs by 0.000001 this is close enough to prove
the results. This graph is shown in Figure 4.




% First Order RL Exponetial Rise
= num=[1]:

= dem=[0.001 1];

step (num, dem) ;

= xlabel ("time, 3eca");

= ylabel (' Inductor voltage, wvolts'):

B I T IS U N
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Figure 4 RL exponential

The cut off frequency now needs to be calculated. The cut off frequency is the unusable frequency
for the circuit so if it goes below 3db then it cuts the frequency off in a low pass circuit.

wc = R/L
wc =10/0.01
wc =10/0.01

A




wc = 1000

H(jw) =

H(jw) =

wcC

s+wc
1000

$+1000

This is then proven in mat lab using the “bode” function instead of the “step” function. The

results from Mat lab are Shown in Figure 5. The

results show that the 3db cut off occurs at

nearly 1k rad/s. after 3db the drop occurs at 19db/decade which is close to the expected

drop off.

num=[1000]
dem=[1 1000]:
bode (num, dem) ;

= grid
& Figure 1 - a ot
File Edit View Insert Tools Desktop Window Help
DEds|h KSKATDRLA-S|0EH | =@
Bode Diagram sysiem: sys
0 | — ! Frequency (rad/s): 2e+03
- Magnitude (dB): -7
System: sys ~m
10 | Frequency (rad/s) 998 \\\
% Magnitude (dB). -3 Y
= \ System: sys
g =20 | ™ Frequency (rad/s): 2e+04
g, N Magnitude (dB): -26
s ks
30 \\\
™~
\\\
40 - -
0 —— T T T T
—
x\\
‘\ System: sys
§ . Frequency (rad/s): 1e+03
2 ™. Phase (deg): 45
— L ". -
g s ~
2 .
o ey
\\\-\‘H
T—
—
00 | | [ ——
10’ 102 10° 104 10°
Frequency (rad/s)

Figure 5 RL bode diagram
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RC high pass filter

Below in Figure 6 shows the circuit of the high pass RC circuit. Even though it looks the same as an RL
with the inductor swapped with a capacitor its characteristics change into a high pass instead of a
low pass. Just like a RL if the capacitor and resistor are swapped then the circuit will be a low pass.

o0—] —s—o0

o] -

O —0

Figure 6 RC circuit

This circuit will now have the Laplace transforms applied to it asin Figure 7.

Ysc
o | F—e—o0

u(s) - R [] Y(S)

e, *—0

Figure 7 RC Laplace transforms
Suitable values must be chosen for the circuit to perform the calculations. These values are:-
R =1.6KQ
C = 4uF

these values are then substituted into the circuit as in Figure 8.




u(s) . 1.6kQ [] Y(S)

O 0

Figure 8 RC final circuit

Now the circuit is complete the transfer function needs to be calculated to put the results into mat
lab. The time constant needs to be calculated first as it is needed in the transfer function. Time

constant is calculated below.
t=RC
t=1600 X (4x10®)
t=6.4ms

Now the time constant is obtained it can be put into the transfer function below.

ts
ts+1

H _ 6.4ms
) = gams + 1

H(s) =

The transfer function is converted into mat lab to give a graph of the exponential decay of
the high pass filter. This proves the calculations, as the time after 0.368 of the final value the

time is the same as the calculated time constant. This graph is displayed in Figure 9




= num=[0.0064 0]:

3 - dem=[0.0064 1]:

= step (num, dem) ;

o = xlabel ("times, secs");

= ylabel ('capacitor voltage, volts');

T grid

4 Figure 1 = O X
File Edit View Inset Tools Desktop Window Help L]

Ddde | R RO A- @ 0| D

Step Response

Iz J

<

qj‘ 4

on

e System: sys

e Time (seconds): 0.0064 1

=) Amplitude: 0.368 |

S

[}

o l
0.2} 1
0.1} ]

D A ! -‘“—__-""_‘-'—_.7 . A
0 0.01 0.02 0.03 0.04 0.05 0.06

times,secs (seconds)

Figure 9 RC exponential decay

The next part of the test is to fine the cut off frequency of the filter. The first thing is to calculate the
cut off frequency to have a judging point when simulating the circuit in mat lab. Below is the
calculations for the cut off frequency.

1

wC =—
RC

.

T 6.4%1073

wc = 156.25 RADS/s

wc
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below is the transfer function for the cut off frequency.

RCS
H(jw) =
RCS+1
6.4+¥10 35
R ..
e 6.4%1073+1

Now inserted into mat lab in Figure 10. The graph shows the cut off frequency to be very close to the
calculated value which was 156.25. The gradient is 18.53 dB/decade which is slightly more gradual
incline but the cut off frequency is more accurate.

7= num=[0.0064 0];
= dem=[0.0064 1];
&= bode (num, dem) ;
0= grid
4 Figure 1 — a X
File Edit View Insert Tools Desktop Window Help §
Ddde M ARKODEL- S 08| ad
System: sys
Frequency (rad/s): 157 Bode Diagram
0 — Magnitude (dB): -3 —— T
—
/,I
g ° " '
- System: sys
£ -10 Frequency (rad/s): 100
= : |
2 .l / Magnitude (dB): -5.37 |
(=}
[l
= 4= / 4
25% i
90 - System: sys
Frequency (rad/s): 10 System: sys
‘@ Magnitude (dB): -23.9 Frequency (rad/s): 156
- .. Phase (deg): 45
= ~
@ 45 - 5 1
2]
s %
o \\
\"‘-1
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Figure 10 RC bode diagram
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3. Analysis of Second Order Electric

The second order electric filters consist of a resistor capacitor and an inductor. A low pass circuit is
shown below in Figure 11.

Rs L2

Ving G Vour

O —0
Figure 2(a): Low Pass Filter
Figure 11 2nd order low pass circuit

The values for the components must be chosen. The resistor value must be changed 4 times to show
over damped, critically damped, under damped and no damping.

R=10
C =50uF
L=0.2H

For the other scenarios of the value of R. R will equal

R=0
R =400
R = critical
Wn=v,%
Wn = 316.23 rad/s
1
e =
5< + IS + C
1
0.2(50 = 10-©
s2+ =55+ —
02° 7 0.2(50 » 10-9)
sy — 100000
() = 523505 + 100000
{2 )




The response diagram for this on mat lab shows that this is under damped. This is shown in Figure 12

= hold off

% under damped

= num=[100000] ;

= dem=[1 50 100000]:

step (num, dem) ;

- yvlabel ("V out (volts)"™);

= Xlabel ("time in seconds™):
= grid on

W - ey e W M P|
|

Step Response
15 T T T T

6| |

.
=
T
e
L

k.
%]
T

I I

V out (volts)
o
=

o
[=}]
|

=
-

— T
I

0.2 |

D L L L
0 0.05 0.1 0.16 0.2 0.25

time in seconds (seconds)

Figure 12 2nd order electric filter step response
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1

H(s) =

(0.2(50 = 10-9))

1

100000

H(s) =

s?2+ 0s+ 100000

0
2 —
S°+ 025 0250+ 109)

Below in Figure 13 shows the no damping circuit.

L= hold off

2 % no damping

= num=[100000];

4 - dem=[1 O 100000]:

= step (num, dem) ;

bl = ylabel {"V out (volts)"):

T = xlabel {("time in seconds");
= grid on

Step Response

1.8

16

14

3%
T
——

0.8

V out (volts)
AR

06

0.4

027

2 f/\ A ]

———

\/1 v

047 0.48 0.49 0.5 0.51
time in seconds (seconds)

Figure 13 over damped 2nd order

14

—
L —




1
(0.2(50 = 10-9))
200 1
0.2° " (0.2(50 » 1079))

H(s) =
s+

100000
s?+ 1000s + 100000

H(s) =

This over damped circuit is in Figure 14

b= hold off
2l % over damping
== num=[100000] ;
= dem=[1 2000 100000];
== step (num, dem) ;
& — ylabel ("V out (wvolts)"):
= Xlabel ("time in =seconds=");
L= grid on
Step Response
1 I ———
f‘/’:ﬂ_—‘_
09 e B
o
08 | / ]
0.7 / 1
‘w 0.6 -
‘—'02 / System: sys
=2 i | / Time (seconds): 0.02 |
3 / |Amplitude: 0.632
S04 / |
L/ ]
0.3 /
I.l
f
02 g
f'
01 [/ .
[
0 | | | | .
0 0.02 0.04 0.06 0.08 0.1

time in seconds (seconds)

Figure 14 over damped 2nd order
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R=2 JZ= 126.49
c

1
B (0.2(50 * 10-9))
B S L 12649 1
e 0.2 ° 7 (0.2(50 » 10-9))
100000
H(s) =

Figure 15 shows the critical damping graph.

s? + 632.46s5 + 100000

= hold off
2 % critical damping
3 - num=[100000] :
4= dem=[1 632.46 100000];
8 = step (num, dem) ;
Tl= ylabel ("V out (volts)"):
7 = xlabel("time in seconds™);
B = grid on
Step Response
1 T T ’—____44_-— T
09Ff //" -
p
0.8 //
T // g
5 B
w 0.6
% / System: sys
Z 05+ / Time (seconds): 0.00678 4
“é / Amplitude: 0.632
> 04r / 1
/
03 |
0.2 f/ |
f
/
0.1 /
G / L L ' L 1
0 0.005 0.01 0.015 0.02 0.025 0.03

time in seconds (seconds)

Figure 15 critical damping of 2nd order
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Below Figure 16 compares the frequency response of these different resistance levels on a filter.

Magnitude (dB): 16

1= hold off
2 % under damped
3= num=[100000];
4 - dem=[1 50 100000];
5= bode (num, dem) ;
L= grid on
= hold on
g8 tcritical damping
g - nure=[100000] :
0 - dem=[1 632.46 100000]:
1 = bode (num, dem) ;
2 $over damping
13 - nun=[100000]
14 - dem=[1 2000 100000]:
sE|= bode (num, dem) ;l
16 $no damping
= num=[100000]
ia - dem=[1 O 100000]:
15 e bode (num, dem) ;
Bode Diagram
T H— T
System: sys
Frequency (rad/s): 316
100 F Magnitude (dB): 143
g
3 System: sys
% L Frequency (rad/s): 314
%
=

@ System: sys |

= Frequency (rad/s). 1e+04

B Magnitude (dB): -60.1 |

_‘é .

% \

= 00} L R
System: sys
Frequency (rad/s): 1e+05

150 | Magnitude (dB): -100
1 1 1 1 u

Figure 16 bode diagram




4. Task 3 First Order Electronic Systems

A first order electronic filter circuit has similarities to a normal filter circuit but doesn’t rely on the
resistance of the output for the cut off frequency. It is a completely independent circuit that can
have a gain in some instances if required.

Below in Figure 17Figure 24 shows the 1st order low pass filter circuit. The difference between a low
pass and a high pass in a 1*" electronic filter circuit is the positioning of the capacitor. If the capacitor
is in parallel with the second resistor then it's a low pass. If it’s in series between the 1% resistor and
the negative of the op amp then it’s a high pass.

] L
| B |
C1
Vin Vour
o—o }—e— }——o
1KY 5.6KQ

oy —e—

Figure 17 1st order electronic low pass filter circuit

The value for R1 and R2 have already been given so:
R1=1kQ
R2 = 5.6kQ

For this circuit Wc is chosen so:
Wc = 700rad/s

The values for the filter can now be calculated

18
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€= Werrz
1

€= 700+ 35600

C = 255nF

Wc
)= =KGwe

700
H(S) = —56(m)

This is then put onto a graph on mat lab to check the calculations shown in Figure 18.

The maximum magnitude will be Kin dB

20 log,, 5.6 = 14.96 dB

The cut off frequency should be at 12.96dB which is -3dB of the maximum value and the frequency
at this point should be 700rad/s.

This graph has a gradient of 19.62/decade which is normal for a 1* order filter as 20dB/decade /
order is usual for a filter

The maximum magnitude is 15dB which is probably caused by rounding in the software of matlab.

The cut off frequency was exactly -3dB from that at 12dB and a frequency of 700rad/s which is spot
on to the calculations.

19
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1k num=[-3920] ;
= dem=[1 700]:
3= bode (num, dem) ;
= grid on
5
4\ Figure 1 - O
File Edit View Insert Tools Desktop Window Help
EE IR N P AR EE
Syslem: sys
) System: sys
F dis):13.3
requ‘enc.y ks ,5) Bode Frequency (rad/s): 700
20 — Magnitude (dB): 15 T 7| Magnituda (dBJ: 12 ey
o 10T \\ .
el |
8 0r System: sys 1
2 Frequency (rad/s). 2e+03
S -107r Magnitude (dB): 5.32 }
=) gni (dB) -
= 5t System: sys 7
Frequency (rad/s): 2e+04
-30 : Magnitude (dB): -14.1 T
180 , Y
by
=
@ 135 | 1
L]
d=
o
90 . . i
10' 10° 103 104 10°
Frequency (rad/s)

Figure 18 bode diagram 1st order electronic low pass




Below is a 1* order high pass electronic filter circuit. This is similar to the low pass circuit with just

the capacitor in a different position.

Wiy Vau
~—1 | 1
I  I—
10K02 c1 10K
ov i
Figure 19 1st order high pass electronic filter circuit
The value for R1 and R2 have already been given so:
R1 = 10kQ
R2 = 10kQ)

For this circuit Wc is chosen so:

Wc = 700rad/s

The values for the filter can now be calculated

C=Werrt
1
C= ——
700 * 10000

C = 143nF

21
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HS) = —K ()
S
H(s) = =100

The maximum magnitude will be K in dB

20 log;p1=0dB
The cut off frequency will be -3dB of this value which is -3dB.

The gradient should be around 20dB/decade
Figure 20 shows the graph given from matlab. The graph shows a gradient of 19.3 which was
expected.

The cut off frequency whilst on 700rad/s the magnitude is 3.01 which is close enough to the
expected value that there’s no suspected discrepancies.

—
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1- num=[-1 0]
2 - dem=[1 700]:
3 = bode (num, dem) ;
1 = grid on
5
z Figure 1 O
File Edit View Inset Tools Desktop Window Help
DNEde| MARAODEL-R|0EH aDd
System: sys
Frequency (rad/s): 700
Magnitude (dB): -3.01 le Diagram
0—— — :
l/
~ 10 | -
a System: sys
© 20+ Frequency (rad/s): 300 |
= H Magnitude (dB): -8.1
E -30 [ .
2 / System: sys
= 40 Frequency (rad/s): 30 4
Magnitude (dB): -27 4
50 N : :
270 T T T
@
i
@ 225 -
L]
o
=
a
180 - - L .
10! 102 10° 10* 10°

Frequency (rad/s)

Figure 20 bode diagram 1st order high pass electronic filter




5. Task 4 — Second Order Electronic Systems

Sallen & key low pass filter

Below in Figure 21 is the circuit for low pass electronic second order filter. This circuit doesn’t use
inductors only the use of capacitors unlike the other second order circuit looked at previously in this
report. Just like the other filters on the other hand if the capacitors swap places with the resistors
then it will cause the filter to be a high pass instead of a low pass which will be looked into in this
section of the report.

C1
| L
|
Vi R1 R2
o—] 1 Vaus
b0
Cc2
I Ra
ov
Rb
ov

Figure 21 low pass sallen & key circuit

The value for the cut off frequency and the capacitor values will now be chosen.

we = 100rad/s

c = 1uF
The resistor values can now be calculated from this using the equation:
_ 1
wcxC

With the values substituted in:

R= — - -10KQ
100%(1*1076)

For this circuit:

K = 1.586

24
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we
— =03 -K)wc

Q
% = (3 — 1.586)100 =141.4
The resistor Rb is now chosen

Rb = 10KQ
With this value the resistor Ra can be calculated
Ra=(K—1)*Rb
Ra = (1.586 — 1)(10 = 10%)
Ra = 5.86KQ

These values are represented in Figure 22 in the circuit diagram.

1uF

Vi 10K 10K

B—I:I—"—I:I—_ﬁ + Vour
1uF -
I 5.86K

ov

10K

Figure 22 low pass sallen & key finished circuit

All of these values can be used for the transfer function.

Hs) K * wc?
5) =
52+ (%)5 + we?
Hs) = 1.586 x 1002
5) = $21141.45 + 1002
15860
H(s) =

§2 +141.45 + 10000

25
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This is then put into mat lab to give a graph of the frequency response. Figure 23

= num=[15860]:

- dem=[1 141.4 10000]:
= bode (num, dem) ;

= grid on

= W e

z Figure 1 -

File Edit View Insert Tools Desktop Window Help

NEde| b ARRTDEL- 2 08| aD

Bode Diagram
20 T T T

=40

Magnitude (dB)

60

‘BD e |

0 T T T
45 r

-80

Phase (deg)

-135

-180 . ! :

10° 10° 102 10°
Frequency (rad/s)

Figure 23 frequency response diagram




Sallen & kevy high pass filter

Below in Figure 24 is the circuit for a high pass sallen & key high pass second order filter. The
difference between this filter and the low pass is that the capacitors and resistors have swapped.

w Cl l Cc2
o I 1L | 1

Figure 24 sallen & key high pass circuit

av

R2 -

1

oV

VOU T

Ra

Rb

The values for Wc, C1, C2, R1 and R2 are chosen values for this circuit.

R1 =1KQ
R1 =R2
R2 = 1KQ
C1 = 1uF
Cl=C2
C2 = 1uF

Wc = 100rad/s

for a second order filter:

K=1.586

%=(3—K)wc

—
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% = (3 -1.586)100=141.4

The resistor Rb is now chosen
Rb = 10KQ
With this value the resistor Ra can be calculated
Ra=(K—1)*Rb
Ra = (1.586 — 1)(10 = 10°)
Ra = 5.86KQ

Now all the values have been calculated the transfer function can completed to allow the circuit to
be put into matlab.

) KS?
s) =
52+ (%)s + we?
1.58652
H(s) =

S?2 +141.45 + 10000

This is then put into to matlab as shown in Figure 25

28
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1- num=[1.586 0 0]:

= dem=[1 141.4 10000]:.
3= bode (num, dem) »

L= grid on

£y Figure 1

File Edit View Insert Tools

Desktop Window Help

SEEIDNEEEEI YA

al0e|

Bode Diagram

50 T

10° 10°

102
Frequency (rad/s)

Figure 25 frequency response diagram

29

—
A




6. Conclusions and recommendations

This report shows the difference between first and second order filters. It also shows the differences
between electric and electronic filters. The report shows a large difference between first and second
order as second order largely improves the sharpness of transition from band pass to band stop and
a steeper gradient.

Electronic over electric shows a great difference in performance and when using a second order
electronic circuit the filtration is very good and if there were more orders used then very good
results could be obtained.

30
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Some explanations offered with good diagrams.
However part b of task 2 is missing altogether and
further marks were available for your derivations of
your transfer functions. (5/10) Sections 4, 5:
Explanations for Electronic Systems — Some
explanations given with clear diagrams. (5/10)

ANALYSIS

10




(

y‘ Sections 2, 3: Analysis, Modelling and Testing of 23
Electric Circuits - some analysis in evidence with
annotated graphs showing transients and frequency
responses with cut-offs and roll-offs identified.
However, task 2b is missing and further marks were
available for a more detailed analysis including the
calculations of damping factor etc . (10/20) Sections
4, 5: Analysis, Modelling and Testing of Electronic
Systems - Some evidence of analysis but very little
offered for task 4, graphs could have been
annotated. (10/20) Section 6: Conclusions and
recommendations — .Briefly stated but lacking in
detail. (3/10)

PRACTICAL APPLICATION AND DEP.

(

y“ Sections 2,3,4,5: Use of Matlab — Good, 1 4
programmes shown . (8/10) Sections 2,3,4,5:
Accuracy and Presentation Quality of Results —
Good quality but cursor information should be
contained on all graphic results . (6/10)

SKILLS FOR PROFESSIONAL PRAC.

(

y‘ Section 1: Introduction: Good introduction setting 7
out the main themes, aims and obijectives. (4/5) All
sections: Overall Report Quality - Good structure,
well presented (3/5)
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