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1. Derive the expression for the gain and phase angle of 1st order low pass

Butterworth filter and draw its frequency response. Define the term “cut-off
frequency”.

Solution:

The first order low pass
butterworth filter is realised by R-C
crcuit used along with an op-amp,
wsed in  the  noninverting
configuration. The circuit diagram
is shown in Fig. 2.5.1.

This also called one pole low
pass Butterworth filter.

The resistances B; and Ry decide =
the gain of the ﬁ[;:ﬂ inRt-ine pass Fig. 2.5.1 First ordar low pass Buttarworth fliter
band.

Analysis of the Filter Circuit
The impedance of the capacitor C is - j X where X is the capacitive reactance given
[
R T

By the potential divider rule, the voltage at the non-inverting input terminal A which
is the voltage across capacitor C is given by,
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As the op-amp is in the non-inverting configuration,
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= — = High cut-off frequency o
and f = Operating frequency
The Yo is the transfer function of the filter and can be expressed in the polar form
Via
as: ...........................................................................
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The phase angle ¢ is in degrees.

The equation (2.5.7) describes the behaviour of the low pass filter.

= Ag i.e. constant

1. At very low frequencies, f < fH,

Yo

Rate of decrease 20 dB/decads
Le. Slope = 20 dB/decade

&= Fraguency

2. Atf=fy | 0= AF _ 0707 Ay ie. 3 dB down to the level of A
Vin ".'r_
IV,
3. Atf > fy | | < Ar
Thus, for the range Violtage galn
of frequencies, 0< f< fy, 1
the gain is almost A
constant equal to fy  OTOTAp—e s
which is high cut-off (39880%n)
frequency. At f= fH’ -+ E;:: =t Slop band —s
gain reduces to 0.707 Ag
ie. 3 dB down from Ag 0 h

And as the frequency

Flg. 2.5.2 Frequency response



increases than fyy the gain decreases at a rate of 20dB/decade. The rate 20 dB/decade

decrease of 20 dB in gain per 10 times change in frequency. The same rate can be
E;presaed as 6 dB/octave ie. decrease of 6dB per two times change in the frequency.
The frequency fiy is called cut off frequency, break frequency, - 3dB frequency or
corner frequency. The frequency response is shown in the Fig. 2.5.1.

2. Design an active high pass filter to meet the following specification:
cut-off frequency= 4 kHz, Decay rate in the stop band=40 dB/decade

Solution:
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3. Design a wide band pass filter having fL=200 Hz and fs=1 kHz and pass band
gain=4. Assume the capacitor value of high pass & low pass filter as 0.01 pF & 0.02
IF respectively. Draw the frequency response of the filter and also calculate the Q
value of the filter.
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4. With a neat circuit diagram explain the working of All-pass filter and derive the
expression for the gain and phase shift as produced by an All-pass filter.

Solution:
The filters which are discussed uptil now are used to adjust the magnitude of the

transfer function of the circuit. But, this also alters the phase angle characteristics of the
circuit, It is many times required to control the phase response of the filter. The filter
which is used to control the phase response by adding a phase shift between input anq
output signals is called as all pass filter. Its gain is one for all the frequencies. Thus, as
the name suggests, it passes all the frequencies of the input signal. It does not produce
any attenuation but provide the required phase shift for the different frequencies of the

input signal.



For example, when signals are transmitted over the transmission lines, there is change
in their phase. To compensate for such phase change, all pass filters are used. Hence, all
pass filters are used. Hence, all pass filters are also called as delay equalizers or phase
correctors.

The Fig. 2.12.1 shows the simple first order all pass filter.

R=R,
AWV

R,

Fig. 2.12.1 All pass filter
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Analysis of the Circuit

Let us use the superposition principle to obtain the expression for the output voltage
Vo

Assume input to the non-inverting terminal zero. The circuit acts as an inverting
amplifier.

R
1IF,.:|,:I = --R_z vi'ﬂ
Vor = = Vi as Ry=Ry . {2.]2.1}
Now, assume input to the inverting terminal zero. The circuit acts as a non-inverting
amplifier.
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and V, = Voltage at node A

By the potential divider rule, the voltage V, can be obtained as
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V, = Vo | 32RI% v |t
A in Vin |:l +j2nfRC] . (2123)

Substituting in (2.12.2),

. I
Vo = 2V, [m] (212.4)

Hence, the total output voltage is

1
Vo = V01+VO2=-vm+2Vm[m:|

2
VO = Vin [—1 + m] (212-5)
2\ Vo _ 1-j2rfRC |
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The magnitude of the transfer function is
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It is mentioned earlier that the magnitude is always 1 for all pass filter and it can
pass the entire range of frequency. But the phase angle is given by

a(2nfRC
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This is the phase angle in degrees which indicates that there is a phase shig of §

degrees between input and output signal. If the positions of R and C are interchanged
we get the positive phase shift. The negative phase shift indicates that the output Vc:

lags input Vi, by angle ¢, while positive phase shift indicates that Vg leads input Vin by

angle ¢.
The Fig. 2.12.2 shows the phase shift produced by all pass filter between inpyt and

output.

¢ in degrees

Fig. 2.12.2 Phase shift between Vg and V,,



5. Define the terms: Line regulation & Load regulation (Write the equation for
each).

An unregulated dc power supply output changes from 20 V to 18.8 V when the load
is increased from zero to maximum. Calculate the load effect and Load regulation.
The voltage also increases to 20.8 V when the ac supply increases by 10 %. Calculate
the source effect and Line/source regulation.

Solution:

e The purpose of Line Regulation is to maintain a nearly
constant output voltage when the input voltage varies.

* The Line regulation defines the variation in output voltage
(AV,) that occurs when the supply voltage (V) increases or
decreases by a specified amount, usually 10 %. The output
voltage change is expressed as a percentage of the normal dc
output voltage (V,). Thus, Line Regulation can be
mathematically expressed as:

on= (AV; fora 10% change in Vs) x 100%

Line regulati 7

e The purpose of Load Regulation is to maintain a nearly
constant output voltage when the Load current varies.

e The Load regulation defines the regulator performance in
relation to load current variation. When the load current
changes from zero to full load, then the output voltage also
changes by an amount of (AV,). It is expressed as a percentage
of the normal dc output voltage (V,). The Load Regulation
can be mathematically expressed as:

AV, for Al 1"}} % 100%
Load regulation = (AVe : LI[‘F‘-‘:“







6. Design an Adjustable Voltage Regulator to produce a 12 V output with a 50 mA
maximum load current (use 1N756 Zener diode, Vrs=2V peak-to-peak, Vs(min)-
Vo=3V).

Solution:

"S-lnu}d

Vimim = V., +3V=12V+3V
=15V
allowing V,, = 2 V peak-to-peak,

‘/l= Vr(m.m’*'“%:!- ISV . IV
=16V
Supply voltage, V., = 16 V with a 2 V (max) ripple superimposed
Vi 16V
Let Vi — = ——
2 2
=8V (usc a IN756 Zener diode which his V. = 8.2 V)
I, = 20 mA
R SV =Vt 16:Va=r8:2:V
: 2 20 mA

390 N (standard value)




The output of Adjustable Voltage Regulator can be expressed as:
R
V,=V. |1+
’ ) [ Rl]

Here, we are taking 1N756 Zener diode with Vz=8.2 V

12= 8.2(1 + £!-]
R,
20)
0.4634-%
R, =0.4634x R,
Let R2=10 kQ,
So, R1=0.4634"R1
=4.63 kQ
~ 4.7 kQ (standard value)
Transistor (Q1) specification: The Power dissipation of
thetransistor can be defined as:
P=VeeXIlL=(V,=-V,) X I,
= (16 V- 12V) X 50 mA
= 200 mW

Circuit Diagram:




7. Design an adjustable positive voltage regulator using LM317 for output voltage
varying from 2 V to 10 V and output current of 1.5 A
Solution:









