Electrical Science: 2021-22
Tutorial 9

Passive Filters & Transformers

By Dr. Sanjay Vidhyadharan
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Example 1

Calculate the cutoff frequency for the circuit shown in the figure

10 mH

O=-
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Example 1

.
Calculate the cutoff frequency for the circuit shown in the figure

LF
10 mH

|:)out/ F)in

50%

First, the value of R is found as:

51 x 750
so = Rellfe= 1=y
Now, the cutoff frequency of the eircuit can be found as:
R 47.812
fo=ra_ T = 761Hz

" 9rL, 27w x 10mH
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Example 2

The following circuit diagram shows a band-pass filter connected to'a signal generator, with V,

set to 10 V. The inductor has a resistance r_ of 3 Q. V,, is kept.at 10 V as the frequency is
increased to find the maximum value of Vg .

(a) Calculate the frequency at which Vg1 is a maximum.

(b) Calculate the dynamic resistance, Ry , of the filter and hence determine the maximum
value of the voltage V,; when V, is set to 10 V.

(c) Determine the bandwidth of this filter.
(d) Sketch the frequency response of the filter

. O Amplitude 4.77kHz
A 4 bandwidth
1.22V
0.85V

1 =—=47nF Vour

>
Frequency / kHz

73.4
75.8

L
O
71.0
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Example 2

:: — _4?I'IF VDUT

(a) Calculate the frequency at which V. is'a maximum.

f=—l—=— AN = 73413Hz = 73.4kHz
27 LC 2701 x 10° x 47 x 10°

(b) Calculate the dynamic resistance, R, of the filter and hence determine the maximum value of the
voltage V. when V is'setto 10 V.

R, = 2200 x 107 70920
rC 8 x47 x 10°

V. =V x—2°? - _10x709 =122V
ouT NTR 4R 709 + 5100
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Example 2

? 0
A Amplitude 4.77kHz
4 bandwidth
1.22V LRy
;;::4?I'IF Vour 0.85V.
0 B
| 3 < Frequency / kHz
o R w®
~ K
(c) Determine the bandwidth of this filter.
2 LI 2 x 7 x 73413 x 0.1 x 10°
— 0 _ . _
=T = 3 =15.38
173413
Bandwidth = 0~ 1538 - 4773Hz
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Example 3

If the bandstop filter in Figure.(8) is to reject a 200-Hz sinusoid while passing other
frequencies, calculate the values of L and C. Take R = 150Q and the bandwidth as 100
Hz.

\ '.‘ Nl" A ———
R L

v,(r) i) N v,

. -
-~ -

Figdre 8. A bandstop filter.

.
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Example 3

If the bandstop filter in Figure.(8) is to reject a 200-Hz sinusoid while passing other
frequencies, calculate the values of L and C. Take R = 150Q and the bandwidth as 100
Hz.

B'=2m7(100) = 2007 rad/s

But
R
—WWW R R 150
B=— = L=—= = (.2387H
C:- + L B 2007
w (&) 5w A . -
. ol L= Rejection‘of the 200-Hz sinusoid means that f; is 200 Hz, so that @, in Figure.(9)

Figure 8. A bandstop filter. wy = 27 fo = 2w (200) = 4007

Since my= 1V(LC),

1 |
C=——= - = 2.653 uF
Wil (4007)%(0.2387)

8
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Example 4

Find the cut-off frequency and Output voltage at 500Hz.

1 1
fc = — s
R1 < voe 2TRC 21 X4700 X47 X 10
4.7k
720 Hz

1Vac r\_} V1 . C1
Ovde T amr

1 1
i Xeo= = = 6773 0h
= T 20fC T 21 x500 x 47 x 109 ms

Then the Vout is when applied 5V Vin at 500Hz:-

Xc 6773
Vout =Vin X ——==5 X
JRZ + Xg V47002 + 67732

= 4,11V (Approx)

ELECTRICAL ELECTRONICS COMMUNICATION INSTRUMENTATION



Example 4

Find the cut-off frequency and Output voltage at 500Hz.

R1 VDB

LT

Tk

1Vac ~U Vi .y gl |
0Vde T amF

s

Demonstration in LT SPICE

cadence
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Example 5

Second Order Low Pass Filter:

R1 VDB R2 _+ VDB
[~

T F T
47k

Vi C1 C2
A T amF T amF

1Vae
OVdc

R =~ Demonstration in LT SPICE

11
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Example 6

Find equivalent RL Filter at L
§ g e {01 o
TR i
Vi ; % Vo
V1
vie () —o | | l
$3 3-
_ 1 = f.g' = i
ey L=1H 27k

Demonstration in
LT SPICE

90
1KHz 10KHz
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Example 7

Example: For a magnetic circuit, on no-load condition, core loss is, P = 16 W; apparent
power, (VA) ms =20V A, Eq . =275V, N=200 turns. Assuming a sinusoidal flux
waveform, find:

a) Power factor,

b) Ironcurrent, I,

c) Magnetizing current, I, (a) Coreloss: B = Ey.1p.cos0,
~ P 16
pf=c0s0, A= 20
275
(b), e = Eylg€088c, Eyrms =7 = 194.5 Volt

- 16
o = (194.5)(0.8)

=0.103 A

I = IycosBc= (0.103)(0.8) = 0.082 A

(c) Iy =14 sinBc = (0.103) sin(cos™10.8) =0.062 A

13
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Example 8

Example: A 50 Hz, two winding transformer is rated as 3 KVA, 220/110 Volt: This transformer is
connected as a step-up auto transformer to deliver 330 V to a resistive load when the input is from a
220V source. Assuming that the transformer is ideal find:

a-) the value of the load resistance for which rated current willflow in each winding.
b-) the power delivered by transformer

3000

=000 o34
1T 49 AR
(@) Ry = 2 =121 0

F

ol

[ ¥]

{b) Pr =13.63 x 220 = 3000 Watt
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Example 9

A 460-V:2400-V transformer has a series leakage reactance of 37.2  as referred to the high-voltage side. A
load connected to the low-voltage side is observed to be absorbing 25'kW, unity power factor, and the
voltage is measured to be 450 V. Calculate the corresponding voltage and power factor as measured at the

high-voltage terminals.

Secondary
L= f,}““’ = 23?00 =5555A = Pomarycurrent /, = 364 x55.55=1065 A
2 450 2400

load

Ve j372 1+V; V)= 240(;) x450=23478 V

Primary voltage:

= V= j372 I,+} £.j372 x10.65+2347.8=2347.8+ j396.18 = 2381.0£9.58° V

Power factor at primary terminals: cos(9.58 ) = 0.9861 lagging
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Thankyou
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