OPERATION, APPLICATION, AND USES OF FILTERS

Filters: change the relative amplitudes of the various frequency components and/or their
phase relationships

Filters are often used in electronic systems to emphasize signals in certain frequency ranges

Four Major Types of Filters

Filtering Characteristics of Capacitors

The nature of the capacitance opposes the change in voltage across its terminal by storing
energy in its electrostatic field.

Whenever the voltage tends to rise, the capacitor converts this voltage change to stored
energy.

When the voltage tends to fall, the capacitor converts this stored energy back to voltage.
Filtering Characteristics of Inductors

The inductance provided by an inductor may be used as a filter, because it opposes a
change in current through it by storing energy in its electromagnetic field.

Whenever the current increases, the stored energy in the electromagnetic field increases

When the current through the inductor decreases, the inductor supplies the energy back
into the circuit in order to maintain the existing flow of current.

Low-Pass Filter
1, A low-pass filter is a filter that passes low frequencies well

2, reduces higher frequencies
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Current

Frequency

Frequency Response
the low pass filter only allows low frequency signals from OHz to its cut-off frequency

An Inductive low-pass filter inserts an inductor in series with the load

capacitive low-pass filter inserts a resistor in series and a capacitor in parallel with the
load




low — pass filter

A Low Pass Filter circuit consisting of a resistor of 4700Q) in series with a capacitor
of 47nF is connected across a 10v sinusoidal supply. Calculate the output voltage ( Vour)
at a frequency of 100Hz and again at frequency of 10,000Hz or 10kHz.

Voltage Output at a Frequency of 100Hz. { ! Resistor, R !
! O
Xc= 1 _ ! i ) J_
ETEfC 2nx100x47x107 Vi Capacitor, C Vau
I a

Vo= Vi X = 10x 33903 — g9y

":‘UT - 2 7 2 9
JRE+XE 47007 +33863?

Voltage Output at a Frequency of 10,000Hz (10kHz)

x,=—1 = : _=338.60
2afC  21x10,000%47x10°

Xo =10x 2386 =0.718v

JRI+XE J4700° +338.6°
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VCIUT =V N~

High-Pass Filter

A high-pass filter (HPF) is a filter that passes high frequencies well, but attenuates
(reduces) frequencies lower than the cutoff frequency

Current

Frequency
Frequency Response

An Inductive high-pass filter inserts an inductor in parallel with the load
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High-pass Filter

capacitive high-pass filter inserts a resistor in parallel and a capacitor in series with the
load.
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Cut-off Frequency

fo= ol

2nRC

Phase Shift ¢ = arctan W

Calculate the cut-off or “breakpoint” frequency ( f. ) for a simple passive high pass
filter consisting of an 82pF capacitor connected in series with a 240kQ resistor

Capacitor, C I
Sy
f&': 1 = ! — =8,087 iz or Bz V
27RC  2mn x240,000:82x10™ Vi Resistor. R Vou
o + °
Filters

High-Pass Filter

/\ Capacitor, C
I I

eV
V.
I ’ Resistor, R $ Vout
O
e

R R
A = ouT  _ o
Z

¥ = = =
Vin JR‘ + Xe®

atlow f: Xc — «, Vout=0
athigh f: Xc — 0, Vout =Vin
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fo= 5

High-Pass Filter I OmRC
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band pass filter
A band-pass filter is basically a combination of a high-pass and a low-pass. =

There are some applications where a particular range of frequencies need to be
singled out or filtered from a wider range of frequencies.

Band stop filter

A band-stop filter or band-rejection filter is a filter that passes most frequencies
unaltered but attenuates those in a range to very low levels.
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Frequency XL XC VL VC

Low Low High Low High
High High Low High Low
Filters: -

Low Pass Filter Pass stop (VC)
High Pass Filter Stop pass (VL)
Band Pass Filter Stop pass stop

Band stop Filter Pass stop pass



