ELECTRONIC CIRCUITS HAVSHIPS
SECTION 23. FILTER CIRCUITS
HiGH-PASS CIRCUITS.
APPLICATION. _
High-pass filters are universally used in circuits where
it is desired to pUss the b lugu&n frequencies and 1o ottenuote

the lower frequencies below a selected cutoif frequency
(fol

CHARACTERISTICS.

Resistance-cepacitance-type filters are used only for
audio irequencies, wheteas inductance-capacitance-type
filters are used for both audio and radio frequencies, and
wherever sharp cutoff is required,

The higher the frequency above cuteff, the lower the
attenuction; below the cutoff frequency the ottenuation in-
creases as the frequency decreases.

May be half-section, single-section, or multiple-section,
with the multiple-section (ladder} type providing the great
est attenuation and sharpest cutoff,

May be of either the ""constant ! or ! p-derived!’ form,
or combinations thereof.

CIRCUIT ANALYSIS.

Generol. A filter consists of a circuit centaining a
number of impedances grouped together in such a monner
that it has a definite frequency response characteristic,

It is designed to permit the passage (trcmsmit) signals
freely over u certain desired range of frequencics, @md o
attenuate (transmit peorly) over another range of frequencies.
The frequency range over which the passage occurs freely
is called the pass band, {or transmission band) and the
range over which attenuation {peor transmission] ocouts is
called the ottenuetion band. The frequency at which the
attenuation of the siqnal starts to increase rapidly is

known as the cutoff frequency. The basic configurations
into which the hlqh-puss filter elements can be assembied
or arranged are the L or holfsection, the T-section, and the
pl-section. The L-section consists ot one series capaci-
tive element and one parallel (shunt) element of either
resistance or inductance, forming an inverted L {since two
L-sections may be connected together 1o form a symmetrical
T or pi-network it is referred to as a half-section), The
T-section consists of two series capacitive arms and one
shunt urm, resembiing the letter T. The pi-section consists
Ui one series capc:cuuc arm with two shunt arms, resembl-
ing the Gieex letier o
of the same circuit configuration can be joined to improve
tne Gilter attenuution of Udnsmission characteristic. When
several sections are cascaded together, they tofm a Inddor
type of filter. When o filter is inserted into cucml, it
uszually terminoted (matched) by a resistance of the same
value at the input ends. The value o the terminating resist-
ance is usually determined by the circuit with which the
filter is used and the type of filter circuit employed, In
some instances, circult parts may be amranged basically

in the form of a simple &lter, even *H:Jugh it is not desired
o provide such iiitex action initioily. For exampm, the
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Several sections {1 halk sectimns)
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citcuit provides @ high-pass filter effect wnh low—frequency
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cutoff, and creates a design problem because equal ampli-
fication of both the low and high frequencies is usudlly
desired. The cutoff frequency of a filter is determined by
the circuit confiquration, type of filter (constant k oI m-
derived}, and the values of the capacitors and resisters {or
inductors) in the filter circuit. When the cutoff frequency is
known, the values of the parts reguired to produce this
response and the desired attenuation may be calculated
mathematically by use of the proper formules. This hang-
hook will not be concemed with design data, but will show
the circuit configurations, explain the circuit action, and
provide information with which the technician can deter-
mine or recognize the type of filter ond determine the cut-
off frequency, if needed.

Circult Operation. A typical haif-section R-C high-puss
tilter is shown in the accompanying illustration,
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Half-Section R-C High-Pass Filver

The simple high-pass filter shown in the figure is equival-
ent to an R-C coupling network placed in the grid of an
amplifier stage. Note that the output voltage is token
across the resistor, ad the capacitor is series-connected.
The circuit is basically that of @ voltage divider in which
C forms the reactive arm and R the resistive arm. If the
value is selected so that the capacitive reactance is equal
to the resistance of resistor B at frequency f, then the
output veltage of the network will be attenuated approxi-
mately 3 db with respect to the input voltage, This fre-
quency is cdlled the theeretical cutoH frequency, and its
value is given by: f1 = 1/(2 7R C) in cycles per second.
The values af B and C are in chms and farads {or in meg-
ochme ond microfarads), and RC {5 the tima constont in
seconds. Thus, if the low-frequency respense of an B-C-
~oupled amplifier (s speciiied os having a tfime constint of,
for example, 2000 microseconds {which is sometimes done),
1, cquals 80 cps [apply the values in the formula above and
cajculate). In the example, the thecretical cutoff frequency
is approximately 80 ops, and since only @ simple hali-
sectinn filter is used the cutoff is not sharp, but varies
directly with the capacitive 1eactance of €. However, with
a sufficient number of cascaded filters of the proper value,
it could be made reasoncbly sharp.

Consider now a T-section filter as illustrated in the
accomponving iiuure
' ".l."‘ Ll"uul‘. \Jliu]l(j
considered as two h
to back with resisto

"'(.‘l

H common te both
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T-5ection R-C High-Pass Filter

Note that in this circuit arrangement the two capacitors are
connected n series; consequently, the design value of C

is doubled. ‘Likewise, the design value of R is dlso
doubled since the two resistors are paralleled, thereby
making the effective value of R that of the single L-section.
The T arrangement provides o symmetrical Input and output
with the same time constant as the single section L-type
filter. A typical pi-section filter network is shown in the
accompanying figure.
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Pi-Section R-C High-Pass Filter

In this full-section arrangement the value of the resistive
amms is, likewise, chosen to be double that of the half-
section arrangement, and C is equal to the total value of
the two seties capacitors of the T-section atrangement, -
Development of the pi~section from two inverted L-section
filters is illustrated in the following figure.
The values used are those of the basic half-section L-
filter, ‘Note that in any of the three previously shown
filter arrangements the actual time constant values are
identical. Therefore, the response and attenuation of each
are also identical, -L-sections are used where enly a simple
unbalanced input and output is needed. ' The T-and Pi-
sections are used where halanced arrangements are re-
quired, Multiple-section filters are used to obtain greater
phase shift and more attenuation. Thus, ¢ two-section
filter using identical values of parts will multiply the phase
shift and attenuation by a factor of two. ‘For cemplete de-
sign data refer to a standard text.

In any of the filter arrangements previously discussed,
the attenuation is assumed to be zero immediately above
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900,000.102 FILTERS
[
|
LAY
oO—¢-—-dC-—-——J} -0
2c 2¢
INPUT \ / | ouTPUT
2R P@———— INVERTED L ——e22R
SECTIONS

O—e ——0O

Development of Pi-Section Filter

the cuteff frequency, fo, and very large for frequencies
below ip, as shown in the following response qraph.
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Phase and Amplitude Response Charecteristics
for High-Pass R-C Filter (fo = 1730 ¢ps)

However, as can be seen from the chart, the attenuation
{for a single-section filter) becomes relatively con-
stant at about 12 db/octave (20 db per decade) at fre-
quencies considerably below the cutoff frequency. The
phase shift range from zero at the higher frequencies
above fu to 45 degrees at fp. Below the cutoff fre-
guency the phase shift soon becomes constant at 90 degrees.
The dotted line indicates how this typical Bode plot is
reunded off to similate practical conditions. As a
result, a 3db difference exists between the actual and
theoretical response at the cutoff frequency.

The effect of « high-pass {ilter on the response of a
rectanqular pulse is indicative of the action produced by
this type of filter. Since the output voltage of the high-
pass filter is taken from across the resistor which is in
series with the capacitor and the input circuit, it is evident
that before the pulse is applied, there is no charge in the
capacitor and no current in the circuit. Therefore, no vol-
tage output is obtained. Upon application of the rectangu-
lar pulse, the initial current is equal te E/R. Since the
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output voltage is equal to the current times the resistar.ce,

the output voltage alse rises instantanecusly to C. Thus

the rize time in this circuit is maintained without cny change.
However, as the capacitor charges, the current through the
resistance decreases; hence the output voltme decreases.
Eventuclly; thé-corgoeitdr sheiges o teirzutvwclase and

e

the output voltage drops to zero.
The follawing figure shows the uver-all tesponse of o

high-pass filter to a rectangular pulse of 15 microseconds

duration with different time constant values (B times )
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at the cutput of the circuit whan the input sulse falls
10 ZE10.
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greater. Typical circuits of the series-connected, m
derived type are shown in the following illustration.
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Series m-Derived High-Pass Filters

As can be seen from the illustration, a series-connected
L-C network {L, C;) is placed across the output or across
the mid-termination of the filter circuit. As designed, this
network is made series-resenant at a frequency below the
usual cutcff frequency. 'For the high-pass filter this reson-
ant frequency, called the frequency of infinite ottenuation
{f ), is selected at g value of about 0.8 f5. Since {4 is
rescnant and is series-connected across the input or output,
it represents a short circuit across the filter for the reson-
ant frequency {with a pass band determined by the Q and
resistance of the circuits). Therefore, the normally sloping
attenuation characteristic which approximates 12 db/octave
for the constart k filter is “'notched’’ off. ‘In effect, the
m-derived filter is sharply separated from the frequencies
below fes, and thereby provides sharper and better cutoff of
the lower frequencies. The action described can be vis-
valized clearly when the attenuation {response) charccter-
istics for the two types of filters are compared, as shown in
the following fiqure.
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While ¢ constant attenuation is shown fot the constant

k type, with a reduced value of attenuation below i for the

m-derived type, the sharpness of the m-derived cutoff ot fo

{assuming zero c¢ircuit resistance at resonance) provides

better high-pass performance, as illustrated below,
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Comparisor of Transmission Characteristics

The shunt-connected type of mderived filter is shown in
the following figure.
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Shunt m-Derived High-Pass Filters

In the shunt-type filter, the high-pass action occurs by pass-
age of the siqgna! through the filter via capacitor Cl for those
frequencies above e, and by attenuation of the signal due
to the action of the parallel resonant circuit of L,C) at the
irfinite attenuation frequency, fe. In addition, since the
irductive r2aciance of L, increases with frequency, the
lewer requencies below iy are shunted across the output
and ‘ost. Since the parallel-resonant circuit of LyCy repre-
sents ¢ high ‘mpedance at resonance, frequencies around

f (depending u.on the circuit Q) are greatly attenuated and
are prevented from passing through the filter. This type of

134
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operation is mostly used for the band-rejection type of fil-
ter, to be discussed later in this section,

In the m-derived filter, m is q design constant from
which the filter gets its name. This constunt basically
represents a coupling factor, and appears in all the design
fornulas. It is some value less than 1, usually 0.5, Thus,
the frequency of infinite attenuation is; feo = {,¥1-m?, which
for acutof! frequency of 7000 ke andan m 0! (.6 is, by sub-
stituting values, 7000 xT1-0,36 = 7000 x 0.8, or 56000 kc.
The cutoff frequency for the m-derived high-pass filter is:

fo=1/ (#VLD).

In this cose the value of m determines the final values of
3 O Co B TP 5 Ses e Ry R of (a5 W e AR OO e ety o}
Lo Wi e IS T Ly HCK.'UL_—II\.-}! MU LIS UL TYUTIIL Y W

infinite attenuation are known, m can be determined from

the formula:
a1
: =]
m ;\'l 1i- _
[n

If the frequency values in the example above are substi-
tuted in this formula, it will be seen that m is 0.6, as
selected above, When m isequal to 1, the m-derived filter
and the constant k fiiter are identical, Values ot m smalier
than 0.6 move f= cleser to 1, (sharpen the cutoft), and values
greater than 0.6 move f= farther from {, (broaden the cutoff).
In the schematic illustrations of the filter sections shown
previously, various values of L and C are indicated. These
indicators merely chow thot the dezign vghues o L and C
as chosen are either that of the original value, or are mul-
tiplied by {c: Zivided by) 2 to preduce the proper total
value for use in the contiquration illustratea. This change
of value is necessitated by the requirements {or proper
matching, and for the connection of cascaded filter sec-

' Ao 3 i
tions to produce the desired DEIIoIMance, ror ‘SX&'I‘.DLE‘.

when bonnectmtho pi-sections together, the input and
output inductors paraliel the eutput and inpul inductors,
respectively, of the next or preceding section, Since in-
ductors in parallel have half the velue of the original in-
ductance, thesec networks normally use o value of 2L where
more thcm a sindie sectior is to be connected in a ludder-
type network. For further information, the interested reader
is refarred to standard textbocks on 4

FAILURE ANALYSIS.

Gererally speaking, either the i
signed or it does not. Any open of short-circuites condi-
tion of the individual parts can iead to one of three poss-
ibilities: the oper nart may couge ano=nutoat candition:
the shert-circuited part may couse a no-ouiput or ¢ reduced-
output condition; or the defective par: may be iocaed in a
position in the rircuit that markedly afiects the tilter cut-
off frequency, pass band, or attenuation characteristics.
Usnally, all three of these jast mentioned ronditions are
affected to » extent. Therefore, it bec

lter nerio
or port

es rother diff-
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icult to determine whether the filter is foulty end to spot
the defective part with simple servicing techniques. In most

instances, a check for continuity with on chmmeter will
e b A e T [ P T aliad comcd AP 3l
lllhll—ulc \-lll\‘i UF:IJ_‘\_AJ\—UI (3 =183 P L 4 LE LuS s Wil

an be checked with an in-
gurgiit t‘,mﬁ af ccmr"ﬂnm fs*ﬂr for the preper f‘"pf‘”'-
tonce.  Any stwri-circulied cupuciior should be found duiing
the resistance and continuity check. Where o low-frequency
inductor is under suspicion, the resistance may be used as
a guide; but when the resistance is 0 low that it is less
than an ohm (as in high~frequency coils), the suspected coil
must be disconnected and checked in an inductance bridge.
If a filter is suspected of operating improoeﬂy and the
cutoif frequency is known (1f nor, it can be calcuicted
approximately by using the formulas referenced in the pre-
ceding discussion of circuit eperatien); a pass band check
can be made with an oscilloscope (and an 1-f probe) and «
signal generator. With the signal generator modu.dies and
simulatin the input Siguul, the outpul of the fiiter is ab-
served on the oscilloscope (use the vertical height of the
modulation supplied by the t-f probe as an ingicaticn of
relative amplitude). Cor a high-pass filter, the height of the
pattern should decrease rapidly as the cutoff frequency is

stay at approximately the same h:uh-. for frequenczes above
cutoff. If such indications are obtained, the filter is probably
operative, and some other portion of the associated circuit

is at fault. If these indications are not obtained, the filter

iz definitely at foult, and ench part must be individually

cnecked for the proper vaiue. Waere ¢ spare fiiter is avail-
able, it is usually easier to make a quick substitution of

the entire {ilter to determine whetter tne performance changes;
d change indicates a defective filter.

LOW-PASS CIRCUITS.

APPLICATION.

Low-pass filters are used in circuits where it is desired
1o pass only the lower {requencies and te cttendsate any fre-
quencies obove a selected cut-off frequency.

CHARACTERISTICS.

Resistance-capacitance (RC) type filters are zenemclly
used for audio frequency applications, whereas inductance-
capazitance ([.00) types of fHiter
and radio frequencies, particelarly for wherever sharp cutof!
13 requiren,

The lower tbe f'eque'ry helow cu

l

L 4 - L e T ty
grensmad tovhekswmdis

sectlons wuh tl—e r Atmle-qpctior tyoe Drovi mnq the
grediest attenuation gua the ahaipest Suiuil.
May be ofeither the "constant k! o "'m-derived! fomm,

or any combination thereoi.
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CIRCUIT ANALYSIS.

Genersl. The low-pass filter circuit consists of resist-
ance or inductance together with capacitence combined anc;
connected in such a manner that they nave a definite fre-
quency response characteristic. The low-pess filter is de-
signed to permit the passage of low frequency sianals over a
1esired range of frequencies, and to attenuate the higher
.requencies obove this range. The freguency range over
which the passage occurs is called the pass band, the range
cver which attenuation or poor transmission occurs is called
t1e attenuation bond. 1he irequency at which the atterua-
tion of a signal starts to increase rapidly is known as the
cutoff frequency. The basic confizurations into which the
low-pass filter elements can be assembled or arranged are
the “L# or half-section, the **T* or full section, and the
Pi type.

The L-section filter consists of one series resistor or

inductor, dnd cre parallel cormponent of either resistance or
capacitance. The T-type iilter consists of two series in-
ductors and one shunt resistance or capacitarce. The Pi-
type consists of one series inductor and twe resistive or capaci-
tive shunts, reserchling the Greek letter 7 {pi) from whence
it takes its narme. Several sectiens (or helf sections) of
the same circuit confiquration can be icined te improve the
atteruation ar transmission characteristics of the filter.
When several sections are cascaded tecasther, they form o
lodder type of filter. When a filter is inserted into a circuit
it is usually terminated (matched) by a resistance or im-
pedarce of the same value at the input end. The value
of the terminating resistance or impedance is usually de-
termined by the circuit with which the filter is used and
the type of filter circuit employed.

The cutoff frequency of a filter is determined by the
circuit confiquration, type of tilter {(constant k or m-derived),
and the values of the inducters and resistors (or capacitors)
in the filter circuit. When the cutoff frequency is xnown,
the value of the parts necessary to preduce this response

and the desired attenuation may be caloulated mathematically

by the use of the proper formulas. This Hondbook will not
be concerned with desion data, but will show the circuit
configuration, explain circuit action, and provide informa-
tion with which the technician can cetermine or recognize
the type of filter and determine the cutoff frequency, if
needed.

Circuit Operation. A typical halisection R-C low-pass
filter is shown in the accompanying illustration.

R
O— - —0

INPUT - ouTPUT
o— -0

Half-Section R-C Low Paoss Filter
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Note that the cotput is token across the copacitor and
the resistcr is conrectes in 5. The circuit is basically
that of o voltage divider ir whdeh T forms the recctive part,
and R the resistivecrm, If the values cre selected so that
the capacitive reactance of C is equal to the resistance of
R at frequency fo, then the cutput voltage of the voltage
divider network will ke cttenuated copreximately 3 db with
tespect to that of the input veltage. This frequency is
called the thecretical cuteff frequency, and its value is
given by : fo = 1/2 # RC in Hertz. The values of R and

C agre in ohms and fareds (or in megshms md miciofarads),
and RC is the time constant in seconds. A similar half-
section low-pass filter arranoement using inductance and
tesistance (F-L) is shown in the gecompanying illustration.

L/2

O—"YYV\, o
INPUT 2R OUTPUT

C —0

Holf-Section R-L Low Pass Filter

Note that in this instarce the output is taken ocross the
resistor and that the reactance is comected in series. The
circuit also is a voltage divider in which L forms the reac-
tive arm, and R the resistive arm. If the values are selected
so that the inductive reactance of L is equal to the resis-
tance of R at fo, then the output voltage of the voltuge
divider will be attenuated approxirately 3 db with respect
to the input voltage. The theoretical frequency in this in-
stance is found by the formula: fo = 27 RL, in Hertz,
with R and L in chms and fareds, and BL is the time
constant in seconds.

Consider now u T-secticn filter as illustrated in the
accompanying figure, This circuit arrangement forms a full
section which can be considered as two half-sections (L
sections) ploced back to back.
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R/2 R/2
O—AMN l ANN—LO
INPUT € OUTPUT
|
O l O

T-Section R-C Low-Pass Filter

HMote that 15 this circuil arrcngement the two resistors
are connectes in series, ronaeqrently the desinn w‘lup of R

. .
13 navel. Ll O R P IO W A,

the two capacitors arn Dcrcl*rln thereby maxing the ef-
fective capacitance equal to the value of 2 single half sec-
tlon. The T-arrangement provides o symmetricel input and
output with the scre time constant asthe single-section
Laype fiqure, A typical T nevvark using RL components
ig shown in the ceconpunying 1llustration,

L/2 L/2

INPUT 2R OUTPYT

C O

T-Section R-L Low-Pass Filter

sistance vuxqe

symmetncal

iNPUT _,‘__ QUTPUT
O I I -
Pi-Section R-C Low Pass Filter
CHANGE 2
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In this full section arrangement the value of the resistive
arm is equal to t‘-:e val:e o[t #6 half sections, while the
........ f thetotal ‘.fclue. MNete that in
any r\f the r“rmuoushf diSCLssed filter ’JI!‘"H":DF‘T;ET‘.{S thn
actusl time constant valae
response and attem,utm

sections are used wher

and ocutput isneeded.

where balanced arranye
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tenuation. Thus,
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factor of two. For e

Ent.
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the cutof! frequency ancivery large for frequencies above
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as the capacitor charges. Thus, as the capacitor charges
the current through the resistor decreases, while the volt-
age across the capacitor increases corespondingly. Even-
tually the capacitor charges to the full input voltage and
the output voltage is at ¢ maximum. The output voltage
stays at this value for the remainder of the pulse, At the
end of the pulse the capacitor discharges, olso exponentially,
and the cutput voltage eventually decreases to zero.

The following fiqure shows the overall response of a
low-pass filter to a rectangular pulse of 15 microseconds
duration with different time constant values (R times C).
From the previous explanation, it is clear that both the
rise and foll times of the pulse cre greatly affected. The
effect is least for a small time constant. For example,
consider the response of an RC circuit with a time constant
of 1 microsecond to a rectangular pulse of 15 mictoseconds
duration.

VoLTS

TIME ——

Typical Pelse Response Variatien with Time -
Constant or Pulse Width Changes

Since the rise time is taken between the 109% and 90%
amplitude limits of the pulse, we see from a universal time
constant table that the leading edge reaches its maximum
of 90% amplitude in 2.2 microseconds and remains approx-
imately at this value for theremaining 12.7 microseconds {7
time constants are required to reach full anplitude}. When
the pulse ends, the decay time follows the same curve and
the capacitor is 90% discharged in 2.2 microseconds, and
completely discharged before the beqinning of the next
pulse. Consider now the response curve for o 5 micresecond
time constant. In thiscase the leading edge of the pulse
rises 10 90% of maximum in two time constants, the pulse
is terminated and decays to zerc in the next two time con-
stants. Becouse of the increase of time constant the capac-
itor charges to only 90% of the moximum and the output
voltage is 10% less than for the 1 microsecond condition.
Fer the extremely long time constant of 10 microseconds
it takes the entire pulse duration of 15 microseconds for
the pulse to reach approximately 78% amplitude.  Thus the
longer the time constant the lower is the output amplitude
and the more distorted is the pulse.
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Since RC filters respond to the time constant of the
clrcuit, it is evident that while filters of many sections
can be used, the simple equivalent time constant of the
circuit basically determines the filter characteristics, and
that really sharp cuteff cannot be obtained. With the use of
LC fikter circuits howeser, it is possible to produce the
desired pass band with much sharper cutoff and attenuation
charactetistics. Since both inductance ar?d capacitance are
used, a singlesection LL filter is capable of a 160 deqree
phase shift.

Low pass filter circuits using inductance and capaci-
tance follow the same type of circuit confiquration as do
R<C filters as shown in the accompanying fiqure.
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Low-Pass L-C Filter Circuits

In the L-type low-pass tilter using L-C components |
the high frequencies applied to the input are offered a
relatively high inductive reactance by series inductor L,
and a low capacitive reactance through the shunt path to
ground provided by capacitar C. Therefore, the hich fre-
quency signals are attenuated by L and effectively shunted
toground by C if they pass the inductor. On the other
hand, the low frequencies are offered little opposition by L
and high opposition by C. Therefore, the lower frequencies
pass from input to output with little attenuation. The T-
type filter operates identically with the half section filter,
but provides a symmetrical input and output confiquration
with the some time constant as a singlesection L-type filter.
The pi-type filter is actually formed from two inverted L-type
filters and provides slightly better cutoff and attenuation.

In this cuse the high frequencies are first offered a low
impedance path to ground by the first filter capacitar with
high attenuation offered by the series inductor. Any re-
maining high frequency signalsare then effectively shunted
to ground by the low impedance of the second {output)
capacitor. The basic L-type filter is used where only
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@ simple unbalanced input and output are required. The
T-and Pitypes of {ilter are used where balanced arrange-
MEents gre necessary.

Basic filter theory stipulates that where reactances of
the same sign (either 5l capacitance o all inductance} are
used, the characteristic filter impedance presented by the
filter to the input or the output circuit is o reac-
ronce, On the other hand, whete regciances of opposite
slgn are used (such as capacitance end inductence), the
characteristic impedance becomes resistive over one range
and reactive over ancther range. Thus the design and match-
ing of filters becomes on engineering probiem, and is
treated on an ideal theoretical hasis. This megns that
while a filter may be considered to have infinite rejection
boyond @ particula ceiuil freguency, in practice the resilt
may not be great as predicted. Likewise, the critical cut-
off frequency may not be gssharp or os oritical asthe de-
sign fiqures indicate.

All the previously discussed filter arrangements are of
the constant k type, which has a gradug! rather than g sharp
cutoff frequency. In this simple type of filter the series
filter arm impedarce, 21 and the shunt filter arm impedarce,
Z2, are 50 related that their product is a constant at all
frequencies (Z1 » Z2 = k¥, Therefore, it derives its name
from this relationship.  This constant, in turn, is alsc
equal to B2, since 71 and 72 are reciprocal reactances
(XL and Xc, respectively), and 8% = L/C. Thus the formula
for determining the cutoff frequency becomes:
£,=1/ 7 1C, where L and C are in henrys and farads,
respectively.

A more complex : w-wess filter circult isthe
m-derived type. In this type of filer the cutoff frequency
is sharper, and the totel attenuaticn of e unwanted fe-
quencies is jreater. Typical circuits of the series-con-
nected m-derived type are shown in the gccompanying
illustration.
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Series m-Uerived Low-Fass Fiiters
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As can be seen from the illustration, 2 seriesconnected
L-C network (L2C2) is placed across the output or across
the mid+termination of the [ilter network. As designed, this
network is made seriessesonant at @ frequency above the
usual cutoff frequency. For the low-poss fister this reso-
nant frequency, called the frequency of infinite attenuation
{f=) is selected at a voiue of about 1,25 ta. Since e
is resonant and is series connected acrossthe input of the
output it represents a short circult across the filter for the
resonant frequency {with 2 poss band Zetermired by the Q
and resistance of the circuits). Therefore, the normally
sloping attenuction choracteristic which cpproximates 12
db/ octave for the constant k filter is ‘notched’! off. In
effect, the m-derivad filter is sharply separated {rom the
frequencies above f= and therefore, provides shorper and
better cutoff of the hiaher frequencies, The action des-
cribed can be visuclized more clearly when the attenuation
{response ) characteristics for tne two tyoes of filters are
compated as shown in the following tigure.
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Comparison of Filter Attenvation Characteristics

While a constant attenuation is shown for the constant
k type, with a reduced value of attenuation below feo for
the m-derived type, the sharpness of m-derived cutoff at
fee (assuming zero circuit resistance at resonance) pro-
vides better low-pass performance, as illustrated below.
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Comparison of Transmission Characteristics

239



ELECTRONIC CIRCUITS NAVSHIPS
LI Ll
cl ci
INPUT Tcg OUTPUT
O— —e —0
T-SECTION

Lt
INPUT ICZ &1 cz:li

PI-SECTION

]
cl IOUTP‘UT
INPUT ce : l :

HALF-SECTION

Shunt m-Derived High Pass Filters

In the shunt-type filter the low-pass action occurs by the
shunting of the high frequencies to ground via copucitor
C2 for those frequencies above f=, and by attenuation
oi the signal due to the cetion of the parallel resonant cir-
cuit of L1-Cl at the infinite attenuation frequency feeo.
Since the capacitive reactance of C2 decreases with fre-
quency the higher frequencies above i, are shunted to
ground ond lest. Since the parallelsesonant eircuit of
L1C1 represents a high impedance at resonance, freguencies
around fe {depending upon the circuit O} are greatly at-
tenuated and are pevented from passing through the filter.
This type cfaction is mostly used for the band rejection
type of filter to be discussed later in this sectian,

In the mderived filter, m is a desiqn constant from which
the filter gets its name. This constant basically represents
a coupling factar, and appears in all the desian formulas.
1t is some value less than 1, usually 0.6. Thus the fre-
quency of attenuation if fee = fo /Y 1-m?, which for a
cutatf frequency of 1000 cycles and an m of 0.8, is by
substituting values, 1000/ 1-0.36 = 1000/.8, or 1250
cycles per second. The cutoHf frequency for the m<derived
filter is f,= 1/ (= VLC).

If the frequency volues in the example above are sub-
stituted in this formula, it will be seen that m is equal to
0.6 as selected cbove. When m is equal to 1, both the
constant k and the m-derived filters are identicol. Values
of m smaller than 0,6 move fe closer to §, (sharpen the
cutoff}, while values greater than 0.6 move feo farther from
fq (broaden the cutoff).

In the schematic illustrations of the filters shown pre-
vicusly, varicus volues of L and C cre indicated. These
indicatars merely show that the design values of L and C
are shown to be multiplied or divided by Z to producethe
praper vaive for the confiquration illustroted. This change
of value is necessitated by the requirerments for proper
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matching, and for the connecticn of cascaded filter sections
to produce the desired performance. For example, when
connecting two pisections together the input and ocutput
capacitors paralle] the input ond output capacitors, respec-
tively of the next or preceding section. Since capacitars

in parallel have twice the value of the original capacitance,
these networks normally use a valug of £/2 where mare thun
a single section is to be connected in o ladder type netwark,
For further information, the interested reader is referred to
standard textbooks on filter design.

FAILURE ANALYSIS,

Generally speaking, either the filter performs as designec
or it does not. Any open or short circuited condition of
the individual parts can lead to one of three possibilities:
the cpen part may cause a no-output condition; the short-
circuited part may cause either a no-output or a reduced-
output condition; or the part may be located in a portion of
the circuit that markedly affects the filter cutct! frequency,
pass band, or attenuation characteristics. Usually all
three of these last mentioned corditions are affected to
some extent. Therefore, it becomes rather difficult to de-
termine whether the filter is faulty and to spot the defective
part with simple servicing technigues. In most instances,

a check for continuity with an chmmeter will indicate any
open-circuited parts, In the case of the capacitors in the
network, they can be checked with an in<circuit type of
capacitance tester far the proper capacitance. Any short-
circuited capaciter should be found during the resistance
and continuity chieck . Where a low frequency inductor

is under suspicion, the d-c resistance may be used as a
guide; but where the resistance is so low thatit is less
than ane ohm (as in high frequency coils) the suspected
coil must be disconnected and checked with an inductance
bridge.

If a filter is suspected of operating improperly and the
the cutoff frequency isknown (if not, it cun be calculoted
approximately by using the formulas referenced in the
preceding discussion of circuit opsration), and o pass-band
check can be made with an gscilloscone and a signal qen-
etator. With the signal generator modulated and simulating
the input signal, the output of the filter is observed on the
oscilloscope. For g law pass filter the height of the pattern
should decrease rapidly as the cutoff frequency is passed
{while increasing the frequency), and the pattern should
stay at appraximately the same height fo frequencies below
cutoff. If such indications cre obtained the filter is most
probably operative, and some other portion of the associated
circuit is ot fault. I these indications are not obtained,
the filter is definitely at fault, and each part mustbe
checked individually for proper value,

BAND-PASS CIRCUITS.
APPLICATION.

Band-pass filter circuits are used to allow frequencies
within a certain frequency band to be passed or tronsmitted
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with minimum ottenuation and o blosy 2!l frequercies ahove
and below this frequency band.

CHARACTERISTICS.

Uses L-C type filters.

Frequencies between lower and upper cutet frequencies
are passed with little attenuation; frequencies cbave and
below these values are atienugted,

Series and parallel resonant circuits combined with o
series or shuntiny inductance or capacitor are used to de-
velop each confiquration.

Attenuation and catoff varies witn '?1e number of elements
used {the grecter the number of elements, the areater is the
attenuatior and the sharmor the :u't:::).

CIRCUIT ARALYSIS.

General. The band-pass filter circuit consists of induc-
tive and capacitive components combined and connected in
such o manner that they hove definite frequency response
characteristics. The band-goss filter is designed to vermit
the passage of frequencies within u desired range or band
width, and to attenuate any frequencies not in this ranae,
The range of frequencies which is capable of being passed
is referred to gs :".e pass-band, the ranne of frequencies
above and below g pass banad, where attenuation or poor
transmission occurs is called the attenuation hand. The
frequency at which the attenuation of a signal starts to
increase rapidly is known as the cuteff frequency. The basic
confiqumtions into '.*.hACH the band-poas filter elenisnts cun
be assembpled or Arrangec are the “L'* or half-section, the
“T* or full-section, and the pi section.

The L-section filter consists of one inductive ¢omponent,
capacitive component, or one combination of inductive and
copacitive comporents in series with the input and output,
together with one Inductive component, capacitive com-
ponents, or combination of inductive and copacitive com-
ponents shunting the input and ocutput. The T-type filter
consists of two series (inductive and/or capacitive) com-
ponernit groups separdted by one companent group shunting
the input and output. The pi-type consists of one series
companent group between two csmpmew atoups sturting the
Aot} lorats o ine L S::z'cm SUCtionS Ui felii-3eCtons oon De
joined to impiove the atienuation or tmr smission character-
istics of tre filter. When aeverol sections are cosccded
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with design daotg, but will show the circuit confiquration,
explain circuit action, and provide infomation with which
the technician con detarmine or recoqnize the type of filter
and in most cases, determine the cutaff frequencies if
needed.

Circuit Operation, A typical half-section
filter is shown in the accompanying iHustration. Thisisa
constant k type band-pass filter. The poss-band of fre-
quencies is offered a low impedance by the series resonant
circuit, and a high impedance by the parallel resonant cir-
cuit which shunts the irput and autput. The rescnant cir-
cuits ate tuned to frﬁquer‘cim within the pass-band. Al
frequencies om either side of the pass-band are o“e"ﬁ'"' o
hinher impadonce by the Sorlcs rosonant Cireail und u de-
creased impedance by the shunting resoront c1rc;11t; there-
fore, the frequencies outside of the pass-pand are attenuated
and the frequencies within the > pass- -band are transfe
with little or no attenuation, The T-typo [ilter operotes
identicolly to the hal f-sen:non or L-secmn filter, but sio-
vides a symmetrical input and output confiquration. The
pi-type filter is actually formed from two series connecied
inverted L-type half-section filters and provides slightly
hetter cutof! and attenuation than the single hali-sectiion.

In this case, the gttenuation-band of frequencies is offered
3 low impedance path 1o ground by the first shunting parcliel
resonant circuit and g high impedance by the series resonant
circuit. Any remaining attenuation-band frequency sianals
are shunted toground by the low impedance of the second
parailel resonant circuit. The basic L half-section filter is
used where only o simple irnolanced inmit and ot
required. The T- and pi- section filters are used
anced arrengements are noceIaTY

The design and matching of hlters becomes an engineer-
ing problem, and is treated on an ideal theoretical hasis.
This means that while g Elter moy be f:mqidemd to have
infinite ejection beyons o prrtie: 7
practice the resuit may not oe as great as predicted, Like-
wise, the cniticol cutefi requercy may not he as sharp or
as critical as the desian finures irrhcafe.

All of the previ“‘mly discussed filter arra
of the constant k type ch
quencies, even in its simolest fomi. 1 constant k tvne
filters the product af the impedance in series with the in-
put and output, ond the ir i
nut orM output ig cons
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Constant k Band-Pass Filters

series confiqurations anc two possible shunt confiqurations,
In order to obtain the same degree of shampness in attenua-
tion at both upper and lower cutoff frequencies as is ob-
tained in a constant k type filter an m-derived filter of ot
least 5 elements would be required. Typical circuits of one
series connected m-derived type S-element, band-pass fil-
ter are shown in the accompanying illustration,

These m-derived type of filters offer low series imped-
ance, and high shunt impedance to the pass-band frequen-
cies, since the series and shunt resonant circuits are tuned
to the frequencies within the pass-band.  All frequencies
on either side of the pass-band are offered a greater
impedance by the series resonant circoit and a decreased
impedance by the shunting resonant circuit, Capacitor C3
is of such a value that frequencies below the poss-band are
attenuated to a greater deqgree. Thus frequencies outside
the pass-band are attenuated and the frequencies within
the pasa-band are not attenuated.

In the bond-pass filter flee represents the lower
frequency of infinite attenuation and {2eo tepresents the
higher frequency of infinite attenustion. At {1 and 2 the
filter effectively appears as a short circuit across the out-
put. The 5 element series orrangement of m-derived filter
{the 5th element is a copaciter} has a low frequency minimum
response notch at flee, and therefore, provides sharper
and better cutoff of the lower frequencies. The action de-
scribed can be visuclized more cleatly when attenuation
{response) curves for the constant k and the m-derived fif-
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ters are compared as shown in the accompanying dicgrams,
The response of the 5 element shunt arrangement m-derived
filter is the some as the 5 element series arrangement
m-derived filter if the fith element of the shunt arrangement
is a inductance ond the fifth element of the series amange-
ment is a capacitor.
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The constant k type filter shows equal attenuation above

2 and below il (the cutoff frequencies). A stsep increase

in attenuation is apparent between frequencies 2 to {24

and to {l ~, however once frequencies t7 + ma &l —

are reached, the attenuation curve becomes more

gradual until fleo and {2 are reached. In this case fre-

quencies ile and {Ze exist at the lowest possible and

highest possible frequencies. A similar attenuaticn siope

occurs between {2 and higher frequencies of the five element,

m-derived, hand-pass filter, A different slope, with ¢
shamp minimum notch however, exists between frequency
fl and the lower frequencies in the m-derived filter. Fre-
quency flee does not occur at the lowest passible fre-
quency, but At some intermedicte fremuensy ohovo zors.
Thus, the slope between {1l and fle produces a much
steeper Gttenuation curve thon the eonstant k filter for the
lower frequencies, even though there is still o qradual
widening of the slope between {1 and fle. Between
flee and the lowest possible frequency the attenuation de-
creases slightly,

The shunt-connected type of five eiemen: m-derived
band-pass filter is shown in the accompanying illustration.
This shunt connected filter uses three capacitors and two

does the series-connected m-derived fiiter just described.
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In this 5 element shunt m-derived band-pass filter
Lland Clform a series resonant circuit at the pass-band

frequencies and LZ2-CZ form a parallel resonant circuit.
The series resonant circuit is aided by capacitor C3 in
offering a low series impedance to the pcss-hard, and the
parailel resonant circuit oiters o high impedance 1o the
pass-band,  This shunt arranqement hos an attenuation
curve just opposite to that of the series arrangement pre-
viously discussed, where f2= is a frequency less than

d maximum frequency and fle is at the lowest possible
frequency. By using a series arrangement with three in-
ductive components and two copacitive components the
same attenugtion curve is obtained,

In the m-derived filter, m (s o desion constant from
which the filter qets its name. This constant besically
represents a coupling factor, and cppears in all of the
desiqn fomulas, In the cese of the hond-pass filter there
are two m foctors, These m facters have a value of 1, or
less and are assigned designations m1 and m2. The values
of ml and m2 can be computed by complex formulas based
on the quantities of the lower cutoff anquler frequency
(f1), the upper cutoff anqular frequency (2, and the upper
and lower frequencies of peck attenuation (2o and flee),
These desiqn formulas are beyond the scope of *his book.

FAILURE ANALYSIS.

Any open or shortcircuited condition of the individ-
ual parts can lead to one of three possibilities: the open
part may cause a no-output condition; the short-circuited
part may cause either a no-cutput or a reduced-output cone
dition; or the part may be located in a portion of the circuit
that markedly affects the filter cutoff frequency, pass
band, or attenuation characteristics. Usually all three of
these last mentioned conditions are gffectad to some ex-
tent. Therefore, it becomes rather difficnit to determine
whether the filter is foulty and to locate the defective
component with simple servicing techniques, Capacitors
can be checked with an in-circuit caopacitance checker for
the proper capacitance, Short-circuited capacitors usually
can be detected by checking the capacitors with an ohme
meter, The d-c resistance of the inductors is checked with
an ohmmeter to determine if they are the broper value; but
where the resistance is so low that it is less than one ohm
(as in high frequency coils) the suspected coil must he
disconnected and checked with an inductance bridge.

If the cutcH frequencies of a filter suspected of coer-
Sting improperly are known o pass-band check can be made
with an oscillescope ond ¢ sigral generator. With the sig-
nGl generator modulated vl simudating the input signai,
the output is observed on the oscilloscope. For o band-
pass filter the heisht of the pattern siould increase rpidly
s the beginning of the paza-band iz reached, and the
height of the pattern should decrease rapidly at the end of
the pass-band as the second cutoff frequency is possed.
The pattern should remain at relatively the same amplitude
for the complete pass-hand, If such indications e ob-
tained the filter is most probably cperctive, and some other

¥i 7 e et o tottes e L T L T ey ot
POruon O he O330Cicica Ciicuit iz at fault, i these indi-
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cations are not ohtaired, the filter is definitely at {fault,
and each part must be checked individually for proper
value,

BAND-REJECTION CIRCUITS.
APPLICATION.

Band-rejection, or band-stoo, filters are used in circuits
where it is desired to reject or block ¢ band of {requencies
from being passed, and to allow all frequencies above and
below this band to be passed with little or no attenuation.

CHARACTERISTICS.

Uses L-C type filters for sharp cutoff.

Frequencies between lower and upper cutoff frequencies
are attenucted; frequencies lower and grecter than these
values are passed with little attenuation.

May be either constant k or m-derived types.

Attenuation and cutoff varies with the number of
elements used (the areater the number of elements, the
qreater is the attenuation and the sharper the cutoff).

CIRCUIT ANALYSIS.

Generol. The band-stop filter circuit consists of
inductive and copacitive networks combined and connected
in such a manner that they have g definite frequency re-
sponse characteristic. The band-stop filter is desianed to
attenuate a specific frequency band and permit the passage
of all frequencies not within this specific band. The fre-
quency range over which attenuation or poor transmission
oecurs is called the attenuation band; the frequency runge
over which the pessage of siqnal readily occurs is called
the pess-band. The lowest frequency at which the attenu-
ation of ¢ signol starts to increase rapidly is known as the
lowes cutoff frequency (11); and the highest frequency at
which the attenuation of a signal starts to increase rapidly
is known as the upper cutoff frequency (f2). The basic
confiqurations into which the band-elimination filter ele-
ments can be arranged or gssembled are the L or half-
section, the T-section, cnd the Pi-section.

The L-section filter consists of one parallel combi-
nation of inductance and capacitance in series with the
input and one series combination of inductance and capaci-
tance shunting the input. The T-type filter consists of
two parallel combinations of inductance and capacitence
in series with the input separated by one shunting combi-
nation of inductance end capacitance. The P-type filter
consists of two series combinaticns of inductance and
capacitance shunting the input and output separated by one
parallel combination of inductance end capacitance con-
nected in series with the input. Severdl sections {or holf
sections) of the same circuit configuraticn can be joined
to improve the attenuation or transmission characteristics
of the filter. When sesveral sections gre cascaded together,
they form a ladder type of filter. When a filter is inserted
inte q circuit it is usually teminated {matched) by a re-
sistance or impedance of the some value ¢t the input end.
The value of the terminating resistance or impedance i

CHANGE 2

0967-000-0120 FILTERS
usually determined by the circuit with which the filter is
used and the type of filter circait employed.

The cutoff frequencies of a filter are determined by the
circuit configuration, type of filter (constant k or m-
derived}, ond the values of the inductors and copacitors in
the filter circuit. When the cutoff frequencies are known,
the value of the parts necessary to produce this respanse
and desired ottenuation may be calculated mathematically
by the use of the proper formulas. This Handbook will not
be concerned with design data, but will show the circuit
configuration, explain circuit action, and provide information
with which the technicion can determine or recognize the
type of filter and determine the cutoff frequencies, if
needed.

Cireuit Operation. Band-elimination filter circuits are
shown in the accompanying illustration in L-section, T-
section, and Pi-section arrangements.

Ll L1
cl Cl
Lz L2 L2
I c2 I cz Icz
L-SECTION PI-SECTION
Ll
Cl ¢
Lz
c2
o 1 O
T-SECTION

Band-Rejection k-Type Filter

In the L-section band-rejection filter ony frequencies
not within a selected band are offered low series impedance
by L1 and C1 and offered a high shunting impedance by
1.2 and C2. For this reason those frequencies not within
the band are easily pessed from input to output with little
or no cttenuation. Those frequencies within the selected
band are those frequencies to which 1.1 and Cl are
rescnant and .2 and CZ2 are resonant, The parallel
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rescnant circuit of L1 and C1 offers a large series
impedance to the frequencies within the rejection bond and
thus tends to block passage of these frequencies throuat
the filter. The series resonant circuit of L2 and C7Z offers
almast no impedance to the frequencies within the rejection
bend, thus any signals in the rejection-band which m

have passed through Ll and Cl are shunted ocross the output.

Therefore, those frequencies within this band are areatly
attenuated. The T-section series rescnant circuits offer
minimum Impedance because at resonance the inductive

reactance (XL) equals the cqpacitive reactance (XC); and ina

series circuit the impedance (7} is equal to the formula
- '*‘:'———7 e ’ - 3 ”
WRT + YT - XO). The impedonece then, is simoly

equal to VRT or B, the dec resistance of the coil, A
pcrullel cireuit o{fers maximun 1mpedcnce ot rssonRane
pressed as Z = XC‘fP. = KL JR, \XC bema equul to XL
at resonance). By using Z= XL*R the formule Z= XLO
can be derived, since Q = XL/R. The Q of any circuit is
maximum at resonance; therefore, the impecdance of o
parallel resonant circuit is moximum gt resonance. The
T-section filter operates identically to the L-section filter,
bt provides o symmetrical irput and cutout confiquration
with approximately the same cut off and attenuation as a
single L-section filter. The pi-section filter is actually
formed from two inverted L-secticn filters and provides
slightly better cutoff and attenuamion. In this case,
trequencies within the rejeciion-band are Hrst offered ¢ low
impedance by the first series resoncnt circuit shunting the
input. Ary remaoininn siqnol within the rewectlon—mr‘d that
is not shurted : U attenuc Y
the remainger of the fllter I e anner that on
[-section filter attenuates the undesired freauency bard.
The bagiz L-cection "*l'c-r iz yserd whera orly a simple

[

u[u.,um!mcu J.ElpuL b Guipat wid
sections are used where bg lcr‘f‘ef‘ arrangements gre neces-
sary.

All thepreviously discussed filter arrangements are
of the constant k tvoe. In this siniole type of filter the
series impedance onm, - 1, and the shant filver arm imped-
ance, 24, ae so relatec the[ procuct 1S q constent af
all frequencies {41 % Z: = k7. Therefore, It derives its
name {rom this relotiongsip. This constent, intumm, is also
equal fo in? ;

in there ooy

AR e Trntol

AQuiled vaind

center {requen s
center frecuancy
LY IR Tolioai la—il ey HadE
of selectivizy of a clrcy

inductive teactanoe of |

¥y LL, PEoeads TO a0 ¥ oo

3 octaln

»hanse

tesistance of the inductor {o

A more complex form of hand-reiection filter circuit
is the m-derived type. In this type of fiiter the cuisif
frequencies {f 1 end £2) are much skarper, ans 17# tntal
attenuation of the unwants

1 frequencies iz aroater,
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Li LE
I G 1 &

cz Lz cz2 Lz cz L2

L-SECTION PI - SECTION
Li Ll
cl cl
c2 L2
L3
c3
o, T =9
T— SECTION

Series m-Derived Band-Stop Filters

These m-derived type of filters offer kigh series im-
pedance, and low shunt i”.pe"innce to the rejection -hond
frequencies, cince the reries ond shunt rescrant circuits
are tuned 1o the frequercies witrin e hand. All frequen-
cies on either side of the reiection sand are oftered tess
impedance by the varallel cirecit (L1 and Cl1Y in qerieq

with tie inoul i outout pdonge sy

SEIIES TilC e
ad CAOpQCiian

series with &

CLUBEN suct kel

the lower fruquency of infinite ottenuation {1lm), their
”\"_ = Ll ‘Li T ki H

combn
with 1he reactan 2 R
circuit will be 1cmmea twon. tse saps Gronts at me
higher frequency of infinite ottenuation ({2=), At the
frequencies where these resanant teints coour the attenw-

gtior curve [asicates ebere d,-rl, Arretrbaz, Thagae

resorant nh nts are Nt
Ed ond Bone anbdianes
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cies between fleo and {2e+, although being attenuated,

are attenuated less than {lee cnd {200, The action de-
scribed can be visualized more clearly when attenvation
(response) curves for the constant k and m-derived filters
are compared as shown in the cccompanying illustration.

fi fo

|
}
.
=z
<] |
B |
- [
z
i |
s
g |
1
|
J
|
1
fio f2o
CONSTANT—& m—DERIVED
Constant-k m-Derived

Comparison of Filter Attenvation Characteristics

The constant-k attenuation curve shows gradual atten-
uation of signal from frequencies {1 ana {2 o the center
frequency fc. The attenuation on both sides is equel,
causing the resulting ottenuation curve to look like an in-
verted cone. The frequencies of infinite gttenuation
intersect at fc, and thus occur at a single freauency.

The m-derived attenuation curve shows & much steeper
and sharper attenvation at frecuencies {1 and {2, Further-
more, the attenuation slopes from f1 and 12 do not inter-
sect at the center frequency, but reach frequenctes of
infinite attenuation on both sides of the center frequency
represented by {lee and f2e. From these frequencies
of infinite attenuation the attenuation decreases non-
linearly toward the center frequency. This m-derived
attenuation curve is representative of both series m-derived
and shunt m-derived hand-rejection filters.

The shunt m-derived hend-rejection filter is snown in

the accompanying illustration. It is composed of a parallel -

seties network in series with the input and cutput, and a
series network shunting the input and output.

In the shunt mederived bend-stop filter inductor LZ and
capacitor C2 are addec to 2 constant-k configuration
band-stop filter. £2 and C2 are of such a value thet they
in conjunction with L1 and C1 form o porallel resonant
circuit at frequencies flec and f2ee. This causes the
gttenuation to increase ahove the normal ctteruation bes
tween the cutoff frequencies {1 and {2 causzed by the paral-
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LI Li
cl ¢l
L2
b L3 L3 Lz e L3
T c3 c3I xca
L~SECTION PI-SECTION

T-SECTION

Shunt m-Derived Band-Elimination Filter

lel resonant circuit of L1 and C1 ond the series resonant
circuit C3 end 3. After flee and f2ee the attenuation
decreases toward the center frequency, since LZ and C2
in conjunction with .1 and Cl are tuned very sharply to
and the two frequencies {lso and f2s.

In the m-derived filter, m is a desian constant from
which the filter gets its nome. This constant basically
represents ¢ coupling factar, ard appears in all cesim
formulas., The m foctor has q value of 1 or less, The
value of m can be found by the following formule:

m="Y 1~ {f2ee — fleo)? / {{2-11)

FAILURE ANALYSIS.

Any open or short circuited cendition of the individ-
ual parts con lead to one of three possibilities: the open
part may cause a no-output or o reduced cutput condition;
the short-circuited part may couse either g no-output or a
reduced output condition; or the part may be locoted in o
portion of the circuit that markedly affects the filter cutoff
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frequencies, attenuction bund, or attenuation characteristics.
Usually all three of these lost mentioned canditions ore
affected to some extent. Theretore, it hecomes ratber dif-
ficult to determine whether the filter is faulty and to locate
the defective component with simple servicing techniques.
Capacitors can be checked with an in-zircuit copacitance
checker for the proper copacitonee, Short circuited copaci-
tars usually car be detected Yy checking the copacitors
with an chmmster. The d-c resstance of the inductors is
checked with an ohmmeter 1o Selemmine i they are the
proper value; but where the resistance is so low that it is
less thon one ohm {as in hinh fecuency coils) the sus-
pected coil must be disconnected and checked with an in-
ductance bridae.

If the cutoff frequencies of o filter suzpectea of oper-

SR S o Wi
aHing ImMDIoieiey Ure KNOWN 0 TeieTlion.

bong check Lun be
mcde with an oscillnscope and o zional aenerator, Witk
the signal nenerator modulated snd simulating the input
signal, the cutput is observed on the oocilloscope. For g
bend-elimination filter the heiatt of the pattern should
decrease rapidly s the heginning of the reiection-bond is
reached, and the height of the pattern should increase
rapidly at the end of the rejection-ban? 2z the second
cutoff frequency is passed, in the case of the m-dertved
filter, or begin increasing immediately ofter the center
frequency is passed in the case of the constat k [ilter, 1f
such indications are chtaired the filter is operative, and
some other portion of the nssociated circuit is ar fault. T
these indications are not abtained, the filter is af fault,
and each part must be checked individually for proper
value,
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