Using the Reactance Chart
forn Fulter Design Problems

H. B. DAVIS*

Calculations of components for various filter and equalizer circuits are simplified by graphical means.

such as that shown in Fig. 1 is

becoming more and more widely
recognized as time goes on. Although
it was originally indicated by Slon-
czewsky that the chart could be used
for other purposes than reactance and
resonant-frequency calculations, it is
still largely used for that purpose. The
other short-cuts offered by the chart
have been largely neglected.

It has been known for some time that
these charts could be used for certain
filter calculations. It is the purpose
of this article to show why this is true
and how it may be done for several
popular types of filters. Although the
material may not be new to many
readers, it is felt that there are others
tc whom the information may be of
value.
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Fig. 2. Low-pass filter prototype, or
constant-k section. Ro is the termin-
ating resistance; fc is cut-off frequency.

The chart is designed to solve equa-
tions of three parameters in which 2=
enters as a factor. Specifically it solves
such equations as

X, = 27fL (1)
1

Xe= 377C (2)
1

f e (3)

Solving for L and (' in equations
(1) and (2) gives

_ X5
= gt (4)
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The chart may be used to solve these
or other three-parameter equations hav-
ing 2m as a factor if the equation to be
solved can be put into one of these or
an equivalent form.

Inductive and capacitive reactance
have the dimensions of resistance.
Therefore, without changing the form
of the equations of the ordinate of the
chart equations, (I) and (2) may be
written

C=

R, =27fL (6)
_ 1 "
Ri= gl (7)

Solving equations (6) and (7) for
L and C respectively gives

R, 1 R,
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£ 27 f 2 * af (8)
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Equations (8) and (9) are seen to be
very similar to the equations for the
low-pass filter prototype shown in I'ig.
2. The equations indicate, however, that
the values given by the reactance chart
for L and C will be equal to one half
of the value calculated from the proto-
type equations if Ro is substituted for
R1 and Rz and f. is substituted for f.

For example, if it is desired to de-
sign a 10,000-ohm filter section with a
cut-off frequency f. of 1,000 cps, sub-
stituting these values in the equations
of Fig. 2 give
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Fig. 3. High-pass filter prototype, or
constant-k section.

_ 1 = 0.0318 uf
T 7 X 1000 X 10,000

Using the reactance chart and enter-
ing the chart at R.=10,000Q at the in-
tersection with the 1000 cps vertical, it
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Fig. 4 (above). Parallel-T rejection or
null network configuration.

Fig. 5. (below). Wien bridge circuit as
employed in RC oscillators.
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is found that L is given as 1.59 Henrys
and (' is 0.0159 uf. These values are
exactly half of the values found from
the equations.

In a similar manner, if f. is substi-
tuted for f and R. for Xv and Xe in
equations (4) and (5), equations (10)
and (11) result.

Ro
= 10
27 fs (10)
1
= - 11
27fcRo (11)

These equations are seen to be simi-
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1ar to the high-pass prototype equations
shown in Fig. 3. Dividing both sides

Solving these equations for L and C
gives

the reactance chart will be exactly twice
the value obtained from the high-pass

of equations (10) and (11) by two yields Ro filter prototype equations. That this is
L=2Xx 47 fe true may be verified by solving the
L Ro 1 equations for the filters and comparing
T2 T afe C=28X—F—— the results with the values obtained
! .4'77f(,:R0. from the chart.
c _ 1 From these equations it is seen that If equation (2) is solved for f and
"2 T 47foRo the values of I, and (' obtained from (Continued on page 40]
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Fig. I. The reactance chart, well known for its many applications in circuit calculations.

(Courtesy General Radio Company)
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WIDEST SEI.ECTION e BEST
VALUE ® HIGHEST QUALITY

MODELS 4408, 4409 —600
CYCLE TWEETERS: Recom-
mended for highest quality
reproduction systems requir-
ing a low crossover fre-
quency. Cobro shaped horn
results in perfect wide angle
distribution, Frequency re-
sponse 600 to 15,000 cycles.
Model 4408 handles 6 watts
and 4409 25 watts.

MODEL 4407 ADAPTER
MOUNTS 4401 TWEETER
IN ANY 12” CONE UNIT:
Converts ony 12” cone
specker into o0 wide-range co-
axial - reproducer in o few
minutes. Installation is ex-
tremely simple and results in
o dual speaker occupying lit-
tle more spoce than the orig-
inal cone speaker. Complete
with 4401 tweeter.

MODEL 4401—2000 CYCLE
TWEETER: An economical &
watt unit tor converting any
good 10-15” cone speaker tor
extended response to 15,000
cycles, Wide Angle horn,
compact design ond low
price bring excellent high

fidelity well within the popu-
lar price range.

MODEL 4402, MODEL

4404: Model 4402 repro-
duces to 15,000 cycles. Cross-
over at 2000 cps. Horizontal
dispersion 100°, Vertical 50°.
Handles 12 watts. Compact
design mounts in any radio,
phono, or speaker cabinet.
Model 4404 incorporates
4402 tweeter in hondsome

walnut cabinet complete with
high-pass filter and high fre-
quency volume control. Any-
one can install,

MODEL 4405 HIGH PASS
FILTER: An effective and
economical unit for prevent-
ing lows reaching the tweeter
unit, Contains high frequency
control to balance highs and
lows. Cutoff frequency 2000
cycles.

MODEL 4410, 4420 LC
CROSSOVER NETWORK:
Genvine LC trequency divid-
ers for segregating highs and
lows. Not to be confused with
ordinary high-pass filters.
Crossover frequencies: Model
4410 600 cycles, Model 4420
2000 cycles. Attenuator con-
trols included and wired.

Write for lllustrated Catalog Today
— Address Inquiries to Department B

LOUDSPEAKERS * INC

40

the cosine of these phase shift angles.
In some cases this may cause instability
of the amplifier, particularly where
large amounts of feedback are used.
[Experience has shown that the phase
shift begins to be measureable at values
1/7th to 1/10th of the frequency at
which the 2 db point shows up on a
gain-frequency characteristic. There-
fore, the designed bandwidth should be
from 7 to 10 times the highest frequency
for which it is desired to have distortion
less than 1 per cent. The figure shows
that the phase shift through the ampli-
fier is substantially zero from 30 to
30,000 cps.

The circuit here deseribed in part
appears to open new fields of use or
improvement in present fields permit-
ing operation very near the theoretical
maximum efficiency and yet provides
a high degree of linearity with high
stability for either impulse or steady
state signals.

USING THE
REACTANCE CHART

[from page 13]

R substituted for X. the equagion be-
comes

1
I=%zrc

This equation will be recognized as
the equation for the rejection frequen-
cy of the parallel-T filter, such as is
shown in Fig. 4 providing "1 = (2 and
R1 = Re with B3 and ('3 properly pro-
portioned. This filter is electrically
equivalent to the Wein bridge shown
in Fig. b; consequently, the chart may
also be used to determine the null fre-
quency of such a bridge, or the fre-
quency of an oscillator employing the
Wein bridge for the frequency-deter-
mining element.

Thus, it has been shown that the
conventional reactance chart may be
used without modification for determin-
ing component values for the low-pass
filter prototype if the values of L and
C read from the chart are taken for
L/2 and (/2. In the case of the high-
pass filter the values indicated by the
chart are twice the values given by the
filter equations. The value of the series
elements of a parallel-T rejection filter
or Wein bridge, such as is used fre-
quently in osecillators, are indicated
directly on the chart.

Although graphical methods are not
recommended for highly accurate work,
the results obtained by using the chart
are sufficiently accurate for many
engineering applications.

TYPE

A-3133
A-3131

A-3128

A-4033
A-4030
A-4028

MERIT

MERIT

Lead Again

with

Universal Line Transformers. To
line impedances to voice coil. Universal
bracket.

field.
Universal mounting (may be
bracket) ;

cost to withstand outdoor

Dimens|

H w

OHMS IMPEDANCE
PRIMARY
250-500-1000-1500-2000

250-500-1000-1500-2000
250-500-1000-1500-2000
45-50

HEAVY DUTY OUTPUT TRANSFORMERS
High Level Type to Couple Line to Speaker
Sec. Impedances: 4.8-15-250-500 Ohms
OPEN MOUNTING D

For information on
other transformers
see the complete
MERIT 1line in
Sam’s Red Book or j§
ask for New MERIT ¥
Catalog No. 4911 H

TRANSFORMERS TODAY

RODUCT OF

FINE
RADIO
PARTS

TRANSFORMERS
for Sound Equipment!

NEW OUTDOOR TYPE

couple various

mounting

Designed specifically for maximum service in the
outdoor sound
Features:
clamped to speaker
moderate
Encased in one piece drawn metal can;

bolted or

Woeather-sealed at
conditions;

Potted to

resist moisture absorption; Terminal board mounted
inside ean,

Mounting JO
Mtg. Center Case

234 x 378

D

4v4 4-7/16 3-9/16

SEC. WATTS
4-8-16 8
4-8-15 12
4-8-16 25
4.8 12

LsT TUBE PRI PRI. MA.. MAX.
PRICE IMPEDANCE PER SIDE WATTS
$11.50 P.P. Par. 6L6, P.P.807 3300 c.t. 240 55

7.00 PP6L6, &Y6, PP2A3,
&A3, 6B4, 45, PPEN7, 5000 c.t. 80 30
46
8.00 PP&VS, 6F6 8000 ct. 50 14
*SEALED-IN MOUNTING H

16.50 P.P. Par. 6L6, P.P. 807 3300 c.t. 240 55

13.00 P.P.bL6 6600 ct. 80 34

12.00 PP&Y6, 6Fb 8000 c.t. 50 14

*Weatherproofed, potted for outdoor use at 100%, over list price.

EQUIP WITH MERIT OUTDOOR TYPE

COIL & TRANSFORMER CORP.

4415 NORTH CLARK ST., Chicago 40, IIL.
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