Constant-Resistance Dividing

Networks

BOB HUGH SMITH"

A presentation of the design parameters for dividing networks which
use two cotls of equal inductance with two identical capacitors.
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Fig- 1. Schematic of parallel configuration of
constant-resistance dividing network.

HEKE ARE Two principal types of
Tdivi:ling networks in extensive se—
the coustant-resisiance network and
the “m™ derived half section network,
aml the first type has several minor
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practical advantages over the second.
These are: (1) 1t requires about 1§
per cent less inductance in the low-pass
section, and hence, for a given wire size
the insertion loss 15 about 714 per cent
less. (2} Tt requires about 15 per cent
less capacitance than the second. (3)
When feeding from a zere impedance
source each section of the first type is
down 3 db, while for the second type each
section is down 4 dby, thus the second type
results in a one decibel dip at crossover.
(4) The input impedance of the first
type is exuctly equal (o the character-
stic impedance of the filter and contains
no reactive component, providing the
network is ternunated in pnre resist-
ances. The last two points are ol more
acadenic than practical significance.
The design procedure for the constant-
resistance network is really quite simple,
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Fig. 2. Chart for determining constants for network. Example:

Supposs the characteristic im«

pedance i3 11.5 ohms and the desired crussaver frequency i3 500 ¢ps, then the inductance shauld
be 5.0 mf and the capacitance should be 2g pf.
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Fig. 3. Chart showing length of wire for given

inductance. plo: Jf the required ind

is 5 mh, approximately 290 tect of wire will be
needed for the cpil.

The values of inductance amd capacitance
are read from the chart, Fig. 2, once the
characteristic impedance of the filter and
cross-over frequency have heen selected,
Next, the wire size is closen from the
following consitlerations: (1) If the wire
s1ze is too small, the insertion loss of the
low-pass section will he excessive, anil
(2) il too large a wire size is chosen,
the inductances become inconveniently
bulky. A satisfactory compromise may be
nile by clivosing a wire size which will
result in a eoil resistance equal to 10 per
cent of the characteristic impedance of
the filter This produces about one deci-
hel loss throngh the low-pass section and
is undetectable on complex signals. The
approximate length of wire needed may
be oltained from Fig. 3, aml the wive
size may be selected from Fig. 4.

Next the coil is wound to approximate
size using the length of wire already de-
termined, and then furns are either re-
moverd or added as required to provide
the exact inductance. If ant impedance
biridge is not available, the scheme shown
i Fugo 5 may be used, When the in-
ductance is of the correct value, the volt-
meter indicates the uoll to occur at the
crossover frequency. If the null is below
the crossover frequency, the inductance
is too high and turns must be removed;
if above, the inductance is too low and
tirns must he adided. This method has
the advantage. over the inmpedance bridge
method, that it automatically compen-
sares for error in the capacitance. Thus,
it 15 not necessary to have precision ca-
pacitors, but they should be of either
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the oil or paper type and shovld be non-
induetive.

Dresign ot Mebwork

The following example may clariiy the
procedire ol preducing o dividing net-
work. Suppase 13 desired to desiEn a
crossover nelwock for 2 16-chm two-wary
speaker syzlem. Ooe might select 1,009
cps % the crossover frequency and 16
hins g= the cheracteristic impedance,
Fagere 2 indicates that the imductence
ghould be 35 ml and the capivitance
shoulid he 7.0 wb. Referring to Fry. 3, it 15
z2een 1hat & coll Haviog 2n inductance of
3.5 mil will require shout 230 fest af
wirt, Figrnre 4 indicates 1hal the te-
sistance of the coil will Le about L
ohms f Z£T4 wire is used. Since it is
edsieT 10 temove Lires from the coil than
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Fig. 4. Chart showing
latgth of wirg w5 re-
skstamed  for  warkous
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o quld awoee o it, ahowt 275 el of wice
is messiiesd ol and wonned imlo @ cail,
The process 35 Uhen repealed, sance dwo
such coils are required, Two 70 pi ca-
pacilors are connesied in the cinmit of
Fig. 3, weing a 15-ohot resistor {or Ry,
Suppose il ds fonnd (hat the oull occurs
ot HHF ops g tlen turms are renwoved uniil
the pull oecurs at 1,060 cps. The coil s
taped and checked again in the ciscuit of
Fir 5 to be sure that the tape has not
prissed the wires closer together and
thus nereasel the inductance, Next the
coils amd capacitors are tnomoded and
wired, complcting e network.

The expression for the tmmsmission of
the low-pass section is:
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and Lhe expression for the gaim of Lhe

high-pasa section is:
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These expressions aee plolied in Fig o

E=2010g

Tt 15 evident that the slope of 1he cucve
i1 each stop bancl is 12 b per octare,
The cfact of the coil resistamce 1n the
[ow-pass sectinn is to provide almost
uniforns atienvation throughout the pass
bancl Tal 1o have little =Fecl in the stop
il The =fecl of e coil roaistance in
e Bigh-pasa et i negligible o the
[kess brumel and also i dhe stop band down
Lo the Irequency for which the ooil re-
aclance becomes equal 1o the cml te-
sistance. Below this frequency the slepe
beconws asympole ta G <dAb e aciave,
Thus, for the case in whicl the cail re-
sistance i3 10 per cent af the charpcrer-
istic jmgedance of the flior, the high-
pass seckion deops 12 4db per ooiave featn
crossover down 1o § et cenl of (he
crossover frequency, aned Irom Lhen on
is asymptotic to 6 db per octave, Acm-
ally, this is hardiy significant for a prac-
lical netwark sinee af 7 per cont af cross-
pver the alentialion is aleeady 46 db.
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Fig. 5. Equipmant sob-up wsed o adfjust in-

ductance. Tums arc afded or removad to obtain

a null ingdication on the volimeter aF the trodaa
aver frequancy,

Is Your Ear Tin or Gelden? Step

Arncuncement of  the 1951 Andiao
Fair, scheduled far Nesvember L, 2, and
3, in Manhattac's famous Hole] Bew
Yorlker, has alecady started the igeoo-
iy of many exhililors working al o
iz,

Lajayette Radio, ot example, has
cooking 1 plan ta give cvery yisitor Lo
its display a "Golden Ear" test to de-
termine te feequeney tange ui his hear-
g, Accetdiog e Irwving Frisch, Ta-
fayette arlvectising manager, the lea is
being  developed in the form of 2
“ralden Eac" contest with prizes posted
far the winners who prove their “ear
soyeericeriby.” To ensare absolute fairness
in the conlest, all measucements will be
made with an Awdivmeter,

Right Up and Get Your Antwar

The Feature is copected Bnocoeate 3
higly degree of daterest among tfhose
sharp-cared  high-fidelity  enthusiasts
whu arc censlantly boasiing aboot fheic
awetict sense of hearing, Eacls wm-
teslanl witk be given a token “fGolden
Bar'™ as ewilenee of hia having partici-
pated in the conkest,

This test shamaldl  yrovide same on-
lighteamg  cocnpatisons  bebwesn  the
heuting chutacteristics of persons with
wraining in the el of awdin, ancd 1hose
af the popolation as a whole.

Wote: There is soine questian as ta
whether the Lafapette cxhibit shoutd
be illominated with red lights to mini-
mize the ¥isibility of red faces. Sugges-
tiems e in arder.
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Headache Saver

Many of the hesdaches vsually p=a0-
ciatedd with the solution of complex
nmathematical problems apre eliminated
Ly the latest "thinking machine devel-
?ped by Triden Calowlating dfachine
.0y, San Francisco, Calil,

Capahle of extracting (he siuace ool
of 10-digit numbers o nine seconds,
without wse of wables of zny kind, the
machine is entirely automatie—extracts
sc}em.re roots and automatically points
alf the correvt decimal in the ront
thesugh entry of the number and towch
of lml ome ey,

The machine iz oxpected to ease
greatly many of the math=matical zs-
peets of engineering and slecironic de-
sigm in many imdustrics.
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