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The PACENT Trademark
Solves Your Radio Problems

THE PACENT UNIVERSAL
PLUG is the original radio plug.
It - gives periect contact, fts all stand-
ard Jjacks and is approved by all radio
duthorities.

No. 850..

Cat, No. 80........... ... Price, $1.25

THE PACENT TWIN ADAPTER

is @ device which enables wyou to
connect two plugs into one jack, it
is the unly device which meects this fre-
quent radio ueed,

No. Si..

Cat. No. S1..... ......... Price, $1.50
AUDIOFORMER

a transformer

THE PACENT
wmeets the need for

PACENT RADIO JACKS are
used as standard equipment by the
largesi Jeading radio manufaciurera,
This in_itself is suiflicient #ssvurance that
these Paceni entials  perform  pers
faetdy
Cat, Nos, 81-86. .. .....Prices $0.70-1.20

THE PACENT MULTIJACK is

4 moulded unit of three jacks and
enables ¥ou ro connect three ‘phones to
# single pair of binding posts,

Cat. No. B2......... oo Price, $1.50
THE PACENT (INIVERSAL

DETECTOR STAND incorporates

whieh gives perfeet  amplification of  every possible modern feature for a de-

musie and speech at all audio frequen- ‘,‘1('# of this kind. it is an extreme of-

Clem, fering of quality ai the right price,

Cat. No. 25.........:0... Price, #$5.00 Cat. No. 30..............Price, %1.50
PACENT DUO-LATERAL COILS are

generally conceded the “last word in in-

ductances,” Besides

being used in standard seis

of wide distribution they were approved and used
by Malor Armstrong as imporiant elements in his

new

super-regenerative cirenit.

Sizes US25 io LIS1500

DON'T IMPROVISE—PACENTIZE »
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for the popularity of Pacent produets.
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Which Will You
Judge By—
Results or
Unproved Claims?
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‘Trpe R-A-10 Receive

T.icensed Under Armstrong Patents 1-A.2 Detector-Amplifier

Also Manufacturers
of
PARAGON
Radio Telephone
Transmitters

V. T, Control Units
Rhecostats
Potentiometers
V. T. Sockets
Amplifier
‘Transformers
Detectors
Control Dials
Amplifiers
Receivers
Switches
Variometers

Paragon Stands on its Record
In 1915 the first regenerative receiver, Paragon,
was manufactured.

In 1916 Paragon effected the first transcontinental re-
ception (not prearranged) from New York to California.

In 1917-18 Paragon receivers, due to greater sensitivity
and selectivity, proved superior to all others in intercep-
tion of enemy signals by the U. 8. Army and Navy.

In 1921 Paragon effected the first transatlantic amateur
reception, registering signals from 27 American amateur
stations at Ardrossan, Scotland, a distance of 3500 miles,

in 1922 Paragon Products are a safe investment in a
market in which it is difficuit to judge values.

Paragon needs no extravagant claims; but we guarantee
our customers this:—that Paragon Products are reason-
ablein price,sound in design and thorough in workmanship,

If your dealer does not sell Paragon Products, send for
catalogue (free) and we will supply you promptly.
ADAMS-MORGAN CO., 4 Alvin Ave., Upper Montclair, N. J.

Reg. U. 8. Pat. Off.

RADIO PRODUCTS
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Write jor interesting literature on
the “Amplitrol” and the Klogner
Rheostuts.  Ask for Booklet OF.

Flosner Verruer Kheostal
o T
Mloded 200
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1E long looked for has st iast arrived. The
new Klosuer “Amplitrol” fills that long felt
radio want—ihat of coatrolling the »acuum
rube e¢ireuit without the use oi jacks, plugs or
any additional switehes, A wreal radio mneces
sity. Esach of your amplifier tnbes deserves e,
No more pingging in from ouw stage to the next,
Rimply attach your phones or loud speaker to
binding posts and turn on any stage at will.

The *Amplitrol” not only adjusts the filament
to its maximum efflciency, but it automatically
controls the plate circuit =t the same time,
thus eliminating an exira eration.  Unlike
an automatie Alameni sontrol, the  Amplitrol”
does not put # sudden wstrain on your filament,
It provides a gradual current increase for the

filament, thus prolonging jts life,
Made of wmoulded condensite. ontacts of
phosphor bronze. Exposed metal parts highly

pickel plated. New siyle tapered knob, aud dial

correctly numberved in white lettering,  Price
$4.00,

What the “Amplitrol” is io the amplifying
tube, so the Klosner Rheosiat is 0o the e«

tector tuhe, The new improved Rheostat Model
200, embodies some vasi changes and improve-

ments. These are too numerous to list, but
your inspection v.vnl} immediately win rour auv-
proval. The “Awmplitrol” snd the new imoproved

Rlosner Rheostat ave the ideal combination for

your vaeuum tubes, Klosner Rhenstat dodel
200, Price $1.80,
The “Amplitrol” and the Rheosiat do mnot

cmploy the graphite dise principle, but that of
wire wound. This feature insures perfect son-
tact at all thmes, making tuning oguicker nnd
louder und giving greater range. Hee them atl
your dealers or write for literature.

Rlosner Improved Appar'atus Co.,

New York Cit
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An Ideal Home Entertainer

The Fada receiver, a result of the same per-
fection in design and construction that dis-
tinguishes all Fada products, is gaining popu-
larity as an ideal home entertainer.

When it’s radio time in your home, you can sit
back in your favorite chair, among the family

= eirele, and command at your fingers’ touch the
THE FapA HANDBQ&K talent of such noted artists as May Peterson,
F ’_\DAO EACTS Percy Grainger, or Mme. Margaret Namara.

#

You marvel that their voices can come into
your home with such depth of emotion and
true personality. Music is an inspiration to
everyone, it brings joy and happiness to all.

With a Fada radio receiver, music can be made
part of your daily recreation. And after the
musical program there is broadcasted a digest
of important world events., A Fada receiver
keeps you a jump ahead of tomorrow’s news-
The new Fada handbook will be papers.

sent to you upon receipt of S¢ 2o

cover postage. {t’s a How-To-Do- F rank A- D. Andrea
It book and you should have it 1581-E Jerome Ave. New York City
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Electric Wave-Filters

communication engineering.

pany, before the New YVork Telephone Society.

Electric wave-filters are one of the means which have made possible some of the recent advances in
They were invented by Dr. G. A, Campbell of the American Telephone
and Telegraph Company and have been widely used in the communication systems developed by the re-
search engineers and scientists of this company and the Western Electric Company.
of their use was recently given by Dr. Frank B. Jeweit, Vice President of the Western Electvic Com-

In response to our request, Dr. Jewett has supplied
our readers with the following discussion of filters.—Editor.

A demonstration

CHE electric wave-filter is to-day a
very i{mportant part of our com-
munications systems. We use it in
ordinary wire telephony, in varrvier-
current systems, in mulitiplex tele-

graphy or telephony, and in radio telephone
and telegraph systems.

A filter is an electric civeuit, or artificial
and

transmission line, built up of
eondensers and so designed
as to transmit all the fre-
quencies {wave lengths)
within a certain range, but to
fail completely to transmit
those without this range. By
its wuse, therefore, we may
select signalg of any desired
wave length from other sig-

eoils

NSSIOM
EFFICIENCY

TRAMES

The simplest form of iliter is shown in
Fig. 1. [t is essentially an artificial frans-
mission line and contains resistance and in-
ductance in series and capacity in shunt.
It may be constructed of inductance coils
and condensers, the resistance being an in-
evitable part of the inductance coils. The
resistance is not desirable for it weakens
the ¢urrents which we wish fo transmit.

TRAMISMISSIOM
EFFICIErCY

FREQUBEMNCY FEEQUEMNCY

nals which are very close in
wave length. It offers, there-
fore, a more refined method
of selecting than the ordin-
ary tuned circuit with which
the radio amateur is familiar.

The principles which underlie the apera-
tion of filters are simple and easily under-
stood. The uctual design, however, of &

FiGgi

filter to transmit a specified range of fre-
quencies (ie. all wave Jengths within a
eertain rangej can only be accomplished by
one who is willing and able to attack the
subject with highly mathematical toofs.

FiG 2

o %
FIG. 2

The currents which we do not wish to trang-
mit are eliminated or suppressed by the
action of the inductances and capacities,
which is to be deseribed.

This particular type of filter is a “low-
pass hlter” becuuse it will transmit only’
irequencies below a certain definite limit
which depends upon the values of induct-
ance coils and condensers., 'That such a
combination of inductances and c¢apacities
will not transmit high frequencies eflicient-
ly is immediately obvious. An inductance
cuil offers greater impedance the higher
the {requency of the voltage which is im-
pressed upon it. It would appear then that
high frequencies would be choked by the
action of the series inductances. On the
other hand, a condenser offers smaller im-
pedance the higher the frequency of the
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voltage impressed upon it. The higher the
frequency of the ¢urrent which is flowing
in the filter, the smaller becomes the im-
pedance of f:he shunt condensers, and hence
the more effectively do these condensers act
as by-passes for the current. Inductances
and condensers therefore work together
to prevent high-frequency currents from
reaching the distant end of the oscillator.
" o v

JM,

L
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This much is obvious as to the action of
filters. It is wot obvious, however, that
guch & v¢ombination of inductances and
capacities will operate to transmit with
vractically equal efficiency all currents of
frequency below a certain definite limit,
and then {ail completely to.transmit fre-
quencies higher than this limit. This con-
vlnsion can be reached by mathematical
study, which is beyond the scope of this
discussion, or may be tested by experiment.
If one performs the experiment of deter-
mining the iransmission efficiency of the
filter with reference to the frequency of
the current which is to be transmitted, re-
sults may be plotted as shown in Fig. 4.

< L

]
LN

Fia &

As one increases the {requency of the cur-
rent supplied to vone end of the filter, there
is no change in transmisgion efficiency until
some frequency f. is reached. At that fre-
guency there is an abrupt decreas- in effici-
¢ncy. The more nearly the coils are pure
inductances, i.e., free from resistance, the
more nearly will this graph of transmission
efficiency become a rectanguiar figure like
that of Fig. 3.

Although the wmathematical analysis of
the c¢ircuit is beyond the scope of our
present discussion, a simple rule may be
given for determining the value of f,, the
“cut-off frequency” of the Hlter. Let us
sketch the filter as in Fig. 4 as if it were
made up of a number of consecutive sec-
tions, cach formed by inductance and two
condensers, connected as shown by the
dotted lines. Each of the sections consists
of an inductance und a capacity in series.

October, 1922

Such a circuit is resonant, i, tuned to a
certain frequency, and this frequency,
which is the resonant f{requency of the
section, ig the “cut-oif frequency” of the
filter. Its value may be readily determined
by the following formfla:

4
where L is the inductance and ¢ the capa-
city of the coils and condensers shown in
Fig. 1. In the tuned circuit of Fig. 4 the
capacity is /4 because there are two con-
densers in series, each of value (/2.

Another eqgually simple type of filter is
the “high-pass filter” which is shown in Fig.
5. Here the elements of the filter which
were discussed earlier are interchanged so
that currents which are being transmitted
through the filter meet the series impedance
of the condensers, while the inductance coils
offer shunts or by-passes for these currents,

TRAMSMISSION
EFF iigmCT

FiG &

Obviously enough, such a filter will not
transmit 2 direct current, that is, a current
of zero frequency. As the freguency is in-
creased, however, the impedance which the
capacity elements offer becomes less. On
the other hand the impedance of the in-
ductance c¢oil increases as the [requency
rises, with the result that these coils be-
come less effective as by-passes and so
divert less of the current if the frequency
is high than if it is low.

For such a filter there is the same sort
of abrupt change in transmission efficiency

FIG7

as the frequency is increased. The char-
acteristic relation is shown in Fig., 86,
where §, represents the cut-off freguency.
This cut-off frequency may be determined
in a manner analogous to that pursued in
the former cagse. We first redraw the filter
eircuit as a series of consecutive sections,
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each formed by & condenser and two in-
ductances, If connections between these
sections are made as indicated by the dotted
tine, the circuit v Fig. 7 is identical with
that of Fig. 5, The cut-oif frequency f, is
the resonance or frequency to¢ which each
section tunes and this is given by the
formuia

{f the inductance, L of Fig. 5 is replaced
by two parallel inductances as in Fig. 7,
then each inductance must be twice as
large. The series circuit formed by a sec-
tion of the filter of Fig. 7 then consists of
two inductances in series with a condenser,
the total inductance being 4L.

Sy of
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If it is desired to transmit only currents
whose frequencies lie within a narrow band,
this may be accomplished by using a low-
pass and a high-pass filter in series. The
resultant characteristic would then be that
of Fig. % and only those esurrents lying
between frequency f, and f, would be trans-
mitted. Instead, however, of arranging a
high-pass and & low-pass filter in series,
it is possible to arrange u filter which has
in series the series «lements of both types
of filters and has in shunt the shunt ele-
ments of both types. We then obtain the
“hand pass iiter” of Fig. 9,

This filter is the general case from which
the other filters mayv be devived. Dr. Camp-
hell invented the weneral type of dlter.
From this invention he derived some 10
ar 12 other types, of which the fiters pre-
viously described are twn, In this general
type of filter there ave involved four
ments for which vaiues are o be assigned;

RN

G R=

namely, the seories inductance and series
capacity, and the shunt induetance and
shunt capacity. There are then four vari-
ables in the rcireunit yhich must be con-
sidered when it comes to the design of a
filter to accomplish a desired end. The de-

QST 9

signer must determine the proper -values
for these four variables by equations which
involve the conditions which he desires to
meet. Suppose, for example, that he wishes
to design a filter which wiil transmit be-
tween two frequencies and have. the trans-
mission characteristies shown in Pig. 9.
He then has two conditions to meet, and

FIG. 10

four things to vary. He has more variables
than he needs. In general he also has to
meet in his design a requirement as to the
impedance which the filter offers to fre-
quencies within the transmission vange.
This is necessary because the filter is re-
dquired to work between two parts of a
transmission circuit and should have =
vroper value of impedance. This makes a
total of three conditions to be met and four
variables, ie., one more variable than is
needed.

1t is therefore possible to design a filter of
a desired impedance to transmit a desired
band of frequencies with only three of
the ecircuit elements which are shown in
the peneral type of filter of Fig. 9. It
makes no difference, so far as concerns the
calculation, which element is omitted. We
may make a band pass filter by omitting
the series condenser as in Fig. 10, or by
omitting the shunt capacity as in Pig, 11,
or by omitting the series induetance as in

e A T A TRt e

G 1

Fig, 12, or the zhunt inductance as in Fig.
i3, and bave all four #iters eyuivalent so
far as impedance ig concerned und so
as the range of frequencies which they wiil
fransmit. A choice is then made between
the four possible designs of Figs. 10, 11, 2,
and 18 on the basgis of convenience and cost.
For example, vne of these four designs
might require a very large inductance or
a very large capacity which would be diffi-
cult and costly to eonstruet, and would
oeeupy  too much space for convenience.
By studying the possible designs and the
conditions for use, the designer makes his
selection from the different types of filters
which will transmit the same band of fre-
quencies.

At present it is interesting to know what
really happens when the designer omits
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one of the cirvenit slements of the general
type of filter shown in Fig. 9. There are
four variables in this filter and in general
it will transmit two bands of frequencies
and have a transmission characteristic like
that of Fig. By the proper choice of
the four elements these two bands may be
made (o overlie one another or become
“confiuent” ss  Dr. Campbell originally
called them. The four element filter then
has the (har«ctemstw shown in Fig. B and
is really equivaient to a low-pass filter and
a high-pass flter in series. On the other
hand, if one of the elements is omitted, one
of the transmission bands is displaced or
“relegated to infinity.”

Fi@.iz

By means of band filters, it becomes
possible to separate in accordance with fre-
quency. We are thus enabled to transmit
a number of messages simultaneously over
the same telephone lll‘LUlt or thmuvh the
ether, and to ssparate these messages at
the receiving station; for example, in the
multiplex telegraph system, known as the
carrier current system, there sre trans-
mitted over the same pair of wires simul-
taneously, 10 telegraph messages which are
carried by currents of ten different fre-
quencies, all somewhat above those of the
voice range; two ordinary telegraph mes-
sages, carried by direct currents, i.e., zero
requency currents: and an ordinary tele-
phone vnnversatlon. This multlplev; tele-
graph system is in operation between many

of the important cities of the country. In
@very case the separation of the different
mesgages is accomplished by means of wave
filters which select a single band of fre-
quencn.b for transmission to the upparatus
io which they are o mnerted and fail com-
pletely to transmit all the other messages

m‘—’ﬁﬁf‘-ﬁ‘—"’ﬁﬁj‘ $~ TR o-o—d—/“'?rrT___,__

_____ i
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which may be simultaneously 7

Filters are also used for = ur-
poses in the multiplex carrier current sys-
tem of telephony, In this system the same
pair of wires serves to trausmic simul-
taneously five distinet telephone conversa-
tions, cach carvied by & different high fre-

QST
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quency current, the ordinary telephone con-
versation, and two telegraph messages.

Filters also permit the operation of a
radio teiephone stalion as part of a com-
bined telephone and telegraph system. In
this multiplex system of telegraphy and
telephony, the telegraph signal is supplied
brv using an alternating current of 6,000
eyecles and arranging to interrupt this cur-
rent with a key, in the same manner as in
ordinary ielegraphy a sieady current from
a i-dtfery is interrupted and controiled hy
a key. As offen, then, as a telegraphic
dot or dash is to be transmitted, there is
gsent out from the key a c-urrent of 6,000
cyeles. This current is added to the com-
plex current from a telephone transmitter
which is converting sound waves into
clectric waves. These ftwo currents to-
gether modulate the high frequency radio
current,

At the distant receiving station the radio
signal s detected, i.e., the modulated radio
wave which is rewlved is demodulated. The
result is the same mixture of telephone
speech and telegraphic signals ay iy used
at the sending station fo modulate the
radio-frequency, or carrier wave. Tt is
a mixture, however, which is readily separ-
ated by the use of ﬁlters of the type which
has just been described. The detected eur-
rent at the receiving station is passed into

EFFIENCY
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FIG, 14

two iilters, one designed to transmit aiter-
nating telegraphic currents, and the other
only telephonic currents. ‘The filter for
transmitting the telephonic currents and
diseriminating against the telegraphic sig-
nals, is designed to allow to pass through
itself all alternating currents of which the
frequencies are not greater than about
3,000 cycies; i.e., all the {requencies essen-

tial to intelligible and mnatural human
speech. Thig filter, of course, exciudes the

egraphic carrent which is of 6,000 cycles
frequency. 'The other filter fransmits only
currents of 6,000 cycles or frequencies vory
cloge o h()UU

in the demnnstratinn of this system of
combined radio telephony and uiegraphy, a

dio transmitting set was xmtailnd at one
\f the auditorium and a iving set
er.  Transmission took place be-

n ot small loop antennae. The cir-
at each end was arranged with jacks
that a telephone receiver could he

plugged in and an observer could listen fo
whatever was passing through the circult
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at that particular point. The receiver
which was used was not the ordinary head
receiver, but instead was a complete equip-
ment of loud speaking telephone receivers
such ag was used in the Armistice Day Ex-
ercises at Arlington, New York and San
Francisco. The whole audience was, there-
fore, able to hear whatever was passing
through each part of the cireuit. They could

QST
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hear the speech wave from the transmitter,
or the 8,000 cyele telegraph signal, or the
combination of the two; then at the receiv-
ing set they could hear the combinations of
telegraphy and speech which resulted from
the detection of the radio wave; then at the
other side of the filters they could hear the
speech or telegraph signal depending upon
the filter whose output they were observing.

The A.R.R.L. Transatlantics, 1922

By F. H. Schnell,

more trans-ocean tests. Our A.R.R.L.
{Iperating Department will conduct

the third series of Trans-Atlantic
Tests with the co-operation of the
English, French, and Dutch amateurs, in
December of this yvear. While no definite
dates for the final tests have been decided
upon, pending suggestions from England,
France and Holland, the probable dates are
December 12th to December 31st, inclusive.
During the first ten days of the tests
American and Canadian Amateurs wiil
transmit signals for reception in England,
France and Holland. The best American
transmitters, as determined by reception re-
ports from the Furopean amateurs, will be
sefected to broadecast the result of the re-

FELLOWS. we're going to have some

Traffic Manager

transmitting periods, prehmmarv tests will
be held from Qetober 25th to November
3rd, inclusive,

lnstead of requiring each transmitter de-
siring to participate in the finals to file an
¢ntry blank for preliminary tests as was
done last vear, we have adopted a scheme
that will give every transmifter a chance
to participate in the preliminary tests—by
dividing two and one-half hours (9:30 p.M.
to 12:00, midnight) into ten periods of 18
minutes each, during each of which 15-min-
ute penods every test night every transmit-
ter in each inspection district is entitled to
transmit. All other districts are to copy
signals from stations transmitting.

To qualify for an individual schedule and
code letters during the final tests, a trans-

Trans-Atlantic Preliminary Test Schedule by Inspection Districts

QOct.  Oct.  Oct. Octr Oct. QOet. Oct. Nov. Nov. Nov,
25 26 29 28 29 30 31 1 2 3
P. M,
9:30- 9:45 [ 1 2 3 4 51 G 7 ] 9
9:45-10:00 1 2 3 1 3 [ 7 ol 9 o
10:00-10:15 2 3 4 51 [ 7 & 9 [ 1
10:15-10:30 3 4 k] 8 7 8 9 ¢ 1 2
10:30-10:45 4 i1 6 7 4 a [ 1 2 3
10:45-11:00 H 6 7 B a C 1 2 3 4
11:00-11-15 6 7 8 ] G 1 2 i 4 b
11:156-11:30 7 8 Q 8 1 2 3 4 53 [
11:30-11:45 8 2] [ 1 2 i1 4 5 6 7
11:45-12:00 ] [ 1 4 3 4 5 [ T &
“0” Represents Canadian Amateurs. Time given is Central Standard.
ception ui signals transmitted by EHEnglish mitter wust show documentary evidence

and French amateurs during the last ten

days of the tests, the zame as MUU and
WII did for us last year.
We will transmit from 7:00 v.M. of one

day to 1:00 a.M. the following morning,
durlng the nr<f ten days, and we will listen
from %:00 p.M, of one day until 2:00 a.m.
the following morning in the gecond ten- day
period.

That is the tentative plan for the final
tests.

Freliminary Tesh
» the purpose of determining the trans-
mmm*c that are to be allotted individual

that ils signals bave been copied at z dis-
tance of at least 1200 air-line miles during
the preliminary tests, This evidence may
be in the form of a post curd received from
a receiving station lurated at least 1200 air-
fine miles from the tranﬁmlt‘rer

it may happen that one of our best trans-
mitters is out of commission during the pre-
liminary tests so that it would be guite im-
possibie to produce & vecorvd card. In this
event. un operator may file application for
entry in the final tesis by sending in at
least two records showing that signals from
his transmitter have been copied al a dis-
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tance of at least 1200 air-line miles during.
the months of September or October.

The schedule for the preliminary tests is
#iven in Central Standard Tlme, which is
one hour behind eastern time, one hour
zhead of mountain time, and two hours
ahead of Pacific time.

Here’s what to do during the preliminary
Lestsg:

Transmit your own call letters aceording
to the urehmmarv test schedule for exactly
15 minufes. ®iart prompily and do not
overlap. If you are located in the 5th Dis-
trict you will transmit from 10:45 p.M., to
11:00 r.Mm. on October 25th: from 10:30
M, to 10:45 pM. on October 26th, and
s0 on through the ten nights. (arry on
your regular League traffic until 9:30 p.m.,
then QRX for the tests. Do not transmit
tests at any other time than that shown on
the schedule.

While one entire district is transmitting
all stations in the other districts are to copy
as many stations as possible. After the tests

October, 1922

cach night, each receiving station shouid
send & confirming record to every ~~Lat10n
that was heard at 2 distance of 1200 air-
line miles or over. We will need all the ve-
ceiving practice we enn get before the final
tests, as we hope to copy signals from Eng-
lish and French amateur transmitters,

Any station which can show at least one
record of 1200 air-line miles or better dur-
ing the preliminary tesis or az mentioned
previously. and desires to enter in the final
tests, shall furnish the following informa-
tion when making application for entry:

Complete name and address of owner and
atation: call letters; tvpe of transmitter
{spark, C.W. LCW., A.C.CW.): wave-
length; complete description of antenna
with ground or counterpoise; power input;
and antenna current.

Entries will be received up to noon of
November 15th, 1922, but not later. Send
vour entry to F H. Schnell, A.R.R.L., Traf-
fie Manager, 1045 Main Street, Hariford,
Conn.

Some Further Improvements in My Tuner
By John L. Reinartz, 1QP

O make a thing better and more
efficient from the amateur’s view-

point is always in order. With the
gradual passing of the spark trans-
mitter passes the broad wave, and

this has made it possible for me to follow
up some early experiments which had indi-
cated that the very good points of the tu-
ning cireuit I evolved could be made even
better if spark transmission ceased to be.
Qur detector tubes are potential-
operated and perform best when
they have the greatest voltage va-

formed. The antenna is connected to the
bottom or starting point of the stator, and
taps brought out every turn for tem turnsg
and connected to ground as shown in the
diagram, thereby providing the untuned an-
tenna circuit as deseribed in my previous
tuners,

It will be noted that the plate inductance
has been eliminated—it i3 not necessary

riation delivered to the u‘md This

can be accomplished «mlv by the
elimination of shunting rcapacity
across the grid cireuit inductance.
For best results the tuning should
not be by means of a variable con- §
denser across the secondary but

rather by means of a large vari-
able inductance. Therefore I ad-
vise those who have made a tuner
following the iesign in March

so z‘agps* (:—}
7 Gy @aoh

w fae gatd Dedogior

1922 ST to remove the induc-
tance in the set and make up and =
connect in its place a coil made

as follows:

On a S-inch-diameter tube wind 30 turns
of No. 18 agnet wire, and insert at one
end a revolving portion of 20 turns of No.
18 magnet wire wound on a standard tick-
ler or vario-coupler rotor form, with the
two windings connected in series so that
tuning may be done by the variometer thus

Y- ™

L2 et ]er ]|[||||n||||(||||——~m——mm

when the circuii is used as shown. In faet,
even in the condenser-tuned ecircuit shown
in QST for last March the plate inductance
may be done away with if the spider-web
eoil i3 rewound with No. 18 wire so as %o
lower the vesistance,

The above paragraph contemplates an
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average amateur aerial. If a big aerial is
used it will be desirable to wind a separate
coil of 10 turns and place it at the bottom
of the varjo-coupler and connect into the
plate circuit as was done in the March dia-
gram.

The wave-length range of the set de-
se Ithd is approximately 150 to 350 meters.
It it is desirable to embrace the broadecast
wave of 360 meters, a few more turns
should be wound on the rotor. The grid
condenser is a fixed mieca of 0025 or .003
mfd. R is the regeneration-control conden-
ser, 4 43-plate variable,

{Users will find this new cireuit even bet-
ter than my other two and I recommend it
for use on 200 meters, at which it will
funetion equal in audibility to any tuner
made vet retammg the sume ease ot adjust-
ment einbodied in the other types. It
seems to be so extremely conserving of
voltages, however, that the detector grid is
often paralyzed by spark stations within
twenty miles, and if the builder is likely to
have much nearby spark QRM the conden-
ser-tuned model is preferable, simply be-
cause it delivers less voltage to the grid.
Where spark interference is not bad, how-
aever, the new <Pt will perform several times
hetter.

| also wish to present an idea in audio-
frequency regeneration shown in the am-
plifier circuit in this diagram. Awudio-fre-
yuency ehergy is fed back capaci-
tatively to the antenna circuit by a “-\]7
23-plate variable c¢ondenser, A,
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ger-effect is easily found. This feature is
particularly helpful in C W reception, as
the beat note of an incoming signal can be
adjusted to equal the “howl-frequencv”
and thus disproportionately amplified, in-
terfering signals on adjacent frequenCIes
being pushed down into relative mmg-mﬁ-
cance. The signals produced by this trig-
;rm'—actxon are sharp and clean und without
“whiskers.”

I use an ordinary Acme amplifying trans-
former, & U.V. 200 detector with 16 volts
()n1 the plate, and a VT-1 amplifier with 90
volts.

I wish to take this opportunity to express
my thanks to the hundreds of amateurs
who have written their appreciation of the
remarkable results obtained with the older
types of tuners described by me, and I hope
they will find their reward in better resuits
from this newer type.

Bditor’s Note: It is impossible for us to
keep up with this man Reinartz. Since
preparing the foregoing for publication he
has dropped around with another “irigger
eircuit’” that knocks its predecessors coid.

Fig. 2 shows the arrangement, and just
for old time's sake we have shown the
March Reinartz tuner with condenser fun-
ing, but minus the plate inductance which
may be omitted if the other coil is wound
with No. 18 wire or larger. R is the re-

from the znode of the ampliifier, in
much the same manner as conden-
ser R controls the radio-frequency
regeneration. The other necessary
changes are the insertion of a miica
grid condenser of .0025 or ,003 mid.
in the iead to the amplifier grid
and the omission of any connection
from the low-potential terminal of
the secondary winding of transfor-
mer T,

The main disadvantage of this
cireuit is that it is awtfully rough
on a pair of Baldies. It is easily
equal to a two-stage audio ampli-
fier at adjustments of condenser
A which preserve the natural tone
of the telegraph signal or which
reproduce phone signals without notice-
able distortion, yet by  increasing the
ecapacity of condenser A the tube will
approach audible ogeillation and an in-
coming telegraph signal wmay be made
to *“trigger it off” on its “howli-frequency”
with an audibility which is little short of
terrific. ‘This action can be controlled ex-
actly as desired by condenser A; if ad-
vanced too far the set will howl continu-
ally: at low values there is no tendency to
howl but only undistorted audio-amplifica-
tion: at some intermediate value the trig-

i w -
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generation control. Again we have a de-
tector and a one-stage amplifier coupled by
the audio transformer 7. The sewndarv
cireuit of the amplifier contains the tricks,
m the form of a ~e(,0nd audio transformer,
J, whose primary is in the plate circuit of
the amplifier in series with the amplifier
“B” battery and preferably located between
the detector tap and the negative terminal
of the additional “B” battery for the ampli-
fier, ag shown. The secondaries of the two
amplifying transformers are in series with
a small air variable condenser, , say 7
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plates, and with the completion of the cir-
enit back to filament we have coupled the
plate and grid eircuits thru the transfor-
mers su that the tube will howl at an audio
frequency, cxcept that its tendency to do
0 may be controlled nicely by the throttle-
condenser ¢

This circuit, it should be noted, iz not
an audio regenerator. It ig entirely value-
less for phone reception. It is a sensitive
audio oscillator which is “triggered off” by
incoming signals, particularly C.W. signals.
Ag a trigger cireuit it is much better than
Fig. 1 above, and the note or tone may also
be controlled by the condensers. It is not
eritical as to type of tube, almost any kind
working well in the amplifier. For trans-
former T Mr. Reinartz uses a Coto-Coil and
for J a Jeffries. The primary impedance
of J is too high, apparently, for this pur-
pose, and results are greatly improved by
shunting it with a leak of 2000 to 4000
ohms.
_This arrangement gives terrific signals.
Watch out for your ears in trying it,

We might as well convert this section of
the maguzine into a Reinartz Symposium.
Heveral more interesting items respecting
this very useful little tuner have come to
hand and are presented hereinafter.

K.B.W.

Radio Amplification with
the Reinartz Tuner

ECENTLY we mentioned that the
Reinartz tuner had hit England and
that its construction was deserined in

detail in the May 13th issue of The Wire-
fesg Waorld ond Review. In the .July 8th
izsue of the same magazine Mr. G, . Blake
gives a description of his own Reinartz set

\% . il
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Fig. 1

o which he has added one stage of radio
[reemency amplification with great benefits.
Mr. Blake says:

“It is one of the most szelective tuners
with which I have experimented, and almost
entirely prevents jamming, [ have listened
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in amongst the shipping on an openly tuned
set and heard several ships jamming one
another, and have then changed over to
the Reinartz Tuner and been able o separ-
ate them quite easily and hear the signals
from any one of them without the least
interference,

“Against this advantage of great selec-
tivity, and the fact that it reduces atmos-
pheric interference %o 2 minimum, this set
reduces the signal strength to about two-
thirds of its original value, se that al-

\
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Fig. 2

though it is excellent for receiving loud
signals or telephony from a powerful broad-
casting station, it is of little use in picking
up the weak telephony from amateur sta-
tions. To overcome this defect I have
added one stage of H.F. amplification which
has very greatly increased the strength of
weak signals and telephony.

“Fig. 1 shows the ordinary single valve
connections for a Reinartz Tuner. As this
has already been fully described, the dia-
gram needs no further explanation. It
will be remembered that the grid induct-
ance, acrial inductance, and magnetic re-
actance R are all wound on one former
{and in the same direction).

“Fig. 2 shows the addition of one stage
of H. ¥, amplification. “This set is intended
for the reception of telephony from the
broadcasting stations and amateur short
wave transmissions; its range is therefore
anything from just below 180 meters up to
650 meters, and the number of tappings on
the inductance iz reduced to a winimum.
All are wound with No. 22 double-cotton-
¢overed wire om & 3 in. former. ‘The grid
inductance ¢ has three iappings, one 20
turns from the point where the earth wire
is attached to the inductance, one at the
25th turn, and the last one which is the
end of the inductance ig H0 turns from the
earth,

“The portion of the inductance below the
sarth terminal marked A on the diagram
ix shown with an adjustable connection te
the aerial. [ find, however, in practice that
g fixed 10 turns sevves overy purpose, as
the aerial cirecuit functions aperiodically,
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“Now, with regard to the magnetic com-
ponent of the reactance circuit. In order
to conform strictly to the Reinartz plan,
R zhould be wound on the same former as
G and A, except that owing to the addition
of the sewnd valve, the direction of its
wmdlng must be reversed. [ have tried it
wound in this way with a fixed 40 turns
and obtained quite good results; but I have
found it decidedly better to wmd it on a
separate former a little smaller in diameter
than that used for the inductance, and fix
it permanently just inside the aerial por-
tion of the inductance. The best position
which will suit all wave lengths is arrived
at after the set has been assembled by
setting the variable rveactance condenser C,
which should have a capacity of at least
0.001 mfd., at the midway point of its
scale, and then introducing the reactance
coil until reaction just eccurs. After this,
reactance is regulated c'ntlrelv by altering
the chpacltv of C.

“High frequency amphﬁcatlon is obtained
hy means of auto-transformer coupling, It
will be seen that the plate circuit of the
first valve contains an inductance H, tuned
by the variable condenser {capacity 0 001).
'[‘he inductance H is wound with 36 turns
of double-cotton-covered copper wire, 16
gauge, on & & in. former. It 1=; :shown ad-
justable on the diagram, but in practice a
fixed coil of $6 surns will cover the entire
range of wave lengths for which this tuner
is intended. This inductance H should be
arranged at right angles to the grid induct-
ance and asg far as possible from it to avoid
induction effects.

“Two terminals X and Y are shorted by
a eopper connector, and when it is desired
to use the set in conjunction with an audio-
frequency dmphﬁer the connector is re-
moved and X and Y are connected to the
terminals oI the amplifier’s input- trans-
former. It will be noted that the high re-
sistance telephones are left connected in
order that they may act as an impedance.

“’Fhe simplest method of tuning in a sta-
tion is to buzz a wavemeter to approximate-
Iy the required wave }ength and having set
the reactance condenser ¢ just over half
in, tune with the secondarv condenser and
the anto-transformer condenger simultane-
ousiy until the buzzer is most loudly heard
in the ielephones. It will be found that
there ig only one very sharp puint on the
seale of each condenser for cach wave
The signals are then brought up to
the loudest possible value hy varying the
capacity of the veactance condenser (7,
Ha\nne: tuned in the wavemeter its hnner
in stopped, and a very little further varia-
tion of the other two condensers hmngx in
the signals from the distant station.’

It surprises us to discover the hemarﬂ
tuner favorably commented upon for its
sharpness of tuning. Personally we have
not 7ound it su, particularly when some-
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thing like 10 turns is included in the an-
tenna circuit as advocated by Mr. Blake.
In fact, we use ours ordinarily with either
1 or 2 turns in the aerial circuit and the
tuning, while much better than the ordin-
ary so-called single-circuit tuner, does not
compare in sharpness with a three-circuit
tuner. Nor have we ever been particularly
entranced with the action of the Reinartz
set in the reception of telephony; our chief
endorsement of it is in the reception of
O.W. telegraph signals where its smooth-
ness and ease of adjustment are such as to
make possible the handling of A.R.R.L.
relay traffic on C.W. with even greater
ease than ever spark traffic was handled on
a three-circuit tuner.

But ifor whatever purpose the many
builders of Reinartz tuners use them, we.
believe this simple explanation of the
addition of a stage of radio-frequency am-
plification will be interesting }i{n]da helpful.

Simple Audio Regeneration

OW comes one John L. Reinartz who,

being duly sworn, deposes and says

that he knows an easy method to
double the strength of signals received on
a Reinartz tuner.

It does all of that, and it is easy. Altho
the method probably is applicable to al-
most any kind of tuner, its special appli-
cation is to the Reinartz because in that
tuner the audio and radio circuits are
separated. The idea is to introduce a little
audio regeneration—see the diagram.
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The anode- voltage supply in the Reinartz
tuner is in shunt to the radio regeneration
eircuit—{rom the anode one connection R
leads to the tickler inductance and reaction
condenser, while another connection A
supplies the energy from the B baitery,
in series with which are the telephones.
‘This phone circuit thru A is an audio cir-
<u1t and into this path iz introduced an
air-core winding L, of considerable induct-
ance. [t may be the secondary from s
small spark-coil or some similar winding of
many turns. Such windings generaily are
of fine wire, involving considerable resist-
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ance, but coils with rvesistance as high as
2000 ohms have been used with excellent
results.

Thru this inductance L the audible tele-
phone curvents flow. 1If then this coil be
brought in inductive relation to the grid
lead, audio regeneration will occur. The
grid lead may be threaded thru the center
of the eoil with improved results. If it
be wound thru the coil for two or three
turns, still befter effects generally ave ob-
tamed in other words, the coil L is the
primary of aun audio- fr@quencv feedback
transformer, the secondary of -which is
formed by the turn or two of grid lead
which is threaded thru it. Too much re-
actance can not be used in the grid cireuit,
as it iz primarily concerned in conveying
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the radio-frequent impulses to the grid, but
the number of turns can be determined
easily by experiment—it is that number
that gives the loudest signals without dis-
tortion and without affecting the control of
the radio-frequency circuits.

This is only one of many valuable little
stunts which may be done on the remark-
ahle Reinartz tuner. To such of our readers
as have not been impressed hy it hereto-
fore we again commend it for C.W. recep-
tion and refer all hands to the deseription
in QST for March, 1922,

E.B.W,

article was written

iz on puages 12-12, it de
2‘. ted «metiwd and we decided to
tao, }

/.Shl?,t lt

Another Month of Super-Regeneration
By K. B, Warner

NOTHER month of experimenting
with the fascinating business of
super-regeneration has passed, In
close touch with amateur work the
country over, as we are, we cannot
feel that the progress has been particularly
satisfying. Very promising results have
been got in certain directions, tho, and at
least we are able to prophesy that in
another month we will have news. QST7s
contest for the best descriptions of super-
regenerative sets closes October 1st and we
have enough reports in hand to justify us
in saving that our prizes will be well award-
ed and, what is more, that directions for
wotting real results will be available then.
" Over most of the country success has
been rare. The uverage super set is a re-
production of Mr, Armstrong’s “Case 117
set described ot the R.C.A, meeting and
frankly mtended for broadcast reception.
Pern’m: it ¢hould not he particularly s
prising that it brings in concerts very QSA
over jumps of ubout 25 miles and is a dis-
ma] failure in Oeeasionally a skillful
operaior will ot a DX fone on it but no DX
parks are repucted.  Long distance uma-
W copied. to be sure, but it seems
ite of the super effect vather than bhe-
of it. 'This particular arrangement
¥ has proved entirely wnsatisfactory

watenr work and in our opinion is not

worth while, even with the improvements
de\onbpd in two articles in be_ptember ST,
except for the remote chance that it may
e helpful discovery,

Tt Q.Ut:a without saying that we amateurs
don’t want to waste money with a super
arrangement which is expensive, noisy and
eritieal, when our simpler regenerative sets
are superior. However, if we can improve
our present sets so that the super effect is

obtainable therein, particularly if this can
be done with small eﬂ“m‘t and in a controll-
able manner, that iz “something else
again.” The one-tube super ig making good!
This is ecially gratifying because it
means that our present funing arrange-
ments may be retained, methods with which
we arve already fully familiar, and the only
additional equ]pment needed is some means
for generating the “variation frequenov"
and introducing it into the circuit. Such
is are in operation today on regular ama-
teur aerials, and in at least a couple of
cases are bringing in the DX to beat the
cars. ‘The one-tube eireuit is the most

promising by any odds.

There iz certainly opportunity for ex-
periment here. Bearing in mind that the
idea is to supply the regenerative amplifier
with & ond or “variation’ irequenov.

numerous schemes present *hen‘ﬁeive\ to
wind. [n hm rn\i: and second cases, Mr,
tT mwrafe

= 57 (ST :
ploving @ buzzer ur r'hopper for ﬁuh mxr—
one experimenter we know is using a
sePaArs cillator tube ¢onnected to an
o1 linary iron-core audlo—frequenn’ dmph-
fring transformer whose s econdary i
ted in Lhe dprm‘tnr g’i’ld

uile vhap is makme' the ‘“mmpr’
qulpmem:'

mncpd a elick is hed"d as the tube goes into
oscillation; the rheostat iz turned further
and a second click is heard, accompanied by
a squeal, the squeal which by thig time is
recognized as one of the accompaniments of
most super arrangements. Indeed in this
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case it is a true super-effect, for this set
with no loop nor aerial and using only a
23%-inch coil has brought in DX amateur
CW in New England from as far as the
4th and 9th Districts. It is very interest-
ing to consider what is taking place in thig
set. For some reason the tube howls, a
condition normally extremely obnoxious.
We don’t know whether the frequency is
determined by the inductance of the phones
with their shunt capacity or whether it is
because the grid leak is too high a resist-
ance for the grid condenser used; at any
rate when the tube i3 ‘“erowded” it
squeals. This squeal constitutes & second
or variation fregquency in that circuit, and
it produces the super-regenerative effect
just as nicely as if it had been elaborately
generated in a separate osciilator and pains-
takingly introduced into the detector c¢ir-
euit thru a vernier coupling control. By
adjustment of the rheostat the audibility of
the squeal may be reduced to where it is
not bothersome, and after the first few
hours it is hardly noticed. The use of a
separate detector coupled to the first tube
by a radio-frequeney wpick-up coil should
eliminate it entirely but it has not been
considered worth the effort.

The eofforts of most experimenters with
the one-tube circuit have been in the diree-
tion of giving the tube a second frequency
by introducing coupled “variation-fre-
quency wircuits” into the grid and plate
jeads. This is done with the usual honey-
comb coils and big condensers. Instead of
tuning condensers across each honeycomb
better results are had by shunting a single
large variable across both coils as shown
in the diagram herewith. How the radio
frequency vcurrents find their way to fila-
ment is 4 mystery, but they do. This cir-
cuit acts very much like wur ordinary re-
generative h a stage or two of R.F.A,
shead of it; it brings in signals inaudibie
fwo-stage A.F, amplifier, brings in
weak signals much better, and doesn’t am-
vy sirong signals as much ag AF.;
tube noises are almost nil; and static audi-
bility, on an zerial, increases with the sig-
nal amplification and not like it would on
. amplification. The adjustment of the
cariation-frequency civeuit ean remain un-
disturbed aver the entire umateur band.

Mr. A. L, Groves, 3BID, originator of this
arrangement, savs that with the wvariation
enndenser st low values the set acts like
an ordinary regenerator preceded by just a
little radio-frequency amplification—it is
sharp, perfectly quiet, and will receive
spark, phone, or C.W. egually well. In-
creasing the variation condenser, the tick-
ler coupling, and the ecapacity across the
tickler, the amplification increases rapidly,
sparks getting louder and louder, becoming
seratchy and finally disappearing alfo-
wether; phones become louder, at length to
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jumble up and disappear, and only the C.W.
telegraphy is left, and it may be brought
up to an audibility limited only by the tube
and a practical limit set by the static obtain-
ing at the moment. With increasing ampli-
fication the broadness of tuning increases
markedly, but as only C.W. iz received at
such adjustments this is no handicap. And
in spite of such amplification Mr. Groves in-
sists that its DX is better than its QSA—
he is copying dozens of DX (.W. stations
in daylight on a Meyers tube with 90 volts
on the plate. 3BID says he is never going
hack to the plain regenerator—which is the
biggest boost we have as yet heard for the
Armstrong Souper.
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Incidentally, we dislike to believe that the
effect of super-regeneration is attributable
to variation in the vesistances of the circuits.
To our mind it is much more logical to
consider that the variation frequency shifts
the locus of tube action to a different point
on the characteristic curve or to an entire-
ly diiferent curve, or hoth.

Consider the familiar “(lase [L,” where the
positive resistance of the wrid cirenit is
said to vary at variation frequency. In this
ie the variation frequency is present as
an A.C. voltage of a second frequency, im-
pressed upon the grid of the regenerative
amplifier. As we sec it, this variation-fre-
guency voltage actually displaces the axis
of grid oscillation from its normal point and
varies it between two other points on the

ve, where, for example, the itube may
first be permitted fo illate and create an
undistorted amplification, and then he

ahifted either to z point on a bend in the
curve where vectification iakes place and
where oscillation is choked out because the
energy is insufficient to overcome the eir-
cuit losses, or even to a negative region
where the plate current is completely vut
off.  The rapid variation between these
two eonditions would serve to amplify
without uncontroiled oscillation in a man-
ner otherwise as explained by Mr. Arm-
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strong, Examination of this theory will
show that the proper bias for the grid
of the regenerative amplifier is a value mid-
way between the point of best detection and
the amplification point that can be reached
by the available variation-frequency ampli-
tude, and will show the necessity of using
tubes of a type capable of performing this
shifting of grid biases without permitting
the grid to become positive with respect to
the filament.

In “Case [,” where the wvegative resist-
ance of the plate circuit is said to be varied,
it would seem that on the contrary what
happens is a variation of the plate voltage
at variation frequency. This plate voltage
variation is mtroduced by the plate cireuit
of the oscillator tube, and is capable of
varying the potential on the plate of the re-
gonerative amplifier hetween, say, twice its
normal value and zero. The result is that
the regenerative amplifier shifts, at varia-
tion frequency, to iotally different char-
acteristic curves, and the effect is much as
in the previous case—Tfor example, the ac-
tion might shift between a point on a bend
in the curve, automatically providing recti-
fieation thru distortion, and where the en-
ergy is not sufficient to overcome the losses
in the circuit and permit oscillation, and
another point well in the straight portion
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of the curve where undistorted amplification
and free oscillation are permitted.

All this may be exactly what iz contem-
plated in the explanations of the variation
of resistances, but we cannot satisfy our-
selves that the supper effect can be obtained
by a registance effect entirely diassoe iated
from changes in the grid-voitage-plate-cur-
rent characteristics of the tube. [n fact we
see no manner of analyzing the problem
that can escape the fact that the regenera-
tive amplifier also does the detection, which,
it goes without saving, is at marked vari-
ance with Mr. Armstirong’s explanation.

“(Case ITL” where both the positive and
negative resistances are said to be varied,
unravels into a combination of shifting grid
axes and impressed plate wvoitages which
shift in value. We confess an inability to
visualize the plate current in such a eircuit,

Mr. Boyd Phelps, assistant editor of ST,

shares the writer’s guilt in this new coneep-

tion of the sction of wuper-regeneramon.
The whole thing probably will come out in
the wash some day.

Next month we will announce the winnerg
in our Super-Regeneration contest and pre-
seat the First Prize manuscript. We be-
lieve it will be a very valuable article to the
amateur, .

A 122-Foot Tower

By LeRoy Moffett, jr., SZAV ex-5HK

BELIEVE one of the most necessary
parts of a DX station is the antenna
system. It will be found that most well-
known DX stations have a properly de-
signed antenna system.

ne of the most important considerations
is to have a higher center of capacity and
this means & high support for the antenna.
Altho seif-supporting towers for this pur-
pose cost more than guyed masts, I believe
they are better in the long run because of
the area necessary to guy a good mast and
hecause of the energy absorption by the guy
wires.

The tower desuribed in this article has a
square base 20 ft. on a side, the corners
resting on concrete pillars. These concreie
pillars are about 2 fi. deep in the ground,
ft. square at their base apering to about
18 inches at the top, and each ane has a
i-inch pipe ahout 8 ft. long imbedded in it
and protruding about 9 in. abo ¢
erete, 'Phree or four holes uare
‘th- top of each G-in. pipe ‘m pass ﬁng‘-'hn]fs
m:Lenmg down the legs of the tower.
he actual construction ul the tower is
of f 7 fir timbers originally intended
for makmq ail derricks ideal for our
purpose, Their actual dimensions were

4% by 34% to 35 Tt long., They should he
given one or two heavy coats of good paint,
The top pole should be a good straight
timber free from knots. Starting about
10 ft. above the hottom the corners are
knocked off by means of a draw-knife, mak-
ing it octagonal in cross-gsection, A pulley
should be securely fastened to its top.

The timbers in the tower mmtrucmon
are fastened together by means of
bolts 10 inches long at the bottom of each
joint and by a -
piece clamped

T juse around the top of
- joint, as shown in
the detai'ﬁ ;

& rv

and
same
41 material.
t“.emodmﬂwmq ¢ 1Ul11' ')1‘11"9\
the Top pole should be 12 ft. long
!Ul’ the first arud
5 §t iong  for the

it At the top
L‘ﬁ nf the lower proper
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We now have up three 96-fi.
sticks and one 65-Tt. stick, with
four 12-ft. eross-pieces and four
§-ft. cross-pieces in place, and are
now ready to string the brace
wires., These are made hy twist-
ing four strands of No. 10 gal-
vanized wire together, but a good
cable may be used. Sixteen of
these about 40 ft. long are needed,
also two about 16 ft. long and two
more about & ft. long, all fitted
with husky turn-buckles. Each
panel in the bottom two sections
is  trussed bv stretching these
cables cornerwise between the two
adjacent poles of each section,
and the shorter cables are run
diagonally across to opposite
sticks at the a34-ft. and 65-ft.
levels, parallel to the ground, to
keep the tower from twisting out
of square.

The top stick of the fourth side
of the tower is now ready to be
put in place. This is done by
attaching the block and tackle at.
the 96-ft. height, taking hold of

Pulley ————f

Instlators ..

By comparing the photo and the working drawing an excellent
idea of th2 construction of this tower may be gained.

the four corner tim- 6pré’-2a’e'r for £russing,

bers are held together fastened & do center masi

hy means of {B-in. T sy FFenss wirer
holts passing thru one v .

S

of the timbers, then
a block, and then thru
the adjacent timber.
About 7 ft. below the
tower top a footing
for bolting tl’ie hottom
of the top-pole is con-
structed F l}w)v holting Detai] of method of
41x4% blocks to the trussing top pole
fegs. \

’l‘he following m the procedure uh-\erqu by us
in the evection of this tower. First a 34-t. stick
was set up as a temporary gin-pole, bv which a
WH-ft. section was raised mnslstlng of the hottom
und intermediate sticks forming one corner of the Broce Wires
tower. This 65-ft. zection was then firmly guyed -
and in turn used a gin-pole for raising a 98-ft.
section mmpmsmq one entire side-member of the
tower. {The 34-ft. gin-pole was then taken down).
The 96Tt section was then guyved and s 121t
crogs-piece bnlted between it and the 685-ft, section
al, the first joint. The other two 96~ sections
were next raised, h being set on its individual
hase, the lag-ho'ts serewed in to hold it firm to the
pive bases, cach guyed at the top, and the 12-f
and H-ft. cross-pleces run dcross to the adjoining
ctions and boited up.

. e
{enter A




the stick a little above its center, and hoist-
ing it to position, where it is bolted in place.
No brace cables are ne sary in this top
cection, This vumplete\ the four sides of
the tower. The tops of the sticks are held
together by running 15-inch bolts from each
timber thru 1-it. blocks of the 5x5 material,
ux shown in the detail sketch, in such a way
us to provide a sguare top about 14 inches
an # side with a square hole in its center
about 5x3 thru which the top-mast can pass.
All four sides are securely bolted in this
manner, The four short cross-pleces pre-
viously referred to are then placed 7 ft.

below this and s fifth piece holted uecross

two of these so that the bottom of the top-
mast can be fastened in place.

Ca St:a for elamy
up;g‘ part of joint ping

Hethod of fastemnq
Towex

Now we are ready to raise the top piece,
Fasten the tackle to it and raise it up inside
the tower to the 986-ft. level and temporar-
ly fasten it in place with a few feet pro-
truding thru the hole in the top of the tower
while the iruss wires are put in place. There
are two of these cables, fastened to the
top of the top-mast and brought in to the
86-{t. level, trussed out from the top-pole
on & frame of '%-inch pipe s0 ag to form
the two corpers of a square on the side
away from the pull of the antenna. The
tackle is then attached lower down on the
top~mast and it is hoisted up in place and
fastened in ity final setting and the truss
wires tightened up. These shonld be well
broken up with strain insulators. Flexible
guarter-inch cable ix used for the aerial hal-
vard. The top-maast can be easily let down
if trouble is experienced with the pulley, ete.

To put up a tower of this kind requires
the services of two laborers and one man to
superintend the job and do the climbing.
The timbers in {t cost $4.30 each., At
present [ haven’t the complete cost of the

QsT
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job but it probably runs into a c¢ouple hun-
dred dollars.

The dimensions here wiven were based
on the material in hand and need not nec-
sysarily be followed exactly. My idea has
been to deseribe a type of tower which can
he adapted to each individual’'s needs. 1
helieve it can be built to a hexght of at least
150 ft. without difficulty.

A few words concerning my antenna
aquipment may not be out of piace. The
present one, designed for use on & %4-li.
cense, is an R-wire cage. The top hoop is
11 f£t. in diameter and rconsists of 14-in,
copper ftubing supported by an H-point
spreader made of four crossed sticks of

114 x % wood. The lower hoop is 3§ ft.
diameter. All the smaller hoops  are
made of %i-inch copper tubing. A Y-inch

cage lead-in drops directly o the operating
room.  The lower end of the aerial is sup-
ported by a wire, well broken up by in-
sulators, running o a tree in the front
yard and holding that end of the aerial
about 60 ft. above ground. The ovver-all
aerial length, including lead-in, is 140 ft.
{For special-license station—Tid.)

A counterpoise of 17 wires is suspended
directly under the aerial at a height of 9
ft. above ground, supported from a 14-ft.
spreader at the station end and fanning
out to a spread of 40 ft. at the far end.

New Books Received

“tlements of Radio Telephony,” hy Wm.
C, Ballard, Jr., Asst. Prof. of Electrical
hngmeermg, Clornell Umveraltv, 132 pp.,
H5x7 McGraw-Hill Book Co., Inec., New
York; $1.50.

An elementary little volume written on
the tide uf popular interest in broadcasts
to tell in simplified form what happens
when messages are sent and received, what
the apparatus is like which produces these
offects, how it operates, and what appar-
atis is necessary. The accomplished ama-
teur already knows most of the things said
in this book but we should remember that
it wasn't written for us. For the unovice
it is excellent., It will let him know what
happens in his apparatus when he turns
the knobs and will answer his growing
technical questions as he progresses to-
wards amateurdom.

“How to Retail Itruim,’ by the Editors
of “Flectrical Merchandising;” 226 pp.
51 x 8 inches: McGraw-Hill Book Co., Inc.,
New York.

All ‘about how to sell radio apparatus to
folks who don’t know anything szbout it,
even if you don’t know anything about it
yourself. The authors take themselves
seriously, however, and altho as amateurs

{Continued on page 79)
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WELL, well, well, Brethren and Cistern,
did you read last month about GST’s Sub-

seription  Contest? We're condueting =
REAL one. We want more folks to know
about us and our A R.R.L. and we're mak-
ing it immensely interesting for our ama-
teur members who will help us get them.
In our September issue we told the story in
all its hair-raising details, about how we
are knocking all previous subscription-con-
test records for a row of stupid-degenera-
tors by offering a whole string of

50 PRIZES TOTALLING $2000.00

The c¢ontest runs for quite a spell so if
vou haven’t climbed on the band-wagon vet
there is still plenty of time to ride to glory
with us and share in the fun. We figure
that our ten thousand A.R.R.L. members
who know all about QST arve capable of
forming themselves into a squadron of sub-
seription-takers which will put vour eye
out. Ag material for these fen thousand
nien to work on we have a field of & couple
of million radio fans who are interested in
radio and blindly floundering around trying
. to find & radio magazine which will do
something besides show them pretty roto-
gravure pictures of broadcast entertainers
—a magazine which fells them something
interesting—all primed waiting for one of
our gang o present a copy of QST for in-
spection and take their subscription for a
vear or two. With the opening of the fall
season and the refurn of cool weather this
it a most propitious time for a contest and
we think thousands of subscriptions can be
wot for the asking.

OF course it goes without saying that we
ean’t afford to give away all this money un-
less we get the subseriptions but we know
they can be got and so we're perfectly will-
ing to zet aside so much from each sub fthe
same as if it were commission to a regular
agent, and apply the fund thereby created
to the purchase of prizes for the fellows
who do the work for us—A . R.R.L. co-opera-
tion.

HERE’S THE DOPE

What do you mneed for your station?
Whatever it is, QST proposes to buy it for
you, Weé're going to buy $2000 worth of

America’s best radio apparatus from QST's
advertisers and give it to the winners in
our contest. We don’t know what it’s going
to be—it's going to be what YOU want.
We're not going to offer a transmitting
set as first prize and a receiving set for
second prize because the fellow who wins
first prize may need a receiver badly and
not need a transmitter at all—we’re going
to let him De the picker. Whatever he
wants is his. In other words, the $2000
in prizes will be awarded in the form of
any desired radio apparatus selected from
the catalogue of QST": happy family of ad-
vertisers. The distribution is as follows:

Grand First Prize, $300 worth of apparatus
48 [ 6§

2d Prize $200

3d Prize $150 ¢ “ ¢
4th Prize $100 ¢ ¢ “
Sth Prize $100 “ “
6th Prize $100 ¢ i
7th Prize $75 ¢ “ “
8th Prize $75 ¢ o i
9th Prize $75 < . 4
10th Prize $75 ¢ L ¢
11th Prize $50 ¢ e 4
12th Prize $50 ¢ ¢ ¢
13th Prize $50 * ‘e o
14th Prize $50 “ o
15th Prize $50 ¢ ¢ L
16th Prize $25 * v “
17th Prize $25 ¢ s [
18th Prize $25 < ¢ ¢
19th Prize $25 ¢ e €
20th Prize $25 ¢ o
21st Prize $25 ¢ ¢ L
22d Prize $25 ¢ s
23d Prize $25 ¢ ‘e o
24th Prize &25 ¢«
25th Prize $25 o o
26th Prize $10 ¢ “ i
27th Prize $10 = e “
28th Prize $10 ¢ ¢ o
29th Prize $10 ¢ s e
30th Prize $10 * “ ¢
31st Prize $10 ¢ ¢ ¢
32d Prize $10 o s
33d Prize 310 « s L
34th Prize 3o ¢ ¢ ¢
35th Prize $10 ¢ o

36th Prize $10 ¢« o« “
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37th Prize 510 worth nf apparatus
38th Prize $10

39th Prize $10 ¢ ¢ s
40th Prize $10 * o “
41st Prize $10 “ b
42d Prize £10 ¢ i ¢
43d Prize 10 = o s
44th Prize 10 ¢ “ ¢
48th Prize $10 ¢ ¢ 8
46th Prize %10 ¢ i v
47th Prize $10 ¢ ¢ i
48th Prize $i10 ¢ " b
49th Prize 10 * ot “
50th Prize $10 “ “ é
$2000

Say, O.M., what would vou do if you
were told you could have $300 worth of
new apparatus? We're going to be real
mean and tempt you. Do vou know that
$300 will buy you evervthing you can think

"COME ACROSS WITH
THAT SUBSCRIPTION
QUK TH (ONTEST
ClOsES
m- " f
MORROW! &

BAW:
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big hundred dollars, and a hundred dollars
means a pile of apparatus when a fellow
makes up a lst of what he needs—it isn't
many of us who can drop casually into a
supply store znd buy a hundred dollars
worth of apparatus whenever the fancy
strikes us.  Yet nothing will give QST
greater pleasure than to send ﬁ,ﬁl()()—worth
of equipment to yvou—stuff of your own
picking., By the way, O.M., how'd vou like
to have a nice lil C.W. set with four 5-watt
tubes—you know, perfectly ecapable of
covering from 6ZAC to French 8AB under
the right conditions—how’d you iike that?
Parts for a mighty nice one, mcludmg tubes
and meters, for a hundred washers. Even
it you won tenth prize and wanted such =
CUW. zet, the $75 tenth prize is still enough
to buy almost everything necessary.

What do you think of super-regenera-
tion? (Or have you your doubts about this
radio-frequency amplification stuff? Would

"SURE-- | JUST FORGOT”

i

of for a 100~-watt C.W. set—tubes, sockets,
motor-generator, transformer, met e s,
everyvthing from soup to nuts? Or, sup-
posing you have an Al transmitter, stop a
min und consider that a super-heterodyne
wouldn’t make a bad receiver for this next
winter nnd reflect upon the fact that $300
will buy wm*vthma‘ that the human mind
ean devise in the way of parts for rigeing
up # real one! Or sappose you are i labo-
ratory hound but need the jack for some
real met@rx and prerﬂ'sinn inbtrumenfsd

utdndards and a mpauty me‘cer and thlngs
that vou dream of but don’t know when
vou're going to gei—ST is perfectly will-
ing to hand them to you on a silver platter
for a little hard work on your part. Think
of the third prize, even—if vou need any-
1hm}z in ordinary receiving equipment, for
example, that Wﬂl buy vou the finest zhort-
‘W’We uPnPI‘atIVP tuner m America and
add & bhang-up g h ifi
the bargain, ADT
thing higher than

,th prizei it’s @ whole

vou like to try them and see for vourseli'?
( U\tﬂ money to m{.pemment———imlew you let
tutf for vou. Just think-—
even dnwn to the fifteenth prize the amount
i3 $50.001

You see, fellows, it's vou chaps who are
practical amateurs to whom we are making
this offer—you're the folks who need appa-
ratus and at the zame time you're the ones
who ¢an get out and tel] the world about
NT. Do vou t our idea We're not
uﬁennp' You & : pretiy votary gap :
prize when mebbe you ]unked the apar
& vear ago—we're letting vou DO UR
OWN PICKING-—Dbut by heavens if your
want a spark set vou have to dn is hump
a litile and we'll d vou a Type E transe-
former and z made- ta-order he de on a
nxnronmxs motor and a sondenger
ill hold the beast and an oscillation
transformer out of l-inch copper pipe and
a barrel of poveelain insulators for un an-
wnna—»;u%c fet vour imagination run rviot:
vou can’t think of anything won't gel
for you if you'll do your part.
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Even if you live in a little village and
your possibilities are extremely limited,
we're offering a total of FIFTY prizes and
surely there’s lots of room for you. Even
those last prizes are worth $10 and that
smeans that for a very small effort on your

NIkl
DONT MISS LINING UP EVERYDODY AT THE CLUD

part you can have the makings of a step
of amplification or that meter you've
wanted, or & conple more tubes, or 2 REAL
pair of phones—doesn’t make any differ-

ence to us,
MINIMA

Now sabout those “threshold minima’”-—-
of course we have to require a minimum
number of subs to qualify for the various
prizes, as we can’t afford to let some bird
walk away with our $2000 for ten sub-
seriptions. The First Prize goes fo the
contestant turning in the greatest number
of subscriptions, the Becond Prize to the
one with the second greatest number, and
g0 on down Lo the Fiftieth Prize, BUT—
in order to be eligible for the Grand First
Prize of 3300 you must turn in at least HOO
subscriptions.
In order to be eligible for the BHecond
Prize of $200 you must turn in at least
400 gubseriptions.-
In order to be eligible for the Third Prize
of $150 you must turn in at least 200
subscriptions.
In order to be eligible for Fourth, Fifth
or Sixth Prize of $100 each, you must turn
in at least 200 subs.
To be eligible for any of the four §75 Prizes,
Seventh to Tenth inclusive, you must turn
in at least 150 subs.
For ony of the five $50 Prizes, Eleventh
to Fifteenth inclusive, you must turn in at
least 100 subs.
To be eligible for any of the $25 Prizes, of
which there are ten from the Mixteenth to
Twenty-iifth inclusive, you must turn in at
Ieast 50 subscriptions.
To he eligible for any of the twenty-five
$10 Prizes, numbered from Twenty-sixth
to Fiftieth, inclusive, you must turn in at
least 25 subscriptions.
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In our previous subsecription contests our
Main Prize has been $50. Just think—in
this one the prize values e¢ven down to the
Fifteenth Prize are as high as $50.00! If
we offered merely the last 36 prizes listed,
this would be better than any of our pre-
vious contests, but we've added 14 higger
prizes running into real money for the men
who mean business.

Now let’s put all of these ideas into the
form of regulations to govern the contest:

~ RULES OF THE CONTEST

{1) This contest is open to any mem-
ber of the A.R.R.L., but only to members.
Entries will be received only from indi-
viduals,

{(2) The contest opened September 1st
and will close at midnight on November 10,
1922, To be fair to contestants in the
western states, subseriptions addressed to
us may be placed in the mails in your town
up to midnight of that date—the can-
celling stamp of your post-office will be the
guide.  Subsecriptions filed in the mails
after midnight of Nov. 10th will not be
ecounted,

{(3) Fifty prizes totalling $2000.00 in
value will be awarded as hereinbefore de-
scribed, subdivided as we have listed; and
in order to qualify for any prize listed the
minimum number of subscriptions specified
therefor must be turned in. The right is
reserved to withhold any prizes not quali-
fied for by the submission of the specified
minimum of subs.

{(4) Only full-year =ubscriptions at
32,00 each will be received in this contest.
They may be new subscribers, renewals, or

MAKE IT BE YOUR NAME THAT THE EDITOR PUTS ON THIS ORDER

extensions of existing subsecriptions. Full
amount must accompany the filing of all
sybseriptions.

£5)  To enroll in this contest, submit
your name and address to the Contest Man-
ager, (ST Subscription Clontest, 1045 Main
St., Hartford, Conn. You will be gent im-
mediately a few sample copies of QST and
a supply of special subscription blanks., All
=ubscriptions must be filed on these special
hianks, which must bear vour name in or-
der that proper credit can be given yvou.
Try to anticipate your needs for further
blanks by requesting them sufficiently in
advance, but if you run short WIRE US.
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(6) 'The prize winners will be an-
nounced in QST for December- The value
of the prizes will be awarded the respective
winners in the form of any apparatus,
equipment, supplies or parts which they
may swlect from the catalogs or advertise-
ments of any OST adveriisers, and will be
delivered. without expense to coniestants.
it a contestant desires apparatus valued in
excess of the prize won, QST will purchase
it for him if he will deposnt the difference
in value with us.

Fellows, this thing is a c¢ineh! The
country is lousy with folks wildly inter-
e btpd in radio and you ought to get subserlp-
tions from every one vou meet in not more
* than two minutes, Every aerial marks at
jeast one prospect! (ST will do these folks
worlds of good, becanse they’re looking for

something nowadays that will answer their
guestions and not Mmerely awmuse them with
pretty pletures, yet they've never been tmd
about 2ST. That's all vou have to do.
Every iittle village has a hundred or more
of them and in the cities they run into the
tensg of usands—really!  You've seen
hundreds of singie-wire aerials as vou go

wit vour hone-town, haven't you? Put
pies under your arm, your
h ocket, and d?‘lﬂed Wwith
vour best zmile 1 drop sround and :
these folks. Presto! a subseriber—just like

0 En‘mw «hem—‘

,-nnr m‘mpm t~ havn P
de the house right now—
means a ten-to-o shot for & sub.
Then think of the erowds a
dio supply stores
And the membership of
which is many times whar,
u:id oir previous conte
your amateur friends—eie
vou, solicit their own renewals to QST
vou know that the winner of the First Prize
in our last contest lived in a very small

CONTEST MANAGER,
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town and won first honors by taking sub-
seriptions from all his friends over the air?
You can do that too. Why, when We ran
our last dinky little contest it was a hard
job to sell subscriptions; of course cvery
vadio amateur would subscribe but you had
to dig to find folks outside the amateur
class who were interested: once in a while
u would find that vour doctor or minister
had a streak of wireless interest but it was
vare, To-day? Shucks, there're MIL-
TIONS of them!

)ST’s idea in thiz contest is to provide
intensely interesting pmmblhtlh for the
contestant in every kind of locality and
particularly appeaiing incentives for real
workers: Have you spare time which yon
would like to turn into radio-cash? Here’s
vour chance. Are you oui of work and yet
wild to wet some new stuff for this wint
(h boy, here’s vour meat! En fact, dageone
it, we aim ro make this contest so interest-
ing that it's worth any ham’s time fo iake
a week off and do nothing but work
for us—Iit’s awfully hard to earn 3300
in & week any other way, 1f yvou're seri-
ous about this thing vou can think of doz-
ens of ideas which will help you: vou’re not
necessarily limited to your own home town:
borrow the family flivver some day and
chase over to the near-by towns and go over
them with a fine-tooth comb too, und don't
miss any acrials on the drive over; and
what’s the matter with a litile ad in vour
home-towh newspaper, i you mean husi-
ness?; there’s no limit to the possibilitiest

IT°S NOT TOO LATE

The announcement of this contest is just
out as we write these lines, FEach mail
shows that about a dozen more fellows have
decided they’d like to have €87 help outfit
their station for this winter. Is vour name
entered as n eontestant, O.M.7  If nof, s
high time you got in on the swim., Here's
the chance of g lifetime. Don’t let it get by
you, It isn’t too late, because there ;
plenty of prizes and actually millions of
prospects, and the contest dossn’t end un-
£l November 10th. We believe that any

: i the% lineg eun go ot and
iong in a few huur:
*,nus‘n t'nat. ) LA I

Man. dear, this is the chance of #
lifetime. It isn’t every day in fhe
that somebody offers to buy
vou want for your station 5 v‘upeat
it we WANT to. Al *'rm have to do is
hump a little, Drop a W)su-i at onece {o the
Contest Manager and ask to be anrolled and
to send you some gpecial subseription blanks
PDQ firsf-class mail and meanwhile
lining up vour friends. ¥You'll be
vou miss this opportunity. Can we
the blanks?

QST Subscription Contest

1045 MAIN ST., HARTFORD, CONN.
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Multi-Stage Amplifiers :
By M. C. Batsel*

A Paper Presented before the Radio Club of America,
Columbia University, New York

EVERAL methods of muphng the
successive tubes of multi-stage ampli-
fiers will be discussed. The uses of
each type including the useful fre-
guency range will be mentioned.
When considering the design of an ampli-
fier the first thing to be determined is the
type of tube fo use. A complete set of
plate-current—-grid-voltage and grid-cur-
rent—grid-voltage curves for different plate
voltages should be obtained, also the iu-
ternal plate-filament circuit impedance vs.
plate voltage obtained. From these curves
the plate battery voltage and negative prid
voltage necessary for the proper operatlon
of the tube as an amplifier can be obtained.
Figure 1 shows some curves of an ampli-
fter tube. “he ;,ud must have @ suflicient
m-gdhve D.G. voltage applied to it to in-
sure that the maxmaum amplitude of A.C.
voltage to be .ipphed to the grid will not
cause the tube to take grid current.
hufhment plate voltage must be used to pro-
sduce a fairly straight plate- current—grid-
voltage vharacteristic but must not he S0
high as to produce saturation.

Resistance Coupling

The resistance type of coupling beiween
fubes will be considered first. Resistance
coupling has much to vecommend it when
amplification absolutely without distortion
is necessary. The value of resistance
coupling in this connection is due to the faet
that the amplification is independent of the
frequency, This is true at least for all
audio frequencies if the coupling eondensers
are properly proportioned.

A resistance-coupled amplifier circuit is
shown in Fig. 2.

Tubes to be used in resistance-coupled
amplifiers shouid have a reasonably high
\rnnage-amphﬁcatlon factor. A high volt-
age-amplification factor means a high inter-
nal plate-to-filament resistance; this re-
quires a high value of coupling resistance
and in turn a higher plate voltage. Due
to the number of batteries required the
plate voltage that it is praciical to use
usually defermines the amplification factor
and impedance of the tubes used in de-
signs for general use. A coupling resist-
ance equal to the resistance of the tube
plate-to-filament ecireuit or possibly as much
as 100% higher is batlsfactmv The g‘rld
resistances are necessary in or ‘der to main-

tain the grid at a fixed D. (‘ voltage Wlth

*Engineer, Westinghouse Fleo & Mfsc (‘

respect to the filament. The resistance will
also tend to relieve the grid of any positive
charge that might be accumulated by leak-
age from the plate battery thru the coup-
ling condenser.

The voltage amplification per stage of re-
zigtance coupling is equal to 1t the voltage-
amplification constant of the tube when the
coupling resigtance is equal to the imped-
ance of the tube. The resistance would
have to be 10 fimes the impedance of the
tube to give 90% of the voltage amplification
factor. It is obvmus that the plate vir-
cuit battery voltage would be out of reason
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if such a value of resistance were used.

The plate voltage must be suificient to pro-
duce a linear relation between grid voltage
and plate current.

Choke-Coil Coupling

Figure § shows a circuit using choke-
eoils or reactances for coupling between
stages. The cirenit is the same as shown
for the resistance coupling, the resistance
being replaced by reactances. The react-
ance can be so designed that the D.C. re-
sistance is practically negligible and the
AC impedance very high for even very
low frequencies. A choke-coil having an
inductance of H0 o 75 henrys can be de-
signed so that the efficiency is not impaired
at the high audio frequencies by the capa-
city of the coil. It is an advantage to use
an open-core choke coil in order that the
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¢oil can be made small and compact without
saturating the iron of the core. By using
sectionalized windings it is possible to keep
the natural period of the winding entirely
above the audible range even when the in-
ductance is ag high as 75 henrys.

The amplification is w 7o of the voltage-
amplification factor »f the tube when the
reactance is twice the impedance of the
tube.
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“hoke ¢oils can be designed for use at
radio frequencies and by keeping the dis
tributed capacity at s minimum it is pos-
gible to obtain awmplification over a con-
siderable frequency range even below 1000
meters wave length.
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Transformer Coupling

Coupling by means of transformers is
desirable in many audio frequency ampli-
fiers and is to be preferred for radio fre-
yaency. One advantage is that the voltage
can be stepped up in the transformer. [t
is desirable when using transformers, us
will be shown later, to employ tubes havmg
a low impedance. While low-impedance
tubes have a relauvelv fow mltage-amph-
fication f it s pn\\lhle to realize a
greater total amplification per stage using
transformers than by any other means.

Figure 4 shows a transformer connected
in a circuit and the equivalent circuit of a
transformer and tubes. As a t