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47 Years of 5—Meter Radio

5 meter—b0 is d

Between 1887 and 1891 Heiarich Harts did his very fist rodio work o such wevelengihs.
Every existing § mefer distance record, tenscontinental and transoceanic, was made
betwzen 1925 and 1929 by Italian and American exparimenters.

No new efiocts seem 1o hove boan found in lote years.

The current monshiy
stranae contrast
+his lact yoar or

Merature an § ers hos shewn o tendency teword reteeat, in
$he proaress made at other wavelengths. The raceivers described
re neve rather uniformly been in (in essentials) the 1925 Frank

-METER RADIO TELEPHONY

Jones wuper regensrator.
‘woerhetarodyne by Frank C. Jones

“modulated ascitiator.

15 sheer good fortune.

The year 1935 will bring with it the first oracrical S-meter

nilorly tronsmitter descriptions have drifted back to the haif-forgotten davice called
Such equipment i simple—but belongs fo 1925,
The parade moved en in 1926, Let u: follow it

That yaue siuide « Fraek C. Jones

ROBERT S. KRUSE-

Technique and Principles of Ultra-High
Frequency Communication

By Frank C. Jones, Ultra.Short Wave Editor of “RADIO"

. ond des\qner of the 5.meter

cquipment far the San Francisco Bay Bridge

many years of specializing in this par-
deular feld while perhaps not new to
all, will, we hope supply practical hints and
ideas to many experimenters. The informa-
tion is divided under scparate headings.

THE foliowing information collected after

1. Transmission Characteristics

LTRA-HIGH frequency ccansmission

of radio energy helow approximarely

7.5 meters or 40 megacycles has a
field all
to a great number of purposes where local
commumcaton is requited, due to the fact
that the wave does not return to the earth
by :eﬁecuan from the mirror-like Heaviside
Layer. On very rare occasions it is possibie
that chis takes place for brief iatervals hut
such cransmission 1s of no value,

Because of this fact several advantages arc
gained for s local uses. The so-called Rround
radiation only s unlized and no fading or
variation in signal
of transmissien may be govetned by the ele-
vation of the transmiting antennz and (o
some cxtent by the transmitter power. It is
limited to a distance somewhat in excess of
the radius of the horixon as seen from the
transmiting anterna when the  receiving
points are at ground level and t0 a distance
somewhat in cxcess of the combined horizon
distances when hoth tcansmitter and receiver
antenna are elevated.

Waves at these frequencies travel in oprical
puths like light and behave cxacdy according
10 the theories for light rays. Their wave
tengehs, however, are sull millions of times
greater than the wave lengths of light For
this reason the path of these waves is not &
straight line joining the two peints en the

point to anocher very slightly, chis effect
becemes more and more pronounced as the
wave length incr In the ultra-high fre-
quency hands this cflect has become so Pro-
nounced that the optical parh is no lunger
approximarely steaight but is curved slong
a line which is the arcamference of o circle
ahout 4 rimes the radws of the earch, This
is due to refraction caused by the carth's ar-
mosphere and its exact curvatare is depend-
cat upon the varintion of density of the air
with altwde.  Since this changes from tme
to time the range heyond the true horizon
may vary. Oac result which has been ob-
served by us maoy times is the gradual in-
crease in range or in the signal between two
points after the sun goes down and darkness
approaches. The reason is that the density
of the stmosphere near she eurth's surface in-
creases as the teinperature falls, this tesults
in the optical path through the ais becoming
more curved so that it remains closer ro the
earth after passing the true hosizon. 1n one
case we have observed where the two stations
were beyond the light horizon no sigaal at
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211 was obrained during the day. Soon after
the sun went down the signal began to come
though and by the time it was dark a very
celiable signal was received. Over another
circuit 40 miles long the straight line of sight
enters the giound at two miles from one sta-
tion and six miles from the other. Both sta-
tions using 15 watts of antenna power are
always in reliable two-way phone communica-
jon but the signal steength always improves
atnight. Between two such points 40 miles
apart. if ail the intervening spce were ar sca
level. dhe carth curvature causes the surface
to rise approximately 260 feer. In othet words,
over_the ocean towers nearly 260 feet high
would be required at cach end 1o be visibie

to one another. A circuit over this path on 5
meters would require towers nowhere near
this high on acco

wre of the radio

the ground elevations above sea level are add-

c
serious if the elevations of ground arc jtreat
near the mid-poinc of the path.

‘The “light horizon™ in miles from an ele-
vated antenna location can be found by taking
the square rost of the height in fect of the
antenna above sea level and multiplying it by
1.25. For instance if the antenna is 100 feec
above sea fevel the horizon is 12,3 miles (the
sqn:re root of 100 is 10 which multiplicd by
3 gives 12.3 miles). The "radio horizon”
is greater and the mnlnplymg fmm is ap-
proxim 1.4 instead of 1.23. In other
words, commumnuon is reliable over sea or
over land at sea level for a distance approxi-
wately 20% greacer than the light harizon.

The topography of the intecvening terrain
modilics this picturc to a great extent. A
fair piciure of whether transmission is pas-
sible or not can be had by using the "Haigis
Method", A circle is drawn passing through
the twa station lacations with a ucfms of 60
inches. Elevations taken from a contour map
ase plotted on rhns circle along exten
with a scale of Y-in. equalling 10
<levation, 1f a circle whose radius is 240
inches is drawn passing through both antenna
locations and does not pass through any of
the elevated points between, transmission is
assured provided, of course, that the trans-
mitters have suffcient power. If this line
passes through one or more peaks gn the way.
transmission @ usually scill possible but each
on¢ increnses: the artenuation 1o some extent.

hen one station is located in the shadow
of a high hill other-facts enter into the prob-
lem due to reflection and diffraction which
make individual problems in themelves and
they usually are solved by changes of antenna
locarion, which may amount to only a few
feet. These effects also come into play in all
transmissions but it is the writer's of
sfter extensive tests that refraction plays the
most imporant tole.

For estimating short distance circuirs such
35 ocur in acioy and s mmcdine suound:
ings i reasonshl aic estimate of range
i e GhTAILEd W Mea imasveormaly
lempﬂcd e 200d judgment as regards
height of antenna necessary to overcome local
ubuadcs suth as rall hmld ings (which offer

and i

hlls.

The power required is astoundingly small.
Using a Transmitter-Receiver putting about. 5
wattin the antenna we had no difficulty in con-
tacting the amateurs within a range of from
& 10 15 miles in the Philadelphia arca. This
area is, of course, quite fiar with no elevations
‘With 15 wans power the 40
ibed #bove is reliable.

One reason for the low power require-
ment is duc to the fact thae fully resonant
antenna can be used. A highly efficient trans-
fer of power into radiation
such 2 system as compared (0 one where load-
ing coils are nevessary w bring the anrenna
w0 resonance. [t is well w remember. also,
that within the area to the horizon more
power produces higher field intensity and
that ac poinis in this ares where, duc o ob-
stacles. the signal is weak, more power will
remedy the situation.

In free space, from an aicplane where line
of sight exists. powes of the order of .5 watt
is otten sufficient for canges up to 100 miles
ahthough grentce power is required for the
feturn circwt o produce a stcong signal in-
tasaty ac the plane. This is necessary so as
10 overcome the exceedingly high surround-
ing nnise lovel tirough which the signal must
be inelligihle,  With a plane flying at 1500
feet the - feadio fine of ight” is between 50
an mile: sing .3 watt antenna power
e pacaunon T L) TooSIahe bam
mumcation using a sensitive super-regencra-
tive receiver is Just possible to the ground.
By the reciprocal law .5 watt at the ground
suatiom will produce ¢
at the planc hut this
on account of the plane noise. By actal
test 10 a balloan these stements were proven.

2. Receivers for Ultra.High F i

HE super regenerative type of receiver

s in some form almost universally used

for recepuion.  Peculiarly and in con-
twast o the difficultics encountered in design
ing equipment to meer the requirements of
bigher and higher frequencies in the lastfew
years, swperreearaure dotection. becomes
ess and Jess critical-

"To explain, simply, exscly how this forn
of detec ace is not a simple ma
tee but some of its ChATACIEFIEICs are SasT 10
visualize. As it is used for phone and tone
telegraph ceception. the detector os
intermittently at a frequency above audibilicy
(20 to 25 thousand cycles). In such an in-
termittently oscillating circuit, an incoming
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signal will build up t0 an enormous value de-
pending anly an the grid swing possible with
the type of tube used. When no signal is
present the tube and Circuit noises are builc

up by this action waul dhey producethe ex-
tremely high noise o rush level 5o fa
to those using chis type of dele(xlon
well to remember that this noise i
sult of extreme seasitivity and thas o
un inbercar

broad due to the timedelay principal em-
ployed, n bulding up che signal. It builds
up in the circuit t

the non- omlunng penieds, and this action
greatly reduces the selectvity. Another dis-
advantage is due to the radiavion from the de-
tector.  When recetving, the detector oscil-
Jutes intermittently and. of course, radiates
2 signal fully modulaied by the quenchiog

e Aoty Dl Rl be s 7 n i any
Inym of detection of equal ensifivity.

The noise is made up pactly of the “Shot
Effect” due w0 the irrcgulanty of electron
emission from rhe filament and pardly due to
the noises of the currents Rowing in the tank
Gircuits and feads. The pare due to the e
5100 can be eliminated to some extent by using
tobes having filaments from which che elec:
rcons are emitted more regularly. Pure tungs-
ren flaments seem best, nexe the choriated
ope. then uxide-coated, wnd finally the heater
ere is litrle differcace between the
A et ook Bt type. but quite a
lacge jump 1n noise 1aks place berween
oxide tvpe and heater type, not so much in
the loudness of the noise but rather in the
smoothness.

When a signal comes on, it will automatic-
alty reduce the seasitivity of the tube and
consequently the bac
amuunt depending on
incamung cartier. A weak signal well modu-
lited can be heard thiough the noise even
though 11 1s nnly
sxgn;\l will comple

We consider a signal perfectly re-
hah!e if the background noise is reduced by
6 db. or more, Insofar as detecting action
gocs. the super-regenerative recever behaves
fike @ receiver with automauc volume con-
150l the super.regencrative detector being
interently 100%  automatic in

Another receiver operating within
receving fange of the radiating receiver's
carnier, picks it ub and the beat notes between
the quenching frequencics of the two receivers
cause very serous mterference. This may
bappen over quite lacge distances (a mile or
more). The more sensinive a detecrer of this
wvpe is the more radiation it has and conse-
quendy the more trouble it makes, It makes
liale difference
quenched escillator type or of the type where
the usallates is intermittently stopped by a
separare quenching tube.  The scli- qu:n(he(l
type i s the more sensitive if construcred pro;
erly, since the stop and start of the oscilla-
tion period
the signal

It is possible to0 use 3 RE amplifier as &
blocking rube between the detector and an-
tenna, and to really get some gaa but it is
not an easy job to do 1. Fven the best
screencd grid tuhes at ulsra-high frequency
allas considerable ¢ne by-pas.
the wrong direction. Then again the pawer
cable to the set (v usually of suthicient lengeh
t0 act as a taly cfficiént soienoa.  Choke
oils in the mdividual leads do lide guod
since the sputious capagitics 10 che set at the
cable entzance are suffcient to allow con-
siderable KF power to pass (o the cable.

“The chief avantage of this type of receiver,
namely its extreme scositivity, should be an
incentive (o the

-

volume
Que  particular

selecavity of such a detector, I is extremely

w© remove
udvanug(» Lllll( mtenave study has
hcm made of this method and the writer be-
lieves that big strides can be made with it.

Raytheon Ultro-High Frequency Transmittor

Note compact arrangoment of parts and leads.
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The superhetcradyne receiver for these fre-
quencies will also find use in this field and
will soon supersede tbe super-regenerative
type. Uncil such time as the cransmittess in
general use have becter frequenzy subility,
there is liule to be g s use. There
ate many. et i ohe denas Sl
. but it is well to bear in mind

that of che super-regenerative

type,
will be an equal amount of tube naise, if the
recetver is aot properly designed.

3. Transmitters

.MOST any type of circuit will oscil-

late quite ethciendly ac frequencies

down to 70 or 75 megacycles. if a few
simple precautions ate observed. By far the
most popular type has been the tuned grid
cwned plate type in push-pult areangement.
At the highest frequencies this has a distinct
advantage, since the tube capacities are in
scries across the tank circuit, but at frequen-
cies up to 60 megacycles, there is litcle
choice hewween it and the same circuit single
ended. other than the increased power result-

Conventional 5-Meter Indzetance
The illastration ls mctual sire

g from two tuhes. In designing any cir
cuits for these frequencies, short leads are
vers essencial, e is hard to helieve that a
seraight picce of wire a few inches in length
has sufficient inductance to offer any imped-
ance buc it is nevercheless true (an inductance
of one microhenty offers a reactance of 80
ohms st 60 megacycles). For this reason the
wank circuits shauld be connected to the tube
elements by as short leads as possible. The
design of ultrahigh frequency equipment is
as much mechanical as elecerical, and the test

The practice of some large
Yaboratories of scgregating elecrrical develop-
ment and mechanical design in enginecring
radio equipment has not produced very satis-
factory results in the ultra-high frequency field.
By and lacke the greatest number of trans
mitters operating in the amateur hand ai
Thuce upof direiely mdblated,agel1aE0Ts,, I
most scctions of the country the frequency
instabili cesulting from, his does not cause
any great interference. The time is rapidly

zppmzchmg where this order of (hmgs will
oge. The master oscillator, power ampli-
ﬁer type should be the present go:l B the
amateur. With it will come an improvement
it is well 10 mention. Frequency modulation
occurs when the oscillacor is modulated and
hecomes very noriceable when the percentage
of modvlation is high. Mxny sxde bands are
produced and the encrgy over them
all instead of being rcehigted i (e (00
which are present when the carricr frequency
iy constant.  This results in a weaker detected
signal .de over quite a wide
decected in 4 superregenerative
signal an be heard spread over a large pro-
portion of the silcnt region. If a good
M.@.P.A. transmicter is used. the voice is ob-
served quite sharply in the center of the
carrier, and since the side band power is con-
centraced at one point, the signal is louder for
the same modulation percertage. and conse-
quendy greater range may be expecred. In
addition the amplifier may be modulated 10
100%. In (O.P.A. transmircer it is
well to note rhat the oscillator should be de-
signed with proper circuir constants so_that,
as fac as possihle, frequency stahility is as-
sured even though the supply voltages may
vary slighly. A sufficiently powerful oscil-
lator is also a good thing in order that the
coupling between it and the amplifier can he
reduced sutbciently to prevent reaction of
the modulated amplifier on it. Tubes of the
same size in both oscillator and power ampli-
fier have heen found 1o be satisfactoy.

Class B modulators are perfectly satisfac-
tory and economy dictates their use. For the

fler units a sinple power supply for the
entire cquipment can be used if (are taken
w insure extcemely good lation.
the larger units the Class B modibes aul
have its own power supply o prevent any
frequency fluctuations of the oscillator due
10 the voltage drop ir the supply when modu-
I.ui. The oscilltator and power amplifier
may he supplied from a secend unit quite
<iFitfacranilyy or threed dpits may be used,
the osailiator chen having its own supply.

A well-designed 5 watt transmitter shnuld
be quite satisfactory for all amateur
poses.  Increased power accomplishes finle
in cxtending t
ard, except in those cases where the location
is shadowed. will produce suﬂi(iem signal
menmh within the hoy

& ond here gt Hie/Ran th be expected
lnm incr ower, Little is gained by
just doubling the POV, The signal strength
is increased by only 3 db. and chis is just
NLASRIE, 8 DhiceRbsbo power increases
ace generally made in multiples of m. whi:h
give 10 db. gam for each step.
words, if your location is so shndnwml m.u
5 watts is unsatisfactory. liule improvement
will he noted ualess a jump 10 @ 50 wart car-
rieris made.
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4. Antenna and Transmission Lines

'HE antenna almost univecsally used for

ﬁxed stations is the vertical

A horizonta! dipole is direc

uonul B i Lagies 1o hieriierd iF ex-
hibits this charactecistic ery nonceabl
free. apace and 16 @ losdosies whoee, local
seflections caused by buildings and hills
change its pattern. A wave radiated
horizontal dipole is polamcd in such a way
that it must also be «d on a horizonral
dipole 5o thar the experimenter wishing
operats with starions in all directions from
him, using vertical dipoles. must do so him
self if results g ull satisfactory are expected.

In the 56 to 60 megacycle band a rod one-
half inch in diameter is resonant if cut to ap-
proximately 93% of the actual half wave-
lengih of the frequency used. Since it has
a high radiation resistance, (74 ohms), its
tesonunce curve is very broad it length
is not very critical. A rod cut for 58 mega-
cycles can be operated quite satisfaccorily
anywhere in the 56 to 60 megacycle band. It
should be mounted as high and as free from
all surcoundings as possible. The supports
for it should be near the middle rather than
at the ends where voltage maxima exist, 10
ceduce losses. If possihle, it should be sup-
ported by brackets holding it away from the
mast by 2 feer. The upper portion of the
mast extending bevond the lower end of the
dipole should be of wood, but the rest can
be of meial, Guys should be auached at a
point below the lower end of the rod. We
have found little to be gained by breaking up
the guys with insulators at these frequencies.

The antcana may be supplied with power
from the cransmitter
cither of the matched impedance type or of
the resonant tuned type. In either case so
method must be used 1o determine when ©
antenna is ar resonance. The writer believes
this problem is the most difficult one con-
fronting the ultta-high frequency experiment-
er. The dicect method where thermocouple
meters acc inserted in the antenna is the most
reliable, since definite assurance of radiation
is thereby obrained.

Before taking up chte transmission line let
us consider some of the electrical character-
istics of the half wave dipole. If the rod
were cut in two at the middle and its im-
pedance measured, it would be found to have
& resistance of abour 74 ohms. if it is several
wavcleagchs above the ground. Near the
ground this value may be anyrhing from 18
@ 100 ohms. but ahove one wavelength it
never goes below 65 ohms or over 80, Due
to this change, the method often used of
making adjusement first, and then raising the
antenna, is not a good one.

jow an anceuna. even though it is a straight
rod, has inductance and the two opposite ends
have capacity 10 cach other.  As a rough ap-
proximation, the antenna can be considered

as a coil shunted by a condenser similar 10
the tank circuit of an oscillator with 74 ohms
of resistance inserted in series with the coil,
tw sepresent the radiation resiscance of the
ancenna. If the tank circuit or antenna were
tuned ro say 60 megacycles, and the coil (or
antenna) cut in the middle and the imped-
ance measured. the resistance wnuld be 74
ohms. If we don't cut the coil (or antenna),
but simply measure the value of impedance
across one turn (between two points equal
distance from the center of the ancenna) the
impedance will be higher and will increase the
farther out we go, until when we measure
across the entire tank circuit (berween the
ends of the rod) we measure a very high im-
pedance.  For a well-designed tank circuit
this maye be 10,000 ohms or more, for the
antenna it is of the order of 13,000 ohms.

Nnw. to transfer the maximum amount of
power from one circuit to another the im-
pedance must match faicly closely. A mis-
match of 2 1n 1 is not very serious but we,
of course, endcavor o maich correctly.

two-wire transmission line made up of
wo No. 14 bare copper wires spaced 2 inches
apart has an inpedauice of approximately 500
ohms and if we want to match this 1o an an
tenna the simplest way is 10 attach it ar two
points equidistant from the center where our
measurements show the impedance of the
r0d to be 500 ohms. The pojnts at which this
occurs are spaccd 24% of a half wave length
apare. As an example suppose we wish 1o
sct up a marched impedance antenna for 5§
MC." The wave luwih is 5.17 meters or
2035 inches. Onc-half wave length is 1018
inches. The Y%-inch diametct rod is cut 93%
or 94.5 inches long. The tap.offs are made so
that the points are 24% of the actual % wave
lengrh apart or 24% of 101.8 inches which
equals 24.4 inches or 12.2 inches each side of
center.

The line made up as indicared above is
spread out from a point about 24 inches away
and at right angles (o the tod and uttached.
It may be run for any length ro the trans-
mitter. If rhe mawh were pecfeci there
would be no standing waves on the wires and
a neon light will show the same hrilliancy
when touched st any point of cither wire.
Such a perfece match is seldom obtsined in
practice and swanding ¢ exist 0 some
degree in most installations. The goal to
steive for is to make them a minitnuin by
changing the line lengch a few inches at a
time, noting for cach length the transmitter
seuting for minimum standing wave
tion will finally be found fot the (mncmiuer
secting and lengeh which is best

is type of line is best connccted directly
10 the tank circuit through fixed blocking
condensers and no scries or parallel tuning of
the line is e

four  thermo. couple instruments  are
cailahle having the same range this process
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cznbe sinplificd by coanecting one in series
each line: at the sex and one in eich

wave length away.  Adjustment can then be
made a5 indicated sbove unal all four merers
sre made 10 read as oear alike as possible.

A furher and conclusive proof of cortect

can be had. if hes
mits, hy placing a meter in each outer leg of
the antenna itself ac the tap.off pownt. Ad-
justment of the length of the hne as indi-
cated above until these meters read alike and
maximum, together with tests of standing
waves on the feeder line. make certain that
best adjustment has been reached

In this type of installation the use of a
meter ar the center of the antenna is nat
recommended as this meter will show a large
reading when standing waves are present on
the line which then acts as a Lecher Wire
swrem and delivers no energy to the outer
ends of the anwnna which do practically ll
of the radiating. Theline should be instafled
to clear surrounding objecs by at least 10
inches and where bends are made they- should
be of as large a radius as posstble.

There is on the market a form of matching
transformet consisting of a coil winch is con-
necicd to the matched impedance line and
which rm u s at 74 0 hm points to which the
aarenn. conrecied by cutting it ac
cener, There & m advantage n this method
over the one described above and 1t 15 un-
doubtedIv nar as efcient-

There are two other methads of muarching
which should be mentioned hecause of llm
adapuability io certin inscallations. They
both make use of a length of rransmission 1...=
as a transformer. If a section of transmission
line % wave length Jong at the frequenc
we desire 10 operate is shorted by @ jumper
nt onc end and the antenna is attached to one
wire at the other end, points can b found
along these lines where the impedunce is 500
ohms. To these points equidistant from it
jumper the lineisattached. Thisquarter wave
wransformer can he huag directly beneath the
anicona 0 nd may B convenient to use

ases, although go betcer results will
hc obtained than when the antenna irsclf is
used for the marching.

The same principle can be emplovid by
o wave length of line t the
center ﬁeamenﬂa. shorting the fat endd.
In this case two 300 oints can he found
which ate -wmum-uly the same distance
from the ancenaa end and shorted end.
The line can be sttached ac cither point and
standing wavescliminat

These wave line teansformers
sre usually used in sewing up directional ar-
rays and are here dts:nbed 50 that those car-
iag to experiment may . The most all
“tound practical type of mar(h:d impedance
sntenna is that described fiest in this section.

Nothing yet has been said abour concen-

uic tube lines where the two conductors are
fomed of pipe ar tubing and accanged one
mudc :l-» other.  This type of line is more
dx and expensive to construct but has

‘ ol s hee O beiog that the coergy
is n!l confined inside the outer the, the line
wself cannor radiate, the vuter tube may be
wrounded at sy pain alung ws feogih o
even huried in the gound with no loss in
cthctency.

Two wire hines cannw he constructed
whidh have a very low impedaoce.  For
inch spacing the impedance is 628 ohms. for
4 inch spacing 578 vhms. for two inch spacing
495 whms, for 1 inch 413 ohms and when the
wires are spaced only | inch or are prac
cally in conct che impedance is 137 ohms.
This drastc change of 60 times 0 the spac-
i has reduced the impedance © only 137
ohms trom 628 or by a factor of 4.5. It can
be seen from these figures that the wire spac-
ing of a two wire line is nor very crincal and
thit variations in the spacing. unavoidable in
construction, will have litde eifect

concentric wbe line can easily be con-
structed to have much lower impedances. I
the ratio of the outer dunncter of the innct
conductor (which may be cither salid or mb
ing) 1o |h( inact diameter of the outet tuhi
4 will uve: an impedance of o4
ohins mdcpuuicl of e sie of pipe and
will form a matched nmpuhnre system it
the ceme .u i Jipwle, the outer twhe to one
Side snd she innee to the wiher. A line made
of 34 bich . pursde, diamerer whing having
1/32.inch wall for the outer sheath and No 4
B & S copper wre for the inside meets these
sPealicatons very closely.  Thin bakelite
<oacers can be used ar wrervals 1o hole the
et conductar in place:

Such types of hoe ac appslied to ulira high
frequency wes are more pataicularty. adape
ahle 10 mobile automohile and planc instal-
Lations since they: can he hont to confotm with
the car body ot plane fusclage much easier
i an open wiee line

such mobile installations another gpe
of anteona is otten more Comvernient o (0-
wall, A quarter wave rod is used excending
upwisrd threuah the car roof or through the
furctage in the rear of the plane. The metal
framework of the car or plane is used as a
coumerpesse. exiea foil, metal sereen, or wi
heng added around the hase of the 10d if n=t~
v This antenng is really 2 % wave
Marconi Tvpe fadiaor and shows an imped-
ance between its base and the surroundiog
counterpoise of 37 ohms, half that of a di-
pole or 1z wave aotcana, A concentric tube
line can be made o feed this type, the ratio
of diameters 10 make the line 37 vhms heing
186, Using %.inch o.d, pipe with 1/32.ach
wall the nner conductor will be .367-inch
outstde diameter.  The use of % inch od
cwbirg is satisfactory.
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5-Meter Antenna Systems

always been of interest because the re-
sults obtained with these miniature sys-
tems sometimes can be useful in the design
of lower frequency antennas. Moreandmore
intecest will be shown in 5 meter antenna
design as this band becomes more popular
for amateur use and as television progresses.
In the teansmission and reception of 5 meter
signals the direct, or ground wave is used
At longer wavelengths a skywave is utilized
and thus great distances are possible by means
of reflections from the Heaviside layer. The
five meter signals usually seem to penetrate
this layer with little refiection back to earth
and therefore it is necessary to depend upon
the dicect wave. The earth is a good reflector
for shore waves and it is necessary for the
transmirting and receiving stations to be with-
in visual range of each other. A hill on the
earth’s curvature is enough of a “mirror” or
reflector 10 literally bend or push the five
meter signals upward to a much greater ex-
tent than at longer wavelengths, For this
rea on an airplane can go from 100 to 200
miles away from a transmitter and still re-
ceive five meter signals if it can climb to a
high cnough altitude, as was previously rold.

THE subject of five meter antennas has

The point 1o be emphasized in the preced-
ing paragraph is that as much height should
be used as possible at both the transmitter and
receiving antennas. Since the direct wave is
used, an antenna should be used which has a
low angle of radiation both for transmission
and reception. Vertical polarization has been
proven to be much more effective than hor-
izontal polarization and thus vertical antennas
ace indicated if they are of the simple half-
wave type,

Half-wave antennas have been used very
successfully because their radiation pattern is
a figute 8 with the greatest radiation paraltel
10 the earth. In this case the wave is trans-
mitted at a low angle with respect to the
earth, since it acts as a ceflector rending to

nd the wave front up away from theground.
There is less tendency for upward bend with
vestical polarization, otherwise a half-wave
horizontal antenna would be just as effective.
Of course. the horizontal antenna would have
t0 have its axis perpendicular to the receiving
station in order to get maximum effect from
the figure 8 radiation partern, and it would
have 0 beat least a wavelength abovegrornd.
Our 20 and 40 merer ante-nnas are usually less

Johnson
g
Antenne
for
5-Meters

than a above greund, there-
fore theeacth acts asan antenna reflectorwire
and shoots the wave upward ac what is termed
“high angle radiation.”

For transmission an effective antenna is a

Tilted Full-Wave Antenne

%

40-50"

noRiZON ‘
7

7

ANY CONVENIENT LENGTH

]

3
SPACING A
1

Wastern Wireless Matchod
Impedance Feed Antenns

half-wave vertical wire using a two wite
matched impedance line. This line can be a
pair of No. 18 wires spaced 2 or 3 inches,
fanned out in a Y at the ancenna end in order
to be terminated properly. Each wire can be
connected about 13 to 14 inches each side of
center of the antenna, and ar the transmitter
end, terminated across a parallel runed cir-
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cuit which is coupled o the oscillator or
amplifier tank circuit. This type of line can

spaced with dowel rod and string i
or uansposition blocks could probabl
used.

In some locations a directional antenna can
be used for both transmitting and receiving
with a gain of several D.B. units. The simplest
fosm uses parasitic reflectors or directors ot
combinations of the two. Reflector wires are
longer than the anteana and are placed a
quarter-wave behind the antenaa and a half-
waveaway if used on the sides of the antcnna.
Ditector wires are different in that they are
always placed in a straight line in front of
the antenna at spacings of % wavelength
fiom it and each succeeding director. The
beam can be made very sharp if enough di-
rector wires are used, and back or side tadia-
tion can be minimized by the use of reflector
wires which also increase the intensity in the
desited direction. These spacings ate 6%
feet for director wires, for an average 5 meter
antcnna resonant at the middle of he ama-
teur band, 4Y; feet back and 8Y/; feet at each
side of reflector wires. The following chart
gives the proper lengths for these antenna,
allowing for end effecas:

Wace  Frea. Antenna Directw Refloctar
length MC Leogth leogth
5.0 56 war  qon g
517 58 L I G 2
336 60 9 2w o ]
1065 22 16787 1372 1717

SURPRISINGLY good receiving an-
tenna_consists of an cight foot wire
with its lower end ceupled through &
very small capacity to the gsid circait of the
receiver.  This type works well in any type
of building_not constructed with to0 much
stcel and “chicken wire", such as used in
stucco coated exteriors. Moving this antenna
in a room will often increase the
signal several fold due to reflective or direc-
uve cflects of nearby objects, such as house
wiring. 1f most of this amenna wire can
be vercal, er neacly so. very good results
are usually obtained.
0od transmicting antenna always makes
2 good receiving antenna, but for purposes
of two.way phone operation. or for a person
interested in recciving only, other forms of
antennas are useful, such as the onc described
above. Another more efiective five meter
ancenna is the Franklin type which consists of
a number of half wave sections with a reson-
ant circuic between each section.

The Franklin antenna is very interesting in
that the received signal can beat least doubled
& with a three section wire 24 feet long with
o wa uned circuits it in at 8 fr. intervals.
19 These tuned circuits can be 6 trns of No. 10
% 7 or 12 wirc on % inch diameter with a litde
N spacing between turns and tuned by a three
D
o oA
g Single Wire 41z 9
y 8 End-Fed I
a2 ; .
SINGLE WIRE FEED e 4
a|A
ry
DOUBLET
H 3
it
A= Swmevens |F H
=ArPaox. |8
Beugpe (22
o - ANY LENGTH
it 38 3EFE
5=
.3 r1=2 MMFD =4 —
s o 1%~ 2 spacine.
i
2
rivic 53 CENTER FED
ntonna RECEIVER *h SIMILAR TO PICARD TYPE
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or four plate midgettuning condenser. These
coils can be_soldered duecrly across the con-
denser terminals and 1 ht foot antenna
sections also soldered on :hese connections.
These circuits are easily tuned to five meters

;rev:ous adjustment when the coil and
condenser ase coupled like a wavemeter to a
transmitter or receiver circuit. With an out-
side antenna, these tuned trap circuits should
be protected against moiswre, Any number
of sections can be used in erder to increase the
effective heighr above ground.

The purpose of these wned circuits is to
prevent phase reversal of standing waves of
voltage and current in an antenna of several
half wavelengrhs. These “phasing coils” re-
verse the phase without themselves radiating
1o any extent, the desired effect of a number
of antennas al| radiating in phase is obtaincd.

A full-wave arzenna, 16 feet long, without
a phasing coit and condenser trap circuit has
a radiation pattern like a shamrock, or four
leaf clover, without much energy going out at
right angles to the antenna. This radiation
patcern should have a maximum in a direc-
tion parallel 10 the earth for five meter tsans-
mission or reception, so a 16 foot antenna
can if it is Glted at an angle of 40
or 50 degreks tosrard oraway from the desired
directions. It should be more effective if
tilted towards cthe desued direction since its
upper “loop” would be used parallel to the
earth, and becavse the upper loop would be
vseful, the effective height would be greater.

Any form of antenna can be used for five
meeer work, even a wire several buadred
icer long, but best results are obtained if the
antenna is designed only for five meter use.
The verticsl half-wave antennas mounted
on roof tops with two wice matched RF feed-
ers, or the simple Franklin antennas are by

merccal directional antennas has shown ver
GStinitely that ¢ 15 possible to have 100 much
directivity, since the waves do not always
wavel laong the same path in reaching the
receiver, and that the amount of ditectivity
in the vertical and horizontal planes which
can be tolerated is quite diff esent. In general,
it is found that the waves travel very closely
along the great circle path to the receiver,
and that very sharp directivity can be used
in the_horizontal plane. When it comes to
directivity in the vertical plane, however,
the sitvation is somewhat different, as it ap-
pears that the best angle above the horizon
varies from time to time. Experience indi-
cates that the main beam should be directed
at an angle not lower than 10 t0 12 degrees
and not higher than 25 to 30 degrees. and
that the vem(al directivity should nor be
00 sharp.

Although many types of directivity anren-
Das have been devised, the present trend is
cowards  few relatively simple types involv-
ing a small number of long wires, rather
than a large number of small antennas. The
best examples of these are the horizoncal V,
u ed by RCA, and rhe horizontal diamond,
developed by the Bell system. Aatennas of
these types are shown in Figs. 1 and 2. It
will be noted thar both of these antenna sys-
tems involve relatively simple scrucrures
whi'ch are correspondingly simple to build
and easy to tune.

The principal factor controlling the de-
sign of the V antenna is the angle berween
the wires. This is determined by the length
of the wire according w0 the selation shown
i d is_relatively cricical.

.3

and commercial an-
teonas of ihis type are wmmonlv made about

the longer the wircs.

irec-

far the best for non-
and reception.

Directional Antennas

HE VALUE of directional transmittiog
antennas is that they can be made to ra-
diate most of their power in one di-
rection rather than broadcasting this coergy
in all possible direcwons. The result is
uivalent 1o increasing the effective power
!? the rransmitdng staion by an amount
which can be made as much as 100 or more
times. From the point of view of amateur
teansmission a gain f 50 means that 100
w-trs pmperly uened would be equivalent
n an ordinary half-wave antenns,

The dlsndvnmlge of the directivity,
coucse, is thac stations in other than (he

tivity can be upccxcd however, for lengths
of two 10 four wavelengrhs. A number of
feeding systems may be employed, of which
perhaps the simplest is to make each wire
an odd number of quarter-wavelengths long
(as. For example, 33%4) and then use a reso-
nant transmission line having a current max-
imum at the junction of antenna and_line,
‘The tuning. up'pnxess is then just as simple
as any current-fed antenna system. If volrage-
feed is desired the wires should be an even
number of guarter-wavelengehs long (as, for
example, 3%5).
A single v antenna is bi.directional.

back end radiatyon can be redirected forward
by a reflecting antenna similar to the radi-
ating sntenna but located an odd number of
ehind and faced so that

favored direction ceceive poor sig-

(i.e., 100 watt transmitcer mlgbr be

80 mose cffective in an unde ired directios
than 3 5-watt noe-directional tran mitter).

The first thing 0 coosider about direc-

tiopal antennas is 1 and amount of

directivity desirable. Experience with com-

the two anteonas are supplied with zurrent
90° out of phase. The exact dedails of a
complishing this result are somewha
volved and should ot be undertaken unless
one bas had some experience with problems
of this sort.
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The diamond antenna operates in a man-
ner considerably different from the usual an-
renna employed by amateurs. This antenna
is_non-resonant and possesses a_current dis-
wibution which dies away uniformly from
the input corner to the terminating resistance.
As a resule of this behavior, the diamond
antenna is not critical with respect to fre-
quency and can be used without any change
of adjustment over a frequency range of at
least 2 to 1. antenna s, furthermore.

ground reflects the encrgy radiated in its di-
rection and this ceflected energy combines
with the main energy either to reinforce or
(o cause cancellation. depending upon the
vertical_sngle. The higher the ancenna the
lower (is.. the nearer the horizoncal) will

1
\

uni-directional, since the resis
tance eliminates the radiation which would
otherwise take place in the backward direc-
tion. These properties make the diamond
antenna desriable from many points of view.
it can, for example, be used at 20 meters in
the daytime and 40 meters ar night without

FIGA

ResisTance

g

FROU TRANSWITTER

FiG. 2

any change. In consiructing a_ dizmond an-
tenna the proper thing to keep in mind is the
sngle "M‘.‘ :ela:ed © the length of the
legs as shown io Pig. 4. The terminating re.
sistance then be given the value
the tesonsnces along the
line and will be in the order of 800 ohms.
The antenns also offers « ance load of
about 800 ohms to the transmissioo line.
The vertical dizectivity of borizontal an-
T“d' a8 h:;:baen described depends
primarily upon
above ground

anteans
cather than upan other char-
acteristics of the antenna, This is because the

6w oecaces

Lenerw 7L waveLescrea

FIG. 3

These chartscourtosy of Prof. F. E. Terman.

i
3
i
I
o B e g e
FIG. 4
I
iii'H“H ) |
£ ot |
e 11 ERRNE
PR T
o { i
i =
cvny ornEie W
FIG. §

the reflected energy reinforce the direcely
radiated energy with the result that the
higher the anteana above ground the closer
to the horizontal will be the radiation. This
is shown in Fig. 5 from which it is scen
that if the height is one wavelength then
the bulk of energy will be directed st a.
vertical angle of spproximately 16°, while
if the hei, h( is_one-half waveleogth, the
angle wil 30°. Horizootal antennas
should, e e Y wave-
length above the ground if they sre to be
used for long distance communication.
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5-Meter Tuned Diamond Antenna

better results than the Diamond An-

tennawith a resistorat the far end. By
carefully tuning cach side of the Diamond
Antenna, the resistor can be eliminated

For the sake of convenience, take the ap-

proximate cenier of the Bive Meter Band,
namely, 5.172 meters, as a basis for the work-
ing arrangements and discussions.  Experi-
mentally, the figure, 1.56 has proved to be a
reliable one. Multiply 136 x the wave
leagth, and the correct half wave length can
be found without much experimentation.
However, the type of surrounding objects all
enter into consideration, so if anyone is anxi-
ous to have a fine, good working diamond
antenna. the following procedure should
carried out.

A TUNEDDismond Antcana has given

omection

AnLe =
121 orceees

ach siok w17
FIGA

Eachside of the Diamond (Fig. 1) should
be onc full wave length, namely 16 feet 2
inches. The angle in the case shown, that
is, for one wave length a side, is 121 degrees.

If more space is available the diamond
shown i Fig. 2 can be used, where cach side
is two wave lengths, of 32 feet 4 inches. In
this case the angle must be 87 degrees. The

ﬂxnou
o o

or v

EAcH i
32AT. 4.

H
Fi6. 2

arrow at th top of the diagram shows the
direction of wave propagation and also the
ditection of best reception.

e antennz shown in Fig. 2 will give a
stonger wave in the direction indicated, as
compared with the antenna in Fig. 1

Yar %4 08 5 wavi
surn Yt Yaon % wave

step

ScoupLint ce. L

The first_step in tuning of the antennz is
shownin Fig. 3, namely, a quarter wave feed-
er. A fvemeter quarter-wave feeder is onl

four feet and one-half inch long, so any mul-

tiple d four feet, one-half inch, can be used.
For mslznre the o}:.ld muluplc would be
V4 inch.

1261, 175 inches
20ft. 2/ inches
28ft. 33 inches
36f1. 4/, inches, etc.
The most convenient feeder length can then
be chosen and the transmitter coupled to the
Antenna Goupling Coil s shown in Fig. 3.

stee 2

Fi6.4

A glow lamp can be placed in the antenna
¢ "A” or a small sinme er, sufficicnt to give
B reading while the transmitter is on Tow
power, can also be used. Be sure the trans-
mitcer is on low power, otherwise the am-
meter will burn out.
back and forth on coupling
“L" umil resonance is secured with the
transmitter set at the required wave length,
which in this case is 5.172 meters,

Then lower the feeders, attach one side of
the diamond, say 32 ft. 4 inches, hoist the
feeders with the 32 ft. 4 inch side on it, and
e process. If the clip on coupling
coil "L” comes out on the same turn, then
the 32 ft. 4 inch section is right. If more
wrns have 10 be used, then the 32 ft. portion

ould be made longer. 1f less wuns have
to be used, then cut off a few inches of the
32 ft, wire until it reaches maximuim resonance
at the same point as it did in Fig

steea

Fie. 5

In Fig, 5 is shown twe sides of the Dis-
mond. The tuning process is repeated here.
In this case, both of the sides should be the
same lengih.

Fig. 6 shows the completed diamond. It
should likewise check-out just the same as
did the coupling Coil "L" near the previous
stages. We now have & completed Diamond,
The angle shown by the curved artow should
remain at 87 degrees throughout the test.
When completed, this antenna will radiate
very strongly in both the directions shown by
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the arcow and, will also recei
those directions.
1f one of the directions is not waied, then

¢ stcongly from

ster 4

crion

Fle. e

the back wave can be cut off by insercing the
sesistor in the open end. as shown in Fig. 7

This resistor should be non-inductive of
wattage equal w0 ¥, the transmittcr outpur
and should have a value from 600 o 8€0
ohms. The twning process can also he re-

sempe

Acceivne

Fie. 7

peated in this case, and it will be found to
remain the same, aithough the resistor takes
the definite resonance point out of the nining
ind cancels che back wave. ‘We then find
the dicection of tansmission as shown on
the single-cnded arcom, snd likewise receii-
ing is started from the direction on the rc
ceiviag arcow.

¥ the amenna is slanted so that, for ex-
ample in Fig. 2, "W is higher than "Y".
then the sl[(nals will be stronger touards the
direction of “Y", ie., away from

" ismade higher than W™, the reverse
signals will be sironger towards
"W und away from "

The reverse is true for receiving, namely,
the same dircction in which transmission is
strongest is the direction from which best
reception is secure

If the two edges “X” and “Z" cannot be
made the same height A sedious di fculty will
be encountered. However, in this case there

will be 2.ore of arular change.  For in;
scance, if “X" and "Y' ase higher than W™
aund "2, the A e, et i
e as shown in Fg. 8, but by raising any one
of the four corners, a stronge« signal can be
sent away from any one of the four raised
corne

I it is desited o radiate in an exacily
hdrizonat position, the chart shown by Pro-

fessaq, Tetan oy Hese phges chotld B2
consulicd. His Fig. 5 shows the angle of
radiation in degrees, depending upon_the

height of the antenna in wave lengehs. Take
a specific casc, for cxample. 1f 36 feet &/,
inch feeders arc used, this length would

T HE information & this article. while
primanly mtended for S-meter opera-
tion, is hikewise applicable to 20 awd 40
meter work, Fer20 meter operaior, multy-
ply the dimensions by 4. meter o
eration, multiply the dumenxlmu by 8 The
factor 1.56 can still be used to work o the
exuct frequency of the crystal in use. Final
tuning adjustments are the same as for 5
meter work, |

Use of Professor Terman's chare for
angle radistion will also enable you 1o |
uillize desired skip efects.  Because the |
average 40 and 20 meter Diamond antennas |
for amatewr werk will not be very high |
above the ground level. in terms of wave-
length. they are at theiv best when tipped; ||
the low pertion of the Diamand is pornted
inthe directionofthe distant stations which
the operator desies to work.

he backwave radiation from & D

mond is wasted. or absorbed by the resistor,
but the remaining signal strewgth is so
greatly increated that mo consideration need
be given to the waste from backavave ra-
diation.

approxmacly 1o wavelengehs, and _wo
wavelengiis would be 32 fr. 4 inches of the
ground. The angle of radiation is 7 degrees,
us shown in Professor Terman's char I
the anieana s slanted 6 degrees thee angle
of radiation would be exacdy horizonral.

The Diamand Antcana and particularly the
tuned Diamond Antenna in use at W6AM has
Lut consistenly more energy into the air than
any other type of antenna ever used. It is
lacger and requires & linle more space than
other types of antennas. For a S-meter an-
tenna the space required is not large. o
cven the antenna shown in Fig. 2 can be put
in the average location. The ideal condition
would be ro have two or three antennas placed
at opposite ends of the property, so that di-
cectional transmission couldake place in any
desired direction.
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Measuring the Wave at 5-Meters

modified since the time when amateurs

firse_twok an interest in five meter op-
eration. Chief of thesc is the idea that har-
monicsare satisfactory for calibration of wave
and frequency meters used on this band. True,
the band is nicely located with reiation to our
other amatcur bands s thst excellent har-

A GREAT many notions have had 10 be

monics can be produced and effectively used

KC when they arc endeavoring to place their
transmiteer in operation within the band?
Not many. But if they could measure the
wave with a common yardstick and be sbso-
lueely certain chac they were accurate at 5
meters I doubt if there would be much agru-

ent.
Turniag back the pages of scientific history
we come actoss the old Lecher wirc system
described in every high school rextbook on
Physics, but little understood by the average
amateur. This method of measuring a mio-

TRAvELINO wavE

F6. |

ute wave is much simpler than checking har-
monics  with a wavemeter. Mouover. the
transmitted wave can be measured with sur.
pnsmg accuracy.

By way of explanation, suppose that you
e 3 rope (o the gamge and srare shaking
the free end up and down. As soon as you
have found the correct rate for your hand,
waves start (o run along the rope toward the
garage as shown in F1g. 1. As soon as these

E
FIG. 2—Points | move up and down while points
E stand still

waves are reflected back to your | hand there
is set up a system of swn s thet does
ot seem 10 move a1 all, as own in Fig. 2.
Now this same thing is done in an antenna
time we send. Geaeeally an antenna
has only a V. wave on it, i.e,, current at the
bottom and voltage at the top. In the evear
chat s counterpoise is used we haye e 1 wave
with current at the antenna inductance and

voltage a1 the ends of both the antenna and
the counterpoise.

Working the anteana at a harmonic will re-
sult in several places in between the ends
where voltage will show up as illustrated in
Fig. 2. While the rope showed up only the
vertical or up and down wave, the electrical
system consists vf two waves, a voltage and a
currenc wave, And whenever there is cur-
reat present there is little voltage as shown in
Fig. 3. but note thar there is voltage at the
fat end of che antenna. ln face, it can be laid
down as a general rule that there s nnot ever
be any current ac theend of the antenna, here-
fore voltaye must ahways be present

ssuming, therefore, that we stick to the
voltage wave and scop worrying about the
current wave, let us stretch a pair of wires
as shown in Fig. 4. Thes system, which will
be similar toa one wire antcnna and one wire

FIG. 3 — Electrical
stan i
voltoge.

ront, bul I.rg- volt-

counterpoise, should be 21 feet long and che

wires should be separated about 8 inches for

Jetalts. Toro on the oscillator and tune

the sncenna system just built until the ncon
tube 3¢ the far end glows brighilys

When this point has been reached, reson-

* { TuRw wo. 14
3"IN oiam.

FIG. 4—C1=.000015 mfd. LI=1 turn, No. 14

wire, 3-in. diameter

ance has been reached between the oscillator
and demmy radiator syscem. But what is the
frequency? To find this, slide the ncon rabe
slong the wires toward the oscillator, push-
ing it with a newspaper or other long insula-
tor. Be sure to keep your own body as far
sway from the entire system as possible.
After the rube goes out leep on pushing u
along slowly uatil it lights up again.
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operation i s the most critical of al) and should
be done carefully in order 10 avoid any error.
Find where the bulb lights brightest and leave
it there! This point is identified as the center
of a ¥/, wave and & is now only necessary
to find the ends of this J; wave. To do rhis
Bnd the place where a short.circuiting bridge
between the two wires has no effect. When
such a place has been found it is evident that
there can be no voltage at thac point, there-
fore we have found the end of the i3 wave.
To construct the short-circuiting bridges,
two of which are necded. cut a suraight stff
wire 10 inches long and bend it 5o that one-
half inch on ench end is bent at right angles
10 the ninc inch sliding portion of the bridge
as shown in y one of these
across the two wites and start sliding it back
and forth uncila place is found where the
tbe will sill light. This adjusiment can be
made within ¥> 10 % tnch to five meters.
Now take the second bridge and do the same
thing on the other side of the neon tube.
h these twn hridges in place and the
ncon tube scill glowing you can be certain

| @

FIG. &

that the_two bridges are jusc 13 wavelength
apart. The distance between the two should
now be measured with a yardstick, mulciplied
by two, reduced from inches to meters and
the cesult is the wavelength of the oscillaror.
For_example, we find that the two bridges
are just 106 inches apact:
106 in. x 2 = 212 in. = wavelength in inches.

Since 39.57 inches equals one meter chea,

39.37/7212) 5.384 meters

With such a sy.tem as this it is quite pos-
sible 1o obtain a number of very reliable
oints casily, and by the usual means cali-
Brace a Grst class five metes (ox lower) wave-
meter.

|

—n

-—9"

Circuit Diagrams of Factory-Built 5-Meter Sets
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5-METER RADIO TELEPHONY

Frank Jones One-Tube 5-Meter Transceiver

Introduction
THE five meter amateur phone band

wffers an wteresting field foc the new-

cumet and experunenter. This baad is noc
wo crowdeds an facr it 15 unoccupied in most
communities, and yet the necessary eQuip-
iment is simple to consttuce and costs far fess
than that aced for operation in any of
the other amateur bands,

The five meter signals are useful over rels
uvely shore discances . . . usually not over
five 10 ten miles. Greater distances are pos-
sible under favorable conditinns, and two.
way phone communication has been conducted
aver distances up o 150 miles, The low
wavelengihis areof such a high frequency that
only the direct wave is used, since the Heavi-
side faver seldom reflects these frequencies
back to earth, as is done on longer
lengths.  Herem lies one of the advantages
of this band. sice no mrafﬂznre is created
beyond a range detcrmined by the apparenc
curvatuce of the earth and the clevation of
the tansmining station.  This means thar
hundreds of communities can make full use
of this band wthaut the overcrowding effects
and grest amonnt of nterference which fills
up the other amateur bands.

Another udvantage of this band is that
very low.powes transmitters can be used. This
results in & decded saving o onc’s pocket-
book. The receivers are also simple and
economical to bui ow-power feceiv-
ing type wbes can o boe trans-

muwing and recerving. and o greac deal wf
fun can he had where friends in a neighhor-
hood wish to muke tests and tatk 10 each
other,  Even duime “CW" amaseur,
there is a thrill ih using phone. atthaugh the
other station may be anly a fow houses away

Greater power. such an can be had from
type 210 or 800 whes operated in m.u.p.a.
ur crystal conelied circurts, has its place
and s 2 futare sup o those really wnterested
in the amatcur game. The complication of
such citcuits and the peculiaioes of adust-

ments calls for considerable experience. The
advantuges of such crcuis on v meters
sre freedom from frequency modalaton. abl

ity to put the signais inco smali valleys o

ehmd enal) Willsiandl ' peciona) adhetact
tiot1 of wansmiter accomplishment.  This
field is more for the advanced experimenter,
or for ulirashart wave pokce and television
stations.

Five Meter Circuit Analysi

IVE metes circuits can be compared with

the circuits wed in broadcast or short-

e functions are similit—

an anceqina is needed to pick up the signals
and provide elecrrical enctgy which can be
detected, amplified, and_made audible in a
headsct or loudspeaker. The transmitrer must
have some form of oscillator, 4 method of
modulating o ‘caricg? cignally anantenns &
radiate it and. of course, & microphone to
change the voice or sound enetgy inm clec-
wicel enctgy. The functions of capacity. in-
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ductance and resistance are exacily the same
s in any other longer-wave radio circuit. The
difference lies in the size of the inductances
and capacities used in the radio frequency
circuits. For example, a broadcast receiver
cail can be made by winding 30 w 40 feet
of wite on a coil. tuned by & large viriable
condener bavin 15" 20 plates,  For five
meters, a foor of wite ot tubing, wound inta
& coit, is usually ample when tuned

midget twa or three plate condenser. Theo-
reucally, the vacuum tubes should be smaller
for g reuter cffi ciency ; however some types of
wmm ercially available tubes are su il

A typical five meter receiver citcuit is

s
Fe

shown in Fig. 1. The five meter wave cuts
through the antenna and induces an electeic
cutcent in it. This oscillating current in-
duces anorher ioto L2 i L1 and L2 are near
cach other. L2 may be of from one to ten
turns, depending upon tbe diamerer of the
wins. For example, the set herein described
has 2 wwens. 2 inches in diamecer. The in-
ducrance L2 is wned 1o resonance by mieans
of C2 in order to make the receiver respon-
sive 1o the desired wavelength within che five
meter band. The tcactance of L2 and C2 re:
opposite in phase, or cancel cach other, leav-
iug only the resistance in the tuncd citcuit
ar tesonancg to limit tbe value of induced
current. Thus a celau'vely large value of
induced current flows through the inducrance

effect can be conunued with increased ampli-
fication until the tbe hreaks into continuous
oxcillation, which rutns the detection chat-
acecristic of the twhe. neration
consists of a means of increasing the tube
regeneration uniil it goes nto oscillation,
then automatically backing it off into a non-
usciliating condition. This action continues
at some frequency which 1s above the audible
values in the range of from 15,000 to 200,000
times per sccond.  This super-regeneration
amplifies a weak signal many thousand cimes,
This eff ecc is especially applicahle to the five

5!

meter band. and at present is the most prac-
tical method for obtaining the necessary
sensitivity 10 weak signals.

The circuit shown 1n Fig. | is a good osci
Istor, but propet propurnuns of R1, C1. C3
and the plac supply voltage allow the super-
regencrasive offect o take place. Rl and C1
cause a blocking acnon which theows the
detecror in and our of oscillaon at a high
rate of frequency. R can be reurned to
flaincat oc te +B as shown, depending upon
s value, hut for less overloading and distor-
tion cffect on sirong five meter signals the
conncction  shown is highly desitable.  C3
must be large enough to by-pass the high
super-regenerative sutgcs back ta hlament,
but not large cnouxh 10 shotcircunt the udio

and around through the wni Je c2

and its shunt capacities, due to the wiring
and tube. The voltage accoss either the in-
ductance or capacity depends upon the fe-
actance of that particular clement. conse-
quently the actual voltage across the input
to the detector lube is increased enorinously
by resonance, This tbe is a voltage oper-
ated device; the greater the signal voltge,
the greatee the audio signal across the rele:
phone receivers.

ce the field intensity at the rec
antcnins i in terms of micravolrs o miliatlie
of a sult, due 10 the use of low-poweted trans-
mitters and wave attenuation, the receiver
must have a geeat deal of amplification. The
most practical way to accomplish this is by
means of extieme regeneration, or what is
called “super-regeneration”™.  Regeneration
comsists of feeding [ of the signal voltege
in the plate cizcurt back into the grid circuic
and thus obtaining a1 amplifying action, This

d signal whiich
must he lmplcsscd across the telephone re-
ceivers or audio amplifie. Common values
for R1 are from Y4 to 2 megohms, C1 of
urms mfd. and .006 mfd. for C3.

n Fig. 2 is shown a five meter transmitter
St el neans present day low-power
sets. The microphone causes a variation of
current through L5 due to sound waves from
one’s voice steiking the diaphragm, and chus

varying the tesisance. 1S is coupled closely
10 14 by meank af an icon core which is per-

sable because only audio frequencies are
ink wsed at hic pone. L4 and U3 e the
mictophone  transformer.

Urually thecoil 14 has 13 or 20 timesas many
«rns as LS. resulting in chec same propor-

tionate incresse of voltage and decrease of
current. Since no fesonance to any particu-
lar nudio frequency is desired (which would -
result in distortion, because it would be smpli-
fied more than the other audin frequencies),
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no tuned circuit is used in either the plate
or grid circuit of chis modulator tuhe. The
modulator wbe amplifies the audio voltage
across irs grid circuit, and applies it across
the modulation choke L3 which offers a high
reactance o audio frequencies. This volt
adds and subersers, ovee its cycle, to the steady
DC plate voitage which supplies e oseil-
lator. For example, if there is a 90-volt sine
wave AC. peak voltage across the choke L3
due to the sction of the microphone, this
voltage will add to and subtractfrom the DC
supply, which may be 180 volts of B battery.
This means that over the audio cycle the actual
plate vottage on the oscillator is varying from
90 up €0 270 voles, even though a DC. snpply
of only 188 voks of B banuy is used.
power output of the oscillator varies wuh
the plate voltage and thus a signal of varying
de is impressed on the anceana. This
s in accordance with the micro-
phone inpui. The carrier signal may be
modulated in accordance with one's voice.
The oscillator in Fig. 2 is quite si
the one shown in Fig. 1 but it uses a lower
value of gtid leak, The lower value of Rl
allows steadkoscxllnmn to take place, and
energy can o
chrough the coupling between L2 and Li.
Capacitive coupling can be used instead of
inductive coupling with equal results.

Antennas

For either transmitting or rc(elvmg,
antenna shoul, ve ground as
possible. A half-wave m(eml coupled
direcily to the ser, either by 2 very small ca-
pacity at the end 10 the grid oc by means of
z small coil as shown in Fig. 1, will work
satisfactorily but greater distance can be at-
cained by using 2 high antenna. This usually
menos some form of RF feeders, such as shown
in June (1934) “RADIO". Even an ordinary

roadcast or short-wave receiving antenna
may be used on fve meters because of che
barmonic effect. Such an antenna was used
successfully 1o talk over a discance of ten to
twelve miles between San Prancisco and Ouk-
land. using the small combination transmitcer
and receiver shown in Fig, 4

Wavelength or Freq y

e anteana sysiem |

braced frequency meter, o r wavemeter, i n ot-
de to be corcain of legal opecation. Parallel
ot Lecher wire systems may also be used for
measurement (o wihin an accuracy of about
1

Parallel wices suitable for this purpose can
be strung hetween wo supports fram 35 to
40 feet aparc. Bare wire, No. 18 to 14
gauge, should he used with a spacing of

onD con
r

GRID coIL
NTER TaP,

8 uur,

tow
RWEOSTAT

wead-
rones

MRE-SINGLE BUTTON
SCHEMATIC OF COMPLETE
TRANCEIVER

This is the Circuit for the Transcoiver Shown in
the Picture (Fig. 3)

about three inches between wires. Resonance
indication is obrained by coupling the oscil-
lator coil to the closed loop end of the par-
allel wires, and then sliding a short-circuit-

Do'mrrnmahon

OME means of adjustmeat of the trans-
mitters and receivers must be made in
order to operate within the amateur fve

meter band of from 56 to 60 megacycles. This
band is over four times as wide as the whole
American broadcast band, yet it covers only
& thicd of a meter in chis range. In localities
where thete is some five meter activity
frequency check can be given by other ams-
teurs who have calibrared frequency meters
of receivers. Otherwise one must use & seli-

link along the wires.
can be obtained by means of 2 mi
inthe oscillator grid or plate circ
priembly by means of a variauon of RF
current. This can be done by means of .
small turn of wire connected in series wi
6-volt radio dial light or RF. (hermo‘nlvano-
meter and coupled to the omllnmr coil alon,
ith -The PANE] witk lmw cide
change of current will be had h:n the short.
ing link of wire is across some half-wave
rmn( on the parallel wires. Sliding this
nk along between the first and secon
points of indication, and careful measure-
ment with a scale or tape measure, will give
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che wavelengrh of che oscillator. This dis-
(ance should be becween 16.40 and 17.55 feet
for oscillation in che amateur band of from
36 10 €0 megacycles, which u hum 20 or 2%
feee of parallel wirss. h can be
useds anal 2 Sl Tafible | COEnES Fobe
nected across the loop end, about 3 inches
from i, in order o bring the first indication
point up to within 2 or 3 feet of the losp
end. The sccond indicated poine will still
be 164 to 17.55 feetfrom the first for proper
operation. A little absorption-type wave-
metercan be conveniently calibrated from this
set-up and a very accurate check obtained from
a hasmonic calibration from 2 known fre.
quency quare crystal oscillator.
Combination One Tube
Transmitter-Receiver
OR the newcnmer in the five metet band,
F the set shown in Fig. 4 is about as simple
as one can possibly bu ild, censistent with
worthwhile results. € puts out a well modu-
inteel. strong signal as a transmitter and func-

PLATE ColL

caip co.

o135,

Rovised Jones S-MeterCi s used
Allod Radio Corp. In the “Knight" Trans:
ceiver.

Veaace

tions as & sensitive super.cegenerarive detector
in the recemve position.

This circuit uses a type 19 twa-volt fila-
ment tube as a push-pull oscillator and de-
tector. As an oscillator or transmitter. grid
citeuit modulation is used because of the ex-
treme simplicicy. The micraphone, an ordi-

of the RF Portion of Fig. 4. The plate

il is @ two-turn loop of 7-in. diameter copper

tubing. The grid coil (push-back insulated wire}

is woven intotho coppor fubing and a canter-tap

ofthe grid coil brought out through a holein the
tubing o3 shown above.

nary single button tclephene transmitter. is
in the negative B batery lead andthe voltage
diop and vatiation of voltage is used as geid
bias. There 15 a steady voliage drop across
the: risistance of the microphone and when it
is spoken into. The varanon of resisrance
causes s variahle grid b on the oscillator,
The 19 whe is a “high mu”, or high ampli-
fication rype uf rube and a fixed bias type
rather than a prid-leak oscillator circuit is
wied i ordec 10 smplify the mod wation
cireuit. This tube s feally wo “high mu”
triode tubes @ one envelope. It can readily
be uwd i a push-pull oscillator circuit
Unity coupling is us cause the sec
must stas- on the same frequency in both trans-
mit and receive positions. Tuned grid-rused
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plate, or TNT oscillator circuits re
compensator on one of the switch positions,
which adds complication to the circuit. Unity
coupling is obtrined by running the grid coil
inside of the plate co) as are used
n order 0 conserve space and coil external
field, and also to give short leads to the by-
pass condensers C2 and C3,

In the recewve posmon. the microphone is
cut out of the negative B batery lead and &
pait vf telephone receivers cut in. The gnd
cetuta is also switched-over to a quart
Inegohumpslc ko ordecto otain blotkipg:

TOP VIEW

Looking Down on the Assembled Transceiver

rid feak re-

grid supur-regenesation.
etter cesults,

turns to 4B in order to
as previously mentioned.

Unless one has had considerable experi-
eace with five meter circuits, it is suggested
that the exact layout shown in the picture of
the "breadboard” set and nu\m of Fig. 4

The
iv

socket grid terminals. The tuning condenser
mounts besides the wbe socket and thus the
leads 1 the condenser are only an inch long.
A bakelite excension to the dial shaft is nec-
essary in order to climinate hand capacity
cffects.
For convenicuce the two B battery leads,
and  headser are
brought out (o six binding posts. Either 135
or 180 volts of B buterics or a small B elim-
inator may be used. The plate current is
from 5 to 50 milliampcres on transmis, and
about 5 on the reccive position. Most head-
sets work better when the 5 MA plate cur-
rent flows through them; a reversal of the
phone tips often increase's seasitivity.
The teansmirter should illuminate a 6-volt
dial light when the latter is coupled to the

e, R ’m‘f-“'i}’- 5T

Showing How to Make the N.h Coil,
with Grid Winding Inside of Plate Coil

oscillator coil by meaas of 3 two-inch wn
of witc soldered to che lomp terminais. A
single turn with lamp is a very useful oscil-
lation indicator for any transmitcer, siace it
is faily sensitive. Modulation can be roughly
checked by this same means.

The receiver should give a hissing sound
when it is coperly. A good five

be followed.
of a single lead or cundedes by as litde as
a half inch will ruin the operation of a five
mewr st A steaight piece of wire one inch
long has a very appreciable inductance and
capacitance on these ulta-high frequencies.

The oscillator coil consists of a small coil
of tn. or Yyun. soft copper wbing with 3
well-insulued piece of rubber or cambric
covered wire woven through it for the grid
coil. The copper tubing coil consists of 1%
twins, wo inches jaside diameter, with a
ceater-tap on both coils. Thegrid coil center-
tap can moss easily be made by curting a sinall
stor (ahout Y-in. long) in the copper tubing,
at the center of this plate coil. The grid coil
can be threaded through the twbing in two
sections with the center connection solderecl
together in o small “pig-tail” connection
about Y.in. clear of the copper tube center
opening. The ends of the plate coil whing
eaa be fastened into small brass ead blocks
o soldeted dizectly 1o the two plate terminals
on the 19 tbe socket. The ends of this coil
exend down about an inch, or slightly less,
in order to keep the coil center-taps clear of
the other tube socket terminals. The two in-
side, or Brid leads cross over to opposite

enee. sigal -demyes Rbluciotor elimigaresithe
background hiss. The antcnna can be most
conveniently coupled 10 the set by means of
a clip on the copper wbe inductance. This
clip should be sct near the center tap, but
2 far away from it as possible 1o still get the
super-cegenerative hiss over the tuning dial
tonge” Usually the clip will be not over an
inch along the inductance from the ceater-tap.
Aay wire can be used as an acrial, ¢ ven values
up (o several hundied feet in leagth. Por
most local wark a four-foot wire o tod can
be used. connected 1o the oscillator by means
of the clip meationed. For better results a
wire 12 fect long is tecommeuded; it gives 3
quatcer-plus.a-half- wave antenns. The 4.foo
section acts 38 a quarter.wave antenna with
the set and baticries acting as a ground or
counterpoise. Probably an aluminum plate
about the size of the breadboard and under-
aeath it should aid in this effect, if it is con-
nected to one of the 19 wbe flament terminals
by means of a short lcad,

Trouble shooting the set is faicly simple.
For the newcomer of beginner, the polarity
and veluges of the A and B batteries should
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be checked. The values of the resistors and
mica by-pass condensers are important. The

Blament theostat should be sct 5o as to give
Good

2 volts across the 19 tbe Slaments.
soldered joints
should he made
throughout and
all RF lends made
15 shore and direct
as pussible. The {5
19 tube should be 5t
a gaod one and a

check can be ma
by wserting am
liammeter in ser-

For receiving, the plate current should read
about $ milliamperes.
essible to obtain a high-level single
button mike of about 200 ohms resistance. the
m plate re-
sivor R2 can be
climinated and
mote power out-
put obtaiued with.
out excessive plate
curcent. This e
siscor  holds the
plate voltage to
about 100 to 120
volts, since the
niike used bad

ies with the B - =
batery. It should

read Fiom “65"t  Resr and Side Views of the RF Portion—Note Short
6 millamperes ‘Connections

when  transmit

«ng, and drap 1o about 10 or 13 when not
osuillatng, such as when touching a plate or
prrid teeminal with the antenna or one's finger.

only ahout 20

ohms resistance

with 1ather
id bi.

&
The set has wotked very satisfactor
distances of ten miles, without cither lo-
cation being more than 50 fect above ground.

—_—

Super-Regeneration Simplified

UPER REGENFRATION is used in near-
Sl ity o ity
e 3 e meters because of its
mmml, Wik sens . Radio frequency
and present day
circaits e <oming into promincnce for 5-
meter operation. but supet-regeneration pro-
wides 1 practical methed of receiving weik
sigals,
An ordinary detector circuit can be made
2 greac many times more sensuive and selec-
uve hy the use of regeneration. This con-
sts of using some form of cicuit in which
part of the plate circuit RF signal is fed back
10 thegrid circuir, and since the tube acts as
an amplifier as well as detecoor. the signal is
increased.  This feed-back voltage or effect
can he carried to the point of self-oscillation
with increasing amplification on weak input
signals. Beyond the poigt of oscillation, the
quality on voice or music is ruined and the
sensiticy begins to drop, due to less efficient

der

H lhe feedback cfiect could be carried on
long enough, the nnly limit to the Anal sig-
nul surength would be the overtoading poine
of the detector. Supercgeneration is a meth-
od of Soroping, chis feedback past the point
of self-oscillation without ruining the de-
cector 2udio quality. This is done by allow-
iog the wbe to oscillate, then damping out
the osGillation a gre  many times pef seco
Usually this is don at such & fast rate lhll
the damping oscillations are above nudnbllnp

This damping or quenching effect can
aciomlRted it ol G o T

Sometimes a pegular gscilaion circuit work-
ing in the range of from 0 200,000
cycles per second is used ey aticon
wolling the ultra-high frequency oscillations.
The lauer wkes place in the dete cer circuit
s the orher low frequency (some umes called
inicrrupsion trequency) oscillator can feed a
Jutle energy o the detecror grid or plate
citcuit.  The mose common methnd is to
couple the two whe plate circuits together
for 3 form of Heising ot plate modulation.
In this case. the incecruption frequency varies
the detector plate voltage enough so that
his tahe spills in and owt of oseillation. at
a rate determined by the intecruption fre-
quency. Thigsame detecton whe can also be
used as a0 interrupuon frequency oscillator
by puuing the wacd arcuis fot the larter
into tbe detector circuit.

ocher form of super-regeneration makes
¥t of § blotking #rid Ieak-condener action
© that no extra the o low frequency coils
ate necessary. Such a circuit functions as an
ocdinan: oscillaur in which the grid leak is
100 high to allow the clearons on the geid
o leak off at a rate to give constant value of
geid hias voltape, This causes a change in
average hias and stops the oscillarion because
the plate cutrent is decreased and the murual

uctance of the wbe drops. 1 the cir-
cuit constants are correct, including a fairly
high decremeat in the detector tned circuit,
the blocking action takes place at an in-
audible raie and superregeneration 3 ac-
gomplished even a low-
loss five meter circuit is ;umnemly high to
allow this circuit 1o function we!




Page 22

5-METER RADIO TELEPHONY

Frank Jones 5-1

incesestiog possibility for tests between

cars.or hetween a caron a mouncainside
and some city in thedistance helow. Requests
for a powerlul transceiver have been macleand
the circuit shown should fulfill chis need. Some
sets of this type have been in service for sev-
eral months on the consrruction work of the
great San Francisco-Oakland Bay bridge and
have always pur owr a good stwong signal
of excellent intelligibilicy.

The power output sanges from about one
srate carrier at 160 volts plate supply to sbout
three watts at 258 volts. These powcrs are
suitable for use in cities or level forests of
from (0 10 six miles on fve meters. These
sime sos will transmit and receive up t0 any

Flvs or ten meter phone work offers an

TUNING

Front View of Transceiver

visual distance (a hundred milesor more) be-
tween mounain sides. ®n 10 meters the ab-
sorption and refiection by buildings and smail
hills is much less and theshort distance ranges
are greatly increased. Occasionally a 10 meter
signal may come in from x point 500 to 800
miles away on days which .re particularly
suitable for this frequency. This form of re-
ceiver is quite sensitive since ¢ is an efficient
super-tegencrative citcuic on the receive posi-
fon. I also emits bad incesference siuce it
Ho!

0 Transceiver

aton of the super.regenerative detector at a
moderate value of actual plate potential and
grid bias, followed by 1 high gain audio stage.
Too many superregenerative seis give (00
much noise and to0 lirtle signal because of
improper circuit constants and too little audro
amplification foliowing the detector.
e circuit_consists of two tubes such as

the type 42 six volt pentode power tube. A
four pole double throw anti-capacity or spring
leaf switch is used to either transmit or re-
ceive with six voli power supply being shut
off in the center,or off position of the switch.
A tuning contro), volume control. and re.
ceiver super-cegeneration control are also pro-
vided since the adjustment of the later mini-
mizes ceceiver radiation, In the seceiver po-
suion, orie wbe acts as a super-regencrative
detector and the other as an audio amplifier.
Ir: the transmit position, the actual plate volt-
age on the fotmer mbc is mcrcased grearly
and a low value of grid leak makes it into
a powerful oscillator, The audio amplifier be-
comes the modulator and the headset is cut
off and the single hution mike cuc on in the
transmic position.

The transmitting osclll:(ax draws relatvely
high plate curcent on these short wavelengths
and best results are oblained when the modu-
fator has a step-down output teansformer or
choke for coupling. A centcr-tapped output
transformer or a center-tapped 30 oF 40 hency
choke works very nicely and gives a high per-
centage of modulation as compared to the
usual Heising choke coupling 10 the oscillator.
This choke carries the combined oscillator
and modulator plate current so it shoul
one having a suieable air gap if good speech
quality is desited

mike transformer can be any single
hutton-10-gaid type of transformer. The vol-
ume control for receiving allows any volume
range desired on the reccive position hut bas
“effect on the transmitter except 10 act as
lixed resistot load across the mike trans.
former sccondary, thescby improving the au-
dio quality.

The regeneration control is desirable since
the relative tm hack is greater on 18 metets
than on 5 meters and it can also be set ar a
i ateafihe. hmkmg.orr point of super-
iver radia-

15 a grid.leak typeof sup ow-
ever, this form of dmmun has proven very
satisf ety w 41, 42 or 2A3
pentodetubes from a snndpomx of good sen-
sitivity and ability te detect, without undue
distortion, weak or exiremely suong signals.
The lateer effect is ohtained by returning the
gnid leak 1o a high positive potential which
makes 1t act imore nearly like an AVC re-
ceiver than any other form of super-regener-
ator.

High sensitivity is obtained by relatively
tight coupl aresonant antenn and oper-

i T Vagi bl resiattr Should bt capable
of cateying two or three milliamperes of de-
tector plate current and serves as o resistance
coupling to the audio amplifier. This resist-
ance coupling drops the plate voltage on re-
ceiveposition.

The values of condensers and resistors
shown in the detector circuit are quite im-
portan for proper super-regencration, espe-
cially the plate return and grid blocking con-
densers. The leads from the tuning condenser
<0 the tube should be as shore as possble. not
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5210 TRANSCEIVER  should be ot in the mounsing screw hole of

ne of these brackets in order to have a slight

variation of coupling in order 1o adjust it to

Ri a point where the receiver has a tendency to

pull out of super-regeneration with the regen-

eration control set at about half way position.

This condenser should also be mounted on the
cuning condenser vertical subpanel.

The wbes can be mounted on & metal or

Bakelite horizontal subpanel with the tuning

condenser and coil above and the send-receive

Correct Placement of Parts

switch below. The RF chokes should be
mounted beneath this subpanel near the grid
condenser and grid terminal of the oscitlator
socket. The chokes which have proven most
satisfactory for both 10 and 5 meters, are made
by winding No. 30 DSC wire for I/, inches
on a 3 inch diameter bakelite rod. These
chokes can be mounted by means of a short
. spaced % 632 machine screw which does not extend
. botween furns. 28 MC-12T No. 12—%.  "© the RF choke winding itself. The chokes

should be dipped in clear lacquer or coil

betwasn turns. “dope” and dried before using.

C1—.00025 An 8 mfd. electrolytic condenser is shown
Ri—1 Megohm. C2—I5Mmfd.  connected across the B plate supply as most
R2—5000w | Wott. C3—.006 dynamorors or B climinators are not well fil-
R3—50.000w. Cdemd MFd, tered. Fven with B bauery power supply
RA—250,000w POT. C5--.006 this condenses is useful because it prevents a
RE_600w 1 Wott. Co_ioMid.  sort of fringe how! in the receiver when the
SW—4 Pt canter is "of".  CT—5Mid. batterics become old and have high internal

resistance. The 10 mfd. electrolytic by.pass

condenser across the 2 watt 600 ohm eathode
over two inches at the most. The plug-in resiscor can be of the 25 volt ype. For
coil should have its two pin jacks mounted coupling imo a sngle wire fceder a
very close to the tuning condeuser tesminals, condenser spacing of about 1/16 to % inch
preferably on the same picce of bakelite or is usually correct. An antenna that has
hard-rubber sub-panel. This coil should be at  given excellent results in a car, is a quarter
least 3/4 of an inch away from any metal wave rod mounted on one of the front fenders
shields. The tuning condenser must have an  with a stud bolt. The fender acts as the
insulating coupling in its shaft connection 10 ground plate to which the bortom of the quar-
the tuning dial. The complete receiver should  ter wave rod should make good electrical
be enclosed in a metal cabinet with a metal contact. The single wire feeder should then
front panel for shielding and prevention of be connected ro.e sliding clamp ring for final
hand capacity. The antenna muilmg con-  coupling adjustment. This point is always
denser can be two zight angle brackets about  about one-fourth of the way up from the
V4 inch apart and % inehes square. A slot  buse of the rod.
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34-Meter Transceiver Using the 955 "Acorn’ Tube

here describe
The circuits shown ate not the ulsi-
mate in design, by any stretch of the imagina-
tion. However, the sews work saustactorily,
both as transmiters and receivers, Undoubred:
ly much morc output for a given input can be
obuined if the grid excitation coul
justed properly, such as by dic- usc of a sem
varigbic grid condenser and proper location

Q PRACTICAL %-meter transceiver is

The ¥%-Metor Transceivar in metol case. A
midget loud speaker is by The RCA.955
“Acorn” tubeis plainly visibl

of that condenser in the LC circuit. Some
experimenters report much geeater output by
means of these adjustments.

In the circuic shown. the similarity to the
usual 5 meter transceiver is guite apparent.
The wansmicting oscillator is modulaced by

2 pe 41 rube with a single-butcon mike in-
n the receive position, the oscillator
Decomes a blocking grd-deak type of super.
nerative detector, ond the 41 modulacor
tube becomes an audio amplificr driving a
small magn ecic loudspeaker to moderate vol-
ume oo fairly-grong signals. The swicching
similac to that used in most 5 meter
wansceivers. k¢ changes the grid-leak value
50 as w0 obtarn either ordinary oscillation or
super-regeneration. It also switches the in-
put and output circuits of the audio tube and
wrns on or off the microphone cusrent and
heater circuits.

The new RCA type 955 “acorn” tube was
used because its extremely small elemencs and
capacities allow it to function satisfactorily
on wavelengths below one meter. lts power
ourput is quite low as an oscillator and thus
a beam antenna should be used. The an-
tennas used for the frst tests with these sets
consisted of short lengths of No, 10 wire,
thrust through tight-Rding holes along a %-
inch diameter wooden dowel rod. The an-
tenna was a wice 13%-in. long with a re-
fector 14%-in. long and two directors 13-in.
long. The antenna wire was spaced a quar-
ter-wave ahead of the reflector wire, which
amounted 10 ahout 7-in. (% of a wavelength
spacing between che antenna and director
and becween the two director wires was
used). This amounted to about 10%%
spacing. This antcana was not very direc-
tional because there were no reflector wires
on cither side of the antenria and a geeae many
more direaor wircs should have been wmed,
By using really-good direciional antenna
sysiems, the apparent low power of the trans-
mitters can be increased so that it should

aNTTEEOER

¥,-Meter
Circuit

The RF Choke
consists of sbout
25 furns of No
22 DSC wice,
wound on a Y-
inch diameter
form. T1 and T2
are Output trans-
formers.  Those
used in the Trans-
ceiver hereshown

are of the 2AS
PP. Ouiput type.
Although the circuit diagram shows a num.
ber of separate switches. for the soke of
simplicity, o 4-polo-double-throw anti-capa-
city switeh will sorvo the same purpose.
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be possible to communicate over air line
distances of several

The RCA 955 tube mdmed (0 be micro-
phonic and it also has & tendency o run
away”, similac o the action which takes place
with an overinaded type 46 tube. It is nec.
essary to keep the plae and grid curreats
within the limits recommended by the tube
manufacturer. Onc way 1o prevent the tube
from creeping-up in plate current is © use
cathode bias and a fairly low value of grid
leak. Then as the plate current starts 10
climb, the grid bias increases and tends to

Under-chastis viow, showing correct location for
mounting the 4PDT anti-capacity switch ond the
output transformer.

reduce the plaze current. The use of this
method seems 10 solve the prohlem of tbe
Jife.

To obtain oscillition in these parcicular
sets, it was necessury (o usc a cathode RF
choke. The 150 ohm carhode resistor pre-
vented superregeneration until it was by
passed with a .01 mfd. condenser. This con-
deaser by-passes the super-repencsative hiss
frequency, although it would probably have
been equally satisfactory 0 rewen the place
by-pass .01 mfd. condenser to the lower end
ofthe cathode RF choke instead of to ground.
The number of turns 1n the RF chokes seems
0 be somewhat critical. A variation of from
10 or 15 wens causes trouble.  This is prob-
ably due 1o the high RF mpedance of the
path back 0 the nodal point of the tube
and LC circuit. Ic is difficult to by-pass of-
fectively at these frequencies and thus a few
experiments with RF choke turns, location of
leads and chokes, and contact resistance of
the wbe clips will remedy dus source of
trouble.  Oscillation should always he check-
ed by means of a plate circuit milliammeter.
The plate- curreat should never exceed zbou(
7 millismpercs on the transmit positien, if
one expects more than a few minutes of
whe life,

¢ The oscillating circuit cnmsists of the tube
capacities and a parallel wire LC circuit. At
% meters the parallel wire lengrh is slightly
over an inch in Iength and is made by solder-
mg a pair of No. 14 bare copper wires fo

Showing how the RCA-955 “"Acom” tube is
mounted on e Bakelite sub-base which is isolsted
from the metal chassis deck.

the tube grid and plate clips. The parallel
wice bridge consists of the .0001 grid con-
deaser.

Antenna coupling <an bc accomplished by
connecting the anteana feeder o sume point
aleng the panllel wicts, for preferably by
inductive coupling usual  two-wire
feeder would undeuhledly bt better than the
single-wire feeder used in these fust cests.
‘The Jatter was connccted to the antenna 2
inches off center. A two.wite feeder can
be made of No. 24 or 26 wire, spaced about
an inch and tapped across the cencer of the
antenna in the usual Y connection.  The an-
tenna coils are wound directly oyer the plate
coil: they nse the same number of turns as the
plate coil.

The modulator control is the key to the
lefe of the pancl. The teggle switch o the
right contrals the incoring power. The two
flashlight cells alangside the microphone
trunstormer are: for the microphone supply.
‘The control in the center is the volume con-
trol. mounted direcdy hetween the two
metcrs.  The meter in the plare citcutt of the
class B siagse reads the cotrent, which should
be 60-65 milliamperes for full modulation.
The arcangement shown here is the only one
that gave the minimum amount of hum,

IN ACTION

This transmiuter has heen operating for
several months in a congested area
the three phone hands and has dane very
well. considering the great number of igher-
power stations on the air most of the time.
The anteana used is 132 feet long, with a
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.0005 condenser in series for tning, The
teports given with the antenna four feet off
of the ground were 15 good as when it was
40 feet in che air, for local operation.

Standard RCA Circuits and
Constants For 955 Tube

WLTRA-HIGH-FREQUENCY
HAHTLEY OSCHL.LATOR

LicLzc va{ 4D 0N
202 = GANCE oesi
c

Five-Meter Filter Circuits
One of the major problems of fve-
meer auto tadio is & suitable plate vole-

age supply. B.battcries are, cumbersome
and expeosive, if ofien replaced. A small
om

the car 6voll bauery, is the solulmn 0
this problem. The eliminator or dynamotor
accupies but little space and the device can
be made to supply from 150 to 300 volts of
DC volrage.
However, most amateurs who have tried
these systems have experienced trouble from

ash of noise in either the transmitter ot
receiver, or bath. Additional audio filter
in 4B leads seem to be of lile help. The
trouble is caused by RF disturbances which
gec into both the A and B leads o the 5
meter set.

RF disturbances can be confined to the
dynamotor or vibrator eliminaror itself by
means of simple RF chokes. The circuit in
Fig. A has worked sacisfactorily when used
in counection with various dynamotors.
The 8 mid condenscr acts as an audio flter
and low impedance hy-pass [or the dudio

PUSH-PULL OSCILLATOR
TUNDPLLTE TUNEDCRID TPL

TIRICAL MONTIG,

<ometn maTe (cmuno) /—mvl act

return circuits. The RF choke
in the B, lcads prevents RE from running
up this Iead 10 the set. All RF chokes should
be mounted as close to the power supply unit
as possible.

The RE chokes in the 6 volt leads must be
made of heavy enough wire to cacry the con-
tinuous load of this unit, which may be from
2 to 10 amperes, depending upon its rared
input and load, Usually No. 12

ice, close wound on i
dowel 1od for a length of about will
be suitable for these Gvolt Iead chokes.  The
place RF choke should have more twrns of
fine_wire, such as No. 32 to No. 34 DSC on
a %-in. diameter rod, for about a 1i-in.
length. This numher of trns in the larger
chokes would make them unreasonably bulky,
50 an cffective compromise is made to keep
the size fairly small.

Occasionally a % mfd. condenser must
be connected from the hot side- of the battery
at the d terminal to some particular

spat on the dynamoror frame or housing.

The circuit shown in Fig. D has often been
used 10 remove the hash from a 5 meter trans-
mitier when using 4 dynamotor power sup-
ply, or to prevent the clicking aoise from a
vibrator supply unic. Sametimes thesc units

quiet enough for use on a receiver of
the superiregencrative type. bur fhey il
introduce noise in the transmitter due ta lack
of mike circuit filtering. A simple filter
consists of a 20 to 50 mfd. 25-volt electro-
lytic condenser to complete the voice fre-
quency circuit, and a 100 ta 200 ohm 1.watt
resistor in the hot side of the 6.volt supply.
Care must be taken to sce that the polarity
of the electrolytic condenser is correct; its
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negative side is toward the negative 6-volt
supply, and the positive terminal roward the
positive 6-volt supply lead. Either the nega-
tive or positive terminal of car baries is

F16.A
RFCI—25 hlnu No. 12 wire on ¥/ to % inch

dia,
RFcz—rs mm No. 32 fo 34 DSC wire on Y4
ch dia. dowel or bakelite rod.
Either positive-A or negative-A battery terminal
ofcar can be grounded.

grounded 1o the car frame; thus it is always
necessary 10 first check the polarity.
The circuits of Fig. B and Fig. C are use-

sistor-type filter cannot he used here, since
the current drain through it would be too

B suspLy uaiT
A 8¢

great. A low resstance choke of from 0.1
to %2 henry inductance, and small fraction
of an ohm of resistance. is somewhat a probe
lem, but it can be solved. Some small dyna-
motors are equipped with such a choke, but
usually without the 50 mfd. condenser or RF
chokes. If no audio flter is furnished with
the dynamotor. acleast an & mfd. clmmlyuc

B supeLy uniT
foea “5e]

prons Van

Fis. ¢

condenser must be connected across the plate
supply, cither in the 5 meter ser or at the
power supply terminals.

Fig. B and Fig. C are somewhat similar
and are given in order to show the change
of connections nucessary when the car bat-

rery is grounded 1o =6 in une case, and +6
in the other.

The RE filters should be mounted close
to the dynamotor or eliminator in order 10

SPEECH awP OR WOD.

e e

Fi6. D

be efieccive, Ample space can be found
inside the dynamotor coniner for these RF
chokes, If not, the chokes should be mount-

Needless to say, the G-vult supply to
the 5 meter set should come from the bat-
tery side of the RF filters.

It is always good practice 1o run the pow-
er leacs directly to the car hatery in order
to avoid car ignition noises. The usual re-
sistor-type spark plug and distributor sup-
pressors. will kill 5 meter incetference. The
conventional hy-pass condenser at the car
genrator s advisable. Torwunately, the car
ignition sysem nofe is casily minimized,
but the bepadcast type RF choke type up:
pr:ssors will not work on 5 meters. These
suppressors are usually layer-wound and they
arc uscless ac high frequencies.

2l/2 and Five-Meter
Doublet Antenna

The new Americon Radio Hardware Ce.

2% and S.meter Doublet Antenna is a good

Svasio iojthe, dnaurpidblemepcountired

in uitra-high frequency, transinission and re-

ception. Lt has always been the desire of the
ft

amatcur 1o obtain the maximum efficiency
from each piece of equipment used. Tests
conducted within the last few months prove
that successfol high frequency transmussion
depends 10 a grear extent on the type of an-
tenna svstem employed. In most cases, S
meter amennas were made by the cut and
«ry method and it tonk heyes to “railnr” the
antenna for the particular transmiter o re-
ceiver. With this new antenna with its spe-
cial force wype lucking devices, it is a simple
marter o obeain the proper length and this is

i these: for

lang periods of time,
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The Frank C. Jacobs 5-Meter Transceiver

HE push-pull oscillator, class B modu-
fator transceivees herein described have
a power output of from 10 to 50 times
that of the conventional transceiver employ-
ing type 30 and 33 tubes. The use of highly
eficient tubes and circuits makes possible an
output comparable to that of 3 medium-pow -
ered transmictes. The transcei ver chassis and
cases are made of crackle-finished steel, are
10 by 7 by 5 inches, and weigh from 71 to
9%, pounds, depending on type. The front
panel and chassis are a welded unit which fits
into the hinged tap cabinet. Special models
with speaker grill and battery of generator
compartment follew the same chasss design.
win triodes gre the fou
dation of the Jacobs i
ers. Their use makes possible
short leads so important at
ultra-high frequencics, and
simplifies the problem of real-
izing high output power.
These tbes are available in
chree styles. the 19 for 2-volt
operation, the 33 for 2.5-volt,
and the 79 and 6A6 for 6
volts. The 19, 53 and GAG
are peculiarly adaptable to 5-
weter oscillators, having all
late and grid leads in the
ase. The 79 has one grid
terminal in the cap, making
symmetrical push - pull con-
nections awkwar
e Jacobs transceivers
use (win wriodes as oscillators

class A driver,
equivalentofa five-tube trans-
ceiver, although employiag only thrce rubes.

The oscillator tube socket and unity cou-
pled fi-inch copper inductance are mounted
above the chassis on a_bakelite platform.
Plate and rid leads are brought directly to
the socker prongs. making all RF compo
nents symmerrical and keeping thern out of
the field of other circu

The audio frequency circuits are confined
to the region below the chassis subpanel. No
witing_ other than the place, grid and fla-
ment leads to the oscillator circuit come
ahove the base.

When the send.reccive knob is thrown to
the reccive position the RF panel assembly
becomes a_push-pull super.regenerative de-
tector Feeding into a special primary wind-
ing on the miccophone transformer. After

being_amplicd by the driver and chss B
amplifer tabes, sulficient encrgy is developed
1o operate a loudspeaker, Th 19-A teans.
ceiver delivers 21 watts U.OP. o 2 speak-
er. Breater power than that of many broad.
cast receivers; and the 33 (or GAG) gives a
maximum undistarted powet of 10 watis.

‘Theowing the knob to “Transmic- chinges
the RF asscmbly ino a high-powered oseil:
lator circuit and connects the icrophone f0
s transformer,

"The 19-A transceiver may be used cither s
a potfableor 5 3 mobjle. staion, Filament
Voltages of 2 or 6 volts from No. 6 dry cells
may be employed. When four No. 6 dry cells

TYPE 10-A

arc- employed the current draw is only 0.25
amperes; three 19s being employed
filaments in series. Batery life is approxi-
mately 130 hours. A rheostas to compen-
sate for the deterioration of dry cells is in.
corporated. Access is had by means of a
slotted shaft in the rear of the cabinet: out
of the way of playful hands. At a plate volt-
age of 135 the transceiver consumes 20 ma.
on reception and 58 m.a. on teansmission. On
extreme modulation peaks 75 m.a. is drawn.
Either an automobile B-eliminator or B bat-
teries may be used.

The Type 53-A is made for mobile or AC
operation. In the former role the filaments
are wired for connection to a 6-volt storage
bactery, while in the latter the flaments
are heated from a 2.5-volt source.
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A Separate 5-Meter Transmitter and Receiver

HE gready increased popularity of the
S meter wnatcur band has resulied in
the use of transceivers, i.c., a combina-
tion of cransmitter and receiver. These crans-
ceivers have some disadvantages if very many
of them are used in one locality at any one
The receaver parcion radiates strongly
and the radiation can he heard ncarly as far
as the transmiter iself. in some cases. The

Waunderlich TR niodel in metel case

transmicer s wned o the same frequency
as the receiver; it crowdsup all of the sta-
tions on une frequency. Some transceivers
possess the annoying feawre of not rrans.
mitting on the exadt Erequescy of the receiver.
This o samilar e vl chase cach athet
right across the ... someumes even
[t e The power
output is low because the antenna coupling

Under-chassis view.

must be very loose in order to prevent pulling
the detector out of super-regeneration,

As more 5 meter sets come into use, some
means for overcoming these faults must be
found. Ac the same time. the cest of con-

ruciicn st nor increase appreciably. The
circuit diagram meter st wich
has several advantages over the usual trans-
mvu It can be builr inw a 7nch square

b circuir ig s resules oF camsiderable
experimenting and it bas several interestung
feaures, The transmitreccive switch can be
n_ocdinarysingl-poledowblethwow snip
switch, instcad of the usual SPDT swicch.
The receiver tus 3 separare mnlng control
and thus the tramsmitzer can be left on one
fixed frequency. The anenna coupling can
be greaty increased. with the result that for
a miven plate voluage the power into the
antenna is doubled o reipled

The teceiver portion uses a stage of radia-
frequency an plification. It does not radate

A of <ails, tubes fe

appreciably i the ransmitter section s
shielded from the recever. By using a res-
onant antenna the grid circuic is tned some-
whar, and the place circuit is coupled to the
super-regenerative detecos by mcans of a
small micaype mmmer wodenser of about
25 mmfd. masimum capacy. The RE gain
in this stage is pracucally nif but it serves
© prevent radiauon from the rfceiver and
permits the use of a very satistactory method
of coupling to 2 resonant ancenna withour
the usual “pulliuy; ¢fiec” on the decector.
The derector circuit uses a type 76 tbe
super-tegencrates nicely at low: plate
voltages.  This permits the use of resistance
coupling (o the modulator or amplifier tube.
The grid leak of the detector retrns 1o +
voltage in order to obcain less disortiont on
strong 5 meter signals. The scnsmvuv. when
this method is used, is the same as when the
UL I3k +dfuee foluB, busa.muc feuer

binaiion il & cempatap oupix: childe, #hi
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modulate the 71A oscillator nicely with ber-
ter quality than the usual modulation choke
arrangement. This wbe also serves as the
audio amplifier for reception.

The transmitter section uses 2 71A oscil-
lator because this tube is quite effective az
moderate plate potentials on 5 meters. The
TIA tube heats quickly and the send-receive
swicching arrangement acts fairly rapidly. A
12A tbe is also quite efficient, but the lower
value of grid-leak for the 12A necessitates
the use of an RF choke in series. The grid-
leak value for a 71A is so high (100,000
ehms), that ne grid RF choke is needed.

The setd-receive switch is only a SPDT
switch but it performs several functions, In
the transmitting positien it turns on the
71A filameot and allows the escillator to func-
tion; it also tutns on the microphone cur-
rent. cuts the head-set off, opens the cathode
circuit of the RF tube so that it will not foad-
up the iwansmitter. and opens up the detector
cathode: circuit se that it will ner super-re-
generate and modulate the: transmicer.  In
the reccive position all the functions are re-
versed,  In order to keep the side-tone low
while teansmitting, the cathode by-pass con-
densers must be small. .0001 condensers are
satisfactary.

The circuit diagram gives nearly all of tbe
circuir constants, The 5 meter ceils are
madc of No. 12 wire. space-wound on %
form. 5 wums, ceneer-tapped.  The lumng
condensers can be 15 mmid. midgets, such as
thosc: used in the receiver. e is possible to

use a center-tapped loudspeaker output trans-
formers for the: modulator choke and mike
transformer shown in the diagram.

The transmitter ourput into a 500 ohm re-
sistor should run between 1 and 2 watts with
135 10 180 volts place supply. The ouput
will increase rapidly wich higher place volt-
age. However, about 230 10 250 volts is al
that a 71A wbe will handle for any period
of time as a 5 meter oscillator. The method
of coupling to an antenna depends upon the
type of feeders used. A cenvenient method
is 10 use two L-inch square plates with about
Ya-in. spacing as an antenna coupling con-
denser. With this arrangement cither a
single-wite feeder or twe-wice matched im-
pedance feed can be used to the antenna. A
two-wire feeder will funcrion satisfactorily
by connecting one feeder to the chassis and
the other to the coupling condensers. For
automobile use, a single-wire fecder is quite
convenient; the antenna being a 4 fi. quaner-
wave rod. The lower end of this od should
be grounded © the car body or bumper, and
the feeder attached about 12 to 14 inches
above the grounded end

‘The RE tube coupling condenser to the
detecter should be adyusted se that the de-
cector will just supcrregenetate well with
the place voltage supply used. Best sensi-
uvity is thus secured. Care should be taken
to keep all RF mbc by uss cenndenser grounds
t0 one point, preferably vy close to the
secker. The RF' chakes can be made by wind-
ing No. 34 DSC wure for about 1 inch on a
F-inch bakclice or dowel rod.

This is not a Transceiver,
but o 5.materunit ka

a5 & Transmitter.Receiv
er. More widesprizad
use of this type of equip-
ment will oid in solving
some of the problemsof

5meter congestion in
locelifies where many 5-
meter sels are in npers-

tion. The circuit here
shown in the model "TR"
Wunderlich.
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Duplex Transmitter-Rec:

HE Radio Transceiver Laboratories Type
53.6A6 Duplex Unit employs a radio-
phone transmitter similar 1o that of the
Jacobs B6A6 Transceiver. Like the trans.
ceiver, it employs twin-triodes, unity coupling
and class B modulation; but in addition, the
TR unit has a separate four-tube super re-
gencrauve receiver and a dynamic speaker.
Recewver radiation interference is eliminated
and duplex operation is thus made possible.
Duplex. or break-in operation is two-way
transmissien and reception, similar o that of
a tand telcphone circuit. The operator talks
and listens without throwing a switch. He
can interrupt the conversation at will, ot
“breakin”. A panel switch knob is pro-
vided for twening off the transmitter when
lisicning on the transmitting frequency.
Transmitter and receiver are sepasate units,
complezcly shielded from eachother, and each
has its own power supply socker. The unit
can be installed with individual power sup-
plics for transmitter and receiver, or both
may be connected 10 the same power source.
Supply cables should be shielded ta prevent
receiver radiation. The entire dupfex unit
is housed in a black crackle finished steel
case. 10x14x5-in. and is with venti-
lating holes and two handles. The latcer may
he used for securing a suap for carrying o
for fastenin gs in mobile use.

2 on semc AmATEGR
TYPE TR33-0a8 OU
ant 23V 0R

8ax0 - 0r 37
£X TRANSMITTER ~ RECEIVER
av

er

The receiver employs a super-regencrative
detector of the indirectly heated cathode ype.

Extorior View of Ra mcoiver Laboratori
Duplex Trammittor Rocover

ME ExPERIMENTAL BAND.

GROUNDED

—% eghon  R3
RE—40.000 ohas. B9
58C o0

—2 tores,
Lmauied w1l vl tvaded thrssh for e Soll, (SoMo).
e, Troms. T4—Claas B Ioput, UTC HEY or

Soti00oms Re-500 abae. 2 wat
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I.C.A. 5-Meter Transceiver Kits

ested in fivemeter work who would

much rather build a set than buy an as-
sembled unit. because of the pleasure they
get out of building it.

Home constructors who have been wait-
ing for some firm to recognize lhgu
requirements i this segard will
o I e o tranaiehuer
kirs recently hrought out by the ln-
suline Corporarion of America,
New York, These kits are really
complete, down to the last nut and
suhknng Iug

Al o ¢ same steel
(Abmel, whlch 1< ﬁmshed in black

THERE are many experimenters inter-

s wercn
3 wNDNG €Ok

which in other types of circuits are produced
by a separare tube. The oscillation at tow
frequercy is a function of the grid leak value,
in this case 250,000 ohms.

he signals received by the detector are
led through the switch to the upper primary

a3
3% awpeuod rages

30
S5 nee

L grmomes

crackle enamel. The box measures
only 6% inches long, 5 inches
high and 3% inches deep and the
completed outfits weigh only 4 pounds, less
batteries. The two-volt model, for operation
on dry cells, uses a 30 and a 35, The six-
volt model. far storage battery use, particu-
larly in a car, uses a 37 and a 41. The AC
model uses cither 2 37 and a 41 or a 56 and
a 2A5.

The diagrams of all thee models are
shown herewith, with the electrical values of ~
all parts indicated. The same fundamental
RE-AF circuit is used in all cases, with minor
differences occasioncd by the natwre of the
pover supply.

The circuit is very simple, hut many people
are confused hy the dual functioring of
tbes.

Consider Fiy 1. which shows the 2-volt
model. If the iransmit-receive swicch is push-
ed (o the “recave” positiun, the: 30 acts as a
scif-quenching  superregeneratve  decector,
It i called “sclf-quenclun” because it sup:
plies its own low-frequency os s

meren
3 wikoinG il

a1 .
Awpomon

Lw{_j‘%]

s

of a special douhle-primary tansformer,
which in the receive position of the switch
aces as a perfecdy normal AF amplifying
wransformer. The secondary goes to the 33
output tube, and the wnplified signal finally
reaches the earphones through an output
rransformer.
if the switch is pushed to the “transmit”

side, the same whes and parts act altogether
diffccently.  Wich a 10,000 ohm grid Jeak
1 the circait, the 30 wbe becomes a sicaight-
forward RF oscillator, the fre-
quency of its outpur depending of
course on the setting of the 15
mmf. midget cuning condenser.
$  The lower primary of the special
I transformer is cut ino the micro-
b hone circuit, and the transformer
'f ecomes 2 moduluting transform-

er. Likewise, the 33 tube. which
is still connected to the secondary

Heising modulator and modulates

of the larter, becomes a repular
the RF outpur of the 30 oscillator

2o

with the speech picked up by the
hand microphone attached to the
wansceiver. The phone circuit is
apencd in the “transmit” pusition,
s0 the primary of the ouiput trans-
former funcrions as a steaight
audio choke. The principle of
Heising modulation has been used
for years and is well known.
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is noting at all complicated
abou the' Tocéiving: apd wagspatE qo
crations: all they requite is manipulation of
ihe change.oner swirdh and the single tning
knob.

s utten
3wmome o

cover. The lauer has o holes in the top
for stnc-off nsulitors that carry the ane
(i conuect an opening i the

ons. and
buck for the hinding: post strip. Detailed s
sembly

direcdons and picwre wiring dia-
et are auplied, wihtfoie,
nyone who can handle a screw-
driver. soldeniog ton and - pair
of_plers cun puc o 3 com-
plece outhi in 4 in
T it sopall hhuclfitg s
on the twp of the case, which
connect to 4 small coupling wind-
ing_between the secuons of the
oscilluor coil, permic the use

ing.

of vatious types of antenna. For

£16. 3

During receiving, the transceiver produces
a swady, rushing noise in the carphones.
However, when a carrier wave is tuned in,
the noise disappears and the voice comes
dhrough clearly.  This peculiar operation
is characteristic of super.rcgencrative  fe-
ceivers.

The mechanical placement of the paxs in
the ICA transceivers is arcanged 5o thi the
wiring leads are as shorc and direct as pos-
sible. The photograph shows the simplicity
of the low-cost model. The layout is sym-
metrical, The 15 mmf. midget condenser

HEATER CONNECTIONS FOR A G MODEL.

arse 2a
B0il® miuoo o o5t Muhue

flo. 4
occupics the center of the front pancl. with
the: change-over switch above it and the split
winding tuning coil below and behind it.
Just behind the binding post strip are the
audio transformers. The various small re
sistors and condensers are mounced by cheir
own terminal wires, all the connections being
shorc and direct.

The carrying case is made of two picces:
an L-shaped front and bottom, and a complete

postable operation probably the
simplest acnial is w four-foot
lengh of copper. hrass or alumi-
num cod or wbing fasiened di-
rectly o one post, with the
other left free or  grounded
Tuned feeders connecung to a
half.wave: Hortz antenna may also
he used, in accordance with all
the principles that govern antenna
construcuon and operation on the
lower froquencies.  The various
methods for connecting the fila-
ment circuit. depending upon the
type of twbes used. is shown in Fig i The
3776 oscillawr whe anl the 41 anphiice-
modulator tbe can ke operated with the

The LC.A. Kit in its Motal Cabinet.

Hlaments connected in series if a 12.vole
batcery is used. A number of the popular
makes of automobiles use & 12-volt storage
baery. A S0 ohm resistor is connected
across the filament terminals of the oscillator
wbe, as shown. This resistor should be of
the heavy-dury small wire-wound type.
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3-Tube Unity-Coupled

NE of the most interesting pieces of

meter “transceiver,” which gers its
name from the fact that it is 8 combination
transmitcer and receiver using the same tubes
and accessories for both purposes. A recent
tuling of the Federal Communications Com-
mission permittiog_mobile as well as port-
able operation on five meters has gready ac-
celerated amateur activity along these lines,
and amatcurs cverywhere are deserting the
hopelessly crowded 20. 40 and 80 meter
bands 1o find considerable pleasure on the
shorter wave.

Five tnetcrs offcrs many opportunities be-
cause one cun pack a complete outht into a
bhox about the size of a typewriter case and
ser it up for opcration in a few seconds. A
S-meter set can be operated in a car in mo-
tion, and dozens of different “"hams” can be
contacted as you drive from one rown ro an-
other. Five-meter “field days” held on Sar-
urdays or Sundays, are getting to be regular
affairs in amateur circles.

In recognition of this growing acclaim of
five meters. the writec has designed a three-
wbe transceiver which has proved exception-
ally successful. and can be purchased com-
plere for a price that would have been con-
sideced low i few years ago for just an
ordinary power pack.

A single case, made of steel finished in
durahle black crackle, and measuring 15V
inches high, 8 inches wide and 7 inches
deep, house's the complete outfit, which is
known as the Lafayette Transceiver. Why
steel and not atluminum for a portable job?
you may ask. The writer has found that
steel stands the punishment of portable ser-
vice hetter than aluminum, and its extra
weight pas for irself in durabiity.

As shown in the illustrations, the case is
formed on four sides and has removable
front and hack panels. A man-sized carrying
handle is fastened to the top. The upper half
of the box is occupied by the transceiver
proper, the lower by all the required fila-
ment, plate and microphone batteries. A dec-
erative plate for the front panel carries three
controls and two jacks; the former are the
main waing knob, in the upper center, vol-
ume control, lower left, and receive-transmit
throwover switch, lower right. The jacks are
for earphones and a small hand microphone.

The knobs are of the new pointer type and
look very disrinctive. A plain knob and not
a vernier dial is used for the tuning con-
denser (CI in the diagram) because the tun-
ing is not critical and & knob permits quick
scanning of the entire five.meter ban

e tbree tubes in the Lafayeue Tunscelv-
er actually do the work of fve, and this ac-
counts to some degree for the effectiveness

5-Meter Transceiver

of this tizcle outhi The diagram shows all
of the counections in deta

Transcciver hookups always look confus-
ing at fiest sight, bur this particular one is
really easy t undersand if vou follow it
through carcfully. Tuhes ¥1and Vs are both

interiar view of Transceivor, showing wnity-
coupled coil and battery compartmont.

type 19 double triodes, V2 a type 30. The
four switches marked S are all part of a
single four-pole, two.position unit; the
points marked T represent the transmit_po-
tion; the points R the: cceive posiuon. The
variable resistor R1, which acts as volume
control, is combined with the filament switch
SW. C1, Ri and S are the only variable in-
struments in the whole transceiver.
coil marked L2 looks a bit peculiaz.
It consists of two twrns of 1/-inch copper
rubing about 2 inches in diameter, with »
split fmgrh of insulated flexible wire inside.
The he tubing acts as the plate coil, the wire as
the grid coil, of a simple push-pull oscilla-
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tor. The close coupling berween the two
coils makes this a powectul oscillaor indeed.
Tuning condenser C1 (a 15 mmfd. midget)
is connected across the ends of the plate or

“tank” coil and 1o the plates of V1, with a
center tap for plate voltage. The gticl coil
connects to the corersponding grids and is
similarly tapped.

Let us throw the changeover switch to the
receive position and see what happens. Tube
V1 now acts as a self-quenching super-re-
generative detector, with C4-R3 as the grid

d leak ination. Tt i
with arv P functioning, acts as an or.
dinary amplifying transformer, working into
V2 as first audio seage. V2 in turn feeds into
T2 and V3, which act together as a complete
ciass B audio outpuc stage, the output trans-
former T3 operating the earphones.

Now switch to the transmit_position, and
the same parts act altogether differently. V1
becomes a push-pull oscillacor. Primary P2
of transformer T1 is cut in, and T1 becomes
a mictophone coupling transformer. The sec-
ondary of T5 is switched from the phones to
the plates of V3, so T3 is now the modula-
tion transformer.

In the receive position, R1 is a volume
control on the received sigaals. In the trans-
mit position, it is a mike gain control.

The whole idea works out perfectly, with
the wbes performiog their dual functions
just as efficiently as if the receiver and trans.
mitter were separate units.

Two binding posts ase provided on the
tp of the case for anenna or feeder con-
nections, Best results were obtained with a
uarter-wave antenns, consisting of a four-
Ay tength of aluminum tbing, fitred at one
end with a threaded brass i
direcrly to one of the siand-ol
eight-foot, half-wave antenna has also been

found good. The four-foot tbe is convenient
because it is shorter. It is especially valuable
when used on a car in motinn, because it
whips around less.

For power_supply, dry bacterics are used
throughout. Two standurd No. 6 dry cells
light the filaments. Three 43.volt B baueries
energize the places, A 7Vp-volt C hattery fur
nishes bias for V2. A separate d15vole C
hattery is used for microphone current, ooe
of the switch sections opening this circuit
when the transceiver s in the receive posi-
ton. A single set of bateries withstood € 0
months of cxperimental service, and still
seem to be all rig

As for acal results. the fivemeter band
is full of sucpriscs. the right kind of sur-
priscs. Although these waves are supposed
to he of the quasi-opical type, and a re.
ceiver and a transmiccer must be pracically
within sight of cach other for communica-
tion, the writer has worked more than ten
miles “hlind” between 100 Sixth avenue,
New York. and some nf the ourlying sec-
tions of the city. Some of the contacts were
made with scations apparently bianketed by
steel buildings. In fact. one QSO was accom-
plished with this transceiver on the ffth
foor of a 17-story steel building, and the
other station sbout three miles uptown! One
nf the beautful features about a transceiver
like this is that you can pick it up and move
an. if one location isn't so good, and if an-
ather looks betrer.

The owner of a car can spend whole
months running around with this transceiver.
to look up the address of sime five-meter
ham, drive around the corner from him aud
then “QSO him" over the sit. The strensth
of the received signals is not always an in-
dication of the transmitter's location.

2

o
Parts List for the Lafayette 2
Transceiver g
Gt—15 mmf. midget. 2
G1—.002 mid. mica.
e

LAFAYETTE 5 METER
TRANSCEIVER
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Ideal A.C. Operated 5-Meter Amateur Receiver

Ultrasshore wave superheteradyne receiv
ers can he made quite sensitive by the wse
of cxtreme regencration. and can' even be
madc broad cnough i tuping © serve for
standby operation. Howuver, these seis are
apparendy much more scasitive (o neon sigt
and auto ignition intericrence than super-
regencrative scts. The fact remains thac a
good “stiff” supcr.cegenerative receiver gives
a bewer signal-tonoise rario for average.
moderate strength signals. By a “stiff” super
is meant onc in which the detector is super-
regencrating quite strongly.

Thi condition makes for bad re-
ceiver radiation unless a radio-frequency stage

used (o couple the antenna 10 the detector.
The actual gain in (he RF stage is relatively
small, being from 1 to 8 as against several
TR e e ieronlr coite ey misim e
is in preventing radiation, which is terrific
when the detector is even <oupled loosely to
an antenna.

The RF twbe can be coupled to the de-
tector in several wags; one is shown in this

The RF Stage is in the smallshield canet right

recciver circuit, This scheme permits an ad-
lustable amount of coupling and consequendy
does not_load the detector inpur circuit too

much. The RF signal completes its path
NFRdn [P0 Tleradl icopagiches. of ohe 2k,
tector whe, and external circuit (o ground
capacities. Either an RF choke input can be
used with 4 resonant receiving antenana, or 4
smull semi -fixed tuned inpuc circuit can be

“*Since an R Fstage is used, any super-tegener-
atrve decector circuic could b m.md The
receiver here shawn uses a blocking grid-leik
detector system in which the gnd IR rerugn
is 10 a high posuive potential. When the de-
tector is coupled directly to an amenna, this
particular type of circuit radiates ahour three
times as much as the more usual form using
a separate IF oscillgor.

e sensitivity of the usual form of block
ing grid-feak with ground or cathode return
is about the same as in this ciccuit in whith
the grid leak return is 10 +B volage. How
ever, the detector averloading cfect is greatly
reduced  when  receiving
scrong signals and, in gen-
eral. the tone_quality is
much bewer.  The actien
is similar in effect o a
receiver with automatic
volume control, so thac
nearly all signals ate re-
ceived ar che same volume
and only an audio volume
conteol s necessary.

The decector consists of
a regular Colpites oscil-
lacor circuit in which the
internal capacities of the
wbeact as the voltage di-
vidingelements and henee
produce osciilation. The
cak is of such 2 high

that even with a

8
value
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positive return it still builds up a negative
vol:age, due to grid current. The circuit
decrement and values of grid leak and con-
denser, and plate rcturn ﬁy-pn.ss w cathode
are such as to cause a blocking action, produc-
ing supcr-regeneration and the familiar loud
hissing sound when no signals arc being re-
ceived,

HIS circuit_scems to function as an or-

dina ey oscillator in which the grid leak

s 100 high in value o allow cheelectrons
on the grid (o leak off a a rate which would
give a constant value of grid voltage. This
Causes a change of average bias and stops
oscillation because the plate current is de-
creased and the mutal conductance of the
wbe drops. The grid leak and condenser
values and circuit the

will take place without a faicly large place-to-
cathode rewrn hy-pass condénsec. In the
circuit shown, this by pass condenser has o
eficc on the RE postion, since & i5 o the
low RE pocential side of the RF choke.

WO stages of audio amplification ace

| used in order to insure more than ample
volume under all cenditions of recep-
ton. In some locations local noise is high.
and .1 loud signal 1s required in order t make
it incellipible. Many ultra-high frequency
transmiteers are of the mudutated oscillator
type which have a strong carrier signal with
moderate or weak values of moduliution. A
seronz carrier will climinate the super-regen:
erative_hiss or roar, bur the acwal voice sig-
nal will b weak unless plenty of audio anpli.
fication is used. Since a high value of audio

rate and discharge. or number of cycles-per-
second that this occurs; in this case an in-
audible rate. Apparently the plate circuit
musc mainiain a faitly low impedance path
<0 cathode at this inaudibie frequency because
the place by-pass should be at least .002 mfd.,
whereas .006 mfd. seems none tonlarge. With
cither cesistive or transformer coupling to

is available, it was necessary t©
use a well-filtered power supply. as shown in
the citcurt diagram. The peto de power tube.
Fich 2= ‘anfouipilt amplWis p rosidesTaapIE
Sow¥ fordthel smayl Hynami, 1ekispsthd
Head-set operation is possible by means of
the switch which cuts-in either the headset
and the brse audio amplifics, ot both stages
and loudspeakes.

the audio amplier, no sup:

per detector tunes very

SPeanen

Circuit Disgram of Special 5-Meter

Police Receiver for Loud Spei
peration.

0 HEnRY

CI—s.as mml. varisble.

C2--0.5¢

C3—, oaa

Ll and -Il RF Chokes (lsbeled
FC} ore identical, close.woun

with 50 turns of No. 28 DSC wire,

one layer, on Y-inch Bakefite Rod.

L2—6 t

andualfwgrorting. Atapisia
on L2 of 2 turns from the bu"om
{plate side of L2 which connects

The Field Coil of the Spaaker {which acts es
one filter choke) can be made
to the '27Tuba). choke

hum

o output

instead of input choke as shown, if

The Transformer between the plate

of the 2A5 end the Voice Coil of

the Dynamic Spesker Is an 8000-10
stop-down o

y standard make.

ovelops.
Plote Voltages should be adiusted as follows:
To LI and to Step-down Output Teansformer,
250 volts. To Interstege Transformar (be-
twoen ‘27 ond '56 tubs) and to Fones, 120
volts. To Scraen of '57 RF Tube, 90 volts.
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beoadly, noemally covering u band of at least
100 KC. It is thus sarisfactory for standby
operation when receiving modulated oscil-
lator transmittees or mopa (ransmitlers in
which there is u carrier frequency drift due
to temperature changes. This broad tuning
effect is readily explained when it is realized
that the detector circuit is oscilling period-
ically nverawuh and of frequencies. usually
rom 60 to 200 KC in width. An ordinary
6 o 7 merer oscillacor will vay its frequency
38 10 100 KC when its DC plate voltage is
varied 50%. A super-regenerative detector
is an oscillator which has its plate voltage, or
grid voliage, varicd over much wider limits.
As it goes in and out of oscillaron (super.
regenerarion cfiect) a great many thousand
times per sccond, it also varies its te-
quency oscillation period, which gives the
beoad tning effect. This is a decided asset
in some cases, such as the purpose for which
this receiver was designed.

5.Meter M-O-P-A Companion
Transmiiter For Receiver

Described Above
THE trend in ulta-high frequency equi

ment shows a tendency toward some

form of maser oscllaor, power ampli-
fier combination. The reason is obvious;an in-
creasing number of commercial, police and
others are finding the ulkra-hig

vatious controls on the panel, and thus the
added convenience in tuning is sacrificed for
the sake of added eféciency.

Fig. 1 shows the complete circuit diagram.
The oscillator is inductively coupled to the
amplifier. A regular wned circuit is used in
the grid of the amplifier in order to provide
a voltage stepup as wall as to enable the
use of series-grid-feed, which eliminates the
necessity for an RF choke. Peculiarly enough,
RF chokes are quite eficient at five meters
and shunt feed is often used. The best
choke is none 00 good, hence the use of
series feed,

The amplifier stage is not unlike that used
for any of the lower frequencies; the es-
sential differcnce is in the use of small con-
densers (low C being used thzoughout, except
in the oscillator), and the use of small di.
ameter inductances.  Isolantite sockets are
used for both oscillator and amplifer to
lessen the loss, which is always appreciable
at these frequencies.  Shunt-p late-feed is de-
sirable in the amplifier in order to keep the
DC off the tank coil. and in the wansmiscer
here described shuntfeed made for correct
neurralization. In practice, either inductive
or conductive coupling 1o the antenna is
used. Both systems have their advantages,
as well as cheir dissdvancages. inductive
coupling was used because of its flexibility
and ease of handling.

Gaod quality of reproduction. 1s well 55 &

uscful for their needs. The broad modu-
fated oscillator type of transmitter must
eventally give way to some form of driven
amplifier circuits so thac high percentage
modul ation_with its_auendent cffctiveness
can be uiilized. Crystal conteol & far from
possible but it still presents so many com-
Pkations that its, use 15, hasdly justibed,
The advenr of the new RCA 801 scrved as
a stimulus for the construction of the trans-
mitrer here described. The 801 is driven by
a 45, Although the internal capacities of
the '45 twbe leave much to be desired, it
nevertheless makes an excellent oscillator
for a five-meter wansmitcer and it is capable
of delivering enough output to satisf;

md therefore, eledio symm s designed
to conform (o these requirements.

Because the transmittee has a 20-wartt car-
rier, it was necessary to use class B audio
in nrder to provide the necessary 10 or 12
watts of audio o give 100 per cent modula-
tion. If properly dasngncd and good trans-
fomms are used, the 53 makes a good class

s the (nrcun shows, one 53 is
us:d as a pushi pull, class B tube, and aoo ther
33 with gnlh scts of tlements in parallel
is used for the driver tube. The crystal
microphone was approximately 60DB down
and it was found a stage of 56 was not
enough t0 bring lhe level of the mike v 1o

value.

drive the 801

The entire unit, which includes oscillator,
amplificr, modulator and two power supplies,
is housed on a deck 6 inches high, 12 iaches
deep and 17 inches long. The front panel is
standard, 10V/> by 19 inches, relay rack size,
since the unit is designed to fic into & stand-
ard relay rack with its associated receiver
mounted on the lower panel of the rack. As
the photograph shows, none of the main
tuning controls come out to the panel; in-
stead they are -ccess-ble lhmugh (he screened
door opening out
portance of short dne« Izad!; can hndly be
stressed oo strongly. The leads are made
shorter by not sceempting to line up the

57
hxgh -gain_amplifier was used. When a5
is used, all circuits must be well by-passed
and under no circumstances should less than
12 mikes be used in the cathode resistor by-
pass. 1f a smaller condenser is used, degen-
eration and_suhsequent loss of the low fre-
quencies will result.

The 0.100 milliammeter is connected per-
manently in the positive high voltage of the
class B amplifier. This meter is helpful in
determining correct setting of the gain con-
trol and assurcs the operator that the modu-
lator and speech amplifier stages are working
properly. An O-1 meter in conjunction with
a Yaxley, two-section, six-position, rotary
switch Bdicatcs pscilavot plese current, ben.
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plifer d&rid cur-
tent and amplifice
platecurrent. Each
meter position has
its own shunt so
that & low range
Zeadlds ' Ipos-
siblo/ £+ the g
curgent reading, a
médior Fange for
e Cicilllorolad
current and 2 O
100 for the
amplifier plate
current. Alternace
switch pofats, aie
used on the rotary
switch so as to
avoid the possihil-
ity of arcing when
the swith 15 ro-
wted. The use of
indiv idual shunls

and L2 is plainly show:

mi ts.
has 4 further ad. ™99
vantage in that

makes  all m(uns com-

plew: when the meter is
a0t in use.

Both power supplies,
associated chokes and filt-
ers are mounved bencath
the chassis. One power
supply furnishes power
for the speech amplifier
and modulator and the
other supplies power for
the oscillator and ampli-
fier. The use of wo power
supplies is almost neces.
sary to provide the regu-
lation for oud class B op-
eration, igh voltage
for the ampll er is fed
dicectly through the sec-
ondary of the outputirans-
former, instead of through
achoke-cendenser arcange-
ment. This merhod is sat-
isfactory because the out-
put ransformer is well designed and the sec-
ondary is easily capable of passing the umpli:
fier plate current. Thesecondary is designcd
o work into an 8000 ohm load.” Whjle this
may seem somewhat higher than the usual
secondary load, itworksout to best advantage
since the class C amplifier presents this load
with a plate voliage of 400 volts and a plate

current of 600 milliamperes. = 8000

ohms, while 400 X 060 = 24 watts, the cor-
reet lnpur.  There is noching pariculasly
sacred in exacdy marching the class C load
to the modulator since small amounts of
mismatch change the modulacor outpur but
slightly.

Looking down on the RF porton.

m uunqum.n' of the nductances LI
are wid

condensers
The R.F. fabos mckm (Imlm.n] are raised well above the :h.uu

There a0 no turing control on the front panel of this S-mefer
MOPA. Al tuning edjustments are made by opening the small
screen doors on the frant panel.

Symmotry gives way to e

ioncy.

This tcansmitter is completely AC oper-
ated; no battery is required for the micro-
phone since this device generates its own
voltage. A small amount of Axed bias is
necessary as a safecy measurc for the pmpli-
fie scage and this bias was obtained by means
of the automatic resistor method. The re-
sisor in the centerap circuit is acbitrarily
adjusted with the plate current set to the
warking value by the antenna load, and che
drop across it is then measured with a volt.
merer. This resistance is 50 adusted as o
have appro imately 23 volts drop across it.
The voltag e drop is then measured across the
grid leak and the two bias voltages are added
in order to obtain the effective
twbe. The values of these two r
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changed until the correct bias is obrained.
The amounc of drop across the cathode re-
sistor should be kept to the smallest pos-
sible value so as to keep the plate current
within safe limizs, should the exciration fail,

The bias for class C operation is determined
with small crror by the formula:

mu

Plate voluage

®n the fnal adjustment, rhe sum of the two
biases should equal this amount. During
the course of this adjusimenc it is well to
bear in mind the fact that changes in the
bias will likewise change the plate cutrent
and consequently the load resistance which
the class C stage offers to the modulato. It
is necessary te keep the plate current fairly
constant during adjuscment, by simply chang-
ing the anienna coupling,

In tuning the transmiscer, the
procedure is used:  First the
should  be the desired

following
oscitlator
frequency

set o

4
LS

oA L

by usc of a [requency meter.  The jlaxe
voltage on the final amplifier shoul
disconnected during the course of the pre-
Liminary adjustment, The milliammeter is
now switched over to read grid current, and
the grid tank condenser is adjusted for
maximum reading. The final amplifier con-
denser is then tuned to resonance, as indi-
cated by a dip in the grid curcent. Bring the
grid curreat back to an optimum value,
which will still be below its former value,
and chen adjust the neutralizing condenset
until the grid current remains constant when
the final amplifier tank is runed through
resonance. Plate voltage should then be ap-
plied t0 the final and the milliammeter
switched inte the amplifier plate circuit. The
Tlgkc "t sen shliolla, Ther se) saned fof 15
minimum reading, by adjusting the final tank
condenser.

The quality of voice from this transmitcer
leaves little to be desired. It speaks for the
advantnges of the driven amplifier type of
ulera-high frequency equipment.

1o AC

Complete RF, Speech and Power Supply Circuit Diagram of 5-Meter M-O-P-A.
Cell-wmqu Dete for 5-Meter Operation: Ll---& turns, No. 12 enemel d
between turns end wound on a l-inch diemeter form. 1.2.—4 turns, No.
mppomng. -speced between turns, liameter. This coil is Fh:. h

L4—b turns, No. 12 enemeled wire, spneed Vs-inch betwesn turns on 1-inch di

w-nd one inch
H-
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San Francisco Bay Bridge 5-Meter Transmitter and Receiver

HIS transmitter and receiver, which is
completely AC operated, consists of a
pair of 2A3 tubes in push pull with ap-

proximately 40 watts input. It is,modulated

by a Class B system using a pair of 46 tubes
which in turn are driven by another 46 tube
in Class A. The Class A stage is driven from
the output of a telephone type microphone.

In order to permit becser frequency stability,

two scparate power supplies are utilized, one

for the oscillator and the other for the Class

B. This equipment is built into a standard

table type relay rack and is mounted on four

pancls. The top panel consists of the 2A3s
wich their associated equipmen; the second
pane! contains the driver and Class B stage.
®n the third panel the two power supplies
mentioned above are mounted, and the re-
ceiving equipment is mounted on the botom
panel. The receiver consists of a type 58 tube
as a semi-cuned R.F. ampliier, followed by a
type 27 super regenerative detector and a

type 2A3 audio amplificr. The output of the
receiver operates either the telephone type
handset or a dynamic speaker. The switch
on the handser cradle turns on and off the
microphone battery supply and also switches
from the monicor speaker 1o the seceiver in
the handses. The jow impedance hendset ef-
fectively short circuits the loudspeaker and
since a pentode output tbe is used, the re-
cever volume is reduced to the proper volume
automatically without a noticeable increase
in distortion.

This transmitcer may be operated from any
remote point by means of a 110 volt AC con-
wol circuit and a 3-wire circuit for the hand-
ser.

This conirol permits talk and receive by
means of a switch in the handset itself which
operates anACrelayin the cransmitcer proper,
This relay cuts off the R.F. amplifir and
pentode plate volage and rurns on the modu-
lator and oscillator plate supplies when talk-
ing and the: reverse when receiving.

Two separate transmitters and receivers are shown in the circuit diagram below. The one fo left is
the type IOW, the one fo the right is the type 3A

SAN FRANCISCO BAY-BRIDGE 8|

METER EQUIPMENT

Supen RECENERATOR

1w

e

Th.o portion of the 1o the loft is a
15 watt fransmitter and rocoiver.
ight hand portion of the illustration
ahave is a separate transmitter and re-
csiver, § watts output, and is used as o
semi-portable.
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""Jayenay" 5-Meter Stabilized Transmitter

distant communication on the short
wavelengihs below ten meters, it is
evident that mrerference will he a prohlem
only in and around a meropolitan area. In
the country, QRM will b practically un-
known. However, in and near the farger

DUE TO THE optical limitations on

Fig. 2 shows a speech amplifier which may
be used 1o modulate the transmitter shown
I will completely modulate a
twenty-fve watt input te the power amrll-
fier and provides cnough gain to Rive full
output when excited by 4 dimped two-butcon
carbon microphone.

287 sommr uax

The monthly "Ham
Hints" page in
"RADIO" by

cuit used a
nnly himself.

cities, QRM is bound to become trouble-
some, especially if the practice of modulating
self excited oscillators is continued. Modu-
lated oscillators were abandoned years ago
on the lower frequencies (langer waves) he-
cause of the inubility to obtain a high per-
centage of modulation with frequency sta-
biliey.

Thus, some form of oscillacor-amplificr
uansmm:r will undoubtedly become stand-

practice as activity on the higher fre.
qucnn increascs. In Fig. 1 in shown a sim-
pic MOPA rransmitter which uses a pair of
pushpull 455 as unity-coupled oscillators
and a pair of neut ralized 210's in push-pull
in the power amplilier. The oscillator is de-
signed for maximum stahility, while the final
amplifier is designed for maximum outpuc
These two chacacceristics never 2o together
in the same stage. You can have either sta-
bility or high utput, but rarely both. be-
cause encirely differeat operating conditions
are necessary for the ewo characteristics. The
oscill ator uses relatively high C in the tank
circuit so that changes in tube capacity and
plate resistarice will have the least possible
effect on the freaques n(v of oscillation. On the
othcr hand, the amplifier stage should have
as lictle twningg capacity as pumlalg in order
0 aveid loses.

The oscillatar grid coil is wound inside of
the copper tubing which forms the plate coil,
and the grid coil must be connected properly.
if satisfactory operation is desired. The ends
of the grid coil connect to the grid of the
tube whose plate is connected to the OPPO-
SITE end of the plate coil. The stage will
oscillate weakly if the grid coil is improp-
«crly phased, hut will be very unsrahle.

The coupling fink between the two stages
is tapped across abour a third of a wrn of
the plate coil of the oscillator, and heips 1o
isalate the oscillator from the amplifier.

R1—250.000 olvms, 2 watt; R2—100.000 ohms, 2
wait: R3I—5000hms, S w. 4—500.000 ohms,
2 watt; RS—50,000 ohms. 5 wett; R6—300,000
Cl—I uid., 400

3 TI

: Y audio cl
&2 Tapped modlation <hokn Y2510 40 hom
ries at 75 M.

HAIGIS AM DELUXE TRANSCEIVER
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400-Watt Carrier 5-Meter Final

obuain stable operation on five maters
with the higher.power tubes duc to
vanious reasons. Among rhem ase: (1) High
inter-elecirode capacity in cercam types of
wbes, (2) The nccessity for long leads from
grid to plate, (3) The refusal of practically
all of the commontubes to amplify at a reason-
ably low plate volge en 5 mewcrs. A tube
that will not amplify property will not oscil-
late without excessive grid losss, (4) A rug-
. ged grid and geid lead is esseptial because of
the high radio-frequency grid current chat
fiows at 60 MC. even in the low capaciy
cubes.

THE rantalum grid used in the 354, SOT o

HERETOFOKE it has been difficult o

150T led us to believe that it could be the
answer o the bigh-power S-meter prob
lem. Experiments confirmed this belief and ¢
ceeded our fondest expeccations, especially on
the score of plate efficiency, which 15 usually
so haedd to obtain at S nmieters. ]
35% in oscillators or class C =mphﬁtrs have
been as high as one could realice in the
pre-354 era”. We realized a plate eficiency of
over 5% when using the :onveuuonnl TN
oscillator circuit shown in Fig. L. By sub-
sutating about 3 feet of No. 14 wire. as in

5o
Wires replaced the c:

400 Watt 5-Meter
fior using Tank Coil and Con-
Equally safisfactory results were secured when Lecher
and condensr. The tubes are HK-354s. grounding

2. for about $10 worth of tank coil and
ed o
)y nul

Fig.
condenser, the efficiency promptly jumj

over 66% and 30 waus of (measure
put was obtained with wnly 600 waris
mstead of 700 watts necessary when the A
ventional plate cank circute was use:

The ank ciscuit i Fig. 2 is nothing buc 3
pair of Lecher wires suspended vercically
from the plate caps of the tubes, and held in
posiion by the aid nf an ordinary prece
of wrapping stri The transnussion line
tw the Jobusan Q" antenna was chpped
on the Lecher wires at a point approximately
2 inches cach side from the RF choke through
which plate voltage is supplic

As an cxample of how theoty cun he cun-
founded by practice. the first Lecher wires
consisted of Yy inch copper tbing: the cubing
becune wann under vperation and the cffi-
ciency was a licdle beuer than when the con-
vennonal tank circuit was used.
It has been said- 1 condug heats
up, use a larger conductor™. So haif-inch cop-
per tubing was tried. This became distincily
hot and the cfficiency dropped matetially.
Becommg slightly puzekad. we used some
oae and-ane.quanier-inch copper bing
dared the cfficiency to stay down. Thi
tubing became very hot. At this puim we
realized thiat we were_headed in the wron
dirccrion. so we tied Vg.inch copper tubing.
Ewnlhmg cooled.off ac once and the effi-

cency jumped ‘way upr. which proved we
were on the right track. No. 16 enameled
wire proved ideal and did not even become
waon with 600 waus mput. It was finally
dendcd thar the excess metal in the Neld of
“tank” caused these excessive losses.

the frequency
the oscillator to a marked

degree, always welcamed at
5 meters. We inteid to (ty
s “tank” op 10 and 20

ractersat an eaclydate. Who
knows bat that vur Z P
feeders may ver prove to
the pedfect tank coil? Cmn-
ments from readers who are
inclined o conducr such ex-
penments ace solated

The breadbourd 18 cov-
eced with 4 thin sheet of
tacked

it w place. Try this ou your
nwn breadboard tranamit-
ers. an any handl, hecause it
often straightens.out  that
stage which refuses 1o neu-
talize, due o mnproved

and  shidding,
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Sheet copper is just as good as al and
has the Fupheraivams e that solder il s1ick
10 it. This shield also reduces diclectric losses
in a breadhoard. oftea quite high, unless the
wood is very dry. It may interest the reader

L 334 Lz

5007 LinE
S0y

AnTenNA

]

700 wAT TS 9
82000,

Fie 1

igh-Power 5-Moter

tter.

LI—S turns, Nu 10 wire, ¥y-in. diameter.

L2—4 turns, tubing, 1/a.in. diameter.

CI—40 mmf. per soction. 3000 volt condenser.

C2—.001 mid., low voltage condenter.

R—I10.000 ohms, 100 wat.

RFCI, RFC2—50 turns, No. 28 DSC on 3/16-in.
Bakelite Rod.

Circuit Diagram of
rans

0001
2000,

300~ Ling
o ANT.

Vooor
500w

Cecnen wine

Ceenen wine ToTAL LEGTi sa%
ADE OF | NO. 16 WIRE

Fle. 2
Antenna tap at % turn each side of center.

820000

« know that some breadboards can become
distincely wurm when subjected to a strong
elecurostatic feld. as in the final amplifier of
4 high-power transmiccer. because of the poor
-Inelcﬂn( nature of soft woods,

- remainder of the circuit is conventional
b r practice and the frequency is determined
by the length of the tank which, as is shown
€. 3. is a single loop of wire. A similar
as uscd 10 the gnid circuit but proved
unsatisfactory. The 300 wates of audio power
necessary 10 modulate this oscillaror was ob-
taincd from another pair of 354s in class B,
running 1000 voles.

=~ v coppen TuBine

| %

TAASMIBSION LINC NO.1s WIC Seactn 27
W JoWNsow BLocrs

Fl6. 3

Special Niklshield
Transformers
FOR THE

Frank Jacobs 5-Meter
Transceivers

UTC Class B sudio transformers featured
by Frank Jacobs heve proved their worth
to the practical S-meter experimenter.
Dis. ng manufacturers of Prans.
ceivers

SHIELD
highest efficiency in actuel service.

NIKLSHIELD TYPE

Netto
Hams
#6500, 2000, she. and cien wile By
.$2.10
Ns-29  Driver plte lo 19, 43, 53, 89 o
rids 4
Ns33  Push-push 19. 49, 53, 89 w
646 platss to 5000 w 3300
ohm load
MIGHTY MITE TYPE
UNPG  single airte nd cibon mie o
single B .$1.20
U1S Ommer Flate to 15,49, 75 o 89
arids
U1 Class B 1949 79 of 89 pates
f6 5000 o 3500 oim. ... 1.50

Your dealer can supply you. If there
i no UT'C dealer in your cily, write us
for wame of mearest distributor,

United Transformer Corp.

264.266 Canal Street,
New York, N. Y.
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A Modern

T CAN easily be imagined that the much
I neglected ten-meter band will become in-
cieasingly popular during  the
manths.  The new rrgula( ns allowing the
us¢ of phone on a poi £ this band,
cuuplul Bt he Tast that DX, conditiom ap-
pear 10 be unusually fa-
vouble, would seem to
give strengeh w© such an
assumption. However,
there are a number of re-
quirements that must
complied with, if good
one communication
reasonably free from
QRM, is w0 be enjoyed.
A comparison of the
five and ten-meter bands
may possibly terve o iI-
lustrate this poi
comparison is ptabably
timely, due to the fact
that the amateurs on five
have already acquired a
degree of proficiency in
the operation of ultra
high frequency equip-
ment. It is logical to
assume that these men
will be among the first to
migrate to this new and
virgin phone territory.
The fiest point to observe
is that the ten- meter
phone hand is only about
one. as wide as
that of its higher fre-
quency neighhor. (The
whole five-meter hand is
apen ta phone but only
500 kc. on ten meters.)
The extreme width of
the former hand and che
difticulty of obtaining
casy frequency stabiliza-
tinn probably justify the
use of self excited, mo-
dulated oscillators. The
quasi-optical effect is
also a further justifica-
tion for their use because
stutions even short dis-
tances away are at times
unable to hear one an-
other. On ten. the story
is somewhac  different
Statons  within a ten-
mile radius (and proh-
ubly ¢ven greater) are abie 1o carry on com.
munication at any time, day or night. This

wiiter

k-Coupled Phone

geeater ground wave: range and the potential

possibilities further add to the incecfer-
e problem. It rather goes without saying
then, that the use of sell-exciced, modulated
oscillators and theiv atrendant broadness: {due
1o frequency modulatian) are deringely our.

Fig. |—Front Viow of Transmitier.

Roar View. Showing Coil Supports and Coupling Arrangement.

ANl of whidh leads w the crux of the whole
natier—frequency stahilization
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Probably the hest method of achieving fre-
quency stabilization is by the nse of crystal
control. This mechods should present no par-
ticular difficuley to the 20.metet phone men
who have all the: necessary equipment, with
the possible exception of another frequency
doubler; but it 1s a hard nut 1o crack for
the S.meter experimenrers, most of whom
have only self-excited sets. However, crystal
control isn't the only answer. unnet-up.
the Electron Coupled Oscillacor, is a very able
substitute.

he property of an electron coupled oscil-
Jator to deliver high harmonic output makes
ics use particularly feasible for ten-meter
work. By taking advantage of this peculiac-
uy {or is it a blessing?) it becomes possible
0 operae the grid circuit, which largely
determunes the frequency drife, on a lower
frequency \\h(-rc its action is apt o be more
stable. Then, by doubling in the plate circuit,
there is developed a_nice, steady_signal on
the band where it is wanted. This, inci-
eliminates doublers and rtheir at-
evils.  Having de-

ute, the e gt consider is the choice
of a suitable tuhe.

There are on the markec at the present
time several twbes that are suitable as elec-

9

SPEECH AMP & MODULATOR.

41
5

swincn =

+250

F£ED N

twon coupled oséillators; among these, the
59, 2A5, 57, and 24A are the best bers.
The 59 was selected over the others be-
cause of its ahility 1o deliver larger output.
It was found, though, that the 59s madi
by difiurent companics varied greatly in their
alxh(y w perform the requited sk, some
refusing t aperate at all after running about
five minutes.  This should not be a deterrent,
however. because tbes made by the leading
manutacturers weere found to be entirely sa:
isfactory. Now. having disposed of the osci
lator tuhe, the next mp is tw decide what
the: amplifier tube i

It is hardly good pra:ntc ©0 auempt to
select the amplifier tube without first con-
sidering the casrier power desired and the
percentage of modulition we intend to use.
In fact. it is much more important that we
firse consider what modulaor tube w use. We
will worey aboue the amplfier tawer. For 1007
modulation it is necessary te have half as
much audio power as we have carrier. There
ate veery few audio whes in the low price
class that can furnish more than about three
watsof reasonably undistorted output. This
means, simply, that we cannot allow our rf,
carrier to be higher than six waus, if we
want to come even close to doing a good,

SQuenroor)

Fis, 2—Circuit Disaram, Showinn ANl Vafies. for 10-Heter Phone

A.1008 56 i uied asspesch amli
. 2.in dia., Y-in.

i, 5 Y
£, C4—13 e wnﬂmws. e e

£2,€3-100 mmfi. Wi
CR5 525 e Widaet, s e36aced
RFC—SRailio Frequency Chokes, No. 36 D.C.C. wiry,

form, win

uting,
oved.  Cardwell Type 405-8.
t Variabies with altemate plates removed.

ing space 224..in. lang, sinole fayer of wire.
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high job of modulating. The 59,
8s a pentade, wyll deliver thiee watts —md has
the furcher advantage chat it can be driven
directly by a good high gain siogle buton
mike, no speech amplifier being necessary.
I the case d 2 double butcon mike (almost
a necessary refinement) a stage of speech is
needed, a 56.being used for this purpose. The
speech amplifer should be used even with the
single button mike because it insures sutlicient
swing t0» the modulator and allows @ finer ad-
justment ofthat swing, an essential factor in a
distortionless Class A amplifier. By limiting
the carnier o six waces the selection of the
final RE cwbe becomes a very simple mater.
A 46 was used because, with the two grids
tied together, the twbe works very ncar to
cutoff, thereby requiring only a small amount
of hias to operate the tube as a Class C
amplibier. It has the furcher 'ulv'mmgcs of
being casily cupable of standing the modula-
tion peaks (21 watts) and bl:ing an easy cuhe
w excite. It is conceivable that some slight
amount of amplitude distortion is likely to
be picsent. due to the face that no huffer

e is used o build up the excitation. This
distcrtion, however, should be limited w0 #
very small amount if the oscillacor is ad
justed for maximum output,

Fig. 1 shows the RF portion of te
outfit I incurporates some feawres not
usuatly considesed Where the osciliator
is selfexcied (as it is m this case), the
utmost care must he taken to avoid any
echanical vibration. No mauer how stable
the oscillator may be, the whole system can
be: ruined by mechanical vibration. Writh thi
fact in mind, extreme care was taken (0
make all lends us short and dircet 15 possible.
without recourse 0 the fancy” bends and
cwitls sometimes used.  The wbing on the
inductances is heavy enough te do justice ta
2 well lvaded ten with abeut ten tmes the
input used on the 46. A special mechanical
arrangement was used to anchor the ceup-
lsg loops and the feed line herween the
oscillator plate mnk :md the amplificr grid
ank. Al easers are double-
spaced to lessen B e UL of et T
capacity. due to vibration. The coils were
ot made plugin buc were fastencd perina-
nendy to the stand-off insulators. In the case
of the oscillator coil it would prohubly he
advisalle to mout a hard rubber strip across
the top 10 lessen the tendency fot this coil
to stare vibrating, The ten.meter coils ha
so few wrns that no trouble is experienced
from this source. The outfit is wned in the
conventional manner, the only precaution be-
ing that the tap on the oscillator coil (cath-
ode) has a great effect on the harmonic out-
put. and consequent excitation to the: ampli-
fier stage. Three curns from the ground end
was found o be the best position in this
unit, though chis will probably vary in othes
arrangements.  The three jacks shown o the

front b d are, respectively, C bias lead
of final, Centeraap of final (te insert key in
case of CW), and High Voltage lead of unal
The meter can be plugged into the C b
Ikad o decsintine. e corcees, sstoeitigH
the excitation from the oscillator, and the
grid meter can further be used to neutralize
in the conventional manncr. No treublewas
experienced in neutrlizing, though it might
e well to point out that the high voltage
clip on the final will go more toward the
center of the coil than is usual in other
twbes

For the benefu of those who don'c like
0 fure, i might he stated
proper value of foad resistance che Class C
amplificr offers to the madulator is obtained
mills 2c 200 volts (6666 ohms—close
mnubh w0 the value of load resistance for
maximum_ourput fom  die 6000
ohms.) These values of current and voltage
when muluplied give the required input of
aix wiltts. See Fig. 2 for proper valuc of
drop cesistor and other derals.

Elaborato High-Frequency Antenna Sys-
tem used by Boll Telophone Enginsers.
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BIGGEST NEWS
In 5-Meter Radio

The First Successful
5-Meter
SUPERHETERODYNE

By Frank C. Jones

Every radio man knows that there has not This S-meter Superheterodyne wifl be

yet been available a successful super.
heterodync fer 5.meter recoption. The
engineering problems invoived. the con-
structional details. the layout, the op.
eration and control of such a recewer
have bafled the entire radio engineer-
ing ficld Since 1925, Fronk C. Jones
of "RADIO" has becn diligenty of work
on o Practical 5-Meter Supechatcredync
He is now ready to present this receiver

presepted by Frani C. Jones in theJanu:
ary. 1935, isue of "RADIO™, on sale
Januery 10th. Following issucs will give
additional information on 5 meter super.
heterodyne desian and operation. This
is one of the most important srncunce-
made by the mublishers of
" since 1917, The demand for
copics of the January issue, cofaining
this scoop by our Mr. Fronk C. Jones. will

be greater than the supply. A word to
»r wise s suficient: subscribe NOW for

hs, ot the specisl price of only
swkco {50% less than you pay for copies
it purchased soparatzly)—and we wil
send "RADIO" to youbegianing with the
Jonuary issue.  SUBSCRIBE TO "RADIO”
NOW! It leads the fild.

10 the waiting world. Ir is S.meter radio’s
first SUCCESSFUL Super. 11 is casy to
build. It uses RF amplification,
metic volume conirel and olf of the new
superheterodyne features, incuding the
new serics 6.3 volt fumes. The receiver
is entirely AC cperated. or it can b re
wited te operate frem batieries.

B ————————

Publ

ers of "RADIO", Pacific Building, San Francisco, California

Here i $1.00 in full payment for the next 6 issues of "RADIO". My subseription is to start
with the Jonuary, 1935, issue, in which is published the first article on Practical 5-Meter
Suparhotorodynes, by Frank C. Janes.

Neme

Strest & Number

City & State




2% AND 5 METER
Transceiver ’_Antennas

This new Amerl. er. Testn conduct-

for your transcely: aquency depends to
n groat extent on the type of antonna syutem
5 moter Antennas

nd
%, and 13 convenient
‘Garry an It tolescapes Ho. that the oversll
be extended 0.9
. This Antenna ean be mount-
od %0 tht it will work vertically or horicon-
tally. n 18 availableiin the sises Hstad below,
nch A complote with necesanry

PE No. 4—4 Baction Tubing
% Doublel Trpe.._ ench $5.00
Codet DEI UX Na. 6§ 8ection Tobing
Ve Wave Doublet Type oo " cach §1.50

Mais OFcs and Factory
AMERICAN RADIO
HARDWARE COMPANY, INC.
135 GRAND STRERT  NEW YORK. N. Y.

28 and 56 M.C.
TWIN-TRIODE

©® TRANSCEIVERS

©® DUPLEX UNIT
TRANSMITTER-
RECEIVERS

TRANSCEIVERS, cach employing push-
pull oscillator, Class B modulator, 19 or
53 tubes. 10"x7"x5".  $22.50 and $26.50
COMBINATION - TRANSMITTER - RE-
CEIVER UNITS, each with push-pull os-
cillator, Class B modulator transmitter and
sepacate receiver employing r.f. suge.
Built-in dynamic spesker. 107x14"x3",
Thrce 19, 53 or 6A6 tubes in transmitter.
Four 2.0, 2.5 or 6.3 volc tubes in receiver,

$32.50 and $36.50

Bulleting on Request

Radio Transceiver Laboratories
8427 - 105 S, Richmond Hill, N. Y.

CARRY ON!
Continue your study of 5-Meter Radio—read
"RADIO"—~4he 5-Meter authority, Send 25¢
for a copy of the current issue,
RADIO, Pacific Bullding, San Francisca, California
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ELOCITY MICROPHONE

Learn CODE

The CANDLER Way
PRACTICE EQUIPMENT
Furnished FREE With
SCIENTIFIC CODE COURSE
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Get your training where the champions
and werld's tastest ops got theirs.
Small cost, easy payment plan.
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5 METER
HEADQUARTERS

Icis logical 1o turn to ALLIED for 5 Meter equipment. We are specialists in this
fascinating new field. We understand its problems, its needs and its possibilities
and are prepared to render unusually efficient secvice in supplying all types of
5 meter equipment. Complete Transceivers as well as highest quality standard

arts for the construction of any of the units described in this book, are offered
Ey us at consistently lower prices. Befote you buy, write to ALLIED.. Weare 3
Meter Headquarters

THE THE KNIGHT THE HARVEY
NATIONAL 5 METER 5 METER
TRANSCEIVER | TRANSCEIVER TRANSCEIVER

A send-receive unic which
has aleeady written a new
and exciting chapter in ra-
dio history. Designed by
Frank C. Jones, who also
designed the 5 meter sets
now in use in the construc-
tion of the San Francisco-
Oukland Bridge. Remark-
A famous poreable unit de- | able for its unusual sta- | A porrable receiver-transmit-
signed for 36 to 60 megacycle | bility and continwous effi- | ter for veradile communica-
operation, Excellent for | ‘cient performance, Avail- | tion on 56 Mc. over short dis-
complete hotizon” and short | able for batery or A.C. | tances. Simple in operation;
range work. Transmits and | operation, builtup or in | one switch controls receiving
receives with remarkable ¢f- | kit form. Distributed in | and transmicing operation. 2
ficiency. All models are avail- | the Middie West excl- | Volr, 6 Volt, and AC models
able rhrough ALLIED, sively by ALLIED. are available.

THE HAIGIS FREE THIS VALUABLE BOOK
PORTAPHONE Send for the new ALLIED
Calstog. T¢s FREE You will want this |
valuable book. Over 100 pages, pucked with
8000 s, covering in addition to Transmit-
tine Equipment, standard set replncement
yarta, tubes, accorsories, test equipment, set-
o bullding kits, Sound equipment, etc. Write
‘antenna equipmnt, ete. Dept. 6 for your FREE Copy.

Allied /Radio
CORPORATION

833 W. JACKSON BLVD.
CHICAGO, ILL.
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