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A schemat.ic diagram of the
cecmercr circuit a nd tolef~

an ce t o be m aint a i ned
should a ccompany request.
for QUotations. See above
desicn for efficient freq uen­
cy multiplication.
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This new 'Type ART acid-etched *. crystul
un it is a nother Bli1ey " fi rst", designed for
VIIP services, such as police and ra ilway
communicat ions, where frequency stubility
must be muint uined over temperatures
ranging from . ;"j;jOC. to + 75°C. 'Vith a built
in heater operating on 6.3 V. at 1 amp.
crysta l temperature is held within ± 2°C.
T he unit will maintain an overall frequcn­
c~· tolerance of ± .OO.5% or better includ­
ing variations due to the temperat ure
cha nge and tolerances required for crystal
procluetion. Th is rugged, compact crystal
a.....semhly is nvu ilnhle (or nny Frequency
between 3J OOkc. and 11 ,OOOkc.

ILILEY ELECTRIC COMPANY. UNION STATION BUILD ING, f.IE. PENNS Y LVAN IA
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RelJardless of the proposed changes in postwar call
areas, you'll call for RME communications equipment
whe n planni ng your ne w station .

While prod ucing for war-RME and its st"U of en­
gineers developed gear that will best serve the amateur
or commercial operator during postwar.

Take the new RME 45, for example. It deliven peak

performance on ALL frequencies-500 to 33,000 KC.

The new VHF. 152 is another illu5trdtion . To make
VHF operation re<ll ll y prddie,, 1 when amateur activi ty
is resumed, the new VHF-1 52 Converter was d esigned
to li ll this Mud.

Just as RME was the lirst to introduce an R meter in
III receiver, so it has continued to pioneer with the
fined first!

VHF.1Si CONVERTER

f OI V HF opel. lion on '28 10 30 M C, 50
10 5" M C Ind Ih.. n..w , .. .. 10 1..8 MC
lund . AI ",od 1 eea , Ih.. V Hf.15i f.,
ucud••ny PI nt dly ", ..thod fOf wOli<·
in!l Ih..M It.q"enc'''', Ihlo"!lh Ih. d . " b1..
d e l..cti. .. ",.Ih.d•

• THE 08-20 PRESELECTOR
Ov..t •• 11 !I.in 01 Ito'" '10 10 '15 db h
.chi......d Ihlo"9hOllI Ih. enli,. I"ning
li n, . 0' 550 10 33,000 KC. cO"'II.d in.i. lund•. Th. DB·'10 'i..... 11". PlII.I.c·
l i on~Dl i m" ", !I.in wilh b ltl . i,n.1 10,
no i. e ' . lio ,

2
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ZERO BIAS

TH Y. EDlTOIUAL prediction in the preceding issue
of CQ. that bands would he immediately
opened to amateur communications above 28

megacycles, has happily r-ome to pass. Amateur
stations in Canada, the United States and its
possessions may now operate in accordance with
the following allocations and restrict ions-e-

28.0 to 29.7 me-c-open to c.w. telegraphy
28.1 to 29.5 me-c-open to ..\:\1 phone
28 .95 to 29.7 me-c-open to F .:\ [ phone
56.0 to 60.0 mc-opcn to c.w., i.c.w., A.:\I

phone and facsimile
58.5 to no.ome-r-open to F.:\l phone
144 to 148 mC----QIX'1l to c.w., i.c.w., facsimile,

A~ I and 1';\1 phone, I'M
telegraphy

220 to 225 me-not open
420 t o 450 mo-e-not open
1,145 to 1,245 me-not open
2,300 to 2,450 IIlC-Qj)('n to c.w., i.c.w., A~I

and F.:\I phone, facsimile,
television and F:\l teleg­
mph)'

5,250 to 5,650 me- same
10,000 to 1O,fiOO me-same
2 1,000 to 22,000 mo-e-same
The old familiar '''E HS 1I2-me band can no

longer be used-and there is many an amateur
who will bid it sad adieu. The 56.0 to W.o-mega­
cycle allocation is avail able only until 300a
Eastern Standard Time, March l st l!JJ6. It is
expected by then , that television will have
cleared the 50 to 54-me hand for amateur occupa­
tion. ..:\1s0, freq uencies between 146.5 and 148
megacycles cannot be employed by any amateur
operuting within fifty miles of Wushington, D .C.,
8 £'u111e, Washington and Honolulu, T.II .

" ·ar-t ilne restrictions concerning portable
operation and communication with foreign sta­
t ions have been lifted. I'll operator and station
licenses which were valid between December 7th
19..H and September Ifi th of the following year,
and wh ich have not subsequently be en revoked ,
a re aut omatically vnlidntod unt il aOOli En..stern

4

Standard Time, :\ l3y isu, ]9-16. The wording
of this last order SUj!;gC8tS that applications for
new licenses \\;11 be considered during this
period, which would indicate that the call-letter
revision proposed by t he FCC will get under wny
simultaneously.

Canadian licenses which were valid at the time
Canada entered the war arc similarly extended
through Xl nrch 31st 1946, applications for new
amateur experimental station licenses being filed
du ring the interim. However , Canadian nma­
teurs must fi rst secure permission from a gove rn­
ment radio inspector before going 011 the nir with
his former license.

The Canadian reopening is in the nature of a
blanket authorization, and no subdivisions are
mudc concerning the types of emissions permit ted
in various portions of the hands. M any United
States amateurs will undoubtedly " gripe" at t he
apparent ly arbitrary method in which the FCC
has split up the bands among the various kinds of
transmission. T here has been a growing feeling
for some time that t he manner in which the bands
should be uscd-c-the subdivisions for phone,
c.w., {'tc.-should be lef't strictly to the amateur
himself. T ha t this is a democrat ic process cannot
be denied. However there is nothing in the FCC
order that mitigates against such an arrangement
in the future. Rut her to the contrary, the Fed­
ern} Commu nications Commission has set up
tentat ive spectra of intra-band allocutions, and
it is up to the amateur to ~'C how they work out.
Regardless of how we finally decide to slice our
bands, such decisions must be incorporated in
FCC Hulce and Regulat ions to make them en­
forceuble. Some degree of regulution was essen­
ti nl prior to the wa r when OUT main concern
was t he relati vely simple matter of phone (.\ ~ 1)

y{'T8US c.w. However, with c.w., i.c.w. F)l and
A:\l phone, F ) { telegraphy, facsimile, television
and maybe radar all on the agenda, stringent
regulations are in order to avoid chaos. As we see
it , the FCC bus given us a fa ir and not illogical
:--t a rt.

co
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t he 2nd
he__War!
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"This tiny tube became the heart of the prox­
imity or uVT' [use-s-the complete radio trans­
ccircr capable ofbcingfiredfrom a gun.' (Short
leads within the tubes and ou tside the tubes
meall Fl.AT re.~,ponse ill the new Gild interest­
ing high frequency bands y ou are fZOW using.)

A Ch,lo l Size /I,:'l.

- .-
-

The Tube* that "MADE"
Most Impor ant Weapon

y .
., .

The seco nd most im po r ta nt weapo n of

the war . .. "the detach ed brain for explo­

sive projecti lc~" ... credi ted by the Navy

with ba tteri ng down the a ttacks of Japanese

suicid« p lanes - turn ing hack th e Germa n

counter offensive at Ardennes - helpi ng

break th e " Luzz-homb" a ttacks on Britai n

. . . was made possible through th e develop­

ment of th e " micro- tube" by Sylvania.

Th is glass tubc -lpss than a ll inch long

and 1I0t much th iekr-r than a pencil -was

used to !'('nd out pl('ctro-magnctic waves,

whi ch , as the missile approached the target,

bounced hack and set off the fuze . Svlvania,

made 1·10,000,000 of them between 1911

and the end uf the war!

•

SAVE WEIGHT- SAVE SPACE
• IN THE SHACK • WORKING PORTABLE

• WORKING MOBILE

•

SYLVANIA V ELECTRIC
Emporium, Pa.

IIU£I$ Of lADlO TUIES; CATHODE lAY TUBU ; mCTlDIUC D£YICES : flUOIfSCUIT UNPS : FlXTllRES; WiRnf& DEV ICES: . [UCTRJC lJCMT IUUS

December,r1945 5



3 OUTSTANDING FE A TU R ES OF

THE NEW EIMAC 4 - 12 5A TETRODE

LOW DRIV ING
P O W ER

.~.. LOW GRID-PLATE
CAP ACITANCE

ELECTR IC AL ·
C HARACTER IS T IC S

' ilom, nt , Th.,la l, d r ung . t, n
V. ho g, • •••••.• ' .0 ~.lt.

Cu..,n. . . . . .. 6.2 .mp""

IITH·McCUllOUGH. hoc•• 1015 hIt Mo'" . ...."u• • SO" I rv"o. Calif.
PlO"tl l.col,1I ' II hIt Itu,,'. Colll. ..lo 0,,11 Stl. lake Cily. Utah

r.,.rt .,.,,111 Ft.lo r & Ho"lo". 301 Clay SI•• h " , .."ell•• n . CaUl.• U. S• • .

FOLLOW THE LEADERS TO

1111

Oi,..t ln l, ..I..tr. d, C. p.cIt.nc" (Ao~... g. l
Grid . Plot, (Withou' . hi,lding,

bon g round,d ) •• • • 0.03 u.. fd .
' np ..' • . .• . . . . 10.3 ld.
Outpu' . • . . . • . . 3.0 'd.

r .....c. nduelOnu n. = 50 m. ..
Eo =2500 ~.• f e. = "00 ~ . l . 2"50 u mhos

The g rid. plate capacita nce of the
4· 12S A is o nly 0.03 till/ d. T his low
value allows o pera tion up to 100
Me. wi thout neutralization. Stability
is fu r the r assured by the special
g rid pro cessing which reduce s
secondary emission.

A technical bullet in o n Ei m ac
4 -125A Power Tetrode conta ins full
specifications and detailed discus­
sion of the tube's characteristics, cir­
cuit diagrams and co nstant cur ren t
curves. Write for )'our copy today.

Tbe Eimar4-125 A is tht
first of mall) nru. Eimec
tubts that art on tbe 'l ·a).
W4lth f or futllrt
a ',11ou IlCtmenn.

;.;, .
fUl f '

HIGH FREQUENCY
PERFORMANCE

W ith bur 2.5 watt'S drivi ng power,
the 4·125A will deliver 375 watts
o utp ut at frequencies as h igh as 120
Me.The low d rivi ng power require­
m ent h as be en achieved w itho u t
the use of excessive secondary emis­
sion. The control grid is specially
p rocessed to red uce both primary
and secondary emission.

The Eimac 4 -125A will d eliver 200
watts output at 2 50 Me. The per·
forman ce c u rves b elow sh ow the
re lationship between driving power
and power o ut p ut a t frequencies up
to 250 Me.



FiC] , 1 . A fou r-el ement rotary beam desiCjned to put the signal where you want it on the newly opened 2S-me bend

SIGNAL GAIN

ith The Rotary Beam
MARK l. POTTER , W9f"QU

DB'S AND DOLLARS YS. KILOWATIS BUILDING AND TUNING
ARRAYS .. . A NATURAL FOR 28 MC MECHANICAL REQUIRE-
MENTS OF PRACTICAL ARRAYS WITH CONSTRUCTIONAL AND
TUNING DATA FOR SIGNAL BOOSTING FROM 14 MEGACYCLES UP

How TO :;Qla :t;U; 11 few extra watts out of t he
transmitter bus always been t he general ru n
uf amateur thinking- the thought being, of

course, t hat a slight increa se of power output
would result in a stronger signal at the receiving
end. Many amateurs have no doubt even
doubled t he power output of their transmitters,
but were sadly disappointed that t heir signals
were not much better than before--only a minor
increase being noticeable.

Everyone \\; 11 agree that the power radiated
by a t ransmitter must produce power at the re­
ceiver in order to operate a pair of head phones

[Photographs courtesy of
Gordon SpeciaUies Co., Chicago)

December, 1945

or loudspe aker. In dealing with phones or
spea ker, our t houghts a re naturally governed by
what we hear, and since t he sensiti vity of our
pan; follows a logarithmic curve, w e resort to
acoustical facts . Engineering data arc nvnilahle,
which prove that a gain of 1 db (1 decibel) does
not noticeably increase signal intensity from a
loudspeaker or head phones. Even a gai n of 2 db
docs not appreciably augment the response . A
gain of at least a db (re present ing a power in­
crease of 2) is necessary to indicate appreciably
to OIlC'S eurs, a louder signal. Even a a-db in­
crease. or doubling power out put , doesn 't mean
It great donl in t ('TUlS of n signal likely to ride ever
QID l or QHX.

By way of explanation, the db is mo....t useful

7



power of the transmitter, let's look at Table 1
which converts power increa...sea into db-re­
membering, of course, that it takes at least 3-db
jumps to make any noticeable difference in signal
intensity at t he receiving end.

Tabl. 1
, . (P , )

l OWER RATIO IS CREASE (P~)

1. ~6

1.58
2.00
2.51
~. 16

~.98

.';.Q(

6.~ 1

7.94
10.0

1
2
3
4
5
6
7
8
9

10

db GAIN

•

because it is logarithmic, and thus corresponds to
t he response of t he ear to sounds of varying
loudness. Actually, it is the rat io of power levels
and is determined by the formula:

P,
db - 10 log,0l'.

-r-where PI and P2 are respectively power output
and power input. For example, supposing one
has a HX)...wut t transmitter and increases it to
200 watts output. The db gain is-

200
10 log 100 or 10 log 2

Log tables show t hat the logarithm of 2 i!
0.30103, so the db gaiu is ten times 0.30103, or
3.0103. In many engineering computations, a
fraction somet imes doesn't a ppreciably alter re­
sults, which is t rue in this case, 80 we drop it and
UHe t he figu re "a-dh guin," which we obtain from
doubling t he power output. T he same 3-db gain
applies in all (':L'>('S where the power is doubled, A 6-db, or better yet, a lO...db gain would be
regardless of whether one raises 100 wa tts to 200 worth shooting at in terms of signal st rength im­
watts , or ,i)()() wat ts to 1,()(X) watts . It's the ratio, provement at t he receiving point-the only place
only, of what we stnrt out anti end up with that where it counts. A larger t ra nsmitter does not
determines the result. impress a. single thing on the receiving operator,

Even in view of these figures, which speak for unless the power Increase is big enough to mean
t hemselves, many amateurs will still eagerly look a real, honest-to-goodness signal st rengt h increase
for ward to doubling their power output ; but they to his ear. But the average amateur does not
are ~oin~ to he keenly disappointed when they possess sufficient capital to enlarge his trans­
find that the fellow at t he ot her end repo rts only mitter to t he extent of a 6 to Iu-db gain.
a slight, barely perceptible increase in signal Any desire to increase transmi tter power less
strength . A "Califoruin kilowatt" is not dallj];linp; than four t imes nt a single j ump-e-ubo ut u v-db
at the end of the rainhow when a fellow doubles, gain-s-seems a waste of money. T o go from 100
or even triples , his power! Before increasing the to 200 watts dO~:-; II't accomplish a nything really

(Below, left) The " works" of a rotator that will handle anything up to a 14-mc four-clement array. The colledor
rings with 3000 ccnteet arc noiseless. (Below, right) Rete-Beam rotator with housing-bottom view. Spece is

provided inside the lower housing bowl for a Hex lble conial '.4-wan matching section

8 co



Top side of the re tetcr, Continuous rotation in either
d irection is provided by • three-wire, vetiable speed ,
hi9h torque motor. M aximum speed is 1Vi r.p .m.

wort hwhile, but to jump from 100 to 1,000
wutts (lO-db gain) means a real , very noticeable
gain in signal st rengt h at the receiving end.
H owever it would be much bet ter indeed to in­
vest what money one has in improving t he an­
tcnnn, because money spent in the radiating
system does the maximum amount of good at
t he most economical cost.

The Antenn.
A wealt h of excellent material bas been pub­

lishcd in the popular amateur magazines from
time to time, on the many kinds of radiating
systems. Some of these informative art icles have
"soaked in" to a certain degree, but t he average
amateur can profit to a very marked extent by
making it a point to investigate thoroughly the
antenna best suited to his particular needs, and
one that will fi t into his backyard, or on top of
his house. After the type and size (depe nd ing on
t he frequency selected) have been determined,
the next step is to make it operate as efficiently
as possible. All of the comparisons which follow
in th is a rt icle will be made aga inst a one-half
wave antenna, which is generally accepted as a
standard in making comparisons.

Types o f Ante nnas
Both the HA DIO, AHHL and antenna hand­

books contain a wealth of material on the popular
types of antennas, as well us directional arrays or
beams. For one who has only a limi ted amount
of space and capital, a simple half-wave a ntenna
properly adjusted and fl-U does a good job. H ow­
ever, a half-wave antenna wastes considerable
power, inasmuch as its radiation is spread in
practically all directions. I n addition, this type

December, 19 4 5
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of antenna as well as an" other type which, .
radiates in all directions, causes needless QRl\1.

This is a very important factor, in view of the
fact that reliable estimates indicate that there
will soon be 250l>00 to 300,000 amateurs in the
United States, as compared to 50,000 to (iO,OOO
just before Pearl Harbor. One of the answers that
,,;11 help relieve t his problem considerably lies in
point to point communication. In other words,
signals should be directed toward the receiving
point only, so that QH;ll will be reduced to a
marked exten t in other directions. The rotary
beam antenna is an answer to point-to-point
communication.

This fact was demonstrated time and time
again during the period from 1935 to the end of
194 1 when the rotary beam started to come into
its own. It wasn't until a year or two just
before the war that amateurs the count ry over
really ga ve serious thought to rotary beam an­
tennns, so only a compara tively few had these
radiating systems in operation. Those that did,
won practically all of the DX contests: and in
addition, those operating with only 100 watts
input gave t he impression t hat [,00 to 1,000 watts
were being used more ofte n than not .

It is the writer's opinion that a three or four­
element parasitic array is best suited for amateur
requirements , simply because it is easy to con­
st ruct and adjust , and requires only a minimum
amount of space. A three-element beam, con­
sisting of a half-wave antenna, plus one director
and one reflector, radiates over nil arc of upproxi­
matcly 60°; a four element array-a half-wave
antenna, two directors and one reflector-c-over a
narrower arc of approximately 40°. Hadiation
outside of these a rcs is minor und tends to di i­
pate itself within a relatively short distance. The
ratio of maximum radiation (t he direction in
which the beam is pointed) to the minimum
radiation (lSOo away, or the reverse direction) is
called the front-to-beck ratio. 'Vith a four­
clement beam, th is rat io can be 88 high as 30 to 1,
if the elements are adjusted properly. what a
boon to the eliminat ion of QHl\Il

Of equal importance is the db gain, or increase
in signal st rength, in the desired direction, re­
sulting from a t hree or four-clement beam-all
this, of course, without increasing the power of a
transmitter by even a single watt. Before we pro­
ceed farther, let 's look at Table 2 which should
convince even the most skeptical.

Teble 2
N UMBER OF FRO~'T-TO- db RELATlVJ!i

ELEMEro."TS B ACK RATIO GAIN POWER

IXCREASE-2-clemcnt beam 10-15 db 4-5 2.51-3.16
3-element beam 15-25 db 6-7 3.98-5.01
d-element beam 20-30 dh 7-9 5.0 1-7.94
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There is little or no choice in determining
whether to increas e the power input of one's
transmitter, or to install a rotary beam antenna.
For the same apparent increase of power, a beam
costs less, and eliminates much QR~I. "~hat's

more, a beam works eq ually well on reception. In
reception it tends to rej ect all signals, except
those corning from the direction in which it is
pointed. On these desired signals, the db gains
shown in the table apply.

The B~am Rotator
A beam rotator should have excellent mechen­

leal sturdiness to withstand the weight of a
rugged wood framework that will rigidly hold
the clements, ns well as the weight of the ele­
ments themselves. The total weight may vary
from 50 to 150 lbs. on arrays from 14 me up.
Furthermore, there must be a factor of safety to
allow for stresses and st rains developed during
storms, when wind velocities approach alarming
proportions.

The housing, containing the driving motor and
other component parts, should be absolutely
weather-proof-not just weather-resistant. Only
a non-ferrous or rust less material should be used
in the housing, so that weather conditions "ill
not affect it. All bearings should preferably be of
the oil-less kind . Continuous rotation, either
clockwise or counter-clockwise and only a motor
having n higb-st urting torque should be used to
drive the mechanism. T he speed of the rotator
should be in the neighborhood of one to two r.p.m.

For maximum transfer of radio-frequency
energy, provision should be made for direct con­
nect.ions to the antenna , and th is can be accom­
plished only through the use of rotating electrical
joints, or collector rings. Such sliding contacts
should be self-cleaning, absolutely noiseless on
reception when the rotator is turning. M ore­
over, they should be capable of carrying up to 20
r-f amperes. Of course, only high-frequency in­
sulating materials can be tolerated .

A thoroughly proved method which allows con­
tinuous rotation, plus direct connections to the
antenna, is through the usc of a sealed air di­
electric coaxial section, preferably having a
characteristic impedance of 52 ohms, running
through the vertical shaft of the rotator-one
end tenninating into the two halves of the
antenna element nod the other end connected
into two collector rings, having ample and posi-

five contact area. 'Vith such a set up, it is easily
possible to match the impedance of a t wo, three,
or four-dement beam to a 452-ohm two-wire open
transmission line (112 wire spac-ed two inches
apart). For instance, approximately 4.7 feet of
the currently popular RGSU coaxial flexible
cable {wi dely used by both the Army and Navy),
plus the short length of air-insulated coax in
the rotator, represents a quarter-wave sect ion
on 28.3 me that "ill accurntclv match the im­
pedance of a four-element beam, which is 31>­
proximately 6 ohms, to the 452-ohm open line
previously mentioned. On 14.15 me, approxi­
mately lOA feet of HGSU is needed to match
the 452-ohm t ransmission line to the 6-ohm
antenna of a four-element beam.

Why and How to Match Impedance
I t is well to remember that the sole use of a

transmission line is to transfer power from a
t ransmitter to the antenna with a minimum of
Joss. Minimum loss occurs only when a trans­
mission line is terminated into an impedance
equal to its own impedance. All well and good:
hut since it is not practical to build open wire
transmission lines (the most efficient kind) with
an impedance much below 452 ohms, and since
the impedance of a two, three, or four-element
beam varies only from 6 to 16 ohms, what can
we do about it? T here are several ways of match­
ing these im pc doncce. A simple, and yet efficient
method, is through the use of a qunrter-wuve
mntehing sect ion of HGSU coaxial cnblc. A
quarter-wave matching section has an " Invert­
ing" property that can be put to pract ical use
where it is necessary to match a t ransmission
line of one impedance to an antenna of a different
impedance. To accomplish this, t he matching
sect ion must have an impedance calculated as
follows:
Z(matchin.u; section} - v'Z(transmission line) x

Z(ant.)
For example, the ·152-ohm open-wire trans­

mis....ion line, mentioned previously, can be
matched to a 6-o11ln four-element beam antenna
through a quarter-wave matching section having
a characterist ic impedance of 52 ohms.
Z mat ching sect ion -s v452 x 6 - v2712 - 520hms

The tran....mi 'ion line looks into a load of :
(Z of matchinJi!,: scct ion)2 522

I ~ 2 h.,. - -..,a oms
Z antenna 6

(this is equal to its own impedance)

,
E o c B A c o E ,

Fig. 2. Telesecple construction. Sections B, C, 0 and E arc . 11 tive fut long , with 1" , 7/8" , 3/4" .nd 5/8"
oubide diam~ta r~spectiycly--coycrin9 the 14-mc band. For 28 mc, sectio ns 0 and E arc not needed
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pieces relatively free from knots should be se­
lected. In building t he installation shown in
illustration Fig. 1 (28 me), the longitudinal mem­
bcra bolted to the rotator arc l;l feet long; the
cross members, 3 feet long. All wood parts of
framework arc guyed with I 16 galvanized wire
pulled taut with small turnbuckles. The st andoff
insulators are bolted to cross members to support
each of t he directors and the reflector. As the
antenna is open at thc center, four insulators are
required.

The 28·mc Array
By using three-foot cross members with in

sulators spaced equally apart, sufficient anchorage
is provided to support and hold the elements in
their proper relation to each other. T o minimize
end sagging and whipping, 124ST aluminum
tubing (heat treated for rigidity) was found en­
tiroly satisfactory. For proper weight distribu­
tion (heaviest sect ions at the center and lightest
sections at the end) , and for ease in adjusting
lengths, five foot telescoping pieces having the
dimensions indicated in Fig. £ work out very
well. \Vitll t he arrangement suggested, the com­
pleted telescoped sections to the right and to the
left of the center of each director and reflector
can be moved in or out of the two foot center
section, which should be held stat ionery when
making these adjustments. During this final
tune-up process, the clamps on the standoff in­
sulators, which hold the elements , must be euffi ­
ciontly loosened to allow variation of lengths,
after which they should be securely tightened,
thereby completing the job.

As shown in Fig. S there is nothing complicated
about the clements . Each of the directors and
the reflectors ure elect rically one sect ion, while
the antenna itself is made in two equal half sec­
tions which connect to the transmission line
through the rotator. Formulas for detcnnining
proper lengths arc D.S follows:

Length of antenna (both halves) - 468/mc
Length of director - 450/mc
Length of reflector - 492/lllc
- where me - megacycles.

A four-element array designed to hit npproxi­
matc1y the center of the now open 2S-mega­
cycle amateur band (and which will cover the
entire band with only a minor drop in effi ciency
at either end) would stack up as follows: An­
tenna (both halves) 16.14 feet; each director
15.52 feet, and the reflector, 16.97 feet . D imen­
sions computed from these formulas should be ...
used for approximations only, because trees,
buildings and neighboring power and telephone
lines will all affect frequency to. some extent.
Consequently, after a parasit ic array for a certain
frequency has been computed from t he formulas

•

The Elements
The only requirement for the elements- the

radiating part of the array-is that they must be
sufficiently rigid to prevent undue sagging Dear
and at the ends. There must be a minimum
tendency of whipping during abnormal winds.
Act ually, prevention of undue whipping is most
important , for under such a condition, the spacing
between the antenna, directors and reflector
would be altered, thus throwing the array out of
resonance with the frequency of the transmitter,
A sat isfactory and weather resistant system can
be constructed by making the framework of the
array from I" x 3" red cedar, suitably painted.
This wood stands the weather well, although
cypJ'C8S can be used wi th equal success. Only

D I~ECT OA , · lUJ GTH

DI R E C TO R - L E NGTH .. 450, -;;;c

Fig. 3. Top view of • four-element par.uitic: array .
Eliminate Dlreeten and you have .. three-element
array . The _,simple antenna . nd teRector combination

will also boost signals

The antenna looks into a source of:
(Z of matching scct ion)2 522 6 h""-;;::-==7'7:-=;;::':=-- - - 0 IDS

Z transmission line 452
(t his is equal to its own impedance)

For those who decide on a two or three element
beam, the following figures for antenna im­
pedance, or to be more accurate, the antenna re­
aistance, should be used in the above Cannulas:

2 d ement 16 ohms (approx.)
3 element 9 ohms H

-l d ement 6 ohms II
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a nd 'const ructed, the next step is to adjust the
lengths of all the elements us follows: O'R

O'R

Fig. 4. Alternate me:thod of tuning the four-element
array

maximum. It is important to remember that the
beam is equally effective in reception as on t rans­
mission. M inimum backward radiat ion results
in less QR)[ from stat ions, excepting those in t he
path of the beam.

AIt.rnat. Method of Adjusting Array
Another proved method of adjusting the array

is quite simple, and can be used very effectively
if an amateur having a receiver with an S met er
is not located close by. All that is necessary is a
thermo-couple galvanometer and a half-wave
antenna, made of either 112 or 114 wire, spaced
at a distance of 50 to 100 feet away from t he para­
sitic array. The plane of this antenna should be
the same as the array-horizontal if the array
is of a horizontal type, and; conversely, erected
vertically, if the array is a vertical (which gen­
erallv would be the c.'L..<1.C on the ultra high fre­
quencies}. The thermo-couple galvanometer
should be connected exactly in the center of this
"test" half-wave antenna as in Fig. 4. H ere again,
low power is desirable in the tuning up.

T he process is identical to the method pre­
vicusly outlined, in that the array is pointed
180° away (rom the "test" antenna. " 'ith t he
reflector and director clements disconnected at
their centers, both halves of t he antenna clement
should be adjusted to the point of maximum
current reading on t he galvanometer. Here is
where a friend or a good pair of binoculars comes
in handy. After the antenna element hns been
tuned, the nearest director should be joined at
the center and then adjusted for minimum gal­
vanomctcr current. Next, the farthest director
(if the beam is a four-element array) is similarly
adjusted for lowest galvanometer reading. Final-

(Continued on page 481

Adjusting the Array
First , disconnect the directors and reflector at

their respective centers. As low power is not only
needed hut desired for making the necessary ad­
justments, couple the input end of the trans­
mie..ion line to the oscillator or a low-power stage.
Connect t he other end of the transmission line
through t he one-quarter-wave matching section
to two r-f ammeters, the remaining terminals of
which arc connected to the two adjacent emls of
t ho nntennn clement. (Any t-i ammeter, from a
galvanometer on up, can he used, provided it is
suitnbly shunted to prevent burning out. The
idcu is to insert an r-f ammeter t hat will give a
rcudublc indicat ion in each half of the antenna
element . The amount of current doesn't matter­
a ll we want arc relati ve and equal, simultaneous
readings .}

Adjust the lengths of the two antenna elements
(keeping both lengths equal at all times) for
maximum current on the ammeters. T he am­
meters should now he removed from the circuit.
Next enlist the services of an amateur one or t wo
miles away (who has a receiver equipped wit h an
S or R meter). Point the array 180° away from
his stat ion and adjust t he length of the director
closest to the antenna until your friend reports
minimum signal st rength. . Then, repeat the
operation on the second director and also follow
t he exact procedure on t he reflector . It is im­
portant first to adj ust t he closest director and
t hen the second director, following with the re­
fleeter. T his will complete the rough adjustments.

The final adjustments are merely a repetition.
First, adjust the antenna for maximum current,
after which adjust the closest director and then
the farthest director, and finally the reflector.
(Or COUI1'C, your amateur friend is still cooperating
in making these final udjustments.) After re­
moving the ammeter we are ready to couple the
final amplifier of the transmitter to the trans­
mission line. After checking all other adjust­
ments, turn on high power. (For further refine­
ments the transmission line should be examined
for standing wevcs.)

T he procedure outlined for adjusting a para­
sitic Learn array makes po ssible the maximum
amount of front-to-huck ratio, which is most
im portant. It is not possible to adjust the system
so that it has both minimum backward and
maximum forward radiation. E ither must be
sacrificed slightly in favor of the other. However,
the fact is well recognized, that minimum back­
ward radiation is more desirable. Even so, the
gain in the opposite, or direction in which the
beam is pointed, is fairly close to the theoretical
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FIVE BAND

\4riable Frequency scillator
•

FRANK C. JONES. W6AJF

EXCEPTIONAL STABILITY AND SIMPLIFIED TUNING FROM
3.5 THROUGH 30 MEGACYCLES (INCLUDING 21 MEG­
ACYCLES) WITH EXCELLENT KEYING CHARACTERISTICS

•

ALT IIO CGH TIlE AlL\TEURS of the nation still
await the green light to resume operation in
their major channels, the time is opportune

for the construction of new and better equipment
in order to have the station in readiness when the
bans are removed. The influx of large numbers of
new amateurs will result in greater congestion of
available channels, and a good variable-frequency
oscillator will be essential for those who strive to
attain the greatest po sible number of contacts
available in the 3.5, 7, 14, 21 and 2S-me~aeye1e

bands.

A variable-frequency oscillator should have al­
most the same stability as crystal control-a re­
quirement that results in additional cost. How­
ever, the advantage of shift ing quickly from band
to band, and the ease of operation on any desired
frequency in any band, more than compensate
the added expense. A good VFO is not easy to
build and a poorly constructed onets worthlesa,
T he constructor should consequently detcnnine
to do a. first-class job on such an oscillator, re­
~ar<lless of the cost and time required to build
the device.
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Fig. 1. V.,iable..frequency oscillator Iceyed for breek-In operation . Output coils (Ls) .re standard plug.in or
lI.met type. O ther coil data arc ginn in text
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Oscillator Tuning Capacitor

The VFO illustrated represents an attempt to
approach the opera ting; st ability of a crystal
oscillator. The only component which may give
rise to operuf ionul difficulty is the variable tun ing
capacitor in the oscillator circuit. Several types
of midget tuning condensers were given extensive
tests. All of these capacitors proved troublesome
and the frequency ju mps were as great as 50 to
200 CydC8 at the fundamental, due to poor me­
chanical design such as end-play in the bearings.
Capacitor C1 in the circuit diagram (Fig. 1)
should be of the type used in government fre­
quency meters or other precision oscillators. These
precision-made capacitors will be on the market
SOOIl, and should he the. sole. choice of the con­
st ructor who st rives for opt imum performance
from his equipment , (Il lust rat ions, Fig. £, shows
a convent iona l variable tuning capacitor.)

The oscillator of the 5-band VFO uses a GJ5
triode connected across only u portion of the
tuned circuit, together with a class HA" GAC7
buffer -stage. Improved frequency stubility rcsulted
from this combination, ns compared with :l stand­
ard VFO employing such tubes as the fiVGGT
or fiSK7. The latter usc the screen grids as a
t riode oscillator system with a lower Gm t han that
of a 6J5 or 7A4 t riode. Higher Gm means that
oscillation can be maintained with a lower value
of coupling to the Irequcncy-determining circuit ,
so that tube capacity changes (with variations of
temperature) and supply voltage will have less
effect on the frequency.

Buff. r and Deubler

The GAC7 buffer tube amplifies its z-volt grid
drive to obtain approximately 40 volts in the
broadly resonant plate circuit . This, in turn,
drives the firs t 7C5 or 6VGGT doubler tube. Each

7C5 or 6VGGT stage either doubles or triples the
frequency over the entire width of the associated
amateur Land. Each plate circuit Illay be
switched either to the 807 buffer st age or to a fol­
lowing doubler or t ripler stage. The circuit ar­
rangement is such that the effective tube input
capacit ies are approximately equal. T he VFO
tuning dial and the 807 plate circuit adjust ments
are the only operat ions required throughout any
one frequency band.

The S07 plate circuit utilizes standard 50-watt
plug-in coil forms of the manufactured type, with
suffic ient t urns of wire removed from an addi­
tional l-l-megncycle coil to tune the new 21·me
band. Band-switching coils can be used advan­
tageously in the 807 plate circuit if such an
assembly is available for 3.5, 7,14,21 and 28 mc.
The excite r wns designed primarily for the four
higher frequency bands, but "ill deliver output at
3.5 to 4 megacycles when the S07 plate is tuned
through t his band,'since ample voltage is present
in the 7C.1) or 6V6GT plate circuit to drive the
grid of the 807.

All of the intermediate plate circuits use in­
ductively tuned systems for broadly resonating
them together with the tube input and output
capacit ies. The 3.5-mc GAC7 plate coil is of the
BeL oscillator type, with an iron-core slug for
tuning purposes. The remaining plate coils are
solenoids, 1 inch in diameter, tuned with copper
disks to the approximate ecnter of each frequency
band. The 807 grid drive over the whole of cach
band is nearly constant at the lower frequencies
and docs not vary more than 30 per cent at the
higher frequencies of any band.

Various sizes of I-wutt carbon resistors arc
series-connected in the circuit in order to broaden
the tuning and to equalize the S07 grid-driving
current for di tTcrent bands. Excessive drive on
7 and 14 megneycles was experienced prior to the
inclusion of the series resistors, in spite of the fact

•• •

Fig . 2. ~ Top view of ' the
VFO. The cscilleter see..
tion is,. s~p"f"t~ly " bo xed"
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Filj. 3. Under·cha ssi s-ar.
ranljcmcnt sho winlj coil
tun inlj adjuslinlj screws. A
versatile exciter o r a 50­
wa« c.w. transmitter - '"

you llke it

t hat less than 20 }Ap.f coupling capacity wn.., ill
series with the 807 grid.

A plate supply of 200 to 250 volts at 120 to
150 milliamperes is am ple for ha ndling the entire
exciter, with t he exception of the 807 plate re­
quirement. \Vith 600 volts on the 807, approxi­
mutely 30 to 40 wat ts output can be obtained­
sufficient to d rive almost any push-pull power
amplifier with a rating up to }-2-kw input. By
increasing the plate supply to 275 or aoo volts,
the 7CS'S or GVGGT'S will drive one of t he larger
screen-grid tubes such as the 4E27 (in place of
the 8(7) for an output of approximately 200
watts. The capacity C2 in the schemat ic diagram
should be somewhat larger, such as 35 or 50 p.p.f,
and the bias and various plate voltages be in­
creased t o normal values for t he part icular t ype
of tube employed.

Construc tio n 01The VFO
The ent ire exciter was built on a 10" x 17"

chassis, with the VFO uni t in a 4" x 4" x B" cast
bronze metal box atop the chassis (Fig. e) . All
of t he 7C5 circuits and the band-changing switch
arc located beneath the chassis (Pig. S) in order
to provide sh ielding for the 807 plate circuit. The
VFO box is fitted with an interior shield to isolate
the 6AC7 plate circuit from the VFO tuned cir­
cuit. (In spite of t his some frequency change
OCCUl'l5 if t he fi rs t 7C5 grid circuit is touched or
disturbed.)

The VFO coil (L ,) ccnsista of 18 turns of 120
silk-covered wire on a 17i"-diameter ceramic coil
fonn. The winding is %" long, and ncar the
grounded end a 6-turn t ickler coil is wound of
smaller wire (~) . The 150 and 300 p.p.f shunt
capacitors are zero-temperature coeffic ien t tube
"silver micas. II A 100 p.llf variable shunt per­
mits setting the 50 }Ap.f m ain tuning ca pac itor
and dial for coverage of the 3 .5 t o -t-mc range.

December, 1945

The (..15 aw l GAC7 t ubes a re mounted in
ceramic sockets on the side of t he YFO com part­
ment box in order to reduce effects of temperat u re
variation. The 6.J5 plate voltage is stab ilized at
75 volts by menus of a VR75 voltage-regulator
tube which operates from the main 2OO-volt
power supply.

The 6AC7 plate coil (/4), in series with a
2()(k)hm resistor to broaden its tuning adjust­
mont , Is IUl adjustable n CL -t y pe oscillator coil.
The iron-dust t uning slug varies the inductance
from 30 }Ah to 130 nh. T his circuit requires ap­
proximately 75 p.h in t he 6AC7 plate.

The i -mc doubler coil (L.) consists of 30 t urns
of 126 wire, ~f ' long, on u 1" dinmeter bakelite
fonn secured to the chassis with spade bolts. All
of t he 7Cr) or GYGGT plate coils are wound on 1"
diameter forms, with a copper disk for tuning ad­
justments . The 14-mc coil (l~fj ) has 14 turns of
122 wire, %" long; 21 me (L6 ) 9 t urns of 118
wire, ~" long, and t he 2S-mc coil (L,) has 7
turns of 118 wire, ~" long.

The copper tuning disks, the exact size of a
penny, arc drilled and tapped for an 8-32 machine
screw which serves as a plunger inside the coil
fonn. T hese adjusting screws extend upward
through 8-32 machine nuts sweated to the ch assis
with a heavy iron and solder . Once t he inductors
are ad justed to the correct values, the screws are
locked in posit ion with an add it ional 8-32 nut.

The cast-metal box for the oscillator com pa rt­
ment requires care in the mounting of the parts,
since rigid construct ion is essential. Ceramic in­
sulation is used for all parts within this box. T he
proper select ion of flexible shaft couplings to the
front panel dial and vernier frequency adjusting
knob is likewise important, since the coupling
must be freely flexible for longit udinal motion,
yet with no backlash u:halsoet'er in a rotating
direction.

IContinuro on P"9<~J
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C LAS S
I I B II

The Practical Ap p lica tio n of Tube Da ta to Secure
O p t imu m Efficiency With Minimum Distortion

NOT Hl XG IX RADIO looks simpler than a Class B
modulator and its driver such as shown in
Figs. lA and JR. T his apparent simplicity is

borne out in practice when we ca n t ake operating:
conditions from charts in handhooks, but it is
another story when operat ion under d ifferent
conditions is contemplated. However, if com­
plete data are available for opcrntion at one plate
voltage, the following formulae and Ohm's law
will allow culcu lat ion for operation under different
conditions:

. ]., ()'p - .637 1

- where fp is instantaneous peak current per
tube, 1p indicates peak d-e current, P is power
output of the modulator, and E,I' is the instan­
taneous peak voltage developed across each half
of the output transformer primary.

The procedure will be illust rated for t wo types
of t ubes, 807's and 8 11's. While the 807 is a beam
tetrode, it is treated as a triode. A pair of them
arc rated 120 watts audio output at 750 volts,
l CAS, but operating stipulations for th is voltage
nrc not listed in most handbooks. Opcruting con­
ditions for 400 volts arc given ns follows:

Plate potential, 400 volts
Grid bias voltage, - 25 volts
Screen potentinl, 300 volts maximum
Zero-signal plate current (both tubes),

100 milliamperes
Maximum-signal plate current (Loth

tubes), 2·:10 milliamperes
Pea k audio voltage, grid-to-gird, 78 volts
Maximum-signal grid driving power 0.2

watts (approximate)
Load resista nce, plate-to-plate, 3,200

ohms
. Maximum signal power output 55 wat ts

(approximate)

16

\re know that the maximum plate dissipation
for the 807 is 30 watts, l CAS rating; therefore
we have all necessary information for calculating
condit ions for 750-volt operation.

From Pap . r 10· Praclico

Because of the action of the screen grid (with
potential fixed at the maximum of 300 volts),
increasing the plate voltage will 1I0t increase t he
plate current appreciably. However, 750 volts a t
100 milliamperes is 75 watts, more than t he maxi­
mum 60 watts for t he pair . For best results it is
generally wise to run approximately 25% less
than the maximum permissible dissipation at
no signal, or 45 watts. T he new no-signal plate
cu rrent will be 45 / 750, or GO milliamperes. The
grid bias must be increased the same percentage
tbut the pla te current was decreased : 25 x 100/
60 - 42 volts approximately. (After the circuit
is set up, the screen voltage should be adjusted
as accurately as possible to 300 volts, and the
bias then varied so the no-signal plate current
is t he proper value.)

Next we find the instantaneous peak current
per tube, the instantaneous peak voltage drop
across half the output transfonner primary, and,
indirectly, the voltage aero the tube on these
peaks. Maximum signal cu rrent is rated as 240
milliamperes. T hus by (1) the peak current is
240/.637 -377 milliamperes, which current must
not be exceeded if reasonable tube life is to be ex­
pected. The peak current flows alternately
through each half of the output transformer pri­
mary and the voltego developed is found by mul­
t iplying t he in pcdance in ohms by the current.
P late-to-plate impedance is given as 3,200 ohms.
Impedance of half tho primary is 3,200/4 = 800
ohms. A current of 377 rna through SOO ohms
produces a potential drop of approximately 300
volts . The difference between this voltage and
the It-supply voltage is the drop across t he tube
on current peaks. T his voltage is fixed by tube
characteristics and driving power requ irements.
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HERBERT S. BRIER, W9EGQ

The new voltage across IwH the primary of t ile
outpu t t ransformer will he 7fiO - 100 =0.10 volts .
T he impedance necessary to develop this voltage
ut :l77 milliamperes i~ (,,,')OJ.aii - 172;) ohms.
Plate- to-pla te irupednncc will he 6,900 ohms.
Power output hi" (2) will he, 650 + .377/ 2 ­
122 watts , a pproximately ,

Operation on 400 Volts
Ooina bnck to the data for ·tOO-volt opera t ion,

we see thnt a peak nudio grid-to-grid potential of
78 volts is required to obtain full output. The
voltage from eit her grid to ground is half th is,
or :39 volt s. Subtracting the fi xed Lim; shows
thut the grids are driven 11 volts positive 011 ex­
cit at ion peaks.

Under t he new condit ions, the lnstuntuueous
plate cu rrent nnd voltage nrc the same as before ;
t herefore t ho grids must he driven to t he same
po siti vt- values . The new peak grid voltage will

he the hias . -12 volts, pl us 14 volts , or [,Ii vults
(1 12 vults grid -t o-end).

T he 0.2 watts grid d riving power shown is the
uveruge value while the peuk va lue is twice t his,
or O.-l wutts . I t i:oi necessary to find t he pe ak
current to calcula te tho new driving power rc­
q uirements, and it is convenient to know thr­
~ricl impedance on excitat ion peaks Peuk cur­
rent is O.1f3lJ , or approximat ely to milliamperes.
T he new driving power will, therefore, he 0.51)
watts, peak, or 0.28 watt s, nveruge. T he old
,grid impedance was a p proximately 3,0<Xl ohms.
and t he new imped nncc is 5,nOU ohms.

Driver Transformer
This completes the ca lculat ions for the modu­

la tor itself, but t he improper d river t ube or
wr ong driver transformer will ruin the perform­
unce of t he best C lass B mod ulator. Usually t ho
driver transformer iHdiamis...ed with , "use as Iar~
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a step-d own ratio us possible in the driver trans­
former." The question is how much is Has large
as poe..ihle ."

To det ermine th is it is firs t necessary to choose
a driver tube. T riodes a rc the logical choice bc­
cause they produce much less distortion than
ot her types . From the tube manual we learn
tha t a 6FG, triode-connec ted , a 61.6, triode-con­
m-eted, or u fiA 3 is rated at enough power out put
to d rive the .so7'~. Tabula ted, t heir important
characterist if'S nrc :

6F6 : 0 .8 wa t ts output, plate resista nce
2,600 ohms, amplification factor 6.s, bias
20 volts .

6L6: 1.3 watts output, plate resistance
1,700 ohms, amplificat ion factor 8, bias 20
volts .

6A3 : 3.5 watts output, plate resist ance
SOO ohm... , amplification fur -t o r 4 .2, bia...
4.'; volts.

Of equal importance wit h power output is the
peak voltage a va ilable from the d river tube. T his
cun 1)(-' learned by IHyin~ out load lines equivalent
to different values of load resistance on the
characteristic cha rts of the t I11~'s, or a close ap­
proximation muy l>t, obtained wit h the following;
formulae :

Ep - O.S x N. x !' (single-t ube C lass A) (:l)
Ep - I .tl x E. x !' (push-pull) (4)

-c-wbcro Ep is the peak aud io vol tage developed
ncross the load resistuncc, f<Jg represent s the cl-c
grid bias , und 1J is the ntu plificntion fur-t or of the
tube.

Single tul»- out pu t voltages nrc:

6F6 : O.S x 6.8 x ~o - 109 volts
HLG : O.S x 8 x 20 _ 128 volts
GA:J : 0 .8 x 4.2 x t;) - };")I volts

Obviously, each tube develops CIIOUldl audio
volt age to allow u degree of step-d own in t he
driver t ra nsfo rmer. There will be some voltage
los,.. ill tho transformer, and to be on the safe
side. we will assume this to be 30% . This is ex­
cesslve, b ut it allows a reserve of ga in to take care
of agin~ t ubes and other Yllriables. T hus the
56 " olt s peak at th{' 807 grid \\;Illook like about.
73 ,oolt:- to thl' drin'r tulK'. ThC'l'{'foIT' the ~tep­

d own ra tiu will he 1..) to I with :1 610'6; 1.7.~ tQ I
with n GLG, and 2 tu I with a 6.·\3.

As far as " olttl~ and powcr output a re l'on­
l'Crned, uny of the three tulx-s is :o<atisfactory a:-:
a drhoer ; hut the low plate resishmce of the 6.-\3
makes it su perior to the othcn-. On the ot her
hand, it requiIT'S ovcr twice the grid voltage to
drive it. A good compromise is the 61.6, which
ha~ n fairly low plate rc:;istnnce, and yet is much
(,lusil'r to drin' than the o.A3. The uFo is inferior
to c ithN, not only becaulO(, of it s hi~her pla.tc re·
l'li~t:.lIIl~I·, hut 11101"" of thi... rl,:,istanc(' is IT'ftectcd
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into the drivel' trausfortncr, us a result of the
lower transformer step-down ratio.

For IT'1l-'mUS be yond the ~l'OPC of this art ide,
th is reflected impcdnnee should not be more than
10% of the minimum grid impedance for highly
biased tubes, or 20% for the zero-bias.. type s. It
is t his impedance tha t i ~ meant w1 U'1l you sec a.
foot-not o under t he charut-terist ics of u t uhe which
reads , "effective g;rid impedance should not ex­
cced - ohms." As im pedance " a ries with the
square of t he turns ratio, the impedance rc tleeted
into the grid circuit will be 1,150 ohms for 6Ft) :
S6i elnus for t.i U3; awl 200 ohms for 6A:l.

Summins Up
Bccuuso higher voltage t han listed in the

charts is applied to the S07'~. we should cheek to
be sure that plah' dissipation is not exceeded 0 11

current pe aks. A potcntinl of 'i;)() volts x :.no
milliamperes e ISO watts. Subtracting , ISO watts
- 12'2 ,\·utts ",. ;)S wutts : therefore we arc wi thin

the leAS plate dissipnt ion rnt ing for the tubes.

P utt ing all t hese da ta in con venient form , we
hnvr- :

Plate voltage, 7rK) volts
G rid bias voltage , - 42 volts
Zero-signal pla te current (bot h tubes) ,

tiO milliamperes
Serecn uricl voltage, aoo volts (maximum)
Penk aud io vclt ugc, end-to-grid. 112

\'oltl-i
Xl uxituum-sijmal grid driving pOWt'r ,

0.28 wa tt a (a pproxima te)
Loud n-sistunec plate-to-plate, f) ,SIOO

ohms
Xl uximum-signal plat e current (hoth

tubes}, 2-W tnilliumperes
Maximum-signal power out put., 120

watts (approximate)
D river tube, (ito. triode-connected
Driver transformer step-down rat io,

primarv to half t he secondary, 1.75 to I

WIH'1l it is neressary t o opera te at a lower
voltage tbau listed in the cha rts, the same pro­
('edure for find inJ,?; the instnutlmcous curn 'uts
:lud " Olt :IJ,?;(':' is u~d . Then the new plnh~ load
imp('dam'£' :uul power ou t put an' ralculatecl. .\
pair of :-111 ' 10 will he cOIl~ id('n·d. Opemtinl!: ('on­
cl it ioTl~ at I:?t)() ,"olts arc:

Plate potf'nt ial, 12,jO \"olt ~

(irid bias, zero \"olt:'\
=' ( )-:'ii~lI a l pla te cu rrent, 4:8 milliamlwrl' lO
.\uelin gricl -to-~d " oltage (pNlk) , 140

,"olts
Grill d riving J)()\\,er, :tS watts (npproxi­

malt')
LUlltl l't ':.;istmU'f'. platt....t()-platt· . 1;).000

nhmlO
l'll\\'er (1Iltput , 17;") \\'attlO (ll pprnxiu l:l t l')

co



:\I axillllllll-sig-nal pla te current (hoth
t ubes), 2(XJ milliamperes

Xluximum-sizunl po wer output . ]40
wut ts [npprnximnte]

D river t ubes, push-pull 6A:f:-;
I rriver transformer step-down rut in,

primary to half the seeondury, 4 .•~ to 1.

Fig. 2. Action of in5tantaneoU5 platc current with slne
wave inpullo Clan B tubes . Normal cpereticn ls shown
In A , while curve B indicale5 too high .. plate load Im­
pedance. The dctted-llne portion of the curve i5 cut

off, rC5ulting in bad d i510rtion

By means of ( I) we find the instnutnncous peak
cu rrent to 1)(', ~)()() / .c,a7 - 310 milliamperes. Drop
across the modulation transformer is 15,000 / -l x
.310 - tl OO volts . Drop across the tube is 1250­
1100 volts - no volts . Suppo...;{' we wish to operate
the tubes at I ,OO(J volts, the voltage drop across
tile t ransformer will be 1,000 - 00 .",910 volts,
T he new load impcduncc, per t ube , is 910 / .310
- ztJ:~ti ohms, or 11,744 oh ms, plate-to-plate.
P ower out put by (2) will he 910 x 0 .310 / 2 _ 141
watts .

As t he t ul x-s a rc zeru-hia...; ty pe, no adjustment
of b ias voltage is required (let t he no-signal plate
current he what it will-about 20 milliamperes).
'nth grid vol tngr- , instuntuueous peak plate cur­
rent und plute voltage I }(' i n~ the same, grid
driving requirements will a lso he identical­
a.s watts. A pnir of fiA:rl'l or 6B4's arc logical
choices for the d river. Taking driver t rans­
former los:-;( 's int o lU'I'Ol1l1t, the 70-yolt audio
potential ut the grid of the S11 will appear as np­
proximately !.lO volts to the d river st age.

By (4) W (! find the pe ak audio voltage available
from t he push-pull 6A3'8 will be a pproxim ately
l.n x GO x 4.2 -40a volts. T herefore the driver
transformer can have a step-down ratio as high
8 .1'! 4.5 t o I .' T h is ratio will reflect abou t 40 ohms
into t he secondary of the t ransformer from the
plate resistance of t he drivers. As t he minimum
impednnr-e of t he 8 11 grids is approximately 700
ohms, t his va lue is almost 1I(·,di ~i hle .

Tuhuluting t hese da ta , We huve:

:\ Iod ulatofloi , push-pull S t l 's
Pla te voltage, 1,000 volts
Grid hias, zero volts

Zero-signal plate current, 20 milli­
amperes [approximate}

Peak audio voltage, grid-to-grid , 140
vol ts

~laximu lIHiignal grid driving power, :l.S
wat ts (ap proximate)

Lo:ul res istam-e, pla te- to-pla te, 11 ,750
ohms

December, 1945

PiaIe Voltage vs. Load
It is interesting to investigate what would

happen if un attempt were made to operate the
tubes at t he lower plate voltage without changing
the load impedance. T he first thing we observe
is that the drop nero 's the load would be more
than the d-e plate voltage if the current went to
the same peak valuc-c-obviouslv an impossible
condition. If the grid excitation is increased
until the plate milliameter goes as high as 200
milliamperes, one might think that the stuge is
operating properly; but actually t he plate current
peaks would be cut 01T as shown in Fig. 2, and
only t he average current would increase. The net
result would be ext remely bad harmonic d istor­
tion, increased plate dissipation, a mi inordinately
high grid driving: power required.

However, su ppose that it is necessary to usc
t he SUIIlC transformer and load impedance at the
lower voltage, is t here any hope of obtaining
sat isfactory results? Yt's- if the inst untuneous
plate current is reduced enough to assu re t hat the
minimum d rop across the t ubes is st ill upproxi­
mutely 100 volts. A potenti al of 900 v / 3750
ohms - ~O milliumpcrcs, new inst ant aneous peak
current. Power output, hy (2) , will be 900 x .240
/ 2 - 108 watt s output. Multiplyi ng 240 x .637
- 156 milliamperes d .c. indicated on t he pluto
meter. This type of operat ion is thoroughly Jlrac~

tical, except that output is reduced more t han
necessary .

On the ot her hand consider what happens
with t oo Iow a load impedance. Suppose a C lass
B output t ransformer designed for 203'-\ '8, 9,000
ohms plute-to- plntc loud resistance, is used with
the 8 11'13 at 12t>O volts . Peak current is OIH'('

agnin limited to 310 milliamperes. T he poten­
tial d rop across half the t ransformer primary
will be 2,2.Xl ohms x .3 10 - 700 volts. appromi­
mately. Output will equal 700 x .3 10 / 2 .... lOS
wa tts . Pea k signal input would he 2.Xl watt» :
therefore plate d issipat ion will equal 250 - IOS ­
142 watts-fur above the dissipat ion ra t ing of the
S l I 's. J ust as h igh output would be obtained
from the tubes at SOO volts on the plates wit h
th is loud impedance with much bet ter efficiency.

T his system for determining proper operat ing
condit ions for Class B modula tors and t heir
drivers is not ~t fort h as one of absolute ac­
curacy, hut it dOl':' give thoroughly pract ical
results.
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A D I IN TH E

AMATEUR EQUIPMENT AIDS CIVIL AIR
PATROL WAR AND PEACE ACTIVITIES

Tn t: C IYII. Am P AT HOL 1U'(''lIs little introduction.
It i:-l a ll auxiliary of the Army Air Forces and
Ii :HI its 1lt'J,!;i nlliuJ,!; short ly before the war. I t

has 1111 env inblo safety record of hours flown in
planes t hat were often inndequutc, even dilapi­
da ted aw l overloaded . In many cnsos radio
played a h i/.( part in t hat safet y rocord-c-espe ­
ciully in the constul pa trol operation wh ich was
itu portunt i ll t he first yeu r of t he war.

0\'(,1' 2·1 mi llion milt,s were flown on coastal
pat rol duty hy t ho CA P :11111 many bases st arted
o ut with nrunt r-ur radio t ransmitters converted
to t he low Irequr-nr-v uireruft hand between 200

..Jnstruaor, It"asM lIglfJ lI Squ-idrou .'.j.~

und -100 kc. Hacl io:-l in planes were generally op­
erated 011 low frequencies but frequenc ies urouud
4 me were used ut some bases and at other points,
CAA installa tions nlso he-lped out in general
emergencies.

CAP Still Active
The CAP st ill <:01111I1ct:; searches for lost army

a nd civilia n planes. In flooded nrens C ivil Air
Pat rol unit s have t urned out for aeria l rocon­
nuissnnco . ~t a llY lives have boon saved by flying
blood plasmu or other medical aid to scenes of
disaster. CAP planes have dropped wnr bond
leaflets und flown t rucking missions for the army.
~1 (,lIIbprs ror-eive only PX )K'II:-CS for this work.

- , - f

Keep 'em Rying was often
an ex-amateur's job in
servicing CAP eq uipment
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LT. CARL H. ST E LLO ,

CAP '

CAP pilot being "briefed" by .rmy opt:r. tions offict: f

•

Ranger Model 11 7 eeeelve -. This e d ire: ree elver
weighs 1 pound 12 ounces and ma Y' be mo unted
throuCJh a stand.rd 3 inch instrument ho le. The 5 tub e
superheterodyne circuit incorporates A ve, coax i. 1
lead-In and bulh-In antenna matc hing transformer

The Civil Air Patrol as II wing i ll ouch of t he -Ie"
st utes . subdivided into sq uadrons and flights ill
more than 1,000 conununitics with over too.noo
nu-mbe rs who ure entitled to wear regular urtuy
uniforms with CAP insignia. At present the muiu
joh of the C.\ P is to provide har..ie training to
hoy:, and j,,d rh;--(>:'lx't"ia lly to 1i' year old boys,
who are interested in enlisting in the' Air Corps
Cndets. Thes e cadets lire taught a number of

radio und a ircra ft subjec ts sud) as radio r-ode,
r-onnnu nications, navigati on. meterolouy um I
aircraft engi nes . T hey are sometimes given rides
in army and CAP pla nes. TIl{' army has allocated
a nu mber of small planes to CAP units ull over
t he count ry for t his purpose. C~ l nny sq uad rons
need amateurs to help them build (,()( I{· prar -ticu
sets uud teach nul io.]

Radio Apparatus
CA P radio equipment Oil constul patrol duty

was snlvugcd largely from out-of-date pre-wur
stocks, but it worked most of the time. Rad io
communications were vitnl to these pilots who
flew out over wntcr-e-a..s far :loS 100 m iles from
land-c-olton under adverse weather conditions in
old civilian planes and wit hou t parachu tes. Army
t ruck ing mission's were just al'i hazardous since
those involved night Hying and t here were several
fatalities as might be expected in such operntions.

:\l a llY rebuilt amateur radio transmitters were
used in C.\ P actin' duty. :\l lH'h of the equipment
wns old and in constunt need of repair, Seu water
and salt air has a corrosive effect on radio equi p­
meut , hilt in gcnernl these rudlos stood up better
t han might he expected. Repair parts were
senn-o i ll the cu rly days of the war, batteries were
difficult to ohtniu and the majority of coastal
patrol bases were located at remote points far
removed from supply houses and wholesalers, or
even retail outlets. T he communications officers
and radio technicians were mostly Fortner
amateurs who were over-age or otherwise not
quuli fir-d for t he regular army, Only a man with
,

December, 1945 21



•
• Ranger Model 116 Receiver

and Model 209 Transmitter.
The receiver is a five tube
superhet equ ipped with AVe
and a range filter covering the
195 end 410 KC bend. Th.
transmitter is a fixed tuned
model , once preset requiring
no pilot-tuning. Total weight
of both units is 15 lbs. 13 au.

•

long a mateur rad io t raining or an experienced
rad io serviceman cou ld keep the equipment work­
ing since much of it was ccmposite-e-with no
circuit d iagram!'. Even the proper servicing
equipment oft en was not available ; und men's
lives depended 011 communications, especially
0\,('1" t he water.

CA P Em.rg. ncy Servlee
The CAP lived up to u rea l emergency. When

war \VIliS declared, every plane that could fly and
every boat that would float was needed because
the finned forces then did not have the facilities to
pa trol the wat ers along vital shipping routes.
One submarine was reported in the Mississippi
river stuck in the mud by a CAP j. lune, which at

that t ime did not carry lxnnbs. After tha t, CAP
craft were allowed to carry bombs a nd were
give» special ordnance crews to an n them. Sub­
marines abou t to attack convoys crash-dived on
t he approach of CAP planes, which undoubt edly
accounted for t he 10&5 or damage of several sub­
marines, alt hough fi gures have not been released.
All of these missions were performed by volun­
teers t hroughout t he nation. On constul patrol,
members from 45 states saw service.

The Civil Air Pat rol has created a nut ionwidc
demand for fl ight instruction . This means more
pilots. More pilot s mean additional planes and
t hey will rieed morc and better radio equipment
for t he com ing flying age. It is expected that
CAP will be a permanent part of this nit-minded
Cr:! .

While much of the CAP
radio equipment was "com­
posite" and revamped from
the ham shack, commercial
rigs became available to-

ward the end of the war '
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Fi, . 3. Taking , gander
from the reer-e-eleen-cut
and compact. Converter
pewer supply is plugged
in from this chassis, while:
the: mike jack pipes the r.f

input Ircm the converter

An A­

DOUBLE - CONYERSI

SUPER
The Basic Unit For Use With a Ten-Megacycle Converter
Which Will Be Described in a Following Issue of CQ

HOWARD A. BOWMAN , W6QIR

MUCH wa'rnn li AS pas.....ed over the dam since
the \VEHS days-e-which is merely a meta­
phor meaning a lot of UnF experimenta­

tion at \WiQI H uimed toward reducing inter­
ference on congested bands. The result, at the
present stuge of developments, is an amplitude­
modulated superhet with transformer-coupled
i.f. Future use of FM is by no means ruled out­
the i.f. is broad enough and there is room on the
(·ha.ssis (or tile discriminator circuit-but we were
chiefly interested in receiving signals from sta­
tions that arc nut intentionally frequency modu­
luted. \\1lile designed primarily for the 14·1­
megacycle hand, the converter, with which the
basic mixer-amplifier unit is used, is readily
adaptable to operation on other bands now open
to amateur communication. The basic unit may
he described us follows:

1. .-\ 6SA7 mixer, with its input at ten mega­
cycles (to operate from a converter) and its
oscillator on fifteen megacycles, providing an
output of five me to work into-

f . Two stag('~ of tlAC7/1852 five-mega-

cycle i-f amplification, suitably broadened with
the usc of plate and grid circuit load ing resistors,
feeding into a-

3. Second detector and AVe circuit using a
611li.

4. Audio circuit, employing a 6J5-6V6GT com­
bination. Included also on the chassis nre the-­

5. Power supply of 125 rna capacity using a
5YaGT/G rectifier and a YR105 voltage regu­
lator.

6. HE,:) magic eye indicator tube.
Ten or 12-mc intermediate-frequency trans­

formers would be better than the type used, as
they arc characterized by an inherently broader
resonant curve, However, an extra i-f stage
would probably be required, the gain being some­
what lower at higher frequencies. Some such
transformers may be on the surplus market in the
not distant future. .

Construction
The layout is straightforward, as indicated in

the wiring dingrnm, Pig. 1 and the photographs,
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Figs. 2, 3 and 4. Till' power supply is to the rear
of the S" x 12" x 3" chassis . T he mixer and i-f
stages proceed from the left across the cha.......is,
winding up with the audio section at the front
center mHI right, just behind the speaker.

One pruhlcm \W ran into and solved to our
sntisfnct.ion was t hat of making power a nd erid­
return (A \'C) r-ounectious to tho i-f transformers.
Like many sur-h trunsfortners, ours ca rne with
lends . This meant tha t t ill' B pili:" and J,!;r id re­
t urns had to ilt, brought out to tie poi nts so that
the necessary resistors and bypass condensers
might br- wired into the circuit . Since this pro­
ecdurc is wa,..toful of space and somewhat difficult
in high :-- tng('s, we dill a hit of rC'IIHHI('ling,

The transformers were removed from their
r-uns and t lU' two offending leads removed. (Since
the grid and plate leads run directly to their
respective tube socket contncts, these HN'd 1I0t

Ill' ehnngcd.) For each trnusfonm-r we cu t a pnir
of -l-inch lengths of 11·l onmnclcd copper wir'e­
scraped and tinned. One oud was formed int o a
small flut tcued hook and fon'('d into the rcct­
ungulur opening in t he t rimmer lll~. T he wire wns
thou soldered tight to the lug, so oriented that it
pusses along the transforun-r and projects from
the bottom of till' can when the transformer is
reassembled.

T he dJ:l:-:'i... was d rilled to mount the trans­
former by its :.ol p:.lt lp IUJ:s in t lip ususal manner.
Le nd holes were d rilled ,Xi''' in diu uu-ter..\ piccr- of
Lucite about I/ 't''' t hick :11 111 large enou gh to

mount just below each transformer unde r t he
chae.. is, is held to the chassis by t he transformer's
mounting lugs. T his piece must be the snme
width as the transformer hut about 7'2" longer
so that holes may he drilled for the mount ing
lugs. The Lur-i te slalll'1 are d rilled in the exn r-t
center of ouch hule for If'Hl ls, using a d rill small
enough to make II fun-r- fit wit h t ill' ll'l li k T ho
resistors and hyptll"s «omh-nscrs nrt- soldered as
close us possible to thc Lur-it e, and t he rem ainder
of the wire clipped ofT. T IU' entire lend projec t­
in~ below the d,ll~l"is upproximutcs ,H inch-a
considerable improvement over the usc of tie
points. The i-f IUlllliuJ! resistors were soldered
aero....... the trimmer lu~"l; within cnch transformer ,
shield can.

In the i-f circuit , the hypassl':5 all return to the
suppressor-cathode runnectjon, which is by­
pas...ed to ground , T he sC'J"('('U hypnss is lleTOS8

t he socket, affording 1'01IH' measure of shielding
between in put aw l output circuits of l'H(·1I .stuKe .
\Ye tried a small bafllo shield in t he originnl model,
but t he capacitor :O;(,(' IIIS to work just as well .
There is no t race of instnhili ty ill the i-f am­
plifier.

Cathede Bias
A liulo experiment with the value of the

cat hode resistors on the 1 ~~2's und with t he
cathode gnin control will pay dividends ill ad ded
wallop. Apparently the 1852 gain doesn't in­
crease much until t he hias is ru ther low, then
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Fig. 2. Under-view of Ihe chassis. Input ccnucls to the I~ft. Note Luclte boUom plates on
the i.l cans

te nds to rise rapidly for a Yery slight change in
b ias . A7IoJ:!:icul procedure is to set the cathode
resistors without the potentiometer [ground ing
each instead), trying successively smaller values
unt il the stUl!;c'":j!;ucs into oscillation. Then back
ofT to a larger value so that the circuit is at the
point of maximum gain-e-on the verge of ill­
stuhility. T he potenti ometer may now be in­
serted in t .he circuit. T his should be of such a
tupor, if obtniuuble, m~ to show a relat ive ly
large increuso OV('f t he fi rs t hulf of its rotation,
but a n extremely small relative increase over t he
latter half.

Both the second detector-AYC and audio cir­
-cuits arc entirely couvontionul . " 'c suggest that
if II separate speaker is used, u three-contact plug
awl conner-tor I..., employed , with a jump('r l'O

nrraugt-d n;-l to remove pluto and sort-en voltages
from the H\"ti when the speaker is disconnected .
Such II device prevents the loss of many an out­
put tulu- . Elimination of the bui lt-in speaker
makes t he panel nnd the entire unit somewhat
smaller uud more compact. T he 6E.~ t uning eye
works ofT the AVe circuit in the normul manner
a nd a swi tch is included for turning off the AVe
by shorti ng it to ground if desired.

The Mixer
T he Ii~A7 input mixer is no novel idea. Ac­

tually whut we have is a fixed-tu ned receiver with
it s input channel Oil ten megacycles . That it is
( 1('~igJl('11 to h(' fed by a converter ruther than by
an antenna is imuuuorinl . As a matter of fact it
works ruther well with un aerial , and we've pulled

Fig. 1. (left) Diagram of the basic UHF super unit. This is designed for use with a 1O-mc converter (watch for it in (a).
The p4;rts Iisl lollows-

( 1-25JJJJf variable
( ,-100 JJJJf variable
(,-50 JJllf mica
(. through ( 11-.01 IAf 600 volts JMper
( If, ( 11-100 IllA f mica
(u, ( ..-25 IAf 50 volts
( II. ( 11-16 IAI 450 volts
CHOKE-l0 h 150 m.
L1- 10 turns 24 ~nameled:c1os~-wound1/S" from

grounded end of L,
L,-40 turns 24 eeemeled elcse-wccnd 3/4" dle,
L.--15 turns 24 enameled spece-weend to ecver 1"

on 3 /4" form lapped 3 lurns from ground end
R1- 300,000 ohms
R.-200,OOO ohms
R., R., R,-30,000 ohms
R., R" R.-50,OOO ohms
R,-40,000 ohms 1 waU
R II, R11, R11- 100,000 ohms

December, 1945

R 11- 500 ohms wlre-weund pot.
RH i R11- 100 ohms 1 waU
RII, R1,-60,OOP ohms 1 wett
R11- 2,000 ohms 1 waU
R11-6,000 ohms 10 watts
R,,-7,000 ohms 10 watts
R' I, RIt-5oo,OOO ohms
R.,- 500,000 ohms
Rit-SOO,OOO ohms carbon pot.
R I ~-~i500 ohms
RII-l00,OOO ohms
Rt ..-250,OOO ohms
RII-300 ohms 1 watt
R..-1 m~gohm

Sw I, Sw " Sw ,- SPST toggl~ switches
TI, T" T,- 5.mc j.' transformen
T4-pow~r transformer. 700 volb a 125 rna , 6 .3 volts

3.5 a. , 5 volts 3a.
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in a number of signals in the 9 to Ill-me region by
clipping OIl an antenna and t uning the oscillator
condenser section.

Building this par t of the unit is mainly a
matter of mechanics. The L/ C ratios must be
approximately correc t, the coils wound, mounted,
wired neatly, and fa irly well isolated. The coil­
capacitor constants were worked out on the
basis of 100 JlJl f in the oscillator and 25 J,tJ,tf for
t he input circuit. The 100 Jl J,tf capacitor pro­
ViUl'S frequency stability in the oscillator, and
t he smaller input capacity fac ilitates resonating
that circuit.

The oscillator t uning components are enclosed
in nn old i-f transformer shield can. Holes were
drilled a nd t he capacitor mounted so that its
slotted adjust ment stud protrudes from t he top
of t he can. Before mounting, t he rotor connect ion
was grounded to t he can and a length of bare
t inned wire soldered to a stator connection. This
lead is lon g enough to go t hrough t he bottom of
t he ca n and the chassis . The coil was wound on a
small polystyrene form sawed ofT so that it fits
snugly across t he inside of the can where it is
held hy II 6-32 screw, the nut for which is
cemented on the inside of t he coil form. \Ve wound
the coil as per the dimensions in t he schematic,
arr ived at by means of the ARHL " Lightn ing
Calc-ulator," and hit it on the nose t he first time.

The Fine' Points
The coil was positioned 80 that t he cat hode

tap comes off towa rd the open end (bottom) of
t.he enn , making t his lead short. T he grounded
end of the coil fastens to a soldering lug mounted
between coil form a nd can and held in place by
t he mount ing screw. The grid lead is brought off
as an open lead, scraped and then soldered to t he
wire from the ca pac itor stator. A piece of fine
spaghetti is fi rst slipped over this lead us insula­
tion bet ween coil and capacitor while another

-

length insulated it from coil through a grom­
meted hole in the chassis to a tie point. From
here it proceeds to t he inject ion grid th rough a
small mica capacitor. T he cathode lead also
passes through a grommetcd hole, but runs di ­
rectly to the cathode terminal on the socket.

The input circuit components are near the t ube
socket, under the chassis. The coil form is t he
same size as that used for the oscillator and is
separated from the chassis by a M" mounting
stud, The grou nded side of the primary or an­
tenna coil is wired to a lug under t he coil form
Gust as wit h t he oscillator coil). The grid end of
the secondary proceeds di rectly from coil to tube
socket .as a spaghett i-insulated cont inuat ion of
the coil wire itself. The other two leads termi­
nate at a t ie-strip. One receives t he center con­
ductor of the short coaxial cable which connects
t he primary to t he input terminal on the hack
drop of the chassis . The grid-return lead on the
secondary is connected into the AVe network.

The input terminal mentioned above is a con­
vent ional chassis-type male microphone con nector
mounted on t he hack of the chassis. No attempt
was made to ma tch t he primary coil of the input
circuit, coaxial cable, and out put of the converter
with which we shall usc t his unit . It was a cut ­
and-t ry proposition; hut it works very sat is­
factorily.

Wiring
A neat job of wiring contributes to effic iency

and makes t rouble-shoot ing that much easier.
Plate and screen dropping resistors were wired to
a pair of five-lug insulated t ie points mounted
parallel with each other . Leads of pushbaek wire
run to designated points. Every component is
tied down in some manner. Wherever rJ. is in­
volved, lends arc cut as short as is consistent with
good mechanics. I t is our belief, that a slightly

[Continued un page 51}

I

Fig. ' . 4. Front view of the
fin ished unit. The converter, •
compenion unit, will be de..
scribed in an early issue of CO
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A " chain home low" radar station on the British ecest.
These installations detected low-Hying planes. The
five-bay four-stacked a"ay is power turned atop a
185.foOI tower. Should work nicely on the proposed

21-mc band!

The Chronological Story of RADAR Since t he ~arly

u~chou Days to Image RADAR at the ~nd of the War

RADIO A MATEURS H .-\\'E already made eon­
siderable and lasting contributions to the
science of radar. Thousands a re returning

from the war with a vust fund of knowledge of
new techniques, new theories , und new devices
developed in radar resea rch. T his new knowledge
".;11 be evidenced in the next few years by in­
creased quality of amateur transmis.sion, large
scale experimentation in microwaves, and even
by some direct radar experimentation by ama­
teur radio operators.

Toward the end of the war, public announce­
ment was made, at least in part, of the role
played by ruder. Coming as it did from under
the wraps of secrecy, it captured the popular
imagination, and became t he subject of millions
of words of publicity . The purpose of this a rt icle
is to rev iew in condensed form the field of opera­
tional radar.

Inte rest in radio detection as a military device

December, 1945

dates from communications experiments carried
on by two civilian scient ists working for the
United States Navy , Dr. A. Hoyt Taylor and
Leo C. Young. In the autumn of 1922 they ob­
served a distortion or " phase shirt" in received
signals due to reflection from a small wooden
steamer on the Potomac. T he principle of pulse
ranging was fi rst used in Hl25 by Drs. Gregory
Breit and Merle A. TU\'e of the Carnegie Inst i­
tution for measuring the distance to the iono­
sphere-s-t he radio-reflecting layer near the top
of the earth 's atmosphere.

I n the summer of 1930, Hoyt and Young made
the important observat ion that reflections of
radio waves from an airplane could be detected.
As a result, t he Director of the Xaval Research
Laboratory submitted to the Xevy Department
a detailed report on "Radio-Echo Signals from
Moving Objects." Subsequently ::\ lr. YOUIlJ:/; pro­
posed that an attempt he made to get the trans-
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mitter a nd IW ' P I\' <,1' into t he SlIlW :,hip, After
mur-h expcrinu-u tutiun, a radar set , built a t the
Xavnl He-oarch Laboratory and upcruting on a
wnvelemnh of a meter :111<1 n hul l, was insta lled
011 t he U.S .S. S elL' }"ork in Dccemlu-r I!las.

Tile Army's first pulse radar wns dr-sijmcd as
a complet e anti-nircruff detector system at t he
Siannl Corps Laboratories . early . in loan , A
rnd icull..... improved form of t rnnsurit ter tube WlIS

developed lntcr ; a nti n com plet e set -up d{'1lI 0 11­

stra ted to t he ~('{'n~t ar.r of \Yar, showed a runge
of more t hun 100 miles against bombers.

Working independently , lite British hud made
somewh a t parallel in vestiga tions. At t he ('lUI of
lmn t he Air :\I inistr y was ~o impressed wit h t he
in udequucy of visua l a nd neoustie 1Il( ' HIiS of dc­
n -cting till' approach of host ile aircrnft , tha t they
lSt't up committees for t be scicn t.ifle survey of ail'
defense. T he ra dio dr -pnrtment of the I}l'it ish
Nntionul Ph,\"~ i{'al Labora tory cunrt-ivrd t he idea
that , since airplanes reflected enough (' Ill'r!!,\" to
disturb radio reception, they might be detected
and located hy all im proved apparatus of tl u­
ki nd bui lt to !'t '{'pi n ' ra dio ('('hOI '~ from t ill'

ionosphere . The demonstrutiuns by the radio
research sta ir held such obvious promise that a
decision wns made by the Air .:\ lini:4 ry to est ab­
lish It chain of fi ve st ations 011 t he t'aJ'l t roust of
En~l:lIHI. This was t he first operat iona l rada r
system insta lled nnywhore in the world .

"AWS"-Aircr.ft W.rning Sets
By th e' out bn-nk of wa r all vul norublo nrcnson

t he sout h anti east coasts of Brit ain W (,I'(, covered.
For effect ive (!t'f(, Ilse-- as the Ba t tle of Brita in
proved-c-i t is not enough lIIerely to detect a p­
pronehiug uin-raft and know t heir d istances.
Efficient fighter interception demands three-eli­
mousional locution of t he cuetny-e-distuncc plus
d irection a nd a lt itude-and all est imate of the
numbers.

Height-fi ndi ng was developed about t he same
time as t he hearing det ermination became pos­
sihlc , through the a p plicat ion of known optical
laws , By comparing t ile st rength of the rc­
ccived ('{'ho at two sots of ueriuls ut di fferent
heights above ground, till' a lt it ude of aircraft
could he determined to within about 500 foet ,

• -
• • •

" •

- -

Fight~r Direction eerlel syste:m for "GeI" (Ground Ccntrelled Intereeptlcn). The: paraboloid is 35 feet in dlemeter,
and the: cebln, mounted on the: aerial structure, houses both transmitter and receiver
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Cutaway of an RAF Lencester havy bomber showing location of radar equipm~nt described in this articl~ . A
thousand such "heavies" could be concentrated ov~r a German target by British radar ground stations hundreds

of miles away. Some installations called for as many as 30 " bo xes" using hundreds of tubes

IdenliAcolion
T he first necessity nfter determining the po­

sition of 311 aircraft was to ascertain if it was
hostile or friendly. It may be thought that a ll
nirpluncs would give t he same kind of electrica l
response whatever their "Ilnz. " Indeed, t his was
t he problem-s-how to make friendly aircraft con­
tinuously exhibit a differenr-e from others in their
responses. A remarkable series of British de­
vices culminated in one ~h'ing coded alterations
of the returned echoes. Those devices are known
under the generic t erm il IFF" (Ident ificat ion,
I....ricrid or Foe.)

Development of Microwaves
The large aerial system used for the British

const ul cha in could not be ndnpted for naval or
a viat ion purposes. As early us lua5 it was clcur
t hat a device for fighter interception would hnve
to he evolved, with aerials small enough to be
housed in the thickness of the wing. AIl'o, it
was apparent that for most naval purposes smnll
norinl syst ems, ca pable of producing narrow
beams, would be essent ial. .,

M uch intensive res('arch" was made into the

December, 1945

use of shorter wavelengths. .-\ t L") meters , con­
ventional radio trunsmitting tubes were adequate
to gin' the required pulse power, hut no generator
of wa ves much shorter was k nown wit h lin output
of mort- t han about 011(> one-hundred th the power
requi red. The problem of developing a generator
of microwaves was t urned OVN to a research
group at the University of Birmingham, spon­
sored by the Ad miralt y . " Yith the cooperation
of Brit ish industry, this group developed a prac­
t ical form of cavity magnet ron. Electromagnetic
wa ves , no more t han several centi meters in
length, hnve been successfully generated, carry­
ing the power of runny kilowatts .

Micro-Eorly-Wornin9- " MEW"
During early 10"':3 , the b ulk of the G erman

bombers come in very low, attempting to j.!;et
under the long-wave radar upon which t he Allies
were relying, Five new America n-bu ilt micro-­
wave sets proved valuable in supplying coverage
against such low planes. This was t he first proof
t hat mic rowave eq uipment had a place in nir
warning, supplement ing the original British and
Signal Corps long-wave radar, improvedversions
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of which , however, Inter played a part in sefc­
guarding Okinawa.

A set called " ASV" (Air to Surface Vessel),
which showed the presence of shipping, was in­
stalled in HAF constnl command aircraft in 1939.
This W8.0; actually the first instance of airborne
radar being used in the war.

A irborne Interception

By early 1941, the first microwave radar sets
fur interception were instulled in night fighters.
In the whole of J anua ry only four enemy bomb­
ens fell to t he British . T he figure went up to
2-1 ill M urch, 52 in April, increasing to 102 in
1\11\)". Losses became so g;r('at t hat t he Luftwaffe
could 110 longer afford t hem and the night blitz
wus conquered . This was brought about in the
main hy combined met hods of radar grou nd COIl­

trol and 'jAI" (Air In terception radar) in night
figh t erg.

A whole new technique of aircraft cont rol was
rapidly built up, called llGCI"----Dround Con­
trol led Interception. .A controller on t he ground,
watching the air situation on a special radar set,
chose a specific Na zi airplane as a target, gave
detailed COllf8C instruct ions (vvectors"} to the
fighter under his control, and skillfully maneu­
vcrcd t he fighter to a position one to th ree miles
behind the t arget. The figh ter was then instructed
to " flush his weapon," and t he AI radar in the
plane took oyer.

" SLC"- Searchlight Control Radar

Searchlights were no 101lJ!;cr essential for dis­
covering the enemy, but in t he Battle of Britain,
and especially in the clear skies of t he Middle
East, they proved very helpful to the pursuing
night-fighters. Hadar Searchlight Control (SLC
or "Elsie") put an end to inefficient searching of
the skies. When the order "expose" was given
and a weal. beam penciled through the night, it
tl'a8 ml the targeJ.!

One of radar's most uncanny developments-«
a gun which aims itself and follows a moving
turget automatically and unerringly- was the
climax of the Brit ish Army's research into radar
applications. It was known as "Gl." or Gun
Laying Hadar.

In the U. S., by mid-1943, a radar was de­
veloped ill conjunct ion with t he Bell T elephone
electronic uuti-nircruft fire computer. These two
devices, with the new power-driven and auto­
matically controlled guns of t he Anti-Aircraft
Artillery , gave t he United States t he most ac­
curate and powerful local area defense against
air attack t hat t he world has ever seen. Artillery
radar is now so accurate that its error is lcs than
t he ballistic error of the guns. T his means that
if the target is not hit "blind" wit h the fi rst shot,
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it is the gun itself, or its charge, which is not quite
accurate-not the aim.

Combat Information Center
The X:l\'Y was simultaneously integrating

these various types of radar for the defense of
their task forces at sea. The result of their work
was the creation of "CfC v-c-Combat Informat ion
Center. The purpose of C IC is to eoordinetc in­
formation-e-predominutely from radar, hut also
from lookouts anti technical devices other t han
rndnr-e-evuluate this in format ion and determine
what t he enemy is doing. e IC has grown and
developed hand-in-hand with shi pboard rada r.
In fact, it was originally called Hadar P lot, its
function being; just that - to plot the movement
of planes and sh ips tracked by radar, and to
direct friendly fighter planes to a ll interception
where enemy raids developed.

Giving a clear picture of a whole convoy and
its out lying; escorts, ruder was a t remendous help
in stat ion-keeping at night or in bad weather. As
operat ing skill grew, and the sets were improved.
not only could a clear picture of a convoy he 01.­
rained, but conning-towers and periscopes could
be "picked up" at great distances. Indeed, any­
thing was likely to "get in the way"- a big piece
of wrecka ge, :\ rock, another sh ip all showed up
in good t ime.

" H2S" (BTO) Bombing Through Overcast
In 1943, severnl bombing aids were developed

by the British from their ASV equipment to meet
the need for accurate bombing through clouds.
The " I12S" set is a st artling device which enables
a navigator to sec, on a cathode-ray t ube screen ,
a picture in glowing green spots and shadows corn­
parable to a map of t he area over which he is
flying. T he signals on all other radar sets at that
time were just a distortion of a quivering line.
Now H2S showed at last a direct imago on the
" Pl'I," or " Plan Posit ive Ind icator."

At the same time in the U. S., the first produc­
tion of the Army HLAB" (Low Altit ude Bomb­
sight) was coming off the line. LAn was de­
signed as an attachment to radar on the one hand
and to the Norden sight on the other. \Vhen
used at low altitude against ship targets, it
scored one direct hit in t hree tries even during t he
t raining of the fi rst crews who had a chance to
use it.

High alt itude bombing was something; else
again. The availability of the microwave fre­
quencies su ggested that a set like the British
BTO, but with greater accuracy, could be bui lt.
The U. S. Radiation Laboratory in co-operat ion
with the Army and Navy t urned out " M ickey,"
as the Eighth Air Force called BTO. A technique
for coord inating the work of the ETO operator
and bombard ier was worked out. T he radar op-
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HOW THE TARGET IS lOCATED

MICROWAVE ASV AND HIGH ALTITUDE BOMBING SET

fLIGHT SHOWN STARTING FROM ENGlAND TOWARD TARGET (BERUN).

X SHOWS LOCATION Of FLIGHT OVER CHANNEl.

APPfARANCE Of PPI ON 50 MILE
RAHGE. !RIGHT LINE SHOWS
HEADING OF 90-

BERLIN

~::'---l.;c· ..--~'----
..",e~ --- LAK~-=--: ...... ~ --,.,..-"-, - ...

~~~7; ' 7_ ". _IW.:_ - - - so MilES _ ~
;l?: POTSDAM

~_~~~~::::;;;f..JU:... KA5WIG

40 Mil ES fROM TARGET (BERLIN). NAVIGATOR MUST STUDY MAP TO

LOCATE AREA BY TOPOGRAPHIC FEATURES.

•
PPI WITH 50 MILE RADIUS. BERLIN IS BII:IGHT
SPOT AT 40 MilES AND 100·, POTSDAM IS
SMALL SPOT AT 30 MILES AND 100· . LAKE
AT 25 MilES AND O· SHOWS AS OARK SPOT.

25 MilES fROM TARGET. SECtOR SCAN IN OPERATION, AIRCRAFT HEADING

IS NOW 100·

10 MilE RANGE CIRCLES ON so
MILE PPI SCALE SHOW BERLIN AT
25 MILES.
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crat ur J.!:()(':; Oil us if he WNt' ~oin~ to do the whole
joh, and the optical bombardier keeps his l"i~ht

lined lip according to the radar sighting. This
moun- that, if t he radar is riuht, the telescope of
the Xurdvn is always pointed at the aiming point
down below the clouds. The slightest break in
the undorcast which permits the bombardier to
see, euublr-s him to tnke 0\'(-[ the run and com­
plete it optically. This system combines the best
features of rndur nud visuul bombing, and makes
the bombardier and radar operator a team in­
stead of competitors.

Gee·Radio and Loran
Early in the war the British developed a new

type of navientiou system which employs radar
pul.....'s, hut dol'S not usc the pulse ('Ch<X'S. Each
.nirulunc is equipped with a special receiver that
enables the navigator to interpret signals sent
out by a ground stat ion. This was GC'C-H:Hlio,
one of the 11I0:-t important of the new electronic
devices. It made I Kls:..ible extremely accurate
po sition fixes at ran,gf':'l over 3.~ miles . Later in
t he war, a system c!C' \"f'lopec! by the Americans
called 1.0 1(,,\ :\ . was put into USI', with :1 vustlv
extended ruuge.

A number of systems \\"(' 1"1' d('v i~('d to IIInk(' po...­
siblc hombillJ,!; t hrough clourIs by u... illJ!: p UISI'

nuvigution. "OBO E," dc\·pJoped in Xl urcb I!H:J,
required ground operators to J,!;uicl(' tho uireruft
nnd signal homhing. It wa... rep laced by "Gt'('-I1/'
in which the navigator on hoard tilt' uirplune con­
trois the equipment and works out the moment
for bomb roleu...;C'. This in turn wa... supplanted by
an American system called SHOH.\X, which
featured grcntr-r nccuruey :UH1 easier operation.

Absolute Altimeter
Radar altimeters existed before the war hut

reached their present high decree of performam-e
in military service. Presentradar ultimcters in­
dicatc automatically the height abov(' ground
within ;,0 feet at altitude.... as great a.... six miles .

One major tale remains. It is the story of
" Rebcccu Eureka," the radar device used by till'
airborne forces. Eu reka was the nutne given to
.:o11l1111 radar 1I(':I(·ons or "ravens" dropped by pnm­
chute wit h the first wave. " Rebecca" W l1." a
radar n'('C'iyj ll ~ set installed in gliders und t roop
curriers which made it llOs,..ible for subseque nt
wave- to h OIlH' d irectly to the drop ZOIJ(' .

A U,S. Martin Mariner patrol bomber r.d.r equipped. The " ops" on these jobs may turn out. new and interestin,
breed of radio amateur
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WAR SURPLUS
(From page S4J

Test Equipment Com ing
l"p t o the pn -sent t ime t he writer has seen

little t est equipment on t he shelves. Ycry few
receivers uud F~l units have been offered: hut
it is t ilt' writer 's opinion t hat this is only t he be­
ginning of a vast flow of usable rad io equipment,
and that much is yet to come. For example,
nearly every signal section of t he armed forces
used one or more IF...~6 tube tester-analyzer com­
binations. while t here should be large quan­
titice of t hese units declared surplus in time, as
yet not U siuclo one hns a ppeared .

V eteran Privileges
A veteran of t h is war may make use of the

services of t he Small ".:If P lants Corp. which
will accept his a pplica t ion for iton» other t hun

Xmitlers and Receivers
I n tho matter of receivers and transmitters used

by the armed forces, it hi well to bear in m ind that
IlHH·h of this material has undergone extremely
rough usage utili may be a source of dissatisfnc­
tion to the purchaser. However , the prospective
buyer need not fed discouraged by the above
comments, since there is some new equipment,
accompanied with adequate instructions, avail­
able, and many standard items well-known to t he
radio man cnn be purchased wi t hout misgivings.
The nceompnnying photograph displays sam ples
of radio upparutus purchased by the writer from
agencies of the HFC or radio dealers .

T he ECO illustrated sold for under $ 10 and is
com plete and ready to operat e. It contains n
stabilized power supply, and an audio keying
moni tor . The output is 10 wat ts with a high
order of stability. (Cert a inly a very fine bnnrnln .)
T he high-voltage tuning cnpncitor shown sold for
less than ... 2.00 a nd t he various pit-cos of \'11F genr
were picked up for a few cent s each. T he aut hor
also purchased aluminum antenna"mu..sts in fi ve­
foot sections , equippe d with interlocking; join ts,
at a cost of less than fixe cents per foot. Four­
inch plywood anten na m ast material has 1)t'{'11
available as well as high grudc co-ax feed line.

for 2-l ·vult aircraft use, us a rt! small motor­
driven switch ing devices. The same sit ua t ion ap­
plies t o dyn amotors 'which supplied the plate and
bins voltuge for a ircraft electronic eq uipment.
Frequently eq uipment arrives a t t he disposal
point without adeq uate technical specifica t ions
or diagrams, anel unless the purchaser happens t o
he familiar with the apparat us, he may purchase
something of little use to him and wit h no re­
sale " :,1 11(,.
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SUPPLY CO.
ChicaEo 5, III.

We Imitrd in­
quirlts for spe­
cial f'quipmmt
of all kinds.

EXCLUSIVE AT LEO'S

12~::: ~~..~~.~I~..~~.r.~n lEE
G ia n t Radio Reference ::lofap . lk
Ha nd yTube-Base Calcula tor .2.k
trnmedrare deli very on trans­
mitting tubes and condenaera
and "Evervth lng for the Ham: :
Get yours FIRST Crom Leo.

Add" .. Lee, W9GFQ. D.pt CQ·IZ
Counal B1ulfs. Iowa

Rtffh l'l"II of aU
IJlanufart u",1"II at
OP.\ priN'l • . •
""ad}' for quit'k
MIll""..

·'CRYSTALS"
AMATEUR LICENSE HOLDERS DNLY

uooo to 9~.""10 K C
16th Harmonic to 144· 148 MCS n and

U "'l \lare blanks
n T c u t - Pea k Activity

~'hahle at 23- C

Bla nk only (in band ) ...•• . 1.50
Blan k only (your choice of frequency

wit hin JOKe ) . . . . . • • ... 2.00
Blank and Electrodes (your choice of fre-

quency within tO Ke) . - . • 2.25
Complete Ca."CU Crystal Unit (your fre­

quency within 200 cycles) . • . $4 .00

BEAUMONT ElECTRIC
1319 So. MlchlEan AYe.

It is good to gleet old fr iends "nd we invite
newones.

M ake this stOIC your headq u"rtelS when in
and alou;,d Seattle.

Browse alo und OUI Complete Library . Inspro
the ne w equipment. Meet youl friends here, in
a loom just For Hams.

SEATTLE RADIO SUPPLY. INC.
2117 Second A ve. SE.2345 Seettle 1, W"sh.

Headquarters For Hams

You did. grand job.

.........
:t...
t......i RECEIVERS

............
i..........................................
:t......
.,. .........********
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array either above or below its normal horizontal
position with respect to the surface of the earth.
Tilting does, however, tend to raise the angle of
radiation. This has the apparent effect of making
short distance work possible, but at the same
time lowers, and sometimes eliminates, the signal
response at a distant receiving point. It has been
found po: rible, with a four dement array, to
work from lOS to 12;) miles on 2!1 meters by
ti lting' it upward aoo to 400 in t.he direction of the

Sclsyn conlrol Indicator for the rotary beam shows the
direction in wh ich your signals are going~hecL:s

within five degrees of the array position

receiving point. The only fe ns..iblc method at the
present t ime of lowering the angle of radiat ion is
to place the array between !1 and 1!1 full wave­
lengths above ground-the exact height depend­
ing on the angle of radiat ion desired.

Height
It is not considered within the scope of this

article to cover thoroughly the matter of how
high to erect the antenna above the ground.
Briefly, however, one should come as close as
possible to 0.75 wave length on the 20 meter
band and 1.5 wave lengths on the 10 meter band.
T hese figures are not critical, but if conditions
permit, they are well worth following. An op­
timum height would be approximately 5.'3 feet,
which represents 0.7,-) wave length on the 20
meter Land and U') wnve lengths on the 10 meter
band. Assuming a perfectly conducting ground
and not many nearby t roes and buildings, this
height would produce a ZOO angle of radiation on
the 20 meter band and a 100 angle all the 10
meter band-hoth theoretically ideal conditions.

December, 1945

MODERN •• • ATTRACTIVE • •
AND TWICE AS USEf UL!

Thi, n. .... 'erie ' o f £ UD Porlabl. St eel
Util ily Cab in ets hal inn", me roble ute, in
laboroto r j ~ I . foe torie , . and ham ,hack,.

Cabin.ts cu . e ."eme ly ule f",1 fo r porta b le
or 'iJOe d e l. eh cmic ' ell e q uipme nt. 'moll
lron' miUe " a nd rece ive" . f ie ld sheng ' h
mete " , 0' '0' o th er applica tion s req ",ir­
ing a cabine l of 0 "" st a nd in 9 o ppe a rane e
a n d d ur abi lity.

Front o nd 'ea r p a nels a ' e ' emovo b le '0'
eal y OUt'1i 10 inlt'fior.

CC- I0 9 1 Sil . S" . 6 " .. 9 " hot a , treom.
lined ch ,ome hnl'ldl• .

CC-1092 Size 6 " . 7" .. 12" hot 0 " f Ull
GRIP " handle.

CC.1093 Sit . 7" III 9 " III 15" hOi t ....o " FULL
GRIP" ha ndlel ,
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CERA~IC

CAPACITORS

WIRE
WOUND

RESISTORS

CHOKE
COILS

was used. .A small key thump was minimized by
connecting an .02 Ilf capacitor and a [:l)()..ohm
resistor across the key contacts. Complete elimi­
nation of all keying clicks can be obtained by con­
necting n larger condenser, such as .1 Ilf in place
of the .cxn,-Ilf condenser at the lower end of the
oscillator gridlenk to ground, and thcn connect­
ing a 10,000 to 20,000 ohm-resistor in series from
this junction point to the key. Unfortu nately,
t here will then be an increase in keying: ch irps or
warble, and t hus a compromise must be made to
satisfy individual requirements. The Hie con­
stants in the keying: circuit may he changed
easily for this purpose.

The VFO frequency for any setting gave a
change of approximately 200 cycles in an hour's
wann-up. A few volts variation in the 11.~ a-c
line potential resulted in a change of approxi­
mately 50 cycles in the 3..1-mc band . Sudden
changes of +':-,0 to 100 cycles were sometimes
noted, due to the moclmnicnlly poor construction
of the VFO variable condenser CI' Some poorer
types of condensers resulted in shifts us great as
600 cycles.

ELECTRICAL REACTANCE
CORPORATION

F RAN K LIN V ILL E. N . Y.
SIGNAL BEAM

[From P"U' lei

Division- Radio Electronic Sales Co.

ELECTRONIC
SPECIALTIES MFG. CO.

Address Changes-
Subscriben to co should notify OUI

Circulation Dep't. at least 3 weeks
in advance regarding any change in
address. The Post Office Dep't. doe.
not forward ma9uine. n:nt to a
wrons address unl... you pey addi.
tional po.ta,e. Wit. cennot duplicate
co pies of CO sent 10 your old address.

CO Circulation Dep 't.
RADIO MAGAZINES, INC.
342 M adiso n A ...e. ,NewYork 17,NY.

=

=
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=

==

==
=
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Tilting the A rray
It is not possible to lower the a ngle of rad iation

(desirable for long d istance work) by tilting the

ly, the reflector should be connected at the center
and adjusted for minimum galvanometer current.

Best practice dictates making: nil adj ust ments
after the array has been inst alled I1 t its per­
manent operat ing height UUO\'c the earth 'e sur­
Ieee. If this is not possible, the urruy should be
set up on a temporary mounting 5 or tl feet above
the earth, then ra ised to its permanent location
after all the necessary tuning-that is , length
adjustments on the dements-has been made.
This method, while not quite as accurate, is en­
tirely satisfactory for nn average instnllntion.

G!

Worcester 2, Mess.•

To the ham who is rebuilding now. Why
nol let us punch up your ch"ssis, p. Rcls,
eeblnets etc to your own specifications?
This is <II new service which we oFfer to you
at ,. reese neb le cost. Send in your " Specs"
for est im.te . Possib ly you woul d like to
have your rig assembled and wired by our
ga ng , either way our manuf.cturing and en­
,inuring d ivision has shown their qua Ii fica.
tions in Ihis work fo r the past Four years of
war service, in the production of communi ­
cation end tad., equipment used by OUt

armed forces. Keep your eyes o pen for
new products and gC<!Ir wh ich we: will
introd uce from time to time . 73 's

68 H igh Street

HI,
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IONICALLY HEATED
LOW VOLTAGE GAS RECTIF IERS

Readily A"ollable • SmaUer Space . equl,ement · Lo we r Ope, o t lng r empera.u,•• Commercial In Co,t • L_t11 L1f•• Q uicke r Starting

Newton, Man.
New York

Chicago

Atla nta

Los Ange lesM AN U FACTU R I N G COMPANY

•

RAYTHEON
•

the three way receivers. will result in a eubetamiel
reduction of the space requirements. •

Even more important is the differential of approxi­
mat ely eight watts in favor of the OY4 and OY4G
beca use of the ion ic heat ing feature. Th is saving cuts
the input power down by more than SOro for a no rmal
receiver. Conseq uently, cabinet size can be decreased
without dan ger of excessive heat ing. Furthermore.
the t ime required for the set to become opera live is
the same whether on DC, AC or battery - that is.
almost instantaneous.

These tubes have been engineered to prod uce a
minimum of the radio frequency d istu rbances associ­
ated with a gaseous discha rge. The simple filter
circuit indicated below will generally reduce such
in ter ference to a negligible valu e.

If your product does not call for the ionically heated
low voltage gas rectifier, there is a Raytheon type
designed for your need . And al l Raytheon tubes
follow the same rigid pattern of advanced engineering
with precision manufacture. To get continuing beet
results, specify Raytheon lI igh-Fidelity Tubes.

300 yolts
500 mo
15 ma

'" ma

...._-. ~

... 'r ~ ~) ;;;--
• • • ':'-".. ._* -

• •
TYftC"'l Ou G Ql'tU,O"'G ( Ilcun .,

0 "

Maximum In....n. Peak Vo lta ge
M oximum Peak Current • •• •
Maximum DC O utput Curre nI . •
Min imum DC O ulp ut Curre nt . . . . . . .
Minimum Se ri. . Anod e Re sistance (l IN lin.

operation ) • • •••••• • • • • 50 ohms
Approximate Tube Drop • • . . .. . • 12 volh
Max imum DC lIarling Volloge·· 95 volts

• Ph", j and It mll"t be eonneeted t~thf'r. Ua pld intermittent /T7f 1"77 P f7?(
oJ)E"Uioll ill undtllirable. /7) (a#"k~ .:7l,tV,;14" ju-", ~,,£i f/! ~,, ;t,j t'~"

•• W it h . Iattl" a notle nrtwork .~ llh ()'tlfn In etreun . t/

D EVO TED TO RUEARCH AND THE MA NUfACTURE OF TUI U AND EQUIPMENT fOR THE NIEW ERA Of EUel.O NICS

A major deterrent to the further size reduction of
rad io receivers and other equi pment designed for
universal operation fro m a standard 117 volt AC or
DC lin e or inte rnal batteri es. has been the size and
power dissipation associated with the rectifier tube.
T he advantages of an ion icall y healed tube for 10w
voltage applicat ions were recognized early by the
Raytheon engineers, who have long pioneered in the
field of gas tube development. However, considerable
research has produ ced the OYt and OY4G, which
sta rt cold from no more than 95 volts DC. High
rect ification effic iency is reali zed from the low internal
d rop and hijZh peak curre nt ratings. Ph ysically these

•types ha ve the same di mensions as the familiar OZ4G
and OZ!.

Where size is an important factor. use of the OY4G
in place of th e I HZ6GT, as extensively employed in

OY4G
AND
OV4

RATINGS

Half Wave Rect i­
fi er - Conde nser

Inpul 10 Filte r·
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FIRST PRIZK Cr,<aJ.b s....Im Soodo,d
SECOND PRIZK $50 Vro, IIo>d

TNIRD PRIZK $25 Vro, IIo>d

25 $5 PRI2ES: (A.MdoI. """"I-_...._- -,"-_-..-.' .- ( , ,

'" H _ ....__.... , ...
'-G"-" __. ~

CRYSTAL CHIRPS
In our October issue New Products sect ion we

referred to an Eimnc type 4-250A power triode.
This should ha ve been tctrode.

technical and non-technical funct ions of the
dub will be ela borated and diversified in a manner
acceptable to t he entire membership. Program
commit tees will be responsible for a rranging
lectu res, t ests , demonstrations , compet it ions and
open-Forum discussions of a varied nature so that
all who attend the meet ings will derive t he
greatest possible benefit from club netivities ,

Fenner members will be ret ained on t he roster
uud new members will be admitted by invi tation.
T he dub is one of t he oldest on record, having
beeu founded severa l years prior to t he fi rst
" 'orld war. I ts'mernbership includes many of the
originnl "two-letter calls," and its technical l

steff has lon g: been considered an authority in
the amateur field .

Prospect ive members arc invited to eommu­
nicnte with \\"m. Ladley, W6RBQ, 200 Naylor
St., San Fra ncisco, 12, California.

•

28 Prizes

V-F-O
(From page 151

* CR YSTAL RESEA RCH LABORATOR IES *

o
.-..-~

L'l,h-"'!' - _..:.
' ''' ' : 0::; "","-_ ­" ,---- j
\ \ .- ,.-
~ ...,,-:"'~-~~

~-- ?:. "
o-·-=-~ ., . ,- .
~~ "' .., .'

:~-­
Great Time S aver

I-Iere"s something you need every day
in your work. Easy to operote. Solves
mony problems fOT you in a jiffy. We"re
offering it Free to rodio men, electronic
engineers and others in the business.
Attach coupon to yOUT letterhead.
~ BURSTEIN- APPLEBEE CO.
~ 1012 McGEE ST., KANSAS CITY 6, MO.

r~;~;~~~ro~-----I
I 1012 McGEE, KANSAS CITY 6, MO. I
I Send me fREE Color Code and Ohms bw Cal· I
1 cul.tor alona with latest catalog. I

l am I
STAT( CONN(Cf 'ON IN INO USlIlY I

NAME I
, ADDRESS I

1~~~ ~~~__J

Resisters nrc unnecessary in an)' of the screen
circuits since the bias resistors were chosen to
ll....,sllrc·operation at reasonably high Gm and mod­
prate plat e and screen currents.

Oper. lion 01 The YFO
A Irrquoncy meter should be available for

set fiug the VFO to any frequency in the 3500 to
4000-ke range. The VFO should cover from 3500
to 37[>£) kc for the 7.0 to 7.3-mc band; 3500 to
3(;00 ke for the 14.0 to 14.4-me band; 3500 10
3.';&1.33 ke for the 21.0 10 21.5-me band, and I
from 3500 10 3712.5 ke for Ihe 28.0 10 29.7-mc
range.

T he d-e milliammeter in t hc 807 grid circuit
may be used in the preliminary line-up of all
stag-es. Adjust ment of the coil inductances by
means of the iron or copper tuning 81u~ may be
mnde for each band by not ing the readings of t he
grid meter. It is good practice to disconnect t he
W7 screen-grid lead when making these tests,
unless the 807 plate voltage is reduced. Other­
wi se the SOi screen current will be excessive when
there is no voltage on the plate.

T he 807 wid-bias su pply of negative 45 volts
furnishes a keying voltage for the oscillator and
bulTer blocked-Wid keying met hod. T he "FO
has ample stability to permit keying either in the
+B or grid-bias leads. However, there was less
key thump and chirp when blocked-grid keying
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Type 131 7J, "per co • diomete
dreds :re r ,coa _ia l c~b~oft tem­
coble or miles of rhO e. Hun­
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HAM NEWS

CRYSTAL RESEARCH LAB ISSUES NEW
CATALOGUE

or interest to amateur radio engineers and to
" hams" is the new catalogue just released by
Crystal Research Laboratories of Hartford;
Conn.

T his catalogue shows interesting views of
plant personnel at work in crystal production.
One ent ire page is devoted to the facsimile of a
moyie film depicting the consecutive product ion
steps {rom the raw quartz to the finished crystal.
T he entire catalogue is clear and concise and
various types of crystals are fully illustrated and
described both as to operation and usc.

Crystalab points out, however, that many
other types and varieties of crystals can be pro­
duced by them in addition to those described
herein. They specialize in making close tolerance
crystals to order in any quant ity. T hose in­
terested in securing a free copy arc asked to
write Crystal Research Laboratories, Inc., 29
Allyn Street, Hart ford 3, Connecticut .

SAN FRANCISCO RAOIO CLUB. INC••
MEETS AGAIN

After a prolonged period of wartime inact ivity
the pioneer San Francisco Radio Club, Inc., will
again hold meetings regularly on alternate Fri­
days in a centrally located meeting hall, the ad­
dress of which " ill be announced over the air and
on notices posted in various radio stores. Com­
mittees have been appointed to survey the city
for suitable meeting quarters of ample size to
accommodate the anticipated increase in mem­
bership which " ill result from the homecoming of
many radio amateurs from the armed forces.
wm. Ladley , W6RBQ, one of the city's most ac­
tive amateurs, and Clayton F. Bane, 'Y6'VB,
President of Technical Radio, I nc., invited a
small group of local amateurs to a round-table
discussion at the State Armory Building on
September 20th for the purpose of discussing the
methods whereby the club would once again be
enabled to funct ion in an effective manner during
the post-war period. T he meeting was attended
by the following: W6CV!', \\'6\\'B, \\'6QUC.
W6l\"GV, W6MXY. W6\\1". W6DOT, W6111Z.
W6IlBQ, W6JYN, \\'6UQ, W6LV, \\,6BUJ and
\\'GAIIII .

It was proposed that in future years thcre be
but a single, powerful radio club in the city of
San Francisco, with a single aim and purpose, and
that the greatest possible service be rendered to
old-t imers and newcomers alike. The scope of

co



ORDER YOUR NEW

Com muni cat ion's Recei ver
NOW from ALLIED

';tn &atdie4t Z'

NATIONAL N(·2·40C
490 kc, (0 30 Me. range in 6 b ands, Acc u ra lC" sinll:lc
d ia l control. Tempeearure com~nurion . Automatic
,·ohaRe Habil izarion. Adju~rabte series- valve- noise
limicer. Ffeaible cr)'~ul tiller. PhonofCuph or hilth level
microphone pick-up jack . ;'\Ott $ 2 2 5
Speloker in m..cch infC ubiner. net $15.00

$223
S15.00

HALLICRAfTERS SX . 2 8A
'50 kc , 10 oU Me . continuou~ in 6 b,mds. Accu rllu:ly
C2hhr,lI~d luninF; di;al. parare nlibuu:d bandspread
d ia l. T .... o r .f. }[:lItc"S . Lamb [ ) roe J \{;ll:C .lIdju\ublc
no ise limllef . 6 posilion Lt. and cr)lul f1 ltu st!«lh·ify
' .... uch . Oscillamr lemp.: r;llu rc compensa ted ,
N cf. __ •. __ .
P~tB Speake r, net. _

I s suc h a s:re ee y e r
Othe r w e ll. knOwn S S 94.SO

Hollicfotl en $)(.2a - S 60.00
Holl'CfOflen S '.~ ' $\\ 0.00
HolI!Cfolten ~-36" - - $4\t\'~
Ho lhcro tte n _ S . SO
pM23 Speaker ,.... S 29 ·
Echophone EfCOB. ChiugO

Net. .' pOJJfbi r cbiJ"1.tJ
( A ll ,.r;{U JMb/tf! ' 0
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RAD I 0

I
I
I
I

E"UJlhi"K in Radio & Electronics

833 W. Jackson Blvd. • Chicago, III.
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PARTS
and

PRODUCTS

SKYHOOK IN KIT FORM

Fifty feet of antenna pole
which telescopes into kit pro­
portions complete with bese
plate, guy wires, spikes and

anchors

The Plymold Corporation of Lawrence, :\Ia...ss.•
manufacturers of " Plyt ube" antenna masts, an­
nounces a newly designed and tested 50-foot
" Ham-Mast" built a nd attract ively priced for
t he amateur t rade. According to the manufac­
t ure r, erec t ion hazards have been completely
eliminated, and t wo men ca n hoist the Ha m":
Must into place in fifteen minutes flat. The mast
is non-metallic, compact, light and will wit h-

stand wind velocities of 100 miles an hour.
The mast is made of four sections which tele­

scope into a bundle 14 feet a inches long. All
accessories a re supplied, and the erect ion kit,
which accompanies t he mast, includes hoom ,
boom cylinder , boom top collars and rope vungs,
block-awl-tackle and boom anchor. The mast is
now in product ion and reasonably quick delivery
is promised by t he manufacturer.- CQ, Dec. 1945.

•
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For more Ihon a yea r OX Cry stals

have been automaticall y deep­

etche d by a new proc.en . Bolh

the melhod a nd machines were

perfecte d by ox EngIneers sO

Iho t a ll OX Xl cds can have Ihe

nIh degree of slobil ity a nd en .

durance neceuary to wa rt ime

operolian

Think obaul OX'praduds lo r your

new rece ive rs ond Iro nsmille rs_
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1. Brand new p ost-wor d esign . positively nolo " wo rmed­
cvee" ple-we r model.

i . More thon a n "electronic" voltmeter, VOMAX i. a
true va cu u m tube voltmeter in every vcltcqe/re­
sis/once/ db. func tion.

3. Complete signo t tracing from 20 cycles through over 100
megacycles by withdrawable d . diode probe.

4. 3 rhrou9h 1200 volts d.c. full sca le in 6 ranges 01 50, ond
in 6 added ranges to 3000 volts 0 1 125 megohms input
resistance .

S. 3 ,h,ough 1200 volts c .e. full secle in 6 ronges 01 honest
effec l ive circuit loading of 6.6 megohms and 8 mmfd.

6. 0 .2 through 2000 megohms in si ~ easily read ranges .
7. - 10 tn/ough +50 db. (0 db. = 1 mw. in 600 ohms) In

3 ranges.
8. 1.2 ma through 12 amperes ful l eco le in 6 d.c. ranges.
9. Absolute ly .table - one r et e od justm ent sets all

ranges. No probe short ing to set a mea ni ngless l ero
wh ich sh ifts as soon as probes are separa ted . Grid
current ence completel y el imi na ted.

10. H onest, Ic ctccl cccvrccv: ± 3% a n d .c.
l
· ± 5% on a .c.;

2()vl through 100 megacycles; ±2% of ull scale, ± 1%0' ind icat ed resistance vclue.
11. Onl y Five colof·differentiat ed scales a n 4~ " D'Arseevcl

meter for 51 ronges (including d .c. volts polarity reversa l)
e li mina te confusion.

12. M eter 100% protected a ga inst ove rload burnout on
volts/ohms/ db.

U . Substa ntial lecther ca rrYing handle. Sile only 12%... ·
7Y. ... 5V. ..

SEND FOR FREE CATALOG
SEE YOUR JOBBER

OVER J.4 YEARS OF RA DIO ENG INEERING ACHIEVEMENT

7#"'~cs1&'~ c;",>'>a'.."
1:J"O MAIN STRUT, WARTFORD J , CO NN K'TICUT

•

•
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DELAY
BIAS

•, .
•A.V.C.

the same purpose if only one diode were used both
for detection and a.v.c. This is Dot as desirable,
however, as the circuit shown in Fig. 5 since
signals too small to load fully the receiver cannot
he heard.

To overcome the a-v-e overload condition
shown in F ig. S and Fig. 4, amplified u.v.c. is

DOUBLE 0t00E TRlOOE DETECTOR
AND AMPLIFIED A.V.C.

Figure 6

somet imes used. An amplified a-v-e circuit is
shown in Fig. 6. The input required to overload
this e-v-e circuit is increased by a value equal to
the amplification constant of the triode portion
of the double-diode triode tube used. In Fig. 6 the
intermediate-frequency input is fed to one of the
diodes, which acts as a normal linear detector. A
resistor is used to feed the triode grid from the de­
teeter load circuit, to permit amplifying the
direct-current bias in the load circuit. The ampli­
fied di rect current is then applied to the second
diode which functions as n normal a-v-e source.

Still :another type of a-v-e circuit is the quiet
automatic volume control, or "q.a.v.c." as it is
somet imes called . Such a circuit is shown
schemat ically in Pig. 7. These circuits operate on
the principle of releasing a large negative bias
normally imposed on the grid of the first audio
tube. Under conditions of no signal, the audio
tube is biased well beyond cutoff, so that no audio
output from noise or static will result. - -"-., ~

AuDIO

+

» : DELAY
.: BIAS,

---<----.
v

T_~. AUOIO

A.V.C. OVERLOAD

'"---- - "7- - - - - - - - "'------ ~~

INPUT

Figule 4

dium of delaying e-v-e bias until full load is
reached, after which it funct ions normally. T his
mny be accomplished, as shown in Fig. 5, by
biasing the n-v-c source beyond cutoff by an
amount sufficient to prevent any rectifying action
until approximately full load is attained. For all
higher inputs, the automatic volume control
functions normally. The uniformity of the flat
portion of the input-output characteristic of a
radio receiver employing: u.v.c. is attained by con­
trolling: several tubes. In general the more tubes
controlled the flatter the characteristic. In the
circuit of Fig. 5, the,,;<1 cathode circuit functions

A.V.C.

VOLTAGE DIVIDER 'T

Figur~ 5

as the detector and the plate cathode circuit
functions as a-v-e source . Sufficient negative bias
is int roduced into the plate circuit to permit the
receiver to be fully loaded before a-v-e action
starts . Negative delay bias might also be intro­
duced in the detector load circuit to accomplish

,-,:,l.F. . OfTEC:-,""':..,---,

A.V.C.

Q.A.V.C.
.... IN-OUT
,. SWITCH

T

Figure 7
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ALL AMATEUR
TRANSMITTER CONTEST

Inaugurated by

WIN YOUR "DREAM TRANSMITTER" PLUS $1125
IN VICTORY BONDS WITH YOUR IDEA OF THE

"IDEAL HAM TRANSMITTER"
•

TWO FIRST PRIZES
Prizes in each of two power clan divisions
will be II complete radio transmitter designed
by the winner, built by Taylor Tubes, Inc.
end presented to him with .. 11 accessories
.xcept ,nhtnnll .

TWO EXTRA BOND PRIZES
In addition to receiving completely built lIans·
mltters of their own design , the winners in each
power dassdivisionwi lJ divide the total of 52250
in Vic:lory Bonds volunteered by the participant
manufacturers sponsoring the contest.

Here Are the Highlights of the Contest
Entries must be postmarked o n o r before February 15, is o utsta ndi ng end sho uld w in. The prize winning
1946--the official contest closin g date. Trensmitter de- transm itte rs in each po wer cless wi ll be built by the
signs in either of two power .clcmes m~y be entered . en gineering department of Tevlor Tubes, Inc. end
OdSS 1-mput power ~o the hntll trensmr tter s~dge up to presented to the winn ing contestants es soon es prec-
2?O watts. C1o!1sS 2- mput power to the finel trans- tice ble efte r ell entries heve been jud ged and the
muter st"ge o f from 2 51 to 1000 watts. C ontestant . . des! I d T' $ 2 V' B d
must submit entry blank, fu ll schematic didgrdm end w~nnl~ g eS lgns se ectec. n.e 11 5 Ictorv o n
fro nt panel dro!lwing, w ith sufficient dete necesserv to pr~ze In ~o!Ich r:>0wer class Wil l ~e .presen t~d to the
build his "Dream Trensmltter.' Eech en try must be w inners irnm edie telv efter the wmmng desl qns heve
eccompenied w ith" 150-250 w ord steternent by the been enncunced . See the o fficial entry blank for
contestant es to why he bel ieves his transmitter des ign complete perticulers.

Participating Sponsors
Aerovox Corpo ration, New Bedford, Moss.} A merican Resistance Cc., Phtledelohre, Pd .} E. F. J ohnson Cc.,
Phenolic Corooreuoo, Chtceae , ilL; Barker & Wil li o!lm- W dsekd, M inn.} Sole r Mfg. Corporeuon, New Yo rk,
son, Upper Ddfb'tt Pd.; Blilev El ectri c Co., Erie, Pd .! N . Y.; United Transformer Corporatio n, New York,
G othard Mfg. LO" Spri ngfi eld , III. / lnternetlo ne N . Y.

CONTEST JUDGES
Fred Schnell, W9UZ - Fermer Communications Manag~r of A.R.R.L. and now Chi~f of Radio
Dept.} Chicago Police} Olivcr Reed W9ETI -- Editor, Radio News} Cyrus T. Reed, W9AA -­
Former Assistant Secretary of A .R.R.L.} John Potts -- Editor CO and Radio} Frank J. Hajek,
W9ECA -- President, Ta_yl_or Tubes, Inc.} Rex Munger, W9LIP .- Sales Mgr., Taylor Tubes,
Inc.} Karl A. Kopet:r.ky, W9QEA - Former Managing Editor, Radio News.

Secure Your Entry Blank at Your Radio Parts Distributor
or Write Directly to Taylor Tubes, Inc.
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No. 7. AUTOMATI C VOLUME CONTROL

•AUDIO

DIODE DETECTOR)

LOAD CIRCUIT

L----1II-- -+

INPUT

Fi'3ur~ 3

DUE AN"C.
~VERLOAD

..._----.J. FULL, - - - - LOAD

A

TO
CONTROLLED

/ TUBES,

F i gl!r~ 2

portiuuul to Ib' im-idr nl currier voltugc nrul in­
dt-pcudeut of till' pt"n 't'llt:q.!;(' ruudulut ion. T he
cu nventionnl t-in-ni t urrangetuont of the diode
u:,(,tI II~ a cot uhincd detcct ur aw l :1 - \"-(' source is
:')ItIW II sr-hcma tir-allv ill f ig" :!"

Cuvrc J of Fiy, ...; il lu- t n u e- t ill' input-out put
('!llI raf't l' r i:,t il' of :1 radio n-ceiver em ploying mu u­
uul volume con t ro l but no lL''',C , If u.v.c. i~ n-ed,
illl'n'll:,in!!: ~ j ~ll: tl ."' t l'l' ll!!:t " will tend to n -duce t ln­
ret-r-iver unlu propnrtiuuutr-Iy. ..\ ~ a result the
u~j' in output with inc'l'l'w-illg inp ut i ~ redneod .
T iI(, in put-out pu t r-huructcrisfic of II radio rc­
cciver PlI lplny in !!: : IX" t ' " is illust ru tod by C III"l'(' IJ
of Fi(l" ,.;. In this "Il1'>e tl u- output rises slowly to
full load , wln-n- it n-muius ossou tinll y eonstunt
umil tlu- a-\"-{' 1'>."' :--t ('111 ovcrlnads after whir-l, the
0111 JIll 1 muv a gain ri- a- .

.\ mun- dosirabk- in pu t-outpu t churucte ristic
i:-.: ill ustrut od ill Fiy" , ~ " l lr-n- the same dr-sirable
Ilut charur-tcristic i:, nvhicvod but the rise ill out­
pu t for 1'>llw ll in puts i:, Ilion' rap id , ill fad a lmost
1l~ rapid a.... t holll!lt t ill' nx-civcr had 110 a-v-e nc­
tiun nt all , 'I'his r-u rvr- 1lI 11~ " hI' ut ruino. l through
lil(' 11 :'( ' of doluvcd uutr uuu ti r- vo lume control.
I)c'I<I ,,\"I 'd :1- \ ' - (' ur-tiou j:, ut tniuod th rough t ill' me-Fi g ur~ 1

/( 1( ') and i.... till' timr - required for t ill' u-v-c
\·O!tlll.!;(' to build lip to l);~{;~ of maxinnuu, or to
<It'('II''' frmu muxinnnu hi:\.", to li;~(7r of maximum. ,
I ,ia:, "

It i.... desirnhle t hat II II' :t- \" . ( ' voltugr- hia:' 1)('
exur-tly proport ional to the ineidcnt c':lI'l'j(° 1'
vo ltage :1I1t1 iurh-pcuden t of t ho pcrventruzr- ruodu­
lution of t ill' currier. If It liuour rh-t r-ct or :'1 )(' 11 a:-t
t rw .lin.k - i , t·lI lplo.",,(!. t ill' rrv-tified (1. ( ' . i~ pro-

c,

AY.C"TUBE

C,

\ R,

TO GRIDS
OF OTHER

CONTROLLED
TUBES

+
~--~~--

VOLTAGE DIVIDER

TII F: F1 HST . \ l~T() :\L\ T I (' volu me control circuits
used s(' pa ratc\ tubes [ 0 1' detec tion aw l uut o­
mati" vnluuu- enntrul . T IH' tubes wen' hiased

to upproxi tuatt-ly ('ut olT and :-:ilH'p t ho ap plied
rudin freq uencv volt a !!:('." were small. t ill' tulx-s
operated over tilt' Jlllraholi(' portions of tlu-ir
dy na mic r-hnrur-tcristir-. T he din'r-t cum-nt ill tlu­
load r-irr-uit s \\'I 'J'( ' p ropo rt ion a l to t ilt' squnro of
t he npplir-d input YO!t: I,l!C' . A '-: : I result . if uno
siz nu l Wli S t wice us laq.!;( ·:.IS uuother, tho hius fed
h:U'k to t ill ' ,grids of till' r-nutrulled t ubes WliS four
tiull's Ill" b rgl' ill the sor-ond ('asp as ill the first.
~ \ circuit usiuun :'l' l l:l rHtl' lI-\'-I ' tul«- i:-: illu strn n -d
ill Fig. 1.

The Spt·(·tI with which u-v-c net.inn tukes pla ('1'
is det r-rt uined hy t ln- tinu- const unt of tlu- circui t
t hrough wh ich till' hill:' is a pplied. T he time 1'011­

s tunt of t IH' :,u pply ci rcui t of F ig" J is /( :!.C:!. +
AMPLIFIER DETECTOR

r--r---,
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NOW SERVE EN AT PEACE
T he creative t'ngl nccri ng wh ich HIDed ou r ligh ting
men for Victory h31 no k U ;I; r~$romi h il i t~ · in the ~'CHI

of pc2CC .lIhc..J. Now th;1l! the war i. won, we have the
.100 of ma Ling thi• .lI better world .

A I K f:O S prod uced huge quant iti~ of communica­
t i..nl 2nJ raJ:.r ~irmcnt and other rnxhincrr for
\\ .1gmg war, It. achie....: rncnt. were equal to iu hCJ\"~'

n,sronsihili tics• and itl workers C"Jl.1bJishcd an outsUnd­
ing record of performanec.

AIRt:O '" enters peacet ime product ion with 2 notable
(' ngmn -rrng orga nlzanon, h lgh l~' skilled personnel 2nJ
8("(:21confid ence in th e future. \\'c haw: developed m.llny
pro..luclI which will contribute 10 bette r livmg, for the
manufacture of which ,,11 15 AIREO'" r l.ln(J will con­
nnue In production

December, 1945

I n order to 0.;:\1I; n..1 uu r usefulness we n..cc n th c.tJb­
lishcd an cxpe rimc nta l hhou lorJ' in Grce·nw ich .
.\IRf:O","'. creative engIneering in radio communica­
lions. elccircmcs, mU!lOnics 3nJ hyd uulics will team
with production proficil;ncr in contributing devices
for future len-icc.

In pu ce, ~. in war, AlkEO"," will sunJ for quality
and perfcrmmce.

c..~
1 ' R.ESI1J E~T
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Surplus

For The

Equipment

Ham
M AJ OR M . R. GUTMAN, USAAF (Ina ct ive) , W2VL

The: amount of W il l surp lus radi o ap paratus (particula rly transmitters, receivers and test eq uipme nt) whic h will
be made available to the amateur, is unfortunately " debata b le questio n. Accordin Cj to reliable info rm" .
tion much of this material is being " canniba lized"-an army ex pression meaning d eli berately to tender

~nfil fo r serv ice . CO is invest igati ng further into th e whys and wherefo res of this po ssib le situati o n

•

D
UIU~G T Il !-: I'A~T month considerable su rplus
government radio equipment has been placed
on the market by the lteconst ructiou Fi­

lIUtH'C Corp. Several organizations in New York
City have been designated us HFC agents and
urc disposing of surplus radio and elect ronic
equipment . The present policy is to sell to manu­
Iacturing firms or radio jobbers. However, re­
turning- veterans have been classed as jobbers
and may purchase apparat us. Some of this
equipment is for sale by rad io pa rts jobbers at
very att ractive prices. For example, new 82gB
UIIF tubes have been offered for under 85.00
while they last.

Paris Available
The various agencies of the HFC have many

fine parts available to eligible purchasers, Power
t ransformers, audio t ra nsformers , va riable tun­
ing- capacitors, relays, resistors, filt er capacitors,
G. I. earphones, etc., are available at It fra ct ion of
t he original cost to the government . However a
word of caut ion is ill order. l\luch of the equip­
ment has been designed for special serv ices, espe­
cially apparatus engineered for AA Fuse. Trans­
formers designed for an input of from -400-2700
cycles instead of 11 0 volts GO cycles n.c..: can be
had in large quanti ty. Jtclaye are usually wound

IContinued 01~ page 48J

,

War surplus equipment purchased by the author at less than cost to the government. The
ECO sold for under S10.00 .

I
]
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. . . now, in a striking new
package for profitable service busi ness

•

NA TIONAL UNION RA Di O CO RP ORATION • N EW ARK 2 , N . J.

RADIO AND ELECTRON T U B ES

N ATIO N A L UNIO N

Nothing has been left undone [ 0 make
the N. U. fa mily of products the most
p rofitable of all for the service dealer.
In e ngineer ing, in product perform­
a nce, in sales policy, and in merchan ­
d ising c- the N . U. line is in a class by
itse lf in meeting eo d ay's needs of the
Service D ealer a nd Parts Distributor.

K ey ( 0 the power ful N. U. merchan­
d ising pla ns that arc now ready fur
service dealers - is the most str iking
package d esig n in the radio p arts fie ld.

In this s mart. mo d ern container,
all N. U, products are packaged ­
adding tremendo usly to their shelf­

display and eye-appeal.

,
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Issue of IICQII Sent

Subscribe Today!
Every

To Your Home.

Have

You save by subscribing on an annua l

basis. II Ham" Clubs get a specia l

red uced rate. Write for full particulars,

In U.S.A. & I-01u elJtJions
Elsewhere $.'1 .50 trerreor

Sold on Belter
Newsstands

25c.

$2.50
4 .00
5.00

12 issues .
24 issues .
36 issues .

•

-­........ ---­_.-

\ q.; ~
\"NU"~~ ~

• 10UlIIO\

1\Ie\l.oclio ~",o1..t\

per copy .

I-----------TEAR OUT-MAIL TODAY----------- I
I II CQ-RADIO MAGAZINES, INC. C.I I................................................ I
I 342 MADISON AVE. , NEW YORK 17, N. Y. I
I I
I Sin : Here is my 0 check (or 0 mont:y order) lor S Send me issues 01 ca. I
I 12 inults $2.50--24 issues 54.-36 issues $5. Canad ian and foreign subscriptions are 53.50 . nnually. I
I II Subsc:.riber's N ame (print carefully) I
I II Add.... .................................................... I
I II City State Zone.............................. I

I Wh.t is your c ccupetlcn or prof ion ............................................................................................................... I
~----,- ------ --------------
December, 19 45
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What's the other thing we ought to ~o this hristmas ?

*

•

FO R the last four yea rs , the Christ mas phrase
.. Peace on earth, good will to man" has had

41 pretty hollow, bitter ring.

This yea r, it won' t .

And surely. one t hi ng each of us will want to
do t hi s C hristmas is to give t hanks t hat peace
has fina llycome tOU5- both peace-and victory.

One other t h i n~ we ought to do:

In our ~iving. this yea r, let's choose-c-fi rse-c­
t he kind of gift tha t helped to bring us peace
and victory and will now help us to enjoy
them.

Victory Bonds take care of t he men who

fought for us-provide money to heal them,
to give them a fresh sta rt in t he count ry they
saved .

View ry Bonds help [ 0 insure a sound, pros.
r em us count ry for us all to live and work in.

Victory Bonds mean protect ion in eme rgen­
cies-and ext ra cash for t hings we want to do
t en y ea rs from now.

*
C hoose- fi rst - t he finest gift in all t he world ,

t his Christmas.

Give Victory Bonds !

•

*
50

&ive the fi nest gift of 311 - VICTORY BONDS!
co MAGAZINE

This is an official U. S. Tru nlry ad~utiJt'mnlt -p""part'd undu a.Jp~n 01
Trt'aJury Dt'pan mn d and Il'or Ad~n iJ ing COIln.cil *

co



In the Itocky Mountain Region
it ' s

Radio&Television Supply Co.
803 EUC LJ[) AVEl'lUE, P UEBLO, CO LO.

''If- Jo,, "' IwH iI. 1lHf'1l ,., ft­
eF It '". .. ., ~ ItaJ I Plto"_ 5119"

ELECTRONIC SPECIALISTS

FORT ORANGE RAOIO OISTRIBUTING COMPANY
UNCLE DAVE'S RADIO SHACK

356 Broadway
Albany 7, New York

PhOl'les 3-2109. 3-2100

..------ ------- - ---,
I In North er" ( .liforni.
• it's I
• SAN FRANCISCO RADIO & SUPPLY CO. •
I Public Address Equipment I
: Short.W"YC Receivers: Transmitters :

I Headquartcn For Amateur Redle Supplies I
I 20 Years Dependable Service.
I 1280.1284 Market St., San F,anciKo 2, ulil. I"- ....1

FILTER CONDENSER BARGAINS!
BI G NEW CATALOG I WAITE FOR LI ST !, _U t,_

CLASSIFIED ADS
Ad " . r t l . i n l" In thi. . e c t lo n m u . t .-rtaln to amateur
Dr • • perl rnentetlon r adio .ctlviti.... lla t_20c. per
word per i n . ert lon . RelTlitta nce In ru ll m u.t 8C4

eo rn pany coPy. No ....n c y or t errn or ca.h d i aco \.l n h
a llow.d. No diapla, or .ped.l tYPQ..r . p h ic a l a d
..tup. allow.d. "CQ" do•• not (uarant... any prod­
\.let or ....... ic. ad...e r t i-d in the Cla..ified Section.

2 CRYSTA LS between 35£X)and 400J KC freq uency; 1 box
optical grinding flour; 2 holders complete with elec­
trodes, sprinKs. eic.; complete instructions for grinding
to desired frequency. Send $}.OO ro Quartz Lab­
orato ries, Inc., ISH Oak Se., Kansas City 8, Mo.

CONDENSERS, new. Receanglar cans. GE Pyranols:
4mfl OOOv $1.75; 2mfl 5OOv $1.75; Smfl500v $3.75;
4mf2000v $3.00; 4mfJOOOv $6.75; 2mf4OOOv $8.50.
G-D Dykano ls : 8mflOOOv $2.75. HV micas, screw termi­
nals, bakelite cased : Sprague .OO15mf5QOO.. $1. 50; C-D
.OO5Dl f5(XX)v $1.75. 10% discount o n orders over $15.
Lee Dubin, W2AQN, 147 Elm Ave., MI . Vernon, N. Y.

December, 1945

elect ronic eq uipment, such as power t ools or even
army vehicles. However it is necessary that t his
material be required for his own business needs
and not for pleasure purposes. Equipment may
be purchased on credit after proper references
have been obtained , The veteran radio man may
place his a pplicat ion for equipment as original
inventory in his business .

As the various rules nnd regulations of the
different government agencies are frequently
changed, it is wise to cull or write the agency
concerned and inquire concerning any new rogu­
lations. Quest ions from renders of this ar ticle
will be answered if stam ped envelope nccom­
panics the request , and t he writer will be glad to
help any member of t he radio fra ternit y benefit
by t he surplus radio parts market. Letters may
bo address..cd r-a re of CQ.

A-M SUPER
IFrom page 26 )

longer lead may he just ified in terms of the
mechanics involved, even if it is less desirable
electrically . \\'e are particularly averse to start­
ing a lead and then breaking it midway to insert
a resistor or ca pacitor .

The volt uge regulator t ube is used only in the
oscillator sect ion of the fiSA7 . The stabi lized
lO.5-volt output is wired along with 300 volts
from the main supply, 6.3 from the heaters nnd
a ground connection, to the Icmale four-prong
chassis connector on the back of the chassis from
which power can he Ied to t.he converter .Through­
out t he unit , one side of each hea ter connect ion
is grouuded-c-whi eh simplifies wiring considera­
bly. T Il(' 6E!l leads extend through a grom­
meted hole in the chassis to the tube socket.

lining-up
Lining-up the unit ordinarily calls for a signal

generator tuning from 5 to 10 megacycles, but
elm be accomplished without th is instrument if
care is exercised. Wit hout the signal generator .
hunt around with t he prima ry t rimmer of t he
first i-f t ransformer unt il " set noise" is heard.
T he other t rimmers a rc t hen lined up fe r­
grea test noise. Xext tunc t he oscillator condenser.

Twenty feet of wire clipped to the primary of
the input stage made a satisfactory antenna, and
the first sta t ion heard W :L"I one several hundred
miles away operating on 9.57 megacycles, which
proved that our coil calculations hadn't been !'O

far amiss. Act ually there is little point in worry­
ing about gctt ing coil and condenser constants
"right on the nose." T he main th ing is to locate
the mixer input somewhere in the ten megacycle
region, a nd the oscillator five megacycles uwny
from it. T he tuning r31l/!;Cof t he i-f transformers
is rather limited and one can 't Ji!:O far wrong.
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R.W. T. The world'. oldest and
largest Radio Supply H ouse soon
will he ready aga in to serve the
world's most e xac ting u sers, ) 'O ll

Radio Amateu rs. Once aga in ,-ou
can choose from ou r tremendous
stock o f se ts, parts and equ ip men t.
Once again J on can d epend 011

o u r (Iuartcr~ ccntury repu tation
for qual ity and sound values.
Once again you'Il have our speedy
service-c-order sh ip ped out sa me
day received. All standard line.
are now in stock or on the way.
They include:

NATIONAL. BUD

CARDWELL. BULEY

R.C.A•• HAMMARLUND

HALUCRAFTERS

and others too numerou s to m ention.

Send for

R. W. T. 1946 Catalog
off the press soon'

1l.u)w Wire .
7elevision In~.

World '. l arge.' Radio Supp ly House

(Dept. G-12)

100 Sixth Avenue, New York 13
80ston, Mass. • Newark, N. J.

Originators and morhf",.. of the famous

Jamyelle Radio
52
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Book.
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RAD IO MFG. ENGINEERS. INC. . . . . . . . . . . . . . . . . . . 2
Commu nica tions Equipment

RAD iO SHAC K . . . . . . •. . . . . • . . •. .•. . . . .. . . . . . . . ...... •
H. m P.rt s and Equipment

RA D iO WI RE TELEV ISION. INC. . . . . . . . . , . . . S2
H. m Parta and Equipment

RADI ONi C EQUI PMENT CO.. . . . .. .. . .. . . . . . . . ... . . .
U. m Parta and Equipment

RAYTHEON MAN Ut'ACTUR ING CORP. . . ... 0
Electronic Tube.

SAN FRANC ISCO RADIO lie SUPPLY CO.. . 51
Ham P.rta and Equipment

S EAITL E RADIO SU P PLY. INC. . . .. .. . . . . .. ... 48
Ham P.rta . nd Equipment

SOLA R CAPAC ITOR SALES CO RP. . . . . . . . . . . . .Cover 2
Cayacitora

STAN DARD TRANSFORMER CO RP 2
Tranaform.,.,.

SYLVAN IA ELECTRI C PRODUCTS. INC. 5
E1ec: tronic Tube.

TAYLOR T UBES 37
Electrenie Tube.

U. S. TREASURY DEPT. . . . . . .... .. .. ....•.... .. . .. SO
Victory Bonda

WHOLESALE RADI O LABORATORI ES , .. 48
Ham Parta and Equipm.,.nt

An . st erisk (.) appearin&, ah er a n adven i.er"a name indica tes
th.t no .dverti.ement appear. in the cu rrent i..ue.

co

•
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RfC DE'ARTMENT -<415 HAlllCUfTUS
502S W.II 65th Slr••1 • Chicogo 38, Illinoil

a S.nd furlh.r d .loill on ",."hondil. dncrib.d
obo".

a S.nd lillingl of olh. r o"oilobl. it . "'1
Elp.ciolly inl.rnl.d i ll _

ST...T~~~~~~~~~~~~~~~~~NAME

CITY

ADORE"
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QUARTZ CRYSTAL AMATEUR KIT·

3 CRYSTAL BLANKS (TC - mad. to Army A ir Corps
Sp. cifications) approximat.ly 2 parts Drift, Operative
7,000, 14,000, .nd 28,000 kc.

1 BAG ABRASIVE for grinding crystals to d.sir.d
frequency together with Folder of instructio ns for most
.lIici.nt method of gr inding crystals.

2 HOLDERS complete with both r.gul.r eleetrcdes .nd
springs .nd two additional sets of eleeuedes.

Addition.1 cryst.ls, hold.rs . nd . I.ctrod. s m.y b.

secured.

Complete ONLY $1.0p~STPA I O

-Quali ty «uarant~ by a Com­
pa ny tbat bINI made more than
2 ,OOO,OlO ('fYltal. f or the A rm l'(!
1-'0r«8 " ' e are able t o make
thi, offcr ordy beeeuee t hia ~
eur plue material.

PRODUCTS COMPANY

r -- - ··-USE-TiiiS·ORDERBUlN'K 'iE'FORE-SUPPLY IS.EX'iiiUii'i:o- - - - ,
~ I
I Crystal Products, Inc. I
I 1519 MeG.. ;
I Kansas City, Missouri I

I II S.nd m• ....................... Qu.rtz C,ystal Am.t.u; Kits as .dv.rtis.d, postpa id. I
I Cash Enelesed. .. C.O.D. I
I II NAME - -. .............. ... .... .... ................................................. ............. I

: ADDRESS I
I I
L.. CiTy 51A TE •-----__- __0--- -------------------------

..
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