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H ere's th e New RME 45 now on s.a le
.It your .uthoriud d istribut or.

•

THE Il. M E 045 EQ UIPMENT
Il. ELEASE BULLETI N WILL
IE GLADLY SENT YOU
UPON REQU EST.

-- -- -.- - - -

O n b. ttleships . . . cruisers . •• d estroyers
•. carriell .. . on land d .t'ons - whethe r

our victorious tlee t w.s in home wolt ers or
b. ttl ing J. p inst.II. tions o n t he Inl. nd Su
-.I I. mili.a r n.ame pl.a te on thouunds 01
NAVY r.ad io unih rud :

MANUFACTURED FOR THE
UNITED STATES NAVY BY THE

RADIO MFG. EN GINEERS, PEORIA. ILLINOIS

Now th . t victory is won, th ous. nds o f r.ad io
o pe r.to rs will be loo ki ng lor th is s. me ndme
signifying d ependable receivin g equ ip ment
wh en pl.a nning th eir pod ·w.ar " d ru m" st.a t io n.

The m. t ch ,n !l spedk er I\d ' d n
dCOlut ' Cd ll.,. dU'!lned housin!l.
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ThePlytube SO ft."HAM-MASr'
Th Plytub e HAM-MAST is the a nswe r to the need of ama teurs and ex­
pe [mente rs fo r a strong, light-weight co mpa ct mast tho t ca n be used fo r
po rtable o r pe rma nent installa tions . It is d e sig ne d fo r U.H.F. or V.H.F.
ante nas and with sl ig ht mod ifka tion co n be a d opted for f .M. and
Te le sio n recept ion.

•

so
•

$
Pr!Ctl llub j(.oct t o O.P.A. approval.

Comple t e with
ereclion kit

F. O. B.
LAW RENCE

MASS.

LOW MA INTENANCE COST - No po int­
ing required.

NON .MET ALLIC -Madeaf exterior g ra de
plywood - no interfe rence .

1\1 a 8 8 •

ecs y ond
cfed.

•

CORP.
of. P¥tk
•

/

PO RT BlE - De ntable, compeer and
ht (mo d 2 lbs, - fi ttings 4 1 Ibs.

ki t 15 Ibs )

Bottom:
Assembl y of Nest

fittings ready for

Top:
Mast in place

securely e

SP EE DY EREC~N - Two men con erect
the Plytube " He Mod" in 15 minutes.

ATHER PRO f - W ithstands wind
ve ities of 10 0 m.p.h., e xtrem e temper­
atur sand wecthe cond itions.

This is the same type hig h qua lity mo st that was used during the war,
by the thousands, in Army, Na vy and Coa st Guard insta ll a tions. Corn­
plete "th e rectio n kit for only 59 8.50.

The mas is mode up of four se ctions which tele scope into a bundle
14 ' 3 " I g. Each most is supp lied with two sets of guy wires, with four
anchors, a bose plote with four spikes, and an e rectio n kit consisting of a
boom, b m shoe, top collar, rope vangs, b lock and tackle and
boom anch r.

Lawr cnc c

PLYMOLD
A1.uu.
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THE AMATEUR
.•• key man in world-wide

• ••peace-tIme co mmunICatIons

,

Ha llictafters New $600,000 Home Now Under Construction

T he key man in world wide peacetime commu­
nications is the amateur. Ju~[ as the am ateur
proved him self an invaluab le asset to the cou n­
try's wa r efforl, so will he contin ue ( II make
important con trihu tinns ( 0 the science of com­
m unication s in a pe acetim e worl d. The arna­
re u r's qu e st fu r som l."t hin~ new, some rhi n g
benet, the accomp lishment o f something tha t
" can'( he d one" leads inevitably til further pro~·

tess. lI all icrafters, backed b)' a scure o f yea rs
ex perience. will spa rk th is pro~ress wi rh new
and bette r ama teu r equi pmen t. Ama te u rs hi J:h
up in the m anagement Hf rh e cum pa ny . ama ­
leurs on the engineering and product ion staffs
and thousa nds o f arn areurs fr om a ll over rhe
world serve to keep lI all icrah ers d ose 10 the
ama teu r id eal an d in the van o f h i~h freq uency
develo pments. The ama te c r w ill be the key
man in commun ica [ions • • • lI allicrahers will
he rhe key com pany in producing consra nrly
improved equ ipment for the amateur.

~>
• C<>f'T .' ~ M f l~" TM( MAll 'C. 'fT••' co.

I
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HERE THEY ARE '"
Save Weight - Save Space

• In the Shack
• Working Portable
• Working Mobile

For Bigh and Uh ra-ll igh Frcqucncicsl c­

S hor t leads within the tubes a n d 011 1.',;,1,'
the tubes mean FLAT response in these
new and interesting 1130.18•

*These t in)' mbes -c-more til." 100 million of them
- were pioneered and built h )' Sylva nia for th e
famous Na vy Project A -tht" proximity fll !if' wh ere
a complete rad io transce iver is shut from a gun !

Emporium, Po .

Mok ~r $ of Rod io Tube l ) Cathode Roy Tubel; Elect ro n ic O. "ice l ;
Fluore lCent La m p l , f ixture l , Wir ing De v ice l ; Electric Light Bul b i

CQ
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ZER BIAS

O." n L L.-\T1 0 X S .OF ('~n~.idl'r:lblc amplitude along
the urupevtne indicate that nil proposed
utuuteur hands above 2S megur-yeles will ha ve

ht'l.'n cleared by the Board of "~a r Conuuunicu­
tinns :1 114 1 tlu- green light flashed by the FCC
lH'(UTe this printers' ink is dry. In other words,
we arc really buck Oil the air; awl with a chance
of making tho most of 1O-IllCt ('T DX possibilities
wh ich are perha ps least. errutic-e-sun spots,
Aurora BOTl'1l1is , eart h currents and cosmic rays
pcrtuitt ing-e-us late Fall merges into " ·illteT.
Whill' fon-ijrn QSO's probably provided the most
interesting contacts in the 28-mC'J!ucycle region,
"ten," wln-n it could he worked at nil, was al­
ways g(Hld for trnnscontinentnl hauls .

T hNC muy he sumo delay ill consummating
the shift. from 112 to l-l-l tucgney cles-e-which is a.
runt tor of little consequence except insofar 11."1

i t io" iudiceu vo of red tape that still ties t he lid on
nmnteur frequencies below 28 megacycles. (Offi­
r-iully, the United Stutes is still at wurt) I t appears
unlikely that we shnll he permitted to transmit
011 nnv of these DX bands until eerlv in 1916-­
despite the priority nrgued for a,r)(Xl-l,OOO ki lo­
l'ydt,:-; in disaster and emergency comm unica­
tions . Aust ralia , Colombia, Swit zerland and t he
USS H nrc ulreudy operating on all pre-war bands.
T hat Colombie a mi Swit zerland should be on t he
a ir is fairly logical , us'fhcsc nations were lightly
uffected by such military couslderations which ,
aeeordiug to the Pentagon Buildi ng, are holding
lip t he works here in t he USA, H owever, Aust ra­
lia and Russiu were fight ing lonl; before Pearl
Harbo r, and their communications set-ups could
hard ly have lx-en less exact ing nnd com plica ted
t hun our own. The manner in which the retu rn
of n mateur radio has been exped ited in t hese
nlliod countric... would seem a commentary on t he
fact t ha t we a re (if you'll pardon a pun) still
somewhat effect ively hamstrung.

The Rio Cenlerenee
Amateur rndio W II." well represented, both in

backing eud personnel, at the Third I nter­
American Radio Conference held at Rio de
Juneiro from t he Srd through the 27t h of Septem­
ber. A. L. Budlong, veteran with the ARH!.
(and of t he Santiago Conference in 19-10) , em­
ployed his best Portuguese end Spanish in spiking
II C hil('un Rnd C uban brainstoml that would
~Jl li t the S{}-meter band \\i th t he amatcurs
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squeezed between a ,;')()() IUIlI :l, it,() kilocycles .
South American umuteurs in the doh-gations
werc-LljiBK , President of the Hudio Cluh of
Ar~entina; CP5E.\, President of the H:ulio Club
of Bolivia : CPi,EII (ex-\\";I.\ T :\) ; PY I.\Y lind
PYlAY of Bruzil ; CE1VJ\ uud CE~AK from
Chile ; Colombia's HKaCK; C02\\"\r of Cuba;
IIC I.J\\' from Ecuado r ; Zl';').\C, President of t he
Rad io Cl ub of l'uruguay: Pa ruguay 'a ZPHAB ;
nnd OA-l Z, Chairman of the Peruvian dolcgntion.

Conferences of this nature call hnve little direct
effect on amateur regulations which arc solely the
matter of individual government... acting within
the limits of world-wide agreement . Wha t these
"sub-conferences" accomplish, however, is an
interchange of irk-us and a solidificut.iou of pol icy
so that nations (in t his C3."lC the AIll('ril':ls) can
act more or less cooperat ively ami ill concert at
t he world get-together, T his wns effect ively
achieved at R io, aud the rest of the Americas a re
pretty much in agreement with the ideas of the
Unitt..1 States concerning amateur radio (as ex­
preSo"'f'd in the proposed FC C allocations) and
will back us up at the next world conference.

Our " good neighbors" to the sout h ure l'olidly
sold 0 11 the 21-metcr band, but, ulus equally con­
vinccd that HH)O" is no longer for the amateur
and hud best be written ofT with a gentle H.Ll'.
Only Argent ina favored 17t>O-1S00 kilocycles as
an exclusive amateur band. Brazil would include
these frequencies in a general allocation for
Fixed , M obile and Air Xnvignt ion services.
Colombia and Mexico also wa nt it for Air Xnvi­
gation. Argen tina, generous in t he ma tter of WO
meters , favored a reeormncndation requiring
previous amateur experience for operation on
any DX band ! I n effect, this would make a Clues
A t icket prerequisi te for working all freq uencies
lower than 50 megacycles. T his monument al idea
was eventually squelched, and the original U.S.
recommendation-which limits phone operat ion
in the l-l-megacycle band to more experienced
arnnteurs-e-stnnds.

The only trouble on the horizon b lows in from
Canada with the proposal that 220-225 me and
420-:l:i.0 me should he used for Air Navigation
rather than amateur operation :1.., recommended
by the United Stutes. H owever, don't-hold t his
against your YE friends, as the idea smacks of
Lond on rather than Ottawa. Unfortunately, it
may be pTCSSl'(1hy the Bri tish E m pire at the next
world eouren·tH'e.
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FUTURE WORLD AIR TRANSPORTATION

AACS G rtm"d ltal;()1f
Ch;"a' Hur",~· I"d;d TMdirt

."..'• •-_••....
fUlf'

AACS'BLAZES THE TRAIL FOR SAFE

FOLLOW THE LEADERS TO

\'\!nrhl -v"idc aviario u commu nications arc an es ta bl ished fac t
to d ay. Almost ovc..cnj~ht :I grr."at rad io network has been ere ­
ated . T he actual phy''l ical diffi cul ties invol ved were g reat enough.
to sar nothing of the var icry o f ex treme operating conditions
cncounrercd and overcome. Needless to sa)', th e equipment ern­
p loyed mu st hc dependable, bo th from a standpoint ofcons truc­
tion and perfo rm ance capahili ry.

T he c!'otabli..b men r of radio J.: round sra rions on cn'r)' con ri­
n cnt and in fi fty- two di fferc rn counreics. v.ovc rcomi ng the wid.
est ex tremes in opcruri ng and climanc condinons (from .in
degrees below zero to 140 degrees above }... sranons in jung lc !'>
... in deser rs . . . in mountains and ww ns . . . and (() have these sta .
nons constantly operating at near peak level.. is a tribute to the
equipment cmplo vcd. On this page arc shown three A ACS
Stations located at widely sepaeared spots on the globe.

UTfl ·.'(UUCUGH,IN(.,IOJO San Mal.. .. " • .• Son 1"'"0 , Colil .

'la"lliocalod 01, So...n (olit.,,,;o and Solt loko C1fy. VI....

f1Ipo,' A" ,. f.o zo. & H......"

301 Clcoy S""'. So.. fO"G""scQ II, Ce li'or",o" U. S '"

...rI. ...:1, (.• .\'. ( .1 rnl}' A tru .... , • C",,,,, INII., ;C,1t1""' SUI,.", J

~I .....- ••" • •/ £J,.I " .., ~/~. ..
lhe WeI>·I , 1><'6' l./~r .. hi."

• ~I the J J ~.r.. /••1 ~/"Ir"• .
Th.. I"'k H~I ....11 h,/J> ~/u.

.... , ." ..un '''1'1.,. the ...I>j.a
1.,* ••. It', ,...,./•• tJ¥ .. ,I,.,
•,. ...t .., . 1>1., •.,;"• . . 1, .,I" IoJ~

1;., 1..1, ....J )/U .. ..b I.....,i, t'•.



Fig. 3. The mixer is mo unted upside-down o n iII n in­
verted U-shaped stri p of aluminum. The tuning cepee­
ito, is grounded only at the tube socket. A shielded

L lead runs to the first i.f stage

fig. 4 . Front view of the R·C super. Controls are­
antenna coupling (top center) and I~ft to right , tuning,
super-regeneretlce, i-f gain (later discarded) and audio

gain

AN R.C SUPERHET
FOR THE ULTRA.HIGHS

A RESISTANCE-COUPLED SUPERHET FOR 144 MC
WITH A SUPER-REGENERATIVE FIRST DETECTOR

•

HOWARO A. BOWMAN, W6QIR

T" >: >:AltLY PAltT of the WEllS era found the
super-regenerative receiver quite effective.
T here weren't too many stations in operation,

nor were those on the air so close to each other as
to cause trouble by either st rong signal blocking
or receiver radiation. As the ' VERB grew, how­
ever, the situation became progressively worse.
Ultimately we reached a point at which over
three hundred stations were licensed to four
major networks here in the Los Angeles metro­
polit an urea. Obviously some order had to be
brought from this chnos, and conferences among
Radio Aides resulted in frequency allocations
which the various licensees attempted to observe
with great er or less success. Even so, the average
super-regenerat ive was still unsatisfactory be­
cause of its tendency to " lock-in" with a strong
signal, lack of selectivity, and radiat ion to nearby
receivers . Further efforts to rect ify the situation
suggested the superheterodyne. Several were con­
st ructed (or re-constructed) , but this proved only
a stop-gap available to a small minority of the
operators. There is no denying the advantage of
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the broad-band A~I superhet or a combined F:M
and A~l job . T he great difficulty lay in obtaining
the i-f t ransformers , plus the high-Frequency
tubes necessary to make the front end of the re­
ceiver operate with acceptable efficiency.

It was obvious that most operators were going
to be reduced to something less than a true super­
het, and many adopted some evolut ion of the
super-regenerative receiver. In the mobile job
we described in CQ some months ago, we ern­
ployed a 7G7/1232 as a non-radiating pcntode
super-regenerative detector. This circuit is st ill
the best super-regenerufivc we've heard in op­
erat ion. There is one further and obvious im­
provcment, however,-in t he direction of the
res istance-coupled superhet.

Resistance-coupled SUpeT8 have been used for
many years, but chiefly on frequencies lower than
the 112-11 5.5-mcbaud.Articles on howto build and
operate them have appeared for many years, but
the idea never seemed attract ive to us for 5 or
to-meter work . On 112-mc however, and for the
new band in the 140-mc region, we have con.
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eluded that the H-C super offers a worth-while
fie ld Co r experimentution.

Princi ple of O peration
T he res istance-coupled superhet operates much

the same as any ot her superheterodyne receiver.
T hat b:., t he rece ived signal is converted by means
of a mixer tube to a lower frequency, known as
the intermediate frequency. It is amplified at th is
frt-qucncy, and the cha racterist ics of the am­
plifivr increase the overal l selectivity of the unit.
The signal is then rectified by a second detector
anti proceeds through the audio channel in t he
customary manner. The resistance-coupled SU1>C T­

hct derives it s name from the fact that the inter­
mr-dintc-Irequency amplifier employs resistan ce­
ca pac ity coupling rather than t ransformer coup"
ling . The resistors and capacities are chosen to
puss a band of frequencies in the neighborhood of
r)o or 100 kilocycles. The mixer, or fi rst detector,
is a n oscillat ing circuit tuned to one side or the
other of the incoming signal by an amount equal
to the i. f., thus heterodyning the signal to the
intermediate frequency.

Construction
"occonst ructed our fi rst unit on a 7" x 10" x 2"

chassis with an external speaker and power 8 Ul )­

ply. Luter we built another super with the
speaker mounted on the front panel. 'Ye do not
particularly recommend this latter procedure,

however, unless the overall construction is made
extremely rigid. Speaker vibrations nrc likely to
set up mir-rophonies in the mixer stugo, resulting
in a low pitched howl. :\105t of the available data
on H-C sU IX'r construction has a ppeared in past
is sues of Radio, the J ones Radio Ilandbook and in
its successor, the ltodio Ilandbook. "·e used this
informat ion as a luu...is for our experiments, hut
arrived at some slight ly different conclusions,
particularly in the operat ion of the first detector,
or nuxer.

The wiring of the receiver is entirely below the
chassis, with the exception of the mixer unit ,
which was mounted separately above chassis so
as to shorten the tuning leads. One of the two
receivers bu ilt employs a 7V7 as mixer. T his is a
loktal pcntodo with somewhat better charac­
t eristics than the iG7 /1232 , and performs well
in this circuit . The other receiver used an 1852
mixer. w ith the 7Vi, variable antenna coupling
supplemented the screen potentiometer as n
cont rol, but on t he 1S52 we decided to use fixed
coupling. Results d iffer little, so eit her system
may be employed. I n any event, provision should
be made for single or t wo-wire feed to the antenna
coupling coil.

All available data 0 11 R-C supers st resses the
importance of operat ing the mixer 118 a weak
oscillator-never forcing it into the region at
which it commences to super-regenerate. Con­
versations with pre-war builders indicated that

•
I,

i

.-eRON•

6V6_--,....:;SOC:518

t

.'".5O MMFD.

65Ko:7,--_,·'"
.5O MMFD..".6SK77V70.'

.50 M£G.
MMFD. ~<,

+
esc v.HEATeRS

"'000OH.S L..__--,

- ·- ~MFD.

ALTERNATIVE
Sf' seCOND DETEC'TOft

0.'. EG.

.+

TO 1.F.
""'-

0."

.50,000 10,000 1.50.000
OHMS OHM$ Oi"M$

T ( Adjust to"~m resvl,.)

ALTDlNATlVt: MIXER SCREEN

"'.000OH. S

Fi, . 1. Circuit dia"am with alt~,natives fOl the r~sistance-coupl~d 144-mc superheterod yne, Pam ¥llns
not lnd leeted are-

All r~sistol"l are 11i watt ~xcepti n, in the 6V6 cathode L~2 turns 116 at , round ~nd of L1
circuil where 1 watt is req uired RFC-15 lurns 124 OSC 11.." die . close-wound self-

L,-4 lums 116 "hll d ia. "h lon, supporting
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Fig. 2 . Under view 01 chassis sho ws the parts placement
and emphasizes the libera l use 01 tie points. The large

resistors are part of the voltage-di viding network

perha ps this might be accom plished and still re­
tain fair gain at 112-mc if one of t he high-Ire­
quency t ubes were employed . One receiver (which
we didn't build) used a 054 for a while i and this
opera ted identically with ours- t hat is, the first
detector functioned in a super-regenerat ive con­
dit ion.

Wit h this in mind, we t ried both methods of
operation. The result was, to all practical pur­
poses , that no signals were received if t he de­
tector was oscilla ting weakly. As soon as the
m ixer was edged over int o a super- regenerative
condit ion, the signals came in very well . \Vith
t he type of circuit we arc employing, this is im­
mat erial so far :IS radiation is concerned, because
t he radiation is heard over only an extremely
small area . (As a matter of fact , we were able t o
operate th is receiver alongside an Abbott TR-4.
T he T H-t picked up 11 0 radiation until both were
tuned very nearly to the same frequency .)

\\Te have arrived at t he conclusion t hat the
usual run of t ubes is simply not very effective at
our operating frequencies. For t his reason,
neit her the iV7 nor the 1852 gave normal results
when employed us u sim ple osc illator. When the
tubes were permitted to super-regenerate, how­
ever, sensi tivity increased many fold , with the
result t hat t he conversion ga iu of t he mixer went
t o a rclutively high figure. The hiss level is not
too chject ionublc. Selectivity and sensit ivity are
considerably better t han with t he usual super­
regencrut ivt..>---so much so t hat t here is really no
comparison in operation,

Super-regeneration is controlled with t he po­
tentiometer in the screen circuit of t he mixer, and
is rather critical. The mixer appears to operate
best at one part icular position- just barely in
t he super-regenerative range. This led to t he
belief t hat we may be able to achieve somewhat
of a vernier act ion on t his control by using the

The i·1 Amplifier
At a casual glance, the i-f amplifie r resembles

a high gain audio am plifier . Closer examination
of Fig. 1 reveals t he smnll-vnluo coupling cnpnci­
tors, and t he resistor values chosen t o resonate
at t he correct frequency. One receiver uses
lOO,OOO-olun resistors in the plate circuits and
500,000 in the grids with 50 IJlJ f coupling cu­
pacit ors . The ot her employs 50,000, 250,000 ohms
and 100 JlIJ f. Either set of values m ay be used. It
may be necessary to take the precaution of de­
coupling the i-f stages. D ecoupling is em ployed in
one of our receivers only- but both supers work
equally well. ' Ve originally included decoupling
because other amateurs had found it necessary to
eliminate squeals, howls and general ins tability.
Construct ional details are suggested in t he phot os,
Pigs. 2, 3 and ;, .

a lternative circuit shown. n Vc haven 't worked
around to t rying it yet, but it appears t o have
possi bilities. It is possible t hat t he optimum per­
formance region of t he control could be spread
so as to cover say, 45 to 90 degrees of rotation
ins tead of one or two dcgrees.)

Ope ration
The controls on receiver Xo. 1 arc antenna.

cou pling, tuning, super-regenerution, and audio
gain. On receiver No. 2 they arc t he sumo except
for t he eliminat ion of t he variable an tenna.
coupling.

The screen pot entiometer is advanced to the
point at which super-regeneration commPIWCS,
and t he tuning capacitor rota ted for stat ions . If

(Continued on page 461

Second Detector
Almost a ny kind of a second detect or will

work. M ost circuits examined recommended a
detector biased so that det ection took place in
t he plate circuit of a t riode. The net result in one
super we checked was t hat a single nV6 used as
an audio amplifier did not supply enough gai n.
It was t herefore necessary t o insert a f).J ;) audio
stage ahead of the 6V6. We det ermined t o in­
clude bot h second detector and first-audio stage
in the same tube.

' Ye could have used a double t riode, hut it
d idn't a ppear t hat t here would he much, if any,
advantage over a d iode-triode. The d iode recti­
fies t he signal, which is fed to t he triode sect ion
of the 6SQ7 t hrough an r-f filte r . The gain con­
t rol is in t he grid circuit of the nV6 out put am­
plifier. Note t he connect ions for the speaker
plug, which prevent operat ion of t he receiver
unless t he speaker is plugged in. (Munv u power
pent ode has gone 110wn the river without this
protection.)
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The: r-f a mplif1er with cover and tube removed . Th e
center shie ld is nol aluminum as it must acco mmodate

solde:rin9

R-F U IT

WIT H TilE REOP}:~l=""Gof the VH F's for amateur
usc, operators in crowded areas nrc again
learning the disadvantages of straight

super-regenerative receivers. (A "crowded ftIT'U"

is any place where there arc two or more hams
within a mile using super-rcgcns! The receivers
often cause more mutual interference than their
transmitters.} T rick circuits, claimed to he non­
radiat ing, do not always cure the trouble, 1)("­
cause, as soon as an antenna is coupled to the
detector, they often radiate. T he interference
can be reduced by using loose antenna coupling,
but as th is practice lowers receiver sensitivity, it
is neither very practical nor popular.

A properly adjusted r-f stnge will eliminate
rudiat iou, but is often impossible to inst all in an
exist ing receiver. However, the fixed-tuned ,
wide-hand r-f amplifier shown in the accom­
panying; diagram and pictures is small enough to
fit into almost any receiver. Wb en installed, it
is peaked in the center of the band and, there­
after, left untouched. I t provides a gain of at
len.st six db over a range of more than one mega­
cycle on each side of the center frequency-with
8 gradual drop-off as the receiver is t uned to the
edge of the band. Even at the band edges, the
sensit ivity of the combinat ion is greater than with
the receiver alone. Wide bandwidth is obtained
by tight coupling to both the input and output
circuits. The comparatively high gain is the
result of using a IIF tube and very short leads.
T uning is accomplished wi th screw-driver ad­
[usted , 10 JlJl f midget variable capacitors. The
grid circuit is broad, but the plate capacitor
peaks sharply .

Construction
All parts are mounted on a piece of aluminum

3' by 1 7/ S' -whieh is the top of the box. T he
tube socket mounts in the exact center, and the
shafts of the tuning capacitors are on diagonally

10

Providing an idea of sire. The 112.144.megacyele r-f
unit completely assembled with tube

opposite corners, ;, /S" from the end, uud j/z"
from the side. )liniature banana plug jncks for
the input and output leads are loca ted on the
other corners. Each end piece is 1 7/8" by l ~",

while the sides and bottom are made from B piece
of aluminum 3" by 5" bent to fonn an open ended
trough, 3" by 1 ~" by 1 -;(''', Inside dimensions.
T hese pieces are fastened to the top with smull
screws.

After drilling all holes and checking parts Ior
clearance, mount the t ube socket with the control
grid terminal (pin # 1) and the plate terminal
(pin #5) on opposite sides or the vert ical shield
which goes direct ly across the socket. It is im­
portant that this shield is soldered to the metal
insert in the center or the socket , ns well as
grou nded to the top plate by means of the mount­
ing screws. T he socket should be made of a low­
loss material, preferably ceramic, so that solder­
ing the shield to the insert will not soften or
char it.

All by-pass capacitors are then soldered be­
tween the proper pins on the socket and a cent ral
ground point on the vertical shield . Xotice that
both cathode terminals a re by-passed to ground,

co
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F R THE V-H - F '5

WIDE-BAND AND GOOD GAIN ON 112 OR
144 MEGACYCLES W ITHOUT RADIA TION

which reduces the effects of lead inductance.
Having made all necessary connections to the
socket, including the screen dropping resistor,
and the "hot" filament lead, mount and con­
nect the variable capacitors. The plate and grid
coils are then wound and soldered direct ly

across the capacitors. The lOO-ohm resistor in
the plate circuit is used to isolate r.f, from the
B supply. It is very effect ive, and takes up less
room than a conventional t-i choke.

The position where Cs is soldered to 1..3 is
[Continued on page 44]

6AK5, e tc.

r e, I e. l,

~ R,
Te,

T
e, ro RECEIVER

R, e.

:re•
I e. ~--- T R,

~

"-f ,,
K SHrELD :re,

I c, 0
0 "

t;
0 ..

0 0 " I ~

~G3- K'\..o 0"/ ~

G, P

" •• ••
BOTTOM OF SOC KE T

R\-200 ohms t,{ watt for 6AK5, 1100 ohms for 9001
and 300 ohms for 9003

R2-60/000 ohms 1,4 watt For 6AK5, 100,000 ohms
or 9001 and 9003

R3- 1oo ohms 114 watt

Note coil dimensions in the following parts Iist­

144 MC

LI-3T #22 e nameled interwound with L2
L2-4T 11 8 bare 1,4" dia . ljz" long
L3-5T 118 bare 14 " d ia. 5/8" long, tapped one-..T

from B+ side
L4-3T i 22 enameled interwo und with L3

~-----=---=-=--:-:-:CI, C2- Sickles elr-ulmmers (or eqelvelent), 3 stator 2
rotor. Approximately 10 IJJ.d (ultra midgets)

C3, ( 4, ( ,5-500 lJp.f midget mica
( e, ( 7-300 p.p.f midget mica

Wiring diagra m for the 112.144-megacyde r-f amplifier.

112 MC

LI-5T 122 enameled interwound with L2
L2-6T 118 bere JAil die . V{ long
L3-8T #1 8 bare 1,4" dle. 5/8" long, tapped 2 'h turns

from B+ side
L 4- 4T 122 enameled interwound with L3
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A "Know How" of Shop Tech.
nique Contributes Professional
Appearance and Efficiency to

Amateur Rigs

Essential Shop Tool.
100-watt soldering iton with rad io tip
B,east drill (preferably up 10 'It inch)
A ssortmenl of drill s (preferably high-spud):

7/64" to p.n s "6-32 bolts, 9 /64" to pass 8·32,
3/8" 10 potss volume control shafts, 15/32" 10
~ss to ggle switches, and appropriate si u s if
lapping is desired.

Countersink for Rat.head screws
Center punch and cold chisel
12.inch steel rule and a small scriber
A 4-ounce hammer
'hIt and 9/16" wrenches (spanners), 5/16" and

11 /32" sc cket-wreaehes
Long-nose plien and small d iagonal cutten
Various screw-drivers including one with a very

nanow blade for set-screws
Hackww
Files
Reamer

T he next job normally encountered is that of
d rilling the mountinz holes. T he use of a center
punch before drilling is manda tory. In order to
ohtuin the highest degree of accuracy in posi tion­
ina u hole, a very stnull pilot hole sho uld he
drilled fi rst, followed hy drills of larger diameters.
For holes under r,j W" or so, this is 1;2lu·rally a
n('('(I1(':',.., refinement (unless great nceuruev ls

•
desired) and the prop('r hole size may he made ill
the first operation. However, for the larger sizes
from :VS" up, the po.... ition should be staked with
about a ;)jtH" drill . Follow with about a aj Ifj"

drill then the final size (or smaller steps tuny he
taken if desired ). Trying to keep the point of a
7'2" drill in a punch prick is a rather trying ('x­
pcricucc and usually results in the hole heing
gnawed rather than drilled to a greater dinuu-ter
than the drill.

If a flush surface is desired, flu t-hcnd machine
screws should he used, after countersinking the
holes to at-commodate the heads. Countersink

Mounting Parts

One of the inflexible rules of good construction
is that 110 COIl1lfciiOlI or part shall be left jloati'lg
uu'c/um;ollly. In other words, all resistors a nd
condensers must have bot h terminals connected
dirvet ly t o a t \11 )(' ....ockct or scmcsolid support such
as a terminal tie point (SC'C F ig. 2). The reasoning
behind this rule is simply that no component
should be left free to vibrate, possibly resulting
in its lends working loose or breaking off. Strips
with up t o eight IIJ~s or ~O, are available and only
a little planning; will be required to make an
aclequutc number of points available at the <1('­
sired places, :-;0 ali not to involve long Intcrcon­
neet ing lends.

Cut-ou ts

Presumi ng a conventional enclosed Ch:L..;....is is
selected a nd the parts laid out, the first problem
is making the 1lN.·(.":"....ary cut-outs for tube sockets,
transformers, etc . By far the must convenient
type of socket is the clump-on design with a
spring-like retainer ring underneath the chassis.
TIll) hole for th is can he made with a 1 aj 16"
chus,...is pum-h-e-prt-feruhly t he kind that t ightens
together with a holt rat her than the "hammered"
type. .\ 7/ lfj" hole is drilled in the chassis to
pa~.; the holt, t hou the punch bolted on and
t hrhteued. It is often better to put t he head of
the bolt in a vise and turn the whole chassis
rather than t o try to secure t he chassis and
tighten the bolt. Use uf the punch results in a
clean hole with no burr around the edges.

Numerous methods may be employed for
making transformer cut-outs . Cold-chisel cuts
UIOllJ.!: the d imensions arc snt isfnetory if the di­
meusions of t he hole are bid out somewhat
greater than required, to allow for the incvitublc
st ret ching of t he metal along the cut. A pre­
Iorrcd method (Vig. 1) consist s of drilling a num­
ber of small ud juer-nt holes nil around the pro­
po....ed cut. The center section is then knocked
out and the l'dgl's filed down CYCU . Xote t hat the
lim' of drill hole centers will be the radius uf the
drill in.... ide the do.... ired dimensions. In cases
where this method would he too cumbersome.
larger boles muy be d rilled in each corner, uud
then the ....t ruight l"idl'l" cut wi th a keyhole huck­
sa w.

To TIH; Y.\8T XU~IIlJo:H of amateurs who have
cotue int o contact with counncrcinl equi pmen t
during the war, the degree of dependability

expected from such apparatus is often a distinct
revclut ion. This is in no small degree consequent
to t he careful and solid const ruct ional methods
used , much of which cun be made standa rd
a mateur practice. The extra dividend of good
appcuraut'e also ca nnot he ignored .
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RINKLES
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Ham Hardware
Machine screws: ", 6-32 by 3/8" and '6- 32 b'J.

1" round head. Also , 8. 32 by '12" round he• .
(The ,6-32s iIIre suitab le for most mo untings and
the i s -l i s for heavier work.) Flat-head screws as
required.

Ji' 6· 32 and ~ 8· 3 2 hex nuts
Inside star (shakeproof) washers Nos. 6 and 8
A ssortments of grommets, 2 to 8-lug terminal tie

points, elcsed-eed lugs and spaghetti
Rosin-core solder
lacing Twine. Th is can generall y be obta ined

from most electrical supply ho uses. Any strong
dring such as Fish line, drawn through a cake of
beeswax or .. soft cendle, is an excellent substitute .

only until the top of the flat head is flush-e-n
deeper countersink weakens the panel . If for any
reason the end of a holt must be sawed ofT, it is a
good idea to run up a nut on the bolt before cut­
t ing. Hotnoving this nut will st raigh ten out t he
burred t hreuds on the raw end.

The use of a ahukeproof or lock-washer under
t he nu t of every bolt is a prudent policy . T his
has the effect of binding the nut to whatever is
under it, providing a good electrical contact und
diseouruging t he nut from loosening. Such holts
should he t ightened by turning the sc rew rather
thun by t rying to tighten the nut, in order not to
" pull" the connections under the bolt .

W iring

T he terminat ion of wires under holt heads a nd
nub is commonly called for. Merely t wisting the
(-'lUI around the bolt und tightening is not good
enough . T he likelihood is t oo great that t he
bruised wire will break at the point of com­
moncing its twist around the bolt. That's why
lugs were invented ! Lugs may be of t wo general
tvpcs -e-closed und open end . T he la t ter have
ndvnntnzes in experimental work as it is 1I0t
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necessary t o take out a bolt in order to free a lug.
But where more than one such lug is involved .
t ightening " ill oft en result in a lug being sq ueezed
ou t. Accordingly, the closed t ype is generally
preferred. C lam p some of t hc insulation in t he
jaws, and slide a length of spaghetti OH-'r t he
connection, as shown in' Fig. 3. Spaghetti is of
great value in st rengthening as well as insulating.
Anywhere it is used , it should fit snugly. If the
spaghett i is a fairly d ose fit t o start with , and is
slipped over the soldered joint while st ill warm
(not hot) , a particularly solid job will result
which will resist any tendency of the wire to
brenk where it enters the lug.

w henever " ires have to pass through a panel,
a rubber grommet should be used to prevent the
ra w edges from abrading the wire insulat ion. For
t he larger sizes, punches sim ilar to t he socket
punch provide a convenient method of making
the necessary hole in the panel ,

As to hook-up " i re for units such as receivers,
exciter units, speech amplifiers, etc., both solid
and stranded push-hack arc avuilnble . T he solid
wire makes t he neater job and more ends can be
plur'ed in one terminal tic point lug. It is also
handier in confined spaces, such as male cable
plugs, etc. .-\ fter the desired length has been cut ,
the (-'IHI~ should be bnrcd by simply pushing back
the insulation rather than trying to cut it off,
Using a knife to remove insulation may nick the
wire. Wit h solid wire, one nick means eventual
brcnkuge while with st ra nded SOIllC of the strands
will break ofT and weaken the connection.

Shielded W ire
.\ method that eliminates much of the di ffi ­

culty in removing the shield from shielded wire
is shown in Fig. 4. T he shield is gathered up and
formed into a ridge around t he wire. This ridge
may then he dipped ofT, and the shickI will part
cleanly. If :l connect ion is to he made to this
shield, it is prudent to slide some spnghett i over
the "i re and under the shield, to prevent t he
sharp ends from piercing the insulat ion , and abo
to save the insulation from being burned in the
soldering process. If t he shield has t o be sepn­
rated from t he ether cond uct ors for t ermination
it is better to proceed :1$ in Fig. 5. In this case
the strands of the shield nrc spread apart and the
insulated wire carefully drawn out through t his
hole wi th long nose pliers.

Lacing
" Ohere wires naturally run close together and

parallel for some distance, lacing or cabling con­
tributes the final professional touch to the wiring
job. While lacing offers the advantages of greater
rigidity and improved nppeurnnce, it should not
be overdone t o the extent of introducing unde­
sirable coupling effects , or when shorter d irect
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leads may be mechanically and electrically
preferable regardless of appearance.

To start lacing, a simple slip knot may be tied
(Fig. 6) and brought tight ; a fairly long loose end
being left and laid in tbe grooves of the cable in
the direction toward which the lacing is to pro­
ceed. Then ties arc made as in Fig. 7, each one
being tightened by pulling at right angles to the
cable. Bringing the twine parallel to the cable
clinches the previous knot. It will be noted that
these arc not merely half hitches. The number of
knots tied together and the distance between the
groups of ties depends largely on the type and
size of cable and the rigidity of the wire. For a
small, more or less flexible cable, single ties
1" to 1 ~" apart will be sufficient , while for large,

fairl y st iff cables, groups of three ties %" to I"
apart will be required. If t he cable turns abruptly,
ties are made at each side of the actual bend,
being careful t hat the cable is formed to the
correct angle before wrapping. The secret of
successful lacing is pulling each tie very tight
before forming the next.

Splicing in another piece of twine is effected by
first laying it in the groove of the cable. After
crossing it with a few ties, pick it up with the
short end of the t wine and make one "Tap with
them both . The shJ rt end is then laid in the
groove and the long end used. T erminating the
lacing is done by making a larger number of
parallel ties and then simply cutting off the
unused cord.

Cil1/5515

Fig 2
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Fig, . (1) Drilling transformer eut-eut. (2) Terminal tie points. (3) Proper use of lug. (4) M ethod of removing
sh ield braid. (5) Separating wite from bra id. (6) Sli p knot f O I start of I"ci ng. (7) Lacing tie . (8) Leeed

cable, showing spacing of tics.
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FUNDA
•

ENTALS
OF

RADAR

THE ABCs OF HOW ULTRA HIGH-FREQUENCY
LOCATION SYSTEMS WORK

FIRST L1EUT, ROBERT L. FINKELSTEIN, W2KVY

The fund.m~ntals of Rede r eeme firlt. No . tt~mpt has been made In Ihis
ertlele 10 describe the more complex theory and circuits of " Pictorial
Radar," in which the o utlines and eente urs of certa in typ~ of "targets" a r~
recos nizabfe-a combination Radar and tel evision. CO will present data

on these systems later,

WITH T il E VEIL of 5<'­

crecy being lifted,
the basic principles

of one of the war's
greatest scientific develop­
ments, the science of
Radio Location, or Radar,
can now be told. In pre-
war years, these same principles, which now en­
able the detec tion and accurate positioning of ob­
jects far in space, were utilized in determining
the heights of the various ionized layers of air
above the eart h's surfacc--crit ical factors in the
prediction of high-frequency radio transmission
reliabilit y. Radar, or RAdio D et ect ion And
Hanging, enables ou r milit ary forces to position
accurately either aircraft or ships although the
actual " targets" may be obscured by distance,
fog, night , or rain. Aircraft, equipped with
radar equipment , can observe the same types of
targets as well as additional objects such as
prominent ground feature-so

The Echo Principle
T he theory of radar evolves from the familiar

phenomenon we have all observed at one time
or another. Shouting lustily toward a distnnt
hill, we have heard our voice returned after a
brief period at somewhat decreased amplitude.
T he more distant the hill, the longer the lapse
of time between our shout (let us say "pulse"
of sound) and the answer (or "echo" pulse) from
t he hill. The more observant may also have
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noticed that in order to hear an echo from a hill
close by, the original shouted pulse must be crisp
and brief. Otherwise, the weaker echo pulse
will merge with the original sound and only the
shout itself ,,;11 be heard. Since sound waves
under average conditions t ravel through air at
a velocity approximating 1,100 feet per second,
we can measure the distance to the reflecting
hill simply by timing the period needed for the
shouted pulse to travel out to the reflecting hill
and return to the ear. This simple formu la
determines the distance to the hill :

S _ .t
2

where S is the distance in feet to the hill, uequals
] ,100 feet per second, and t is the t ime in seconds
for the round-trip of the shout. \Vc must divide
by 2 in the above formula, since the time interval
measured without this division is the time re­
quired for the shout to go out to the hill and
return to the ear, whereas the time desired is
one-half of the total "loop" time. As will be
shown later, the formula above is used in deter­
mining radar ranges. The velocity of propui:a-

15



tion of radio waves is subst it uted for the 1,100
feet-per-second velocity of sound .

In radar eq uipment a radio frequency " pulse"
of energy is subst it uted for a sound pulse. Inas­
much as radio wuvee are propagated t hrough
space with a velocit y of 1S6,OOO miles per second,
the measurement of t ime in t he range determine­
tion becomes a matter of accurately measuring
intervals as short as one-millionth of u second.

Sound ranging equipment hns been discarded
in favor of Hadar, since the maximum runge of
sounding genr is very limited, und the accuracy
of posit ioning a rapidly moving object by means
of a relatively slow sound wave is low. Radar,
however, can beam a brief, high-power pulse of
radio frequency out to II target at great range
uud have a workable echo return before the
target has moved a perceptible distance.

Since r-f pulses arc t o be used rather than
sound pulses, some sort of radio transmitter is
es sent ial . The transmitter for t his type work is
designed to tram-mit a fixed number of pulses
Ilt'r second in t he u ltra-high or super-high fre­
qucncies. A highly direct ive beam antenna sys­
tr-m is used to concent rate this energy in the
general d irect ion of the target . At the high Ire­
queucies usually em ployed in radar systems, the
antenna is ext remely small a nd com pact inas­
much a.', antenna dimensions decrease with the
wuvelcngt h.

T he r-f pulses, upon st riking any solid object,
lire re-radiated or "reflected" from t he "target."
T he amount of ('uergy reflected from any object
i~ II function of the size of the target awl the
mat erials from which it is made. Metal target s
lire good reflectors, although working echoes
IIIny be obt ained from wood and even water.
I II lilly C3.."<', enough eJl('r",y is reflected from the
nveruge target t o allow II sensit ive radar receiver
(placed a longside of t he t ransmit ter) to detect
t he resu lting ('1'110. T he receiver, which is u
com pcucnt of t he radar system, is tuned to the
frequency of t he rudur t ransmit ter.

In order to measu re t he t ime interval between
the transmission of lin r-f pulse and t he rct urn
of the echo pulse at the receiver, a third com­
ponent , known as the rudur " ind icator" is incor­
porat ed in the syste m. The heart of the indlcutor
is one or more cuthode-ruy tubes (C HT s) of
stundurd t ypes. The fourth unit which provides
timing aTII I synchroniz ing funct ions for the entire
radar :-;ystc'lU is known as the rndar " synehro­
ni z('r." I UllSlllu(' h as t he trawilniU('r Hud the
f{'{'ein 'r of t he Hadar an~ ('om O('nt ionul, this d i~­

eus:;ion will dt'lll mllinly with the indi{'ator and
tile syue llrolliz('r .

R.d. r Indicator
T ht, mo:,t important ('omponpnt of en'ry radar

indica tor is t he cathod('-my tube, which 1Il£'n....Ulrt·S

16

the minute time intervals bet ween transmission
of radio-frequency pulses and t he receipt of the
correspond ing echoes. Before proceeding further,
it is well to be familiar with the act ual un its of
time measurements used in radar. The sta nda rd
time unit , correspond ing to one-m illiont h of a
second, is called the " m icrosecond" and is abbre­
viated II p.SCC ,11 It is worthwhile in radar work
to establish a relat ionship between time in micro­
seconds and range in miles. Inasmuch as a radio
wave is propagated through space at a velocity
of 186,000 miles per second, in one microsecond
the wave will have moved one-millionth of
18G,000 miles or 0.18G miles. I n the majorit y
of radar equipmcnte, ranges are measured in
naut ical rather than st a tu te m iles, so a conversion
is made of 0.1 86 stat ute miles to 0.162 nautical
miles. T herefore :

1 p.sec - 0.162 nautical miles . nnd-
6.2 p.....~'C - 1.0 nautical mile.

H a target is detected at one-nauti cal-mile range,
the round t rip ti me for t he r-f pulse to go to the
target and return as an echo wi ll equal 12.-1 p.:,ec_
This relationship between time a nd d istuncc is
the essence of radar work.

Consider a standa rd eleet rostntic-defh-ction
cathode-ray tube having: as elements a heater,
cathode, grid , two anodes known U~ the first
anode and the second anode, and four deflection
plates called the upper and lower vertical uud
right and left horizontal deflecting plates f( 'SIWC­

tively. (I n t he case of the deflection pla tes, if
one could see through the opaque eontiug, look­
ing at the screen, the right horizontal deflpctillg
plat e appears at the right of the S{·r('('II. This
convention is observed in the discussiou. ) '," it li
a correct rat io of voltages applied to nil ek-e­
trodcs and with zero voltages on the t!(,nl'(·tiuJ!
plates;« bright spot of light a ppears in t ilt' center
of the screen. T his spot is caused by a bombard­
ment of the special chemical coating ( h· po~itt.'( 1

011 t he inside face of t he screen by n .e;rt·:lt numb e r
of elect rons composing t he elect ron beam . When
thc electron beam is moved across t he screen
of the CRT, the glow of light follows the pa th
of the beam. However, due to a property of
the chemicals in the coating, known as persist­
ence, the glow will remain after the lx'um ha:-;
moved from one nrcn to anot her, and a path is
traced on the face of the tube in accordall(~e with
t he moycmen t of the electron benm. T ht' per­
sistence is measured in seconds and y uriC's with
different t ypes of uscopes" from frnctioll~ of :l

spconcl t o 20 or 30 seconds. T he mo\"('ment of
t he elect ron beam is ach ieYNI by Yllryin~ the
differcnces in ,-oltuges establi:-h('d nt·ross t he
pairs of deflection plate; and occurs by yirtue
of the elpctro:o:tatic line:' of foree ~et up by the~

potential~_
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The great inherent advantage of the cathode­
ray tube is the instantaneous reaction of the
electron beam to changes in the deflection plate
potentials. A rubber ball, on striking a wall,
fi rst slows down, stops, and accelerates in the
bouncing direction. The electron beam, however,
seems to eliminate the time-wasting slowing
down and speeding up, and reverses direction
pract ically instantaneously when new deflection
potentials arc applied to the CUT. This "inertia­
less" property is due to the infinitesimal mass of
t he individual electron as contrasted to the large
forces acting: upon it.

By a selection of deflection plate potentials,
the spot on the CRT is initially at rest at the
left of the screen's horizontal center line. The
glowi ng spot of light is synchronized with the
radar transmitter in such a manner that spot
movement commences horizontally and to the
right the instant the transmitter emits a radio-­
frequency pulse out to a target in space. T he
spot moves in this manner because a steadily
increasing posit ive potential is applied to the
right horizontal-deflecting plate wi t h respect to
the left horizontal plate. No vertical movement
occurs at this time, since no voltages arc applied
to t he vert ical deflecting plates.

The spot movin g across t he CUT will consume
a total t ransit t ime from left to right equal to
twice t he t ime required for t he r-f pulse to travel
from the transmitter to a target at the maximum
designed range of the radar Bet. If the maximum
range of the Radar is say 100 nautical miles, t he
sweep will consume 1240 1J.Sec. Upon reaching
the ext reme right of the screen t he trace ends,
and the electron beam is ret urned to t he left of
the scope (to await another "pulsing" of t he
transmitt er] by means of a standard oscilloscope
fly-back circuit.

The Echo Pulse

Whenever a target is encountered by the r-f
pulse, the resulting echo, if strong enough, is
detected by the radar receiver and applied as 8

voltage pulse to the upper vertical deflecting
plate. This pulse causes the electron beam to
veer momentarily from its horizontal path across
the CRT to fonn a vertical trace, the height of
which depends upon the amplitude of the signal
fcd in from the receiver. After the electron beam
describes this echo or "pip" on the trace) the
beam continues the horizontal path across the
t ube until additional echoes are encountered,
which are similarly indicated. The width of the
echoes equals the width or duration of the trans­
mitted pulse in microseconds on small targets,
and they are generally several microseconds
long. If the sweep is 1240 use«, as it is in this
example, it is obvious that a pulse of several

18

microseconds will yield an echo pulse on t he
trace which is narrow and rather diffi cult to
observe unless thc focus of the cat hode-ray tube
is well adjusted. The use of a narrow pulse is
advantageous as the ability of a particular Hadar
to differentiate between two targets close to­
gctbcr in range is a function of the radio­
frequency pulse width, If the t-i pulse width is
very narrow (a microsecond or so), several echoes
can he observed on the CRT at about the same
range whereas the use of an extremely wide pulse
would create wide echoes on the CRT, obscuring
the visual presentation.

A relationship exists between the time required
for the r-f pulse to reach a target and return
through the receiver to the CUT, and the longi­
tudinal distance along the sweep from the start
of the trace and the pip corresponding to t he
receipt of an echo pulse. D istances along the
sweep arc actual measurements of ranges to
targets encountered. The sweep is usually nr­
ranged with zero range on the left and maximum
range to the right, and a range scale is often glued
on the fare of the CRT just below t he t race. in
order to fac ilitate range readings.

A Pictorial Description
The cycle described above is illust rated in

Fig, 1. The runge of the radar set in t his example
is again 100 naut ical miles. In Fig. 1, at
t ime - 0, t he spot on the CRT is at the left
of t he tube the instant the t ransmitter begins
pulsing. At time - II the r-f pulse encounters
a target 50 nautical miles from the Radar. How­
ever, t he spot at time ... 11 has moved only
25 indicated nautical miles or 155 1JSee. At
time - t2, the echo reflected to the radar by t he
target at 50 naufieal miles range has returned
to the receiver and indicator T he spot on the
C UT has now moved to an indicated 50 nautical
miles in 310 Jl.'"'CC. At the instant the echo returns,
the pip forms at exactly this point on the scale.
The time required by the r-f pulse and the re­
sulting echo to travel through space is 620 p.sec.

In a radar system, the transmitted pulse is so
powerful that it saturates the radar receiver to
appear as a pulse all the CRT at the exact begin­
ning of the sweep or at zero range. This "main
bang," 88 it is familiarly called, is shown in Fig. 1
at time - 11 and time - ~.

The radar transmitter will not pulse again
until the previous radio-frequency pulse has
traveled outwards past the maximum range of
the set. Tbe greater the range capabilities of'a
radar equipment, the fewer times per second the
transmitter pulses. The number of pulses trans­
mitted per second is known as the "pulse­
recurrence frequency" or PRY of the particular
Radar.

co
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T he actual circuit used to generate the sweep
is generally one wh ich \\;U produce a saw-tooth
wan', causing the electron beam to move across
the CHT linearly with t ime. T he saw-tooth
J.!:( 'll(' ra tor stu rts t he product ion of a sweep upon
ti lt' arrival at the generator of n timi ng t rigger
pulse or "sturt signal." T he timing pulse is fro
in either from the trunsmitter (in apparatus
where the transmitter is "free-running" and
controls its own pulsing) or from the synchron­
izer (or common timer) in later designs.

Al'l in all rnclio systems, a certain amount of
extraneous noise is always present in thc receiver
- d ue to ignition. tube noise, etc. I nstead of
being heard on Radar, however, this "noise"
is seen as a large number of small vertical deflec­
tions known as "grass." The height of the grass,
which represents the noise level of the receiver
and t he various pulse amplifiers, is adjusted by
means of t he receiver gain control to an ampli­
t ude of npproximntely 7:l inch. T arget echoes
of signal-to-noise ratio greater than one oyer­
ride the grass and arc clearly visible.

Airborne Radars also pick up a direct echo
from the ground below. T his "ground return"
is valuable to the air crews, who usc it as an
indica tion of absolute alt itude or altitude above
terra in below.

R.d. r Synchronizer
The radar synchronizer is the component of

the radar system which produces a series of
pulses to contro l the pulse-recurrence frequency
of the t ransmitter and to synchronize the start
of the CRT sweep in the indicator. T hese timing
pulses arc usually formed from the square waves
output of a free-running multivibrator. Earlier
equipment employed sine waves with a squaring
amplifier to produce the square waves. Once a
square wave is obtained, it is usually differen­
t iated hy a short t ime constant R-C (resistor­
condenser) circuit t o form u -series of narrow
pulses. The frequency of the mult ivibrutor is
generally the desired pulse-recurrence frequency
of the radar transmitter.

The various timing pulses are utilized in the
following manner. If it is only desired to gcn­
crate n sweep at a certain instant, t he sweep
generator t ube can be held past cut-ofT by placing
a negative voltage on the grid. T he t iming pulse
arriving at the sweep generator would probably
be a positive pulse sufficient to lift the bias on
the generator and make it operative. In au iden­
t ical manner, the transmitter is held in check
by a high bias unt il the timer arrives. Depend­
ing upon the type equipment, timing pulses
vary in width and mea ns of injection int o the
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I Fig. 2. Block diagram of,, complete radar installatio n. Wave forms are not drawn to a common scale.
Power supplies and some CRT elements have been omitted for clarity.
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circuit: however, t hey nre all used to control
ca refully t he starting or stopping of a particular
circuit.

R.d.r Receiver
Hadar receivers ere similar in design to a good

a mateur superhet, They are tuned to the Ire­
quency of the transmitter J'l0 as to receive the
weak echo pulses reflected from the various
targets . Following the receiver itself is a video
a mplifier. The "ideo amplifier is a wide-band
nudio amplifier especially designed to preserve
the wan' shape of the echo puL"CS. The last
tube in the video amplifier is generally a cathode
follower. which efficiently matches an extremely
high impedance to n low impedance and becomes
valuable in pas...."'ing the video signal from the
last _video amplifier to the deflecting plates of
the CIlT.

Radar Transmitter
T he rudur transmitter is also conventional

except for the pulsing feature. Xormally, with
cut-off, either in the final amplifier or in one of
the earlier buffer stages, the transmitter operates
for only a brief iutervul upon the receipt of the
trigger or timing pulse. Since the transmitter
is ofT most of t he ti me, t he t ube rat ings can be
vastly exceeded during the pulsing period wit h-

out fear of darnuge. T his characterist ic of radar
transmitters, which allows t hem to be over­
loaded, provides addit ional range by virtue of
increased power output. H igher frequency
equipment utilizes centimeter techniques of
r-f generat ion and transmis 'ion, but they too
are pulsed for but a short period of time each
second.

Antennas
~Io!:'t modern radar systems now employ a.

common antenna for transmitting and receiving,
isolating the two circuits by means of quarter­
wave transformers. Wenk echo pulses are
directed to the receiver by these transformers,
while powerful pulses from the transmitter have
right-of-way to the antenna without blasting
the receiver off the table. The space-saving is
considerable, and a simplification remits in
eliminating the 11('('(1 .for two antenna systems
which much be synchronized so they point in
the same direction. T he basic principles gov­
eming the design of radar antennas are those
used in pre-war ham designs on 272 and 5 meters.

The (omplete Layout
A block diagram of a typical system will prove

of interest. In Fiq, 2, the Hadar is controlled
ICQnlinuM on page 431

SCR-268 red•., in action in Nettunc, Ita ly. As this picture was being made, A .A. guns began
picking off luftwaffe fighten. (Western Electric photo)
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TELEVISI

PIC K - UP TUBES

THESE " BOTTLES" WILL PLAY A PART

IN POST-WAR AMATEUR RADIO

B. W. SOUTHWELL, W6llJW

Fig. 1. A simplified drawing of the Iconoscope
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in the neck (corresponding to the handle of the
saucepan) strikes the photosensitive globules at
an angle of 30 degrees. The optical image to be
converted to electrical energy for transmission is
focused on the mosaic through a lens system as
in an ordinary photographic camera. When a
scene is focused on the mosaic (which may be
thought of as a vast number of minute photo­
cells, each one coupled by a capacitor to a com­
mon signal lead) these globules are positively
charged as photoelectrons arc emitted from its
surface, and the opt ical image is thereby trans­
lated into an electrical image.

The electron gun contained in the neck of the
tube produces a very narrow stream or beam of
electrons (negative charges of electricity). To the
tiny photocells on the mosaic, t he beam serves
as a commutator. Two electron " lenses" com­
prising the electronic optical system , are formed
by cylindrically symmetrical elect rostatic fields
between the gun elements. The gun construction

WlTlI AMATEUR TELEVISION looming on the
not distant horizon, this article endeavors to
acquaint the reader wi th the principles of

television pick-up tubes. The fi rst of these is t he
iconoscope, The word iconoscope comes from the
combination of t wo Greek words "eikcn," mean­
ing image and "ekopein," to observe. The
iconoscopc as shown in Fig. 1, is shaped somewhat
like a household saucepan. The large pan-shaped
part houses t he most essential clement of the tube
known as the "mosaic."

The mosaic is a flat mica plate approximately
.001 inch thick. Mien is used because of its uni­
form t hickness, high electrical insulation and
good surface. T he mica is baked in an oven after
being coated on one side with a thin, finely sifted
silver oxide. The silver oxide is reduced to pure
silver by the heating process, which causes it to
congeal in the fonn of extremely minute globules
of less than .001 inch iu diameter. The globules
are separate and insulated from each other. By
passing a glow discharge through the tube in the
presence of caesium vapor and oxygen, the
globules arc made photosensitive. Each globule
becomes a miniature photoelectric cell and
assumes a potent ial in proportion to the amount
of light falling upon it.

Backing the Mosaic
Before being placed within the tube, a thin

"signal coat" of colloidal graphite is applied to the
reverse side of the mosaic, which serves during
the process of scanning, as an electrode through
which the external circuits receive transference of
signal. Silver plating is sometimes substituted for
the colloidal graphite. T he mosaic is placed in
the tub. 80 that the beam from the electron gun

lit CQ
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is an improvement over the conventional icono­
scope in that an additional sensit ivity of approxi­
matelv ten times is available. A transparent
glass plate is photo-sensitized with a sputtered
layer of silver caesium. This "photocathode" is
inserted in the evacuated tube, and the object to
be televised is focused on it through the usual
optical lenses, The sensitized layer is located on
the inside of the plate so that light from the
projected image must P8S8 through it to charge
the photoelectrons. T here is also located be­
t ween t he photocathode and t he fina l mosaic a
series of ring-like electrodes which constit ute an
electronic lens. When excited by the light from
the projected image, t he photoelectrons on the
sensit ized cathode emit a n elect ron image which
is drawn down t he tube to t he mosaic located
directly opposite it at t he far end . ' Vht'n t he
electrons strike the mosaic it causes a charge
deficiency to occur due to the cmis ion of second­
ary electrons. T his second mosaic is then
scanned as in the regular iconoscopc and the
signal transferred to the external circuits of the
iconoscope preamplifier.

T he advantage in the image iconoscope L~ that
the electrical field drawing the photoelectrically
emitted electrons from the photocathode is ap­
preciable while that available in the conven­
t ional iconoscope is very small. T he mosaic also
has a higher secondary-emission ratio and emits
five or more electrons for every one st riking it.
The image iconoscopc has an approximate field of
5000 microvolts per foot-candle compared to
about 500 microvolts for the convent ional
rconoscope.

The fnct that the photocathode is close to the
front wall is of optical advantage as a lens of
shorter focal length can be used. The mosaic of
the image iconoscope is not of the same con­
struction as that in the conventional iconoscope.
The mosaic plate may be mica or a flat metal
plate covered with a film of china clay, and is
capable of high secondary emission. The signal
is readily transferred to the preamplifier if a
capacitance exists between the metallic signal
cent on the reverse side of the plate and the
mosaic surface upon which the electron image is
projected by the photocathode.

Only part of the electrons emitted from the
mosaic as secondary emission are collected and
transferred to the external signal circuits . The
remainder falling back on the mosaic, produces 4

charge distribution resul t ing in a spurious (dark­
spot) signal and uneven background shading.
A compensating shading-correct ion generator
must be used which produces sine, saw-tooth and
parabolic wave shapes at horizontal and vertical
scanning rates. These wave shapes are syn­
chronized with the scanning beam from the
electron gun, and are fed into the preamplifier.
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The Im.se Iconoscope
T he "image icouoseope" pictured in Fig. !
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consists of an indirectly heated cat hode placed
at the bottom or socket end of the neck of the
t ube. The cathode cylinder has its emitting sur­
face at the tip, a few thousandths of an inch in
front of an aperture in the control grid, The first
or accelerating anode is a long cylinder with
three defining apertures, whose axis coincides
wi t h the cathode and control grid axes. This
anode imparts the initial acceleration to the
elect rons emitted from the cathode. A second
cylinder of somewhat greater diameter and
coaxial with the first anode, 8('ITeS as a second
anode and from it the elect rons rece ive their fina l
velocity . The neck of the iconoscope is usually
metalizcd to fonn t he second anode, sometimes
termed the "collector" anode, as it collects and
concentrates t he elect rons into a very narrow
beam. The elect ron beam is made to scan the
image on the mosaic.

The illumination on the subject to be televised
is in the order of several hundred foot-candles,
a nd wi th the use of the best optical lenses this
provides a mosaic illumination of approximately
one foot-candle (the light produced by a standard
candle at a distance of one foot). A standard
candle is a specified fraction of the visible light
radiated by a group of carbon-filament lamps
preserved in the U. S. Bu reau of Standards. T his
illumi nation of one-foot candle on the mosaic of
the iconoscope is only possible when t he lens
aperture is maximum or " wide open ." T he dept h
of focus in this adjustment is so severely re­
st ricted that the simultaneous focusing of near-by
and distant.objects is not possible. The simplest
of st udio presentations a re t he only type in which
th is is not a serious rest riction. If the icouoscope
were more sensitive, t he lens aperture could be
mucic smaller wi th improved depth of focus.

Fig. 2. The " imag ~ Iee eesee ee" is mere s~nsitiyc than
thc simple lecesecpe, D~R~etion coils fit around thc

neck 01 the " gun" .t point X
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T he image iconoscopc is more widely used III

Great Britain than in the United States.
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After emerging from the area between the de­
fleeting plates, t he electron is compelled by the
magnet ic field to st raighten out and proceed on a
forward course parallel with the axial magnet ic
field. T he beum st rikes the mosaic perpendicu­
larly rega rdless of its point of impact on the
mosaic. The vertical deflection is accomplished
by employing a coil which acts Oil t he beam afte r
it emerges from the region of the hori zontal de­
flection plates.

T he televised subject is optically focused on the
mosaic which is translucent und a st ored image
charge is set up. As in the icunoscopo the sean­
niug elect rons restore the charge on cadi t iny
photo-seusitized globule ill the mosaic.

T hc current model orthicon is approximately
20 inches long and 4. inches in diameter. T he
mosaic is 2 by 27'2 inches und is placed very close
to one end of t he evacuated tube. The short
focal length and small diameter of the opt ica l
lens needed to foc us the subject to he televised
on the mosaic arc points ill its favo r. I n spite of
the small area of the mosaic, t he picture resolu­
t ion varies from 400 to 700 lines. T he mnximutn
signal / noise rat io is about ;')00 t imes and the
weakest signal/ noise ratio is five to one. T he
orthicon is used with a rotating: color filter drum
by CBS for direct-color television pickup.

•

The Image-Dissector

The image-dissector or enmera tube, Fig. 4,
was invented by P. T . Farnsworth and is of the
instantaneous electronic scanner type. The
image to be transmitted is focused on a flat photo­
sensitized surface also known as the photocathode.
This cathode is placed at one end of a highly­
evacuated cylindrical glass tube and faces a flat
glass plate which comprises the opposite face or
end of the cylindrical t ube. An optical lens system
exterior to the glass plate projects the image 011

the cathode. Elect rons arc released from the
cathode in proportion to the light and dark areas

Fis. 4 . The " image dissector" developed by Farnj.
worth. The malJnetic defiectlcn and focusins coils are

external and surround the tube

Another variation of the"Iec ncsec pe is the
orthiconoscope or " orthicon"
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Fig. 3.

The " O rthico n"

The orthiconoseope, sketched in Fig. 3, de­
rives it s name from the fact that the output
current-to-mosaic-illuminat ion curve is a st raight
line (i.e., ortho meaning st raight). It is a form of
icouoscopc, hence its full name orthiconoscopo-e­
usually shortened to orthicon. Com pared with
the iconoscopc , t he storage efficiency of the
orth icon is in t he order of 100 per cent. The
velocity of the electron beam is slow and conse­
qucnt ly no secondary emission is observed . This
eliminates the spurious dark-spot signal and ex­
te rnal shading compensation circuits arc not
required. Due to the elimination of secondary
electrons no video signal can arise from an ac­
cumulation of such elect rons as in the iconoscope.
Instead, only t he scanning electrons themselves
are collected and the output of the ort hicon is
confined to useful current variations. In scanning
the mosaic by a low-velocity electron beam,
there arises the problem of producing and de­
flecting such a beam without defocusing and dis­
torting the scanning raster. Adequate shielding
is necessary to overcome st ray electric and mag­
netic fields around the tube.

In order to assure the perpendicular scanning of
t he mosaic at all points, a combination of mag­
netic and electric fields is used to accomplish
horizontal scanning. The magnetic field, sup­
plied by surrounding the tube with a coil, tends
to guide the scanning electrons to the mosaic.
A traverse elect ric field is produced by the two
deflection plates, and an electron passing through
this region tends to travel toward the positive
plate. The axial magnetic field acts on the
elect ron causing it to execute a cycloidal motion
deflecting it parallel with the deflecting plates.

•

•
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Fi,. 5. The "mencseepe" is used for televising prepared
still pictures or "patterns"-Iargely for test p urposes
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T he mosaic consists of a .0Q.l inch thick aluminum
plate on which an image is printed with ordinary
printer's ink. T he ink is reduced to pure carbon
as t he tube is heated during manufacture . T he
sccoudnry emission ratio of the carbon to t he
aluminum is in t he order of 3 to 7. T he electron
beam t herefore excites more electrons from t he
unprinted portions and t he secondary cmi ssion
variation is transferred by the collector 'a node to
the external signal circuit. This type of tube is
primarily employed to transmit 3. test signal,
or pattern, which, due to the fact t hat the
mosaic is not photosensitive, is the same regard­
less of illuminat ion variations which would uffect
an ordinary iconoscope.

r ~~ \" " ,, \ I
E1.£CTRON BEAMS AND GUNS

Fig. 6 . The " tel ecbrc me" is the heart of one of the
systems used for color television. '.Two and three-color

tubes are: shown

Color Pictures
T he " Telechrome" is a tube used for color

pickup and has a two-sided mosaic for two-color
effect. One face of the mosaic is coated blue­
green and t he other orange-red. Each side of the
mosaic is canned by it s 0 "'1 electron gun in con­
ventio~al ' fashion. For three-color effect, t he
mosaic 'has a red screen on UIH.' side and 11 corru­
gated surface Oil the other which iJS coated green
on one-half~of each eorrugntion and blue on t he

(Continued on page 441

TO VIDEO
AM PLIFIER

----COLUCTOR ANODE

LOAD RESISTOR

MOSA1C _-.

Still Image.
The mono...cope is a tube in which a signal is

prod uced from a static image printed on t he
mosaic or signal plate. It is shown in Fig. 5, and
is also known as t he monotron and phnsmajector,

, ~
i-;=;,-l ~Offi.EcnON COILS

i#"~ '., '
DEFLECTION -------- ELECTRON GUN

COILS

of the image. T his " cloud" uf electrons or
"electron image" is 81)('(1 clown t he length of the
t ube by a field set up by nn elect roue at t he same
end of t he tuhe as the glas..., plate. The mut ual
repulsions among the electrons themselves, which
would tend to scatter the electron image, are
neutralized hy 3. focusing coil generntiug a mag­
netic field. T his coil focuses the electrons on 3.

" mult iplier" structure wi th a small hole in its •
center. Electrons passing through this aperture
impinge on u surface which emits Ii t o 10 electrons
for every electron st rik ing it. This process of
electron multiplication recurs several t imes with­
in the mult iplier st ructure and the augmented
stream is collected in the form of 3. current im­
pulse. As t he scanning aperture is rigid and
cannot be moved across the image, it is necessary
to move the elect rical image pas t the aperture so
that the electrons are taken from it and pass
through the hole in t he multiplier in such a way
as to form a succession of scanning lines. Ex­
temul cont rol coils linked to horizontal a nd
vertical saw-tooth sweep oscillators move t he
electron image past the multiplier structure. T he
electrons (or current) emerging at the bottom of
the multiplier arc passed through a resistor, the
voltage variations across which arc fed into an
elect ronic voltage a mplifier. II igh scanning speed
is employed and an opt ical lens of large area is
used to collect a considerable amount of light
from the image. This tube is very usefulfor the
scanning motion-picture films.
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A 420-450 egacycle

TRANSCEIVER
J . D. POTTER, W31 KM

•

FEATURES IRON-CORE TUNING AND WILL COVER 224
AS WELL AS THE 460-470.MC CITIZEN'S RADIO BAND

WITII TilE OI't::"\'IXG of the high-frequency
amateur bands, it is probable that the ex­
perimentally-inclined amateur will con­

centrate his first serious efforts on the 420-4.-10­
me sector which is practically adjacent to the
proposed Citizens' Radio Service band of 460 to
470 megacycles. A transceiver (t ransmitter-re­
ceiver) covering both bands is a logical considera­
tion , and the circuit of Fig. 1 diagrams such a
combination developed by the au thor.

•

Physical size hus 1)('('11 limited to permit either
portable-mobile or fixed-station operation. This
transceiver \,;11 aL"'O operate 011 the Z20-Z25-mc
band with the same tank coil, by using the parallel
rods as one-quarter wave on 224 me and one­
half wave on 448 megacycles. For operation in
the ens band, a half-wave tank, approximately
~" shorter than the 448-mc tank, is employed.
Experimentation proved the worth of Mykroy
insulation in the high-frequency detector-cecil-
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I

Fig. 2. Front view of the
completed450·mc trans­
ceiver s how i n 9 panel

,"angemenl

later tank circuits. This material is easy to ma­
chine, and standard drilling practices may be
used without gumming-up drills or dulling files
and saws. Ext remely satisfactory results have
been obtained with lIlykroy up to GOO mega­
cycles in the rig described in this article.

The Circuit
The elect rical design of this transceiver is

shown in Fig. 1, and includes the following t ube
line-up : 9002 (oscillator-detector), 6.15 (inter­
rupt ion-frequency oscillator), 1st audio amplifier
6J5, and uFG (audio-out put-modulator}.

The 9002 detector-oscillator and the 6.15 in­
t erru pt ion-frequency oscillator combination was
adopted afte r numerous tests with acorn and
other high-frequency tubes up to 600-mc. SeU­
quenched (super-regenerative) detectors were ex­
tremely erratic in operat ion and easily pulled out
of oscillation when close antenna cou pling was
used. The !)()()2 was chosen after deciding to
limit t he u pper operating frequency of this par­
ticular rig to 4iO megacycles.

By using; the G.J.~ interrupt ion-frequency oscil­
later resonant at 100 kc (this frequency is not
cr itical and may be from 20 to 100 kc) , and mod u­
lating the plate circuit of t he 9002 when on the
" receive" posit ion, we obtain the same result us
using a self-quenched super-regenerative detector
without the disadvantages previously mentioned.
In addition, the intensity of interruption-fre­
quency oscillation may be controlled with poten­
tiometer Rz which adjusts t he detector modula­
tion for optimum reception conditions. T he
9002-GJ5 combination has been successfully used
up to 600 me in t his transceiver. As shown in
Fi (J. 1, the oscillator-detector tank circuit utilizes
parallel rods equipped for plug-in operation.
Four inch lengths of U" copper t ubing are em­
ployed for both 224 and H S-me operat ion.

Due to t he effect of minor circuit changes on
the parallel rod lengths it is impractical to state
exact dimensions. However, it is imperative that
accurate frequency be maintained and the line
lengths precisely adjusted. T he author has been
using 5 foot Lecher wires for this purpose with

Fig. 1 ( left). Getting a headstart on the 450amc band! Parts as follows:

B-National Co. 8 grid clips (o r eq uivalent) (see text)
Cl-iron~ore plunger (see text)
( ,-10 IIp.' mica 400 volts
( 3-50 IJ, p.' mica 400 volts
( .., C.-2,5OO Il lJi mia 400 volts
Ce, C7-25 IJ,' 25 volts d,e. electrolytic
Ca-.04 IJi 600 vo lts paper
J I--banana jacks and plugs
J z, J 3-midgct phone jacks
L 1, LI, L3~u tut •
L.., L. , LlI-50 T 134 D.C.C. 114" d ia. on polystyrene

rod 7/8" long. Winding length 9 /16"
L7 , L.--27 T #20 D.C.C. 3/8" dia . on polystyrene

rod 1104" long. Winding length 1"
L.-Meinner 175akc OSC. coi l #14-3732 (or equivalent)
Rl-5.6 meg. 1h wa"

November, 1945

R:z--18,OOO ohms 1 watt
Rs/Ss-2,OOO ohms pot. with switch
R..-500,OOO ohms pot.
Ro-2,OOO o hms 1 watt
R.-47,OOO ohms 1 watt
R,.-470,OOO ohms 1 watt
R.--300 ohms 1 watt
R.-1oo ohms 1 wa lt
St-Federal "anti-capaci ty" key 4-pole double-thro w

11424 (Of eq uiv,lent)
Sz-toggle switch s.p.s.t.
Ss-scc Rs/S3
Tl-transceiver tranJormer Stancor I A -3833(o r eq uivaa

rent)
Tr-universal output tranJormer
X-National Co . insulator i G S-10 (or equiva lent)
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excellent resu lts . Possibly the simplest formula
for practical operat ion is Fmc ... 5fl06/inches,
which is easily applied by measuring the length
(inches) of the standing half-waves on the
Lecher wires and (lidding into 5n06 to obtain the
operating frequen cy in meJ?::lcydeH. Whl,tl prop­
erly coupled to the detector tank circuit, the
Lecher wires will cause a noticea ble drop in super­
regen hiss at each half-wavelength shorted out
on t he line,

Tuning
Frequency variation (t uning) was the major

problem whieh confronted t he author during pre­
limina ry exporimcnt s. Condensers or a variable
shorting hal' proved noisy or erra tic in operat ion.
The pclyirun plunger tuning developed after
much experimentation, works adm irably awl is
easily constructed. As the plunger (shown in the
photogra phs) is grounded and has no electrical
connection to the tank circuit , t he tuning is

when using series-fed parallel rods have been
eliminated by the use of shunt-fed plate and grid
circuits . All tube clements in the detector­
oscillator sect ion arc isolated hy r-f chokes,
mounted wit h t he shortest possib le connections.
T he interruption-frequency oscillator tank coil
is a l i ;'j-kc i-f oscillator (Xlcissnor # J-!-:H 32) ,
shunted with two .002;,} J,tf condensers to lower
the operating frequency to around 100 kilo­
cycles, Fixed capacitors across t he pri mary and
secondary of t his coil eliminate variable COIl­

denser adjust ments, The a udio output of t he
detector circuit is obtained from the ground side
of the interruption-frequency oscillator coil. T his
avoids the coupling condenser and r-f choke
necessary if the output were taken from the plate
inter-connecting line running between the 9002
awl the 6.J5 interrupter tube,

T he balance of the circuit is conventional. T he
four-pole-double-throw " receive-transmit' switch
(Federa l anti-capacitv Xo. 142-! or equivalent ] is
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Fig. 3. Drilling template for the front panel
•

smooth and noiseless. "~h('n the polyiron plunger
is engaged into t he parallel rods, the ca pacit y
between the rods and the polyiron plunger in­
creases . This effect ively shortens t he electrical
length of the rods and ra ises t he operating fre­
quency, At 450 megacycles t he frequency
coverage is approximately 10 mc between the
fully engaged and fully disengaged positions of
the plunger. On 22-! the plunger varies the fre­
quency approximately 4 megacycles.

Mechanical difficulties commonly experienced

28

wired to receive at the left position, When op­
erat ing on "transmit' (t o t ile right) the 6F6 plate
modulates the 9002 oscillator tube, The power
su pply must provide 6 u-c volts and 180-200
volts d.c. I t is recommended that a voltage­
regulated power pack be. used to maintain fre­
quency stability.

Mechanical Lay-out
The front view and panel lay-out (Figs. 2 and

3) show the locat ions of the microphone jack,

(Q



Fig. 4 . Top vi ew of the micro­
wave transmitter-receiver, with
shorting bar on the tank"coil"
for 224-megacycle operation

recoive-truusmit switch, stand-by switch, head­
phone jack, volume cont rol, inte rruption-Ire­
qucncy intensity control and tuning d ial. The
H.J;) interruption intensity control (ca thode
biasing) is loca ted immediately above the volume
t-outrol, which is over the receive-transmit switch .
TIlt' entire panel has been designed with two main
objoctivcs-c-first to permit placing the r-f section
toward the rear of the set, thus eliminat ing hand
eaput-i ty , etc. Secondly, the controls have 1)('('11
grouped so t hat there is a minimum of lost mo­
tion in operat ing . T he Xut iounl T ype X dial
was used to provide a definite positioning device
for t he poly iron plunger, which is off-set from the
tuning shaft . Other d ials can he used, hut a lock­
ill~ dev ice must be incorporated to prevent the
off-balance plunger frum swinging the dial from
set position.

The' chassis as viewed front t he top (F ig. 4)
shows the parts locut ions with t he ou tpu t t m ns­
former (l~IO), dial shaft, supporting bracket, GFo
and the G.J5s to the front. T he tunk coil and 0002
detector-oscil lator assembly are g-rouped ut t he
reur of the chass is. T he volume and interruption
intensity controls are mounted on the panel. T he
wires to these controls are grouped and run to­
gether t hrough a ;')j Hi" rubber grommet in t he
top of t he chtessis. T he power cable, which is
terminated il l un octal male plug, is routed t hrough
another 5/ Hi" grommet located on the right
rear edge of t he chassis .

Subpanel Layouts
T he bottom view of the-dllLssis, Fig. 0, reveals

the compactness nnd. Jack. of hay-wire that has

-
Fig. 5. Sub-chassis d etail. ThE
chassi s is a Middletown prod­
uct-iSS-591 (01 equivale nt)
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been attained by the proper placement or parts.
The detector-oscillator mounting plate assembly
has been located at the rear or the chassis in
direct line with the receive-transmit switch.
Soldered connections between this switch and

the det.-osc. circuits are short and direct, All r-f
chokes are soldered directly to the 9002 tube
socket, the function switch or ground connec­
tions, and are self-supporting, The single-hole­
mounting, lOO-kc interruption-oscilla tor coil is
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located in the center of the left-hand side of the
chassis immediately next to the function switch.
The detector-oscillator filament r-f chokes arc
located between the chassis and this switch.
Grid, plate, and cathode chokes are grouped

around the rear of the function switch. The 1st
audio amplifier plate and cathode parts (R6, Ro
and C,) are to the right of the receive-transmit
switch and between the tube sockets of the 6J5

[Continued on page SS]

Fig. 10. A profesdonal-Iooking rigl Rear view
shows how the tank rods ate bent, and the mount­
ing of the powdered iton frequency control
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(Above) Two Presidents and II Chief
Engineer at the NSRC festivities .
S. A . Barone, Chief Engineer, P,eSl
Wireless (cx.2WO,) end Presidents
!loil.y (ARRL) end DiBI••i (NSRC).

(Ri~ht) At the North Shore Radio
Club hamfest - left to right: Lieut.
Leon A . Hansen, W2FIT, Sec·y.
NSRC, John DiBlasi , WilKe, Pres.,
G cor,e Bailey, W1KH, Pres. Amer­
ican R"dio Re!ay League, Lt. Col.
D.vid T.II.y W2PF.WLNA. Kurt
Seheenleld, W2BT, Tr•••. NSRC.
and Milton Thompson, W2Ayet

Vice President.

HAM t'E ST S A lB-: part li nd parcel of amateur radio,
and over (our hundred amateurs were on
hand for the first such gathering since the end

of \YorlJ wnr Two nnd resumption of limited h:un
activity. whether t he Xorth Shore Radio Club
(L.I. , X. Y.) , sponsors of the affai r, had advance
Informat ion from General ~l llcArthur or not,
they couldn't ha ve timed it any better- 7:30
r.xi ., August 2-1 t h, 19 1;").

Xortnally there nre 80 many of these meetings
every year that it would be impossible to write
about them all. But ma ny readers of CQ have
never even heard of this phase of amateur radio.
Whether you call it a convention or hamfest, it's
a get-together of amatcurs-e-nn opportunity to
8C'C a nd meet in person a lot of the fellows you
have worked on the a ir. The individual pro­
grams vary . In general they provide entertain­
ment, several or more prominent amateur speak­
ers , cats and invariably the "door prizes,"

Prizes Plentiful
Door prizes are dist ributed on t he basis of

numbered t icket stubs, or some other impartial
method of select ion. T hey range from standoff
insulato rs to complete receivers. The ladies
aren't forgotten either, although ma ny a sur­
prised O~l has walked a way with a pair of

32
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(Photographs by Hobert Cobaugh, WiDT H)

Nylons in days KOIiC by! Usually t he prizes arc
donated by radio dealers and part s munufnc­
turers, hut .Iolm Diltlnsi , \Y2LI{C, old timer and
President of the North Shore Radio Club, hit
upon a d ifferent idea- that of selling sIJa('C in
t hei r souvenir program. T he money reali zed
from the programs paid for the 63 door prizes,
ranging in value from ~ 2 .50 to .. 7.00 each. Xo
expensive prize was given, on the assum pt ion
that the more prizes the fewer disappointed hams.

T he Xort h Shore Radio Club hnmfest, held in
Queens Village, Long Island , was a strict ly in­
formal affair-as are most hemfests. Some fonn
of reorient ation was needed after so long 11 break
in the series of t hese gct-toget hcrs. Old ec­
quuintunces were renewed with fi ll-ins on four
years of inactivity liberally exchanged . The
principal speaker , George Bailey, " ' !KlI , P rcsi­
dent of the American Radio Relay League, made
a special trip from weshlngton to attend the
meeting, and was introduced by J ohn Di 'Blasi ,
Master of Ceremonies.

While it wus already generally known that
the FCC had permitted resumption of amateur
act ivity on 27'21 :Mr. Bailey was able to confirm
t his officially. I t was t he first hamfes t for
WIKIl since 1940. ~lr. Bailey stilted that due
to the outstand ing rec ord of amateurs during

co
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les
THE NO RTH SHORE RADIO CLUB ON
LO NG ISLA N D LEADS THE PARADE

the war, both in lind out of uniform, the govern­
meut had taken this unprecedented action of IX'r­
mitring limited activity without renewal of
licenses. It was stressed that we carefully watch
the 112-115.;,)-IOC limits of our temporary assign­
ment , because of the very important. airport
control se rvice on l l tl.I megucyr-lcs.

Amateurs huve been assured that their Lands
will be reopened just us soon as they a re vacated
by t ilt' mil it ary und ot her wart ime services. An
ext remely interesting point wue brought out dur­
ing: :\11'. Bailey's talk, concerning the apportion.
ment of phone and c.w. channels in the respective
a mateur bands. It will be the democratic policy
of the FCC to let the hUUl8 themselves decide
what they want to do in this respect. :\l r.
Bailey snid that the FCC has tremendous con­
fideuce in the amateur organization, because, in
that blnck day in ou r history, Decembe r 7, l!Hl ,
t he a mateurs were oIT the air wit hin 20 mi nutes
of t he FC C order. In general , t he comments of
:\ Ir , Bailey were most opt imistic. Wh ile he
would not commit hi mself on what action is

planned after Xovember lst, when FCC order
number 12, expires, it is po.,...ihlc that additional
bands may be opened for amateur operating at
that time.

I.t. Col. Duve Talley, W2PF-\\,LXA, made a
brief addres.... in which he st res....(..1 the value of
the AAHS (Army Am at eur H:ulio System). In
ad dition, Colonel T alley remarked on t he
differences in attitudes lu-twrx-u the English and
American hums . The EIl ~lish amateur is some­
what more scientific about his work. T he in­
Hucnce of the "'1' is being incren....inaly felt in the
United Kingdom . and the good will that call be
created by proper use of our intemutionul DS
hands wa.... a point in T alley 's informal chat.

Two splendid war pictures were ShOWII, one
dealing with thc extraordinary capture of a
German U boat inta ct , whi le the other featured
many heretofore restrictr..1 com hat shorts, in­
eluding some captu red from t he Germans. He­
moved from fighter ai rcruft "camera guns,"
these shot:o; were a sobering rem inder tha t the

[Contillued on pag~ 431
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The YLs properly segregated end tabled .t the North Shore Redle Club hamlest
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RADIO AMATEUR'S

WORKSHEET

No.6 FM DISCRIM INATORS

eit her side of the carrier. lienee the wide band
of phase and frequency modulation eompnred to
amplitude modulation. This IS illust rated in
Figs. 1, £, and 8 . Fig. 1 shows the disposition of
the sidebands in a n amplitude modulat ed wave .
If the Irequoncy of t he modulating frequency is
doubled, the side frequencies are d isplaced from
t he carrier by twice t he frequency, but there arc
only two side frequencies for each modulat ing
frequency.

I n a phase modulated wave, there are theo­
retically an infinite number of side frequencies,
even though only one modulating frequency is
used. Actually, as shown in Fig. !!, there are
about lG important energy bearing side fre­
quencies for every modulating frequency . T he

Figure 1

00( zo KC ~

lO-IIC I«lDlLUlNG fREQUENCl'­
:t WPOfl,....., SID( f'l[QUENCl[S
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Z lIlll'OflT.ulT SlM PlI'[QIIENC4ES

CARRI[R

IIPPfR SlOE LOWER StOE \PPfA SlOE
fREOUE I'tCl' ffl[QIJ[NCl' fll(QI,/[ NC'f

(;ARRIERASIXUSOIJ)..... L WAVE mny he modulated 1)\·
operating on its amplitude, its phn..;(·, or
its frequency. In amplitude modulat ion the

instantaneous amplitude of the currier is at all
t imes proportional to the instantaneous amplitude
of the modulating signal. Likewise in phase
modulation, the phase of the modulated carrier is
at all times proportional to the instantaneous HIll­

plitude of the modulating signal , the amplitude
of the carrier wave not being altered in the modu­
lation process. In frequency modulation the in­
stantaneous amplitude of the signal current is
employed to vary the instuutuneous frequency of
the carrier, while the amplitude remains con­
stant.

Ampli tude modulation results In side fre­
quencies or sidebands on either side of t he carrier
d isplaced from it by an amount equal to the fre­
quency of the modulating signal. Thus a one
megacycle currier modulated by a one kilocycle
signal yields side frequencies of 999 kilocycles and
1001 kilocycles. In phase and frequency modu­
lation there are many side Iroqucncies for each
modulating signal frequency and as in amplitude
modulutiou they arc symmetrically disposed on
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5 -KC MODULATING FREOUENCY­
16 IMPORTANT SIDEBANDS

Figure 2

~ ~ ~ ~ ~ ~ ~ ffi ~ ~ ~ ~ ~ ~ ~
o oo ooo oa:: o o o o o o o
,.. .,. '" .. ... N _ a:: _ N ... .. o/'l '" ....
I I I II I 1<1 + ++ ++++

. 01 1 I II.I.~ . ,11. 1 II "
I ~ 140 KC >i

5 - KC MODULATING FREOVENCY-
28 IMPORTANT SIDEBANDS

Figure 3
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ANOTHER "FIRST " BY NATIONAL UNION RISEARCH LABORATORIIS

A N exam ple o f how war-rime research by N a­n tionaJ U nion eng ineers is helping 10 Jay
the foundat ion for vasrly improved post-war
Television, FM a nd rad io recep tion. is thi s new
half wan high vacuum rectifier - the N U IZ 2.

Here is a miniature with the voltage handling
capabihnes heretofore possible o nly in full size
tubes. For a h igh voltage rectified supply in the
operation o f radar and telev ision equipment,
the N U 1Z 2 saves space - o perates with in­
creased efficiency-is e xceptionally rugged. lis
low filament power co nsumptio n suggests
many new field s in circuit design and appli ca­
tion, especiall y to the "ham" and experimenter.

For the d istributor and service d ealer, su ch
o rig ina l N. U . electron rube develo pments are
creati ng new opportunit ies fo r pro fit able N _U .
Tube replacemen t sales-today and in the future.

National Un ion 1Z2
High Voltage R«tifi<T

In ' erse peak anode 'ohalle·
max .• . . • • •...... .. . . . . . . 20.00 0 volrs

Peak anode Cur rent. . . . . . . . lOrna.
OC Output Current . • . • . . .• 2 rna.
f ib menl Vo h a ll:e •• • . . . .. . . 1.5 'olu
Ftlamen r Curr en t . •. •. • . .. . 300 rna.

The NU I Z 2 is d esianed to wirh srand
sho cks in excess o f 500 G·s.
Maximum o "eniU len ltth 2 . 70~

Maximum seared hei,c:ht. 2 .3 7 ~

Maxim um d iam eter . . • . • . . . .7 5 "
Bulb • • • . • . • . • • . • . . . • . • . . . . T5 'h
Base M in iature Butto n 7 pin
Mo unt in ll position Any

•

NATIONAL UNION
RADIO AND ELECTRON TUBES
NATIONAL UNION RADIO CORPORATION • NEWARK 2, N. J.
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because it hus severe limitations. If a frequoucv
modulated wan' i:, applied to the side of a high
"O" tuned circuit :lS ill Fig. 4, tilt' amplitude
variations art- not (tiredly proportional to the
frequency variations, thus introducing 1I0n­
linear distortion . T his is due to the Iuet t hat t he
r~sonalH'e ('U I"\'C 18 1I0t linea r 0,'('1" any uppre­
ciablc freq uency hand, This can lx- corrected bv
reducing the "Q" of the tuned circuit :'0 that the
side of the resonance curve is more nearly linear.
but this in turn reduces the conversion ctlicicncv.

Fig, o illustrates a conventional frr-quenrv
modulation discriminator. The primary of the
lnst intermediate frequency t runsfortner is
cou pled to t he elect rica l center of t he secondurv
by ca pacitor C, Ordinarily t he cIt1ctromag;!lpt f(·
coupling in th is transformer is ll'ss t han criti r'nl
coupling. T he primary voltuge is thf'rt'by ad(!£'d
vectorially to one-half of the socoudurv voltnue
applied to the diodes Since the primary :UHI
!"{'~ondary voltuges diller in phase hy 00 ('1('('·
trical dczrecs. the vector dlegtum of this ('011­

clition is shown in Fig,Ga. As a resu lt of t he vector
addit ion E4 is applied to one d iode in F ig, fj utul
Ra to the ether. TII( ~ diodes of F ia, ;; nrc COII ­

ncctod diffr- n-nt iully so tha t t he aud io voltrun-s ill
the diode outputs arc subt rur-tive . Fig, ca illus­
tran-s the condition at ro-cuauco. Fig,~ , 6b nud Be
show the vector diagrams when the carrier swings
below ant i above re-onunce rr-spcctivcly. " 'lwll
the carrier swings above or below n-sonanec, the
phusc of the i-f transformer primary and sec-on­
dury vul tnges no longer d iller by !l0 elect rical
degrees, as wus t he case in F ig. Ga.

lt is tll1l:' ev ic teDt from Fig,~ . Gb :llld Gc t hat the
aud io output will , 'ary III mag:nitude in :U'­

cordallce wit h the frcqUl'ncy swings of the fre­
qUl·.nc~· modulated :5i~lal. T h u:-; the freqtwrH"y
, 'a n a t lOtls urc conYertNI efficiclltly to :Ullplitude
"ariationl' . D ir('ct proportion:llity (or linearit y)
IH·t wPl'll frequf'ncy yarillt ions a nd :unpli tw lc
Ylt r ia t ions is ext renwly imJHlrtant for h i;!,:h fideli ty .
T his is ?htail\('d hy prop('r :u ljust llH' nt of coupling
III the l-f transformer and proper choiec of inh' r­
mediate frequency.

•

/

i
1..-'

number of im portant (,1I('r~y-b('arin~ side Ire­
quencie- is independent of the actual frequency
of the modulating signal. as is the case with am­
plitwle modulation. It will 1)(' observed a lso, as
III the cuse of amplitude modulation, t ha t the
bundwidt h is proport ional to t he frequency of the
mod ula t in g sijmul, T hat is, an SC>kc b:1Tl~1 is re­
quinxl for a ;) ke modulnting signal and WO kc
bandwith is requirt'd for a 10 kc modulnting
signal ,

Fig, ,J illustrates the importnut pner~Y boerinz
side In-quem-ies in a Irequetu-y modulated wuve
nnd their sytntuet rical dist rfllll ti on about the
currier. I n t his case, the 1I1l11l1}('r of important
side Ircquem-ies does depend on t he frequency of
~I)(' modulating :o;iJ!;ru,11. Moreover . the bandwidth
Is no longer proportional to the frequency of the
modulating signal. Almost as wide a hand is re­
quired for a .5 kc moduhuinc signal (140 kc) as
for u 10 kc modulating signal (WO kc) . It is also
1H.'rti,lJ('nl, that there are Hi important energy
lx-aring side frequencies for the 10 kc modula ti ng
signul a~ai llst 2S import ant ellf'fgy lx-nriug side
frt-qur-nr-ir-s fo r a [) kc modulat in g siguul.

In hoth phu.....e nnd frequen cy mod ulation, the
phase of the currier Irequem-v is di-placcd 00

Figure 4

eler-t rical (ll'~n'( s (phase quaclruture} from the
carrier in an amplitude modulated wave, relative
to the side In-queucies. Hence, if the phase or
f~cqu(,IH'Y modulutr-d wave is applied to a n or­
d inurv detector. no detect ion occurs. T his is
itupc rt unt , since mu plit udc modulated noise is
1I0t detect ed ill a Jlhal't· 01' frl'qllellcy mod ula ted
~y~h· lI1 . If the ph:l ~( ' of t he ('arrit' r in llll amplitude
l ~l()(lul: ~h'd wan> i ~ :O;!liftt,tl from its nom ml Jx~i­

tlOn With rC:'IK·('t to tho ~idch:lIll l:; , t1l(' output
from IlIl ordinary dt,t('(' tor wouhl decn'a:<e until
the ph:L"'f.' of tl lc c'arricr hlu l !)('f'n :,hiftcll 90 ('}ec­
tri('a l tlpgn"t~, at whil'h point Jilt, dct('('tor out put
woult! 1)(' Zl'ro, Beyond flO (It'grp('s , t ht~ dC'tt,t· to r
output would iJU'f( ':ll'C' llnd a ~aill be a maximum
a t ISO t'!p('tri('al d t'J!;I't't'S, ,

I n 1Il0~t fn'qlH'lu'y modula tion recein'l1'l, it is
cu:;tomary to COJl \ '('rt til(' frr'qut'nry ,'ariation~

t o a m plitude llHxtula tion I)('fon' dt,tt'CtioIl . T his
is llcC'olUpli:o:IH'l! hy the dil'criminator . Perhap....
the ~iJllplest llwt hCH I of ('onn'-rtiJl ~ fN'queucy
YariatioJl to ampli tude Y:lriations is hy d{'tunin~
the t Ulled cireuit ilJllUt'diat ('ly prec('ll ing the
detector, T h i:; lIIethod is sC'ldo lJl used, howeYcr,

I
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The secret o f the overwhelming
demand for " VO M A X" is just that
simple . W ith it you con measure every
voltage in rad io receiver design and

• •serv tcmq .
" V O M A X" handles a wide

range of d .c. a nd a .c. voltages at
met er resistance so a stronom ically
h igh that y o u con measure d irectly
a nd accurate l y every such volta ge.
It g oes for b eyond convent ional
volt-ohm-ma-meters. For " V O M A X"
will measure every 0 .1., i.E . a nd d .
voltag e fr o m 20 cycles right up to
b eyond 100 megacycle s.

This remarka ble p o st -war instru­
ment gives you vi ta ll y im p ortant
visual dynam ic signal tracing . Read
the brie fed speci fica tions at rig ht
. . . p ract ica lly a co mp le te serv ice
sta tio n by itself .. . see how " V O ­
MAX " makes you the master, no
long er the vict im, of tough service
jobs. Imag ine the time y ou'll sa ve I

the increased effic iency, the mult ipl i­
cati on of your profits when y ou put
"VOM A X" 10 work and can 01
last measure e very vo ltage.

Requ iring no p riorit y and d espite
heavy d emand , y our fa vor ite jobber
can arrang e quick d elivery ... i f
you act last.

NET PRICE
ONLY

November, 1945

559.85

"VllMAX"
Measures EVERY Voltage

1. Brand new post-wcr design . •. pOsiJively not a
" wormed-over" pre -wa r model.

2 . M ale than o n "electron ic" voltme ter, VOM AX is a
true va cuum tube vo ltmete r in every vohage/ re­
sista nce/db. func tio n.

3. Complete visual signal tracing from 20 cycles Ihroug h
over 100 megacycles by withdrawable r.f. d iode
probe.

4 . 3 through 1200 volts d .c. full sccte in 6 ranges 01 51 ,
a nd in 6 added ranges to 3000 vclu at 126 megohms
inpu t res ista nce . Plus-minus polarity revers ing swilch .

5 . 3 through 1200 vclts c .e. full scale in 6 ranges a t honesl
effective circuit loading of 6.6 megohms a nd 8 mmfd .

6 . 0 .2 through 2000 megohms in six eas ily read rang es.
7. - 10 through + 50 d b . (0 db. "'" 1 mw . in 600 ohms)

in 3 ra ng es.
8. 1 .2 ma through 12 a mpe res full scale in 6 d.c . ranges.
9. Abso lutelv slable - o ne zero ad justment sets a ll

ra ng e s. No pro be shorling to set a mea ningl ess zero
which shifts a s soon a s probes are sepa ra ted. G rid
current e rro rs compl etely eliminated.

10. H onest, factual a ccuracy: ± 3% on d.e., ± 5% on a C 'l
2OV\ thro ug h 100 megaevc1e51 ' ± 2% of fu ll scale,
± 1% o f indicated resistance va lue .

11. O nly five colo r-di ff e re ntia ted sca les on 4 % " O'Arson­
ve l meIer lor 51 rang es (includ ing d .c. vo hs polarity
reve rsa l) e limi na le co nfusion.

12 . Meier 100% protected a gainsl ove rload bu rnout o n
vo lts/ohms/ d b .

13. Substc nuo l tec rhe r ca rryi ng ha ndl e . Size o nly 1 2' ~ 1t xn,,· x 5~ ·.

Send postcard/or free catalog 0/ measurement
ana communication equipment.
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S.-Referring to Fig. 8, cut out 8. sect ion in the
front edge of the chassis (A) to clear ell parts
located on t he lower portion of the panel. Drill
the t ransceiver t ransformer mounting holes in
the rear chassis edge (B) , and t he power-line
grommet hole.

• •
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TRANSCEIVER
(From page 51]

and GF6 amplifier stages. A %" Isolantito stand­
oIT insulator (or equivalent) located centrally on
t he bottom of the chassis is a common distribu­
t ion point for B+ circuits. The 6F6 cathode
bias and microphone voltage divider components
arc placed to the right of the output-modulator
t ube socket. A seven-stud terminalstrip, mounted
on the right-h and edge of t he chassis, connects •
with t he power supply cable. The microphone
transformer is located on the rear of the chassis.

C';nst,uctional Notes
For those desiring to duplicate this t ransceiver

the following construct ional sequence is sug­
gcstcd :

1.-Cut t he detector-oscillator mounting plate
and the tank coil support from 1/ 8" sheet
Mykroy as indicated in Fig. 6, A and B
respectively. Jig-drill the "A" holes in the top
of the chassis, using the detector-oscillator
mounting plate as a guide.

2.- 1\lake the cut-out for the mounting plate
in the chassis as shown in Fig. 7. Drill or punch
tube socket and other holes in the chassis top.

Fig. 9 . The simple bracket, A , end curtain-rod shelt,
8, support the powdered iron tuning element

[Continued on page 40]
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For more than a year OX Crydall

have bee n automatica lly dee p­

e tched by a new proc.en. 80th

the method ond mochine l were

perfe cte d by ox Engineers 10

thot (III OX Xtoll Can have the

nth degree 01 sl(lbilil y (lnd en ­

duronce necenory to w(lrl ime

opero tion

Think about o x .Products lor your

new receivers and tronsmitre rs .

DX
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tockh,·(·,l'.lf sensational

lI ew j fll .proIJelletl su·

/wr j igh lf'r, th e /'-80

"S I, fJ o tin/: S /n r," is

the It'or ltl' .'f fas test and

!l i gh,·.'fI JI )'in g ,11C1l1 e•

WORLD'S
FASTEST PLANE

AN DREW COAXI AL
CABLES!

.* It is highl y s.ign i fiean t that A ndrew

coaxial cab les were ch osen for t he "i­

tal radio a n d rad ar equi p m ent in stalled in

the P-80. They were selected because they

are much more resistan t than o rd inary solid

dielectric cah lcs to the high tempe r atu re

e nco u n tered in the t ail of the plane.

A n d re,'; Co. is a pioneer m anufacture r

of a n tenna tuning and phasing eq u ipmen t,

including a com plete line of ceramic in­

su l a te d co a x ia l ca b lee and a ll n ecessary

acceesoeiee. JP rile for catalog.

November, 1945 39



•

4.- :\lnnufncturc the tuning: shaft bracket and
the tuning shaft as shown in Fig. 9. T he shaft
is a section of curtain rod.

5.- Drill the front panel in accordance wi th
Fig. S, and mount to the front edge of the
chassis. .A sscmblc and mount all major parts
with t he except ion of the transmit -receive
function switch. Usc # H-3'l. machine screws for
units with # 2S drill holes.

G.- ' Virc u #10 t inned eopt'cr grounding bus
line bet ween the rcnr mount ing holt for the output
transformer nnd the lOO-kc oscillator mount ing
bolt. U8C soldering; lugs for securing the common
line, and scrape paint from the chassis around
the grounding st uds . Hun a similar bus to the
front pnnel and terminate it under the left

HI, GANG!

mounting nut for the function switch ussemhly.
7.- \Yire the filament circuits wit h short,

direct connections. The detector-oscillator fila­
ment chokes, L 7 and L,. are located immediately
next to the chassis and connect to the GJ5 (1st
audio) filaments. ,rin~ the interruption-oscillator,
1st audio and audio-output-modulat or stages­
leaving extra length on t he leads that will run to
the t ransmit-receive {uncti on switch . I nstall t he
function switch and t he dot cctor-osclllntor
assembly .
8.-~lnke up the power-line cable to the

length required {or your particular installation,
ant! solder to the power-supply terminal strip.
Wire the remaining circuits-e-jncks, switches, etc.

9.-Cut two Yi" copper tubes ·Hi " long.
Flatten one end of each tube and drill for the
banana jack stud. Shape the copper t ubes as
shown in the photograph, Pig. 10, using the tank
coil insulat ing support as a gu ide.

10 .- Cht'ck all connec t ions against t he wiring
d iagram, Pig. 1.

Division- Radio Electronic Sales Co.

Operating Note;

, r e suggest that preliminary operating tests
be made on Z.!-l megacycles, using two Nat ional
# 8 grid clips (or equivalent}, secured together
after they are slipped over thc copper tank rods .
This clip serves as a shorting bnr which is easily
shifted to obtain 22-l-mc operation.

Always warm-up t he fi lament s for ~)O to 30
seconds before switching on t he B negative
circuit. Ad vancing t he interru pter intensit y
cont rol to m id-point should cause a normal super­
regen " rush" in t hc headphones. Light ly couple
the Lecher wires to the tank circuit und adjust
the tank shorting bar to the desired frequency.
Upon familiari zation with 2-l4 nn-, T('IIWH' the
short ing bur and measure the Irt-queney with the
open (one-half wave) line. The tank circuit may
now be adjusted to any frequency in the -la().-.l[>C}­

me band by gradually short ing thc length of the
copper rods . These adjustments should be made
with t he polyirou plun ger Iully di&>ngagt·d (rom
the t ank us t he frequency will increase U."! t he
plunger is engaged . .

Antenna coupling may he either inductive or
cupucitivc. Induct ive coupling is ohtuined by
using a 2" ha ir-pin of # 10 tinned copper wire
sp:H'NI a pproximately !1" from t he tank rods.
This pick-up may 1><, secured through the tank
support ing insulator by drilling holes at the loca­
tions found most suitable {or opt imum pcr­
formam-e. The antenna can he eupacit ively
coupled to the plate tank roc! through a series
condenser of from .~ to 1O~ ~ ~ . A balr-wnve an­
t enna for 4-40 me will measure l :$A inches. Wit h
such d imensions beam nnt ennu arrays IIfC in
order.

Worcester 2, M ass.

Address Changes-
Subscribers to CO should notify our
Circul.tion Dep'l. .t lealf 3 wuks
in .dv.nce regarding .ny change in
.ddreu. The Post Office Dep't. does
not lorward m'!1uines sent to •
wron, address unless you pay ..ddi­
lion.1 postage. We cannot duplic.te
,:opies of CO .ent 10 your old edd-e...

CO Circulatio n Dep' t
RADIO MAGAZINES, INC.
342 M. di .on Ave.• NewYork 17,N Y.

68 High Street

=
=
=
=

===
=
=

===
====L- -'

ELECT RONIC
SPECIALTIES MFG. CO.

To the ham who is reb uildinlj now. Why
not let us punch up your chassis, panels,
cabinets etc. to your own specific..tions?
This is a new service which wit offer to you
..t • reesceeble cost Send in your "Spees"
for estim..te . Possibly you would [ike to
have your rig assembled and wired by our
gang, either w..y o ur manul.during and en­
gineering divitio n has shown their quellfice­
tlcns in this work lo r the past four years 01
war service, in the prod uctio n of co mmuni.
cation and red..r equipment used by our
armed forces , Kee p your eyes open for
new products ..nd gear which we will
introduce from time to time. 73's
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Within walking distance
I T"S not even tOO far to hobble, when

you're leaving the blank walls of a
hospital room for a brief while, on '
your way .CO a place of laughter and
song and p lay.

The wclcomi0S- doors o f a u.s.a.
lounge club arc Just outside the hos­
pital g ro unds - at more than 500
hospitals.

H ere. at the house of smiles. war­
shattered veterans escape from hospital
routine, from the smell of ether and
disinfectants . H ere they enjoy their
favorite phonograph records, roday's
newspaper. the checker-board that
you gave them when you gave to your
local community fund.

These are little things. but they're
good medicine! The nearby u.s.a.
lounge is theater, club - almost home .
- [0 the shocked and hurt boy whose
present home is a hospital room.

Novombor, 1945

Your donation to the community
war fund supports the U.S.O. and 20
other agencies. It provides maternity
care for wives of servicemen, whole­
some recreation to keep children off
the streets, help for the stricken people
of our allies, and help for your own.

You help man y who can't help
themselves, yet you are asked for o nly
one gift. Let your heart decide how
big it should be.

Give generously to

Your Community
War Fund ~
Representing the National War Fund
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ALL AMATEUR TRANSMITTER CONTEST
The Ist Annual All Amateur T ransmitter COIl­

test is being; inuugurnted by T aylor T ubes, Inc.,
of Chicago, I llinois, together with nine other
radio-component mnnufneturer-participants ns a n
expression of npprecict ion for the outstanding
work done by the thousands of servicemen in the
Communications Branches of the military, and
the manv amateur radio operators, or "hams."

T he prizes consist of two transmitters, de­
signed by the contestants, complete from micro­
phone to antenna po..st, plus ••J 125 in Victory
Bonds, furnished by the participating manufae­
h irers. Two prizes will be a warded: one in fina l
power input clnssification up to 250 wa tts , and
the other in power input classificat ion of from 251
watts to 1,000 watts .

The participating radio-component manufnc­
turers, who are donat ing the .. 2250 in Victory
Bonds ( 1125 to t he winner ill each class) are:
Acrovox Corp., Now Bedford, M ese.: American
Phenolic Corp., Chicago, Ill. ; Barker & William­
SOIl, Upper Darby, Pa. ; Bliley Electric Co., E ric,
Pa.; Gothard l\1fJl;. Co., Springfield, Ill . ; Inter­
national Rcsistnnce ce., Philadelphia, Pa.; E. F.
Johnson Co., w asckn, Minn. ; Solar Mfg. Corp. ,
New York, K. Y. ;and United Trnnsfonner Ccrp.,
New York, K. Y .

EiJ!:ht well-known men in rad io are acting as
[udgce. They nrc: Fred Schnell, W9UZ (Former
Communicat ions Manager of ARRL and now
Chief of Radio Dcp' t., Chicago Police), Oliver
Head, W9ET! (Editor, RADIO NEWS), Cyrus
T, Heed, \V9AA (Former Asst. Secretary AHHL),
John H. Potts (Editor, CQ and HADIO), Lewis
Winner (Editor, CO:ll lllUNICAT IOKS), Frank
,I. Hajek, W9ECA (President, Taylor Tubes,
Inc.) , Rex Munger, 'W9LIP (Sales M armger,
Taylor Tubes, Inc.), and Karl A. Kopet zky,
\r9QEA (Fonner :llanaging Editor, RADIO
NEWS),

Offic ial E ntry Blanks arc available from any
radio parts jobber or distributor. T he contest
opens .. ·ovemb<.'r I , 1945 and will close February
15, 1946. The contest is being ma naged by ~ln~­

azines, Incorporated of Chicago, Illinois.

HAM NEWS

FIRST PR/ZE;~ s.o..da<, SI..d.nI
srolND PRIZI: $50 r""" bd
THIRD PR/ZE; $25 r""" bd
25 $5PRIZES: (A.~ded m"",,"l

.-_...._- _.~

<;,..".,,0 __ , ' ..... Co . '
" : t( 0:.-_ ..... ....

"- 0 .....,__
, ~- -

a. on. of the flrst to own this po,pular commu­
n ica rio ns-type sec (or sboet-wave and regular
b roadcast reception . ,\ J" " J neu·jeiZfIlYt s! Covers
entire tuninlt range from 550 K c. to 30 Me.
(550 10 9 .85 meters) in 3 bands. For 11S·125
" o lt s Ac-ne. Automatic no ise limiter. Bu ill-in
P M speaker. Compact and reli- $29 5 0able. Complete with tubes. Net•.. .

F. O. B. Chicago

NEW
ECHOPHONE EC-IA

RADIO RECEIVER '

• CRYSTAL RESEARCH LA BOARTORIES *

~------------------------------ALLIED RADIO co.,.
833 W . JaduOtlII...d .• Depl, ~-5. Chicallo 7.111.
a Ship ECHOPHOSE EC·lA a t earliest moment,

E I - , S 0 Full Paymento DC Ole<.! • _ •• - _ ••0 Pare Payment. Balance C.O.D.
o Send full informacion on Co mmunica tio ns Recetv.

ers and Time Payment Plan. without obligation.
Na'"' o. •••• _•• . . _• •
Add r' u •• __

, ICity _. __•• • _. _. • Zon, SIal, • • _ I

-------------------------------,

CRYSTAL CHIRPS
Due to a draftman's error , 8. line joining t he

plate and grid coil leads appears in Figs. 10
and 14 of the article entitled "Don't Let It
Phase You!" in our September issue. And, on
page 6 of our October issue, the present ham
band for 2~meters is mentioned as 112-116 me,
This should be 112 to 115.5 me.

Sorry these eITO'" got by us,
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HAMFESTIVITIES
[From page £9 ]

amateur's ret urn to the air has been made possible
by t he sacrifice of many whose keys will be forever
silent .

The Korth Shore Radio Club, is 8 small
Irnternity of limited membership. Organized in
1938, with emphasis on the social side, its mem­
bers reside in the neighboring communit ies of
.lecksou Heights, Flushing, Bayside, Douglaston
and Litt le Neck. M ont hly meetings gather in
the homes of members-from which the YLs
and XYI-8 a rc by no means excluded. An an­
nual picnic is celebrated by members and their
families- with baseball , races, horse-shoe pitch­
ing and a wiener roast.

RADAR
(From page t Il
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by a synchronizer which furnishes all t iming
pu lses . It also furnishes a series of positive
))11 1:;('8 spaced an indicated 10 nautical miles or
62 p.See apart which are applied to the grid of
the cathode-ray tube. These pulses brighten
up the SW('Cp every "ten miles" nnd furnish an
accurate guide to ranges measured -along the
trace. The synchronizer commences the genera­
tion of these " range marker" pulses upon the
receipt of its own timing pulse so that the range
marker circuit will be synchronized with t he
sweep generator circuit.

T he indicator generates a sweep for the CRT
the instant the timing pulse arrives. It also
places a negative bias on the grid of the CRT
for the short instant the electron beam is resetting
itself at the left of the tube after a full sweep.
This blanks out the CIlT during fly-back and
eliminates th is useless trace.

The transmitter and receiver units are funda­
mentally the same from one equipment to the
next. The 750-pulse-per-seeond PRF of the
transmitter has been selected, since the range
of the equipment in the illustration is 100 nau­
tical miles. If the P RF were higher) more than
one pulse would be making the round trip out
to 100 miles and back at the same time. This
situation would cause false and confusing echoes
to appear on the CRT. Although many advanced
circuits arc incorporated in radar equipment
increasing the accuracy of target determinations,
the basic principles are those employed in earlier
sound ranging. '

T he amateur may wonder to what extent his
post-war station will be affected by war develop­
ments in radar work. ~' Since security on ,Radar

November, 1945
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is st ill binding. spe cific devices awl circuits can
be discus,...cd only lightly. It is po:-~ible that t he
development of Hadar was more influenced by
pre-Pearl Harbor amateur radio experience 1111<1

experimcntnt iou on the sho r t er wn vclengj hs ,
th an post-war amateur work will he affected by
radar. But regardless of how the post-war atnn­
tour tnny use Hadar itself, he C:UlIlOt hr-lp h ut
hem-fit ~reatly from the techniques d(~\·pJOI)('1 1

:1IIe1 the parts that will be uvuilabk- to hi m­
r-om ponr-n ts e:.;pl'('ially de-igm-d for frr-queur-ios
from GO megacycles up.

PICK-UP TUBES
[From page 25}

ot he r half. An additional electron gun is em­
ployed so t hat each color has it own scanning
bl':1I11. T he tclcchrome shown in Fig. 0 it; capable
of producing a good picture of GOO lines in natural
color, and the aid of intermediate filters is not
ne(·ps,...nry to obtain stereoscopic dept h.

I II television pickup tubes the diameter of t he
scanning beam which serves as the commutator
is of prime importance. As the d iameter de­
termines t he size of. t he pictu re clement. the
narrower the beam, the h igh er t he definitinu that
can be obtained.

R-F UNIT
(Ilrom page 11)

ruther crit ical. It should be as close to t he B +
end or the coil as possible wit hout the stage going
into oscillation. T he positions shown in the
diagram will serve as logical start ing poin ts. The
sect ion of the coil between the tap and B + nets
us a trap circuit closely coupled to the relit of the
coil, and absorbs enough power t o squelch oscll­
Iat ion. T here arc several other methods of
eliminating oscillation, including tapping the
pla te down on t he coil , or connecting a resistor
across it. The resistor urrnngement tends to
brondcn the resonant peak a trifle more, if t h i ~

should be considered desirable.
A 6A](1) tube is shown in the diagram, but

either a VOO l or v003 works equally well , if
proper values of bias and screen d ropping re­
sistors arc used . Correct values are sho wn in the
parts list,

Adjustment and Operation
After the wiring has been completed, t he out­

put terminals a rc con nected to t he a ntenna coil
in the receiver, using t he shortest possible leads.
T he approximate set t ing for C2 is then fou nd by
t uning it t hrough its range. The set t ing that
tends to pull 't he detector out of super-rcgenem -

co
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t ion is approximately where C2 will peak when
the r-f stage is in opcrutton. If this should occur
wi th the capacitor at minimum capacity, reduce
the inductance of La slightly.

Lends for the filament and high voltages are
then wired to appropriate points in the receiver
(such as screen and filament terminals of t he out ­
put tu lle socket), and t he antenna is connected
to t he radio-frequency stage.

As stated before, C1 t unes rat he r broadly. It
might he eliminated by increasing t he induct ance
of L 2 slightly, and peaking the grid ci rcuit by
spreading or squeezing the turns of the coil.

Once the r-f amplifier i~ installed it can be for­
gotten, and aU tuning is done on the receiver as
it was before. T he additional sensitivity is q uite
helpful, and if the unit is installed without the
knowledge of the fel low across the st reet, it is
very amusing t o not e his reaction the first t ime
you give him a call. lie won 't believe it , because
he can't. hear your receiver !

SUPERHET
I f'rQ,n page 9]

a low-power t ransmitter is nvailublc in the shack,
it may be t urned on moment arily t o check
whether the receiver hits the band , Coil turns lire
spread or compressed to give the correct coverage.

Most published duta indicate that the usuul
R-C super t unes with a double ::;ilo!; IIll I. T hut is,
each signal appcure un t he d ial twice, OIl(~C hig;tlt'r
than its true frequency by uu amount equal to
the i-f frequency of the receiver, and once 10wN
by the same amount , a condit ion that is not true
wi th this super . 'Yit h the super-regenerat ive
action of the first detec tor, the signa l is spread
out sufficient ly so t hat it sppears only once. It
will be observed that , even wi t h thc i-f ut 100 kc,
the ~ i J{lU\ 1 need cover but 200 kc to nceomplish
this. Most modulated oscillators a ppear to
spread considerably more t han this anyhow, so
the width is of little moment .

T he receiver is sutlicieu tly selec tive to separate
stations between wh ich there is a reasonable
frequency difference. M oreover. it docs not a p­
pear t o " lock-in" with st rong; signa ls as docs an
ordinary super-regcncrutor, It is possible to re­
ceive readable aignnls on the sidebands of· :1
strong stat ion.
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Naturally w e want our boys home, The
SOOIlL' r the better,

But how much arc we willing to do about it?
Are we willing to pay for bringing them

back? If we art', we'll buy extra Bonus in the
Victory Loa n.

Alltl after these fellows get home-these
men who have fought and won the toughest
war America has ever known-what then:

We w ant to take care of t he injured ones,
of course, \\'c wunt to S('(' t hut the young fel­
lows who went otI to fig-h t get a chance to
finish t heir educat ion. \\'e want to sec that

there are jobs-c-plcnty of decent jobs-Cor the
men who've been doing the world's meanest
job at arm)' pny.

How much arc we willing to help?
It we're really serious about wanting our

men t o get what they huvc so richly earned .
wc'Il buy ertra Bonds in the Victory Loun.

Now' s the ti me. Let's huve a show of hands
- wi th wallets-to prove how much we really
want to hear that old familiar step and thaL
familiar voice yell ing "It's me!" Let's prove,
with pocketbooks, t hat we can do our joh as
well us they d id t heirs.

THEY FINISHED THEIR JOB-

LET'S FINISH OURS!
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