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which satisfied the amateur operator of 1941 is not going 

to satisfy him now—and it need not! RME is in tune with 

the times: le buildin er communications h While building new and bett 01 

equipment for the exacting demands of war, RME has at 

the same time perfected even finer equipment t Pp pi h fected f for the 

ee 

1. The new RME-45 is 0 engineered that it delivers peak 

performance on ALL frequ
encies—from 5

50 to 33,000 
KC 

9. New in the tadio field—and @ most welcome addition 

sis the VHF-152 converter. 

3. For the 
gs, RME has carefully desig

ned @ 

t and highly efficient receiver 

: ; mateur. Let's examine a few. 

ham with win’ 

feather weigh 
practical, 

transmitter. 

4, And the DB-20 is now one of the most well-known 

units in existance. 
he amateur can be confident 

ainstakingly 
With RME equipment, 1 

that he possess
es the most carel 

built, and most brilliant per 

science and pride in manvfacture Ca! 

THE VHF-152 CONVERTER * 

fully designed, P: 
forming equiPm 

in produce. 
ent modern 

1 

A RECE
IVER _TRA

NSMIT
TER 

98 to 30 MC, 50* 

FOR THE PRIVATE
 PILOT 28 te new 144 to 148 MC 

(Normal ten_mile range) bands. With the VHF-152, 

Receiver Specificat
ions: you can work these frequencie

s 

180 to KC—For 
through the double detection 

Range Station. 
method—

with economy
!” 

550 to 1500 KC—For 

Broadcast Stations. 

978 KC—For Tower Fre- 

quency Position: 

Bestar from small dry cells 
THE DB-20 PRESELECTOR 

for both units. Optional 90 to 25 db gain achieved 

throughout 
tuning _range 0! 

55 Ou agg KC, Two hishly 

effi + RF stages provide 

Sery high signal to noise ratio. 
equipment, 6 and 12 volt 

Taput with external POWeT 

supply.” 

FINE COMMUNICATIONS EQUIPMENT 

) RADIO MFG. ENGINEERS, inc 
LITERATURE ON REQUEST - 

FA, < .. Previa 6, Hines WV. $k 



This new Folded Unipole Antenna 
for commercial use weighs only 15 
pounds, Its ‘'Slide Trombone" cali- 
bration eliminates old-fashioned 
pruning. Comperative tests show i 
it out-performs other antennas at 
several times the price. WE 

for Amateur Use 
In vital military and emergency com- 
munications all over the world, the 
name ANDREW means sound engi- 
neering plus skill and ingenuity in 
meeting specific antenna design 
problems. 

NOW FOR AMATEURS 
This engineering skill and know-how with com- 
mercial antennas is being applied to the pro- 
duction of ham antennas, including both 
vertically polarized directive arrays and hori- 
zontally polarized rotatable systems. 

BAND WIDTH CURVE 
n 

STANDING WAVE RATIO T FREQUENCY MEGACYCLES 

RADIATION IMPEDANCE, OHMS Andrew Co. pioneered in the development 
4 | of HF antennas, coaxial transmission lines and 

60 accessories. fetes feet t FREQUENCY, MEGACYCLES Andrew Co. specializes in the solution of 
0 6 8 0 antenna problems—in the designing, engi- 

neering and building of antenna equipment. 

ANDREW Co. Type 737 %” diameter soft tem- 
per copper coaxial cable. Hun- 

363 EAST 75TH STREET dreds of miles of this Andrew 
cable are now in use with police 

CHICAGO 19, ILLINOIS and military transmitters. 
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THE AMATEUR ..--’ 
... key man in world-wide &-" 
peace-time communications 

Hallicrafters New $600,000 Home Now Under Construction 

io 
hallicrafters rao! 
THE HALLICRAFTERS CO., MANUFACTURERS OF RADIO 

AND ELECTRONIC EQUIPMENT * CHICAGO 16,.U. S. A. Ws 

The key man in world wide peacetime commu- 
nications is the amateur. Just as the amateur 

proved himself an invaluable asset to the coun- 

try’s war effort, so will he continue to make 

important contributions to the science of com- 

munications in a peacetime world. The ama- 

teur’s quest for something new, something 
better, the accomplishment of something that 
“can’t be done” leads inevitably to further prog- 

ress, Hallicrafters, backed by a score of years 

experience, will spark this progress with new 

and better amateur equipment. Amateurs high 

up in the management of the company, ama- 

teurs on the engineering and production staffs 

and thousands of amateurs from all over the 

world serve to keep Hallicrafters close to the 

amateur ideal and in the yan of high frequency 
developments. The amateur will be the key 
man in communications . . : Hallicrafters will 

be the key company in producing constantly 
improved equipment for the amateur, 

COPYMIGHT 1945 THE HALLICRAFTERS CO. 
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RADIO 
PARTS eKITS SUPPLIES 

ELECTRONIC EQUIPMENT 
™ 

Mail Coupon for 

CONCORD 
RADIO CORP. 

VICTORY 
mae —=| Clearance 

Flyer 
® 

32 pateaincbeeees 
3 pages listing thou- 

" ” sands of standard 
= make, Sop URUEE radio parts and electronic 

parece tow, available without priority for hams, set- 
builders, radio fans at low Victory Clearance Prices. 
eens needs from Concord Radio Corp.—form- 
erly Lafayette Radio Corp.—the amateur’s dependable 
source for radio parts and electronic equipment for 25 

years, Check the typical Concord 
values below: 

Sti 
that a Hig. CQ7057 fone 

Paes al 
(2) 500 Volts @ 50M. A. €Q9513.. $39.50 

Concoro Rapio “=, 
LAFAYETTE RADIO CORPORATION 

CHICAGO 7, ILL. ATLANTA 3, GA. 
901 W. Jackson Blvd. 265 Peachtree Street 

! CONCORD RADIO CORPORATION, Dept. CR-16 
901 W. Jackson Bivd., Chicago 7, Ill. 

j Please RUSH FREE copy of CONCORD'S 
| 2¢W 32-page VICTORY CLEARANCE Flyer 

* * 

! 
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The Radio Amateurs’ Jornal 
REMOTE 

JANUARY, 1946 VOL. 2, No. 1 

CONTENTS 

COVER 
Quarter-wave spaced 10-meter rotary antenna 

used at W2CUZ. This antenna will be 
described in detail in a forthcoming 
article, 

ARTICLES 
Handy Talking On The 144-MC Band, by 

William H. Vogel, Jr, W2MYE......... 

Know Your Meter, by Richard E. Nebel, 
W2DBQ.... : 

Self-Supporting Antenna Mast, by William 
Kessler, W2ECR. . 

Flexible Shafting in Amateur Rigs, by 
Lawrence Le Kashman, W210P 

On the Beam,'by Robert L. Rod, W2KVY... 

High Output Transmitter-Receiver, by B. W. 
Southwell, W60JW. 

Radio Amateur’s Worksheet, No. 8-Poten- 
tiometers; Multi-Phase Communication .31 

MISCELLANEOUS 

Zero Bias, (Editorial) 

Calls Logged 



Out of the SMOKE= into your SET! 
HE research and skills that went 

into the development of the 

“‘super-small’’ vacuum tube, that be- 

came the heart of the famous proximity 

fuze radio transceiver, didn’t stop there. 

Out of that experience has come a tube 

that will last hundreds of hours... a 

tube that makes possible rugged pocket 

radios... miniature walkie-talkie sets 

.. one that will save you space and 

weight—in the shack, working portable 

ACTUAL SIZE and working mobile. 

Short leads within the 
tubes and outside the tubes z 
mean FLAT response in Products Inc., Emporium, Pa. 
the new high frequency 
handervoutaretapertustng. 

SYLVANIAW ELECTRIC 
Emporium, Pa. € 

MAKERS OF RADIO TUBES; CATHODE RAY TUBES; ELECTRONIC DEVICES; FLUORESCENT LAMPS, FIXTURES, WIRING DEVICES: ELECTRIC LIGHT BULBS 

For full details write Sylvania Electric 
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ZERO BIAS 

HAS RECEIVED many letters protesting the 
C0 FCC approval of the new call-letter assign- 

ment system which would change the calls 
of several thousand amateur stations. Most of 
these letters have been vigorous in their denun- 
ciation of the approved scheme, and suggest that 
CQ take a militant attitude in bringing pressure 
against the idea. 

To summarize briefly, the new arrangement 
. will eliminate split-state calls (such as 2’s and 8’s 

in New York State), and shift other calls from 
congested to less crowded areas to even up call- 
letter distribution. Also, to provide for the esti- 
mated increase of amateur activity within the 
next decade, the archaic and altogether arbi- 
trary division of the country into nine call areas 
has been revised with the addition of a tenth or 
ZERO district, and the prefix K will be employed 
in continental U.S.A. in equality with the 
familiar prefix W (which alone doubles the pos- 
sible number of call combinations). Call number 
allocations in numerical order of call areas are as 
follows: 1—New England. 2—New York and 
New Jersey. 3—Pennsylvania, Delaware, Mary- 
land and the District of Columbia. 4—Virginia, 
North and South Carolina, Georgia, Florida, 
Alabama, Tennessee, Kentucky, Puerto Rico and 
the Virgin Islands. 4—Mississippi, Louisiana, 
Arkansas, Oklahoma, Texas and New Mexico. 
6—California, Hawaii and the Pacific possessions 
except those included in Area 7. 7?—Oregon, 
Washington, Idaho, Montana, Wyoming, Ari- 
zona, Nevada, Utah, Alaska and adjacent islands 
8—Michigan, Ohio and West Virginia. 9—Wis- 
consin, Illinois and Indiana. ZERO—Colorado, 
Nebraska, North and South Dakota, Kansas, 
Minnesota, Iowa and Missouri. 
CQ has no intention of campaigning against 

this arrangement for many reasons. It is as good 
and simple a system as any other we have seen 
proposed and better than most of them. Protests 
against it have necessarily been prejudiced, 
emanating from the small minority of amateurs 
whose calls would be changed. While we appre- 
ciate the sincerity of these objections and the pride 
an old timer takes in a call he has brass-pounded 
since the two-letter days after the first World 
War, this phase of the situation is not too serious. 
Relatively few of such calls will be effected, and 
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where reassignment is in order, the FCC promises 
to return the same call letters in the new district 
if the problem of duplication does not exist. Pet 
automobile licenses, telephone numbers and 
street addresses have been changed without 
drastically altering one’s course of living. The 
writer, himself, lost a pioneer two-letter call when 
he moved to another district—and survived the 
metamorphosis. 

Also, some such changes were inevitable, as 
the Federal Communications Commission was 
adamant on the elimination of split-state calls. 
The old system of assigning amateur call letters 
was based on nine call areas coinciding with nine 
inspection districts long-since abandoned. These 
arbitrary call-letter boundaries, cutting through 
a number of states, gave rise to confusion and 
delay in processing station and operator license 
applications. With this revision definitely in 
order, a complete new set-up, with planning for 
the future, was the logical procedure. This has 
been accomplished, we feel, with a minimum 
amount of dislocation. The newcomer, of course, 
will never know the difference. And many old 
timers, who perhaps wondered if World War II 
might not provide international and commercial 
interests with an opportunity for putting a per- 
manent quietus on amateur radio, will philoso- 
phize that it is better to be on the air with a new 
call than forever silent. A rose under any other 
name will smell as sweet. 

There is no genuflexion in CQ’s acceptance of 
the new system. Frankly, we feel that the work- 
ing out of the new arrangement exhibits a healthy 
interest in amateur radio on the part of the FCC 
and official Washington—an interest that guaran- 
tees the perpetuity of amateur radio in this 
country and the backing up of our rights and 
privileges in international conferences. 

But even were we less favorably inclined to- 
ward the new set-up, we should hesitate to make 
an issue of the matter. Regardless of personal 
attitudes, the situation is in no way vital. Thus 
we feel that amateurdom stands to benefit by co- 
operating wholeheartedly with the Commission 
on this question of call-letter re-allocation— 
strengthening our position and holding our fire 
for something more important that the future 
may possibly bring forth. 
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IN FM POLICE SYSTEMS 

Posie amiae rome 
Top honors to Galvin Manufacturing Corporation for 
building it, and a salute to the police and fire departments 
of Miami, Florida, for putting it to work in spite of the 
skeptics! It's the first two-way police radiotelephone 

system in the United States on frequencies above 100 mc. 

Twenty-four hours a day, 12 patrol cars in Miami’s busy 

area tune in on signals as solid as a dinner-table conversa- 
tion from this Motorola 250 watt, 118 mc. FM transmitter. 
From the earliest experimental stages of FM broadcast- 

ing, Eimac tubes have been lending a hand. Naturally, 

there are Eimac 4-125A tetrodes (pictured above) in the 

vital power output stage of Galvin’s new Motorola success. 
Eimac 4-125A’s were a logical choice for this transmitter 
because of their superlative high frequency performance 
capabilities and their low driving power requirements. 

Front view of the 250- 

watt, 118 me. Motorola 

transmitter, now giv- 

ing Miami police the 

clearest of coverage for 

a radius of 30 miles, 

k 1 

tronic engineers explain 
subject to laymen. ane 

> in English and Spanis 
obligation, of course. 

SERRE LE ip PIE TENE NY LT TIE 2 a 
958-9" rs 

EITEL-McCULLOUGH, Inc., 1074 San Mateo Avenue, San Bruno, Calif. 

Plants located at: San Bruno, California and Salt Lake City, Utah 

Export Agents: Frazar & Hansen, 301 Clay St., San Francisco 11, Calif., U.S. A. 

1074 

ELECTRICAL CHARACTERISTICS - 4-125A TETRODE 

Direct interelectrode Capacitances(Average) Filoment: Thoriated Tungsten 

Voltage . . . - 5.0 volts Grid-Plate (Without shielding, 
Current . . 6.2 omperes base grounded). . . . 0.03 yyfd. 

Plate Dissipation Moput se ee ee 10.3 yufd. 
(Maximum) 125 watts Outputs. se ee ee 3.0 uyfd. 

Transconductance (is = 50 mo., Es = 2500 v., Ecz = 400 v.) . 2450 umhos 

Ask Electronit FOLLOW THE LEADERS TO Fehr Tie” ep le Gentes 
giving’ the fun mentale | of 
electronics. It will belp elec 

i 



Fig. 1. (left) Showing the placement of parts. The antenna is collapsed in this photo. Fig. 2. (center) The acorn 
faba and tuning capacitor are mounted at the right, with the audio section center and batteries to the left. 

(right) The cover to the right of the unit shows the two tie-rods which hold the cabinet together 
Fig. 3. 

HANDY TALKING 
ON THE 144-MC BAND 

WILLIAM H. VOGEL, JR., W2MYE 

A PRACTICAL TWO-WAY UNIT THAT WEIGHS 

LESS THAN FOUR POUNDS WITH BATTERIES 

'HIS ARTICLE DESCRIBES a compact, light, but 

dependable radio-telephone transmitter-re- 
ceiver for operation in the amateur frequency 

cange of 144-148 megacycles. This equipment, 
however, can easily be revised to operate on 
higher amateur and civilian radiocommunica- 
tion frequencies. 

The first steps in the construction of the Handie 

Talkie are the building of the cabinet, the micro- 

phone mount and the antenna insulator. These 

parts are not difficult to make and the sketches 
with dimensions are self-explanatory. Photo- 

graphs Figs. 1, 2 and 3 show the general place- 

ment of the parts in the cabinet. The modified 

variable capacitor is mounted in the top of the 

cabinet and the acorn tube socket is then situated 

so that the plate and grid terminals of the socket 

are closely juxtapositioned to the condenser. The 
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4PDT rotary switch is mounted about three 
inches down from the variable capacitor. The 
placement of the rest of the parts is not too 
critical. The audio tube is mounted on a small 
L-shaped piece of 18-gauge aluminum. The 
microphone and audio (transceiver) transformer 
are located underneath the DPDT slide-type 
switch. The small a.c.-d.c. choke is mounted just 
below and at right angles to the transceiver trans- 
former. The 114-volt flashlight battery for the 
filaments is mounted alongside the choke and 
held in place with a sheet metal band. In the base 
of the cabinet is the three-prong midget battery 
socket for external battery connection. The 
upper part of the earphone is placed about one 
inch down from the top of the cabinet. The an- 
tenna insulator must be mounted as shown so that 
the antenna can telescope inside the set when not 
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in use. This completes the placement of the parts. 
The Handie Talkie is then wired conventionally 
in accordance with the diagram, Fig. 4. 

Details of Cabinet 
The entire cabinet can be cut out of a section of 

sheet aluminum (.05’-18 ga.) 15 by 15 inches. 
Left over aluminum can be used to make the two 
angle-brackets for the tube sockets. Referring to 
Fig. 5, the cabinet consists of two L-shaped sec- 
tions (Detail 1) and two cover sections (Detail 2). 
The L-shaped sections are easy to bend to shape 
as shown, but the two cover sections present 
more of a problem, In order to get the lipped or 
rolled edge on the cover, it is necessary to clamp 
a section of 1/8” thick metal 10 inches long along 
the edges where the lip is required. Then using 
a ball peen hammer, the soft aluminum is 
hammered or rolled up against the metal guide. 
This is repeated until both covers have their long 
edges rolled to form approximately a 1/16’ lip 
Then the metal guide is cut down to 3 inches in 
length and clamped in place at the ends of the 
covers; and the above process is repeated. Since 
aluminum is soft, slight mistakes in bending can 
easily be corrected by hammering. The sharp 
corners, where the rolled edges meet, are then 
hammered over to give a smooth surface. Next 
fit the L-sections to the covers so that they nest 
together properly. After the parts are installed, 
two rods 3/16” diameter, 3 inches long, with 
tapped holes in the ends, are located individually 
about two inches from each end of the cabinet 
(Figs. 2 and 3). These rods secure the covers and 

00000000 

DETAIL 4 
2 PIECES REQUIRED 

DETAIL 2 
2 PIECES REQUIRED 

Fig. 5. Plans for the ‘‘cabinet."" The material is .05’’ 
or 18}gauge soft annealed aluminum!sheet} 

hold the entire cabinet together. However, re- 
member to drill the holes for these tie rods after 
the parts are installed otherwise some part may 
interfere with the rods. It is desirable but not 
necessary to put additional supports near the 
center of the two covers of the cabinet, as shown 
in Figs. 2 and 3. This completes the cabinet 
construction. 

Microphone Mount 
Referring to Fig. 6, Details 1 and 2, we have the 

two parts that, when fitted together, constitute 
the mounting for the microphone. Detail 1 con- 
sists of a cylinder with one end cut off at an angle. 
If it is laid out to the proper dimensions on a 

EXTERNAL BATTERY SOCKET— 

Fig. 4. Wiring diagram of the 144-mc Handie Talkie which can be converted readily to higher frequencies. 
V; is a 958 acorn and V2 a 1S4 tube 

cQ 



* DEVELOPED 
MICROPHONE 

MOUNT- 

Yo DIA. HOLES 

Fig. 6. (above) and Fig. 7. (below) Constructional 
details of the microphone housing and the antenna 
insulator. The mike housing was engineered on the 

drawing board to a custom fit 

piece of 1/32” soft aluminum sheet, no problem 
will arise in its construction. The three tabs 
(Detail 1), bent at right angles to the section, are 
needed to hold the microphone mount in place 
on the cabinet. This aluminum can easily be cut 
with tinsmiths shears. Before the microphone 
can be mounted on the microphone mount, 
Detail 2 will have to be constructed. This too is 
laid out, per dimensions, on a piece of .05” 
(18 ga.) aluminum sheet, using a pair of dividers. 
After cutting out the section with tinners snips, 
the center hold is made with either a circle cutter 
or tube-socket punch. Holes are drilled in the 
four feet (Detail 2) and the feet or tabs bent at 
right angles. This part is now fastened to 
Detail 1 (Fig. 6), by drilling four holes in Detail 1 
to match the four holes in Detail 2, and fastening 
with 4-48 machine screws and nuts. The F-1 WE 
microphone is now installed by removing the 
1 1/8” nut on the back of the microphone, in- 
serting the microphone through the 114” hole 
in Detail 2, and replacing the nut. A wire lead to 
the microphone button is then soldered in place, 
and the microphone mount is secured with three 
self-tapping screws. 

BAKELITE 
/OR LUCITE 
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Antenna Insulator 
The construction of the antenna insulator illus- 

trated in Figs. 3 and 4 and sketched in Fig. 7, 
requires no particular explanation. The 5/16” 
hole through the center of the phenol fiber tube 
(Lucite would be better—Ed.), was drilled on a 
lathe—but it can be done with a hand-drill or 
drill-press if held securely when drilling. The 
metal contact clip to the antenna is fastened to 
the insulator with screws in tapped holes. The 
three tapped holes in the top of the insulator 
should be first located by drilling a 3/8” hole in 
the top of the cabinet where the insulator will 
ultimately be mounted, and then laying out the 
three holes with a pair of dividers 120 degrees 
apart. After these three holes are drilled, they 
are used to spot the holes which are drilled and 
tapped in the insulator. 

The Antenna 
The telescopic antenna was originally 12’ 

collapsed length, and 48” extended. In order to 
make the antenna nest completely inside the set 
it is necessary to reduce the collapsed length of 
the antenna to 614”. When extended the length 
of this cut-down antenna will be 24” which is 
more than necessary for a quarter wave on 
144 me. If a telescopic antenna 5/16” diameter 
and about 614” collapsed length can be obtained, 
no alterations are necessary except to solder a 
small cap or stop on to the end of the antenna to 
prevent it from coming out of the insulator when 
the antenna is extended (see Figs. 2 and 7). 

If the 12” collapsed antenna is the only type 
available the following must be done. Extend all 
the antenna sections, and cut the bottom section 
to an overall 614” length. The antenna can then 
be collapsed and the end of the second section 
seen. This section is also cut off to a length of 
614’. Save the small pieces of copper strip stuck 
through the ends of each section. (These strips 
must be replaced in the ends of the cut-down 

9 



Fig. 8. Top end of the Handie Talkie with the antenna 
nesting inside the unit 

sections.) The antenna is extended again and the 

next section shortened to a length of 6”. This is 
repeated for the two remaining sections, with 
new lengths of 514” and 5” respectively. In re- 
assembling the antenna it is necessary to replace 
the small pieces of copper strip. This is accom- 
plished by cutting a slit in the ends of the three 
sections of tubing (excluding the largest section) 
with a thin bladed jeweler’s saw. The depth of 
the slots is 44”. Assemble the antenna from the 
small tubing down to the largest tubing. After 
two tubings are fitted together the copper strip is 
slipped into the slit and the end is soldered to 
prevent the strip from sliding out. Repeat this 
process for the two larger sections of tubing until 
the entire rod is.once again intact. The antenna 
can then be checked by extending to its maxi- 
mum length which should be approximately 24’/— 
collapsing to about 614”, with all the sections 
nesting inside the largest tubing, The last thing 
necessary is to solder a small cap at the end of 
the antenna to prevent it from pulling out of the 
antenna insulator. 

The Finishing Touches 
After the parts are mounted and wired, the 

two studs which limit the rotation of the tuning 
capacitor to 180 degrees are added, These studs 
are 4-48 screws in tapped holes so that the ro- 
tation of the tuning condenser is limited to half a 
turn—from maximum to minimum capacity or 
vice versa. The tuning knob must be in place so 
that the pointer can be used to locate the two 
stops. Photo Fig. 8 shows a view of the tuning 
capacitor knob, dial, and the two stops. 

The leather handle is affixed at this time— 
eut down from_an old leather belt to 12” in 
length and about 1” wide. The ends are folded 
over and riveted around the two luggage strap 
holders, as shown in Fig. 9. If regular strap 
holders are not available, two may be bent into 
shapefromabrass strip 3/8” wide by 1/16” thick. 
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These are secured to the cabinet with self-tapping 
screws. The cabinet is now painted a plain black 
or black crackle finish and left to dry for twenty- 
four hours. Four rubber feet are then glued on the 
bottom of the cabinet with ordinary household 
cement. 

The name-plates are easily contrived by letter- 
ing on a piece of good white drawing paper in 
India ink. The lettering in this case was accom- 
plished with a Keuffel and Esser lettering guide. 
A small border is drawn around each label. Cut 
out the name-plates and dip in clear shellac, pro- 
viding a protective, shiny surface which will not 
smear when wet or damp. The name-plates are 
glued in place with household cement or a suitable 
substitute. Lay out the tuning dial plate on 
drawing paper with India ink and mark in the 
divisions—breaking down the scale into ten di- 
visions and then each division in half, thus ending 
up with a total of twenty divisions. The actual 
frequency values can be marked on the dial plate 

only after the capacitor is calibrated. Another 
view of the complete rig is photographed in 
Fig. 10. 

Operating Comments 
With the 958 acorn tube as detector and oscil- 

lator, operation at 225 me is just as easy as at 
144 me. The writer expects to operate this 
Handie Talkie around 450 me with only slight 
changes in circuit characteristics. 

Inside the Handie Talkie 
C:—modified Hammarlund APC 25 put midget. 

All plates except one rotor and one stator 
plate removed so that the spacing between 
plates is 3/32 inch. 

Co—100 uf midget mica. 
C3—.003 yf mica. 
Ci—.005 uf mica 
C;—.1 uf paper 100 volts. 
Co—.01 sf paper 100 volts. 
C,—3-30 uf trimmer. 
Ri—25,000-ohm 1/-watt. 

~megohm 1/-watt. 
'3—100,000-ohm 1/o-watt. 

Rs—100,000-ohm 14-watt 
L—144-148-mc coil, 4 turns 

5/8” dia. 1” long. 
CHi—Bud UHF choke. 
CH2—Bud UHF choke. 
T,—1+transceiver transformer (Stancor #3833). 
T2—Midget a.c.-d.c. choke (Stancor #1723). 
Si:—4PDT rotary switch (Centralab). 
S2—DPDT midget slide-type switch (ICA #1260), 
J—open circuit jack (ICA #1902). 
B,—114-volt paselishe cell (size D). 
B.—3 114-volt penlite batteries. 
B;—671/-volt Minimax battery (#467 Eveready). 
PH—single headphone 2000 ohms or higher. 
M—Western Electric microphone #F-1. 

[Parts shown are those actually used. Others of 
equivalent performance may be substituted.] 
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Handie Talkie Features 

Low-cost tubes and parts. 
Simple circuit—three controls and two tubes, 
Weight less than four pounds including 
batteries. 
Low operating cost. Power consumption same 
as average portable radio. 
Provision for external batteries for fixed or 
semi-portable operation. 
Microphone and earphone mounted on the 
cabinet. 
Compact—ten inches high by three inches 
square. 
Telescopic antenna nests inside the cabinet 
when not in use. 
Provision for external earphones. 
Bandspread over 180° 144-148 mc. Dial is 
calibrated directly in megacycles. 

. Unit can be operated with one hand. 

1. 
2. 
3. 

4. 

5. 

6. 

7: 

8. 

9. 
0. 

No difficulty should be experienced in getting 
this unit to receive and transmit at the correct 
frequency if the circuit is followed. When the 
Handy Talkie is operating properly with the an- 
tenna extended to approximately 14 wave length, 
the plate currents drawn by the two stages in 
receive and send positions are as follows: 
958 Detector—1 ma 958 Oscillator —6 ma 
184 Audio —9ma 184 Modulator—9 ma 
The total B battery requirements in send and 

receive positions are 18 ma and 13 ma respective- 
ly. The additional milliamperes over and above 
the current drawn by the two tubes are consumed 
in resistors and the screen circuit of the 184 tube. 
There is plenty of modulation available to drive 
the 958 oscillator, as can be seen by comparing the 
plate currents of the two tubes. It is possible to 
raise the plate current on the 958 by reducing the 
size of the grid bias resistor from 25,000 to 15,000 
or 20,000 ohms, but this is not desirable. 

Calibrating the Handy Talkie 
Several methods can be used to calibrate a 

144 me transceiver. The procedure described 
here employs a combination of Lecher wires and 
signal generator, although Lecher wires can be 
used alone with fairly good results. In either case 
the Lecher wires are used first to determine the 
approximate frequency. Since it is almost im- 
possible to couple Lecher wires to a telescopic 
antenna, it is necessary to have a second trans- 
mitter adjusted to the 144-me band. In this case 
an MRT-3 transceiver was used with the coil cut 
down to tune the 144-me region. The MRT-3 
was first adjusted to 146 me by means of the 
Lecher wires. This is represented by a distance of 
4014” on the Lecher wires. The Handie Talkie is 
then tuned to pick up the 146-me signal from the 
MRT-3 (or any other 144-mce oscillator). 

By spreading or compressing the turns in the 
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tank coil it is possible to pick up the transmitted 
signal in the center of the dial of the Handie 
Talkie. After the center of the band has been de- 
termined and adjusted on the capacitor tuning 
dial, the 144-megacycle and the 148-mc ex- 
tremes of the band are easily determined by the 
same method. The points on the Lecher wires are 
41” distance for 144 megacycles and 40” for 
148 me. When these spots on the tuning dial are 
known, the dial can be calibrated with reason- 
able accuracy. With the capacitor plates spaced 
correctly, it will be found that the 144-148-me 
band covers approximately 180 degrees. If the 
band-spread isn’t wide enough, the plates should 
be forced a little farther apart until the desired 
band-spread is obtained. On this Handie Talkie 
the capacitor tunes from 143.7 me to 148.8 me 
over 180 degrees of rotation. Once calibration is 
achieved slight variations in frequency can be 
effected by adjusting the coupling capacitor to 
the antenna. The dial plate is now marked with 
the actual frequency in megacycles, shellacked 
and glued in place. 

In addition to the Lecher wires the writer em- 
ployed a Ferris signal generator to check calibra- 
tion. The signal generator cannot be used unless 
the approximate frequency is already ascertained 

[see page 46] 

Fig. 9. (left) Rear view shows the euurying strap and the 
send-receive switch. Fig. 10. (right) The complete rig, 
with antenna collapsed, is ten inches high—about the 

size of a “French 'phone” 
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EXT TO THE VACUUM TUBE, one of the most 
widely used components in the radio, power 
and electronic fields is the indicating meter. 

In most cases, newcomers to the field of radio 
learn the use of meters long before their operating 
principles are understood. A discussion of the 
functions and capabilities of these instruments 
will lead to more intelligent applications in prac- 
tical work. Wider use of a single instrument will 
be outlined, as well as design and component 
fabrication for a number of simple multi-meter 
circuits. Those connected with radio-electronic 
work come in contact with many different types 
of meters. Illustration Fig. 1 shows how basic 
types are applied to a multiplicity of measure- 
ments. Some of these instruments will function 
in both alternating and direct-current circuits. 
Others are suitable for a.c. or d.c. only. One basic 
meter movement may be used for several pur- 
poses—the difference being in the external com- 
ponents, such as shunts, multipliers, rectifiers, 
thermocouples and transformers. 

The D-C Vane Meter 
This type of meter is not very accurate but it 

serves satisfactorily in some requirements. The 
d-c vane meter employs a permanent magnet. It 

KNOW 

RICHARD E. NEBEL, W2DBQ-WLNB 

is therefore polarized, and will indicate only 
when current flows through it in one direction, 
limiting its utility to direct current. The pointer 
(Fig. 2) is attached to a small, elliptical iron vane. 
The vane aligns itself with the magnetic flux be- 
tween the poles of the magnet. When no current 
flows through the coil the pointer is at zero on the 
scale. As current flows through the coil in the 
proper direction, the fixed flux lines are distorted 
and revolve in a clockwise direction due to the 

D'ARSONVAL 
TYPE 

— DIRECT CURRENT METERS — 

MILLI- GALVANOMETERS | | Voi tweTERS 

Tt 

MIGRO- MILLI~ 
VOLTMETERS AMMETERS AMMETERS AMMETERS. 

— DIRECT & ALTERNATING CURRENT METERS — 
Fig. 1. The family 
tree of meters. 
Basic types of 
indicating instru- 

ments 

DYNAMOMETER, 

MILLI— 
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FACTOR 
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I I 
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— ALTERNATING CURRENT METERS — ) 

T MILLI— 
VOLTMETERS rare | AMMETERS | VOLTMETERS 

RECTIFIER 

AMMETERS MILLI— 
(TRANSFORMER) AMMETERS 



YOUR METER 
SHUNTS AND MULTIPLIERS MAKE A 
SINGLE METER A VERSATILE INSTRUMENT 

_--- MAGNET 

EXTERNAL 
CONNECTION 

Fig. 2. Direct-current vane-type meter 

interaction of the coil flux on the fixed field. The 
extent of this distortion is dependent on the 
strength of the coil field which in turn varies with 
the current flowing through it. The pointer will 
therefore move upscale as current flows through 
the coil, the degree of displacement depending 
directly upon the amount of current. The coil 
may consist of many turns (to obtain high im- 
pedance) if the meter is applied as a voltmeter, 
or of few turns if used as an ammeter. This type 
of meter is subject to considerable inaccuracy due 
to the magnet becoming weak with age:or over- 
loads. 

The Solenoid Meter 
Radio men are familiar with the inexpensive 

watch-case meter used for testing batteries, ete. 
This meter is not polarized, as it contains no per- 
manent magnet, and is therefore suitable for 
both a-c and d-c measurements. The principle of 
operation is illustrated in Fig. 3. As current 
flows through the coil (solenoid), the soft iron 
vane is drawn in by magnetic attraction and the 
pointer moves across the scale, the spiral spring 
providing the restoring force. The number of 
turns and size of wire in the coil determine 
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whether it is to be used as a voltmeter or am- 
meter. The meter may be constructed so as to 
serve both purposes, having two windings. A 
meter of the solenoid type, while not very ac- 
curat:, is rugged and will stand a great deal of 
abuse. 

The A-C lron Vane Movement 
In a-c power work, where sensitivity is not too 

important but accurate readings are required, the 
alternating-current vane meter serves very well 
(Fig. 4). Two soft iron vanes are employed, one 
stationary and the other attached to the pointer 
shaft. As current passes through the coil, the 
vanes are magnetized, the upper and lower ends 
of the two vanes always having the same polar- 
ity, regardless of the direction of current flow. 
As like poles repel, the moving vane is revolved on 
the shaft carrying the pointer. The restoring 
force is a spiral spring. A mechanical variation 
of this system uses two soft iron concentric seg- 
ments instead of the flat vanes. 

The D’Arsonval Meter 
The D’Arsonval movement is the most ac- 

/ EXTERNAL 
CONNECTION 

/ 
SPIRAL SPRING 

Fig. 3. The solenoid meter is used on both alternating 
current and direct current 

13 



oo SCALE 

2 SPRING + 
' 

ag . BALANCE WEIGHTS 
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“VANE 

POINTER ~~ 
SHAFT 

Sea 

EXTERNAL 
CONNECTION 

Fig. 4. lron vane meter for alternating current 
applications 

curate and sensitive of all types and is the meter 
in widest service. As it employs a permanent 
magnet for producing torque in the moving 
element, it is polarized and can therefore be used 
directly on d.c. However, a-c application is made 
possible by use of thermo-couples and rectifiers, 

The basic principle and parts of the D’Arson- 
val meter are shown in Fig. 5. Torque is produced 
by the permanent magnet, acting on the field pro- 
duced by current flowing through the moving 
coil, If the current flows through the coil in the 
proper direction, the coil assembly, to which the 
pointer is attached, will move in a clockwise di- 
rection. The restoring force is contributed by 
the two springs which also serve to carry the 
current to the moving coil. These springs must 
be precisely fabricated and matched in order to 
insure accuracy of the instrument. It will be 
noted that the pointer, attached to the moving 
coil frame, will come to rest at a point where the 
actuating magnetic force is balanced or equalled 
by the opposing force of the springs. Therefore 
the pointer will move farther for a given current 
if the springs are made weaker or if the mag- 
netic force is made greater. The latter is accom- 
plished by using a stronger magnet or increasing 
the number of turns on the moving coil which 
creates a more dense magnetic field by means of 
increased ampere-turns. To say that the pointer 
moves farther for a given current is to say that 
the sensitivity is increased. Inasmuch as the 
density of the fixed magnetic field is limited by 
the size and design of the magnet, the sensitivity 
of ordinary panel-type meters is increased by 
means of lighter springs and more turns on the 
moving coil. 

The most popular of D’Arsonval meters is the 
0-1 milliammeter. Until recent years this range 
represented the peak of sensitivity within a 
reasonable price range. Subsequent develop- 
ments, however, have brought more sensitive 
micro-ammeters within the reach of all. 
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MOVING COIL ON 
ALUMINUM FRAME 

EXTERNAL, 
CONNECTION 9 

Fig. 5. The D'Arsonval meter is widely employed in 
d-c equipment 

Meter Sensitivity 
The sensitivity of indicating meters is desig- 

nated by one of the following methods: 

1. GALVANOMETERS: Current required 
for deflection of one scale division, each division 

usually being one millimeter in width. A gal- 
vanometer may thus be rated as “one micro- 

ampere per millimeter.” 
2. VOLTMETERS: Ohms-per-volt—that is, 

the number of ohms required in the circuit per 

volt of full scale range. Thus a 0-1 ma meter 

when used as a voltmeter will have a sensitivity 

of 1000 ohms per volt. If the meter is to have a 

full scale deflection of 100 volts, the total re- 
sistance in the circuit must be 100,000 ohms. It 

will be noted that this will limit the current flow- 
ing to 1 ma which is also the current required for 

full scale deflection when 100 volts are applied. 
8. MILLIAMMETERS: The milliamperes 

necessary for full scale deflection. Note the above 

mentioned milliammeter, 0-1 ma. i.e., 
The lower the sensitivity of a meter the more 

power is drawn from the circuit in which it is 

connected. Drawing power from a circuit changes 

the constants to a degree depending upon its 
regulation. If the power consumed changes the 

value being measured, it is obvious that an er- 

roneous reading will result. It can thus be seen 
that more and more sensitive indicating meters 

have been sought in order to attain higher de- 

grees of accuracy. 

Meter Accuracy 
Meter accuracy is usually specified as a per- 

centage, such as 2%—this figure applying to 
most of the ordinary panel type meters in use by 
amateurs. It should be noted that this percentage 
applies to the full scale reading. For example, a 

2% D’Arsonval meter reading 0-100 volts will 
be accurate within plus or minus 100 x .02=2 
volts. At full scale this is of course 2% but at one- 
half scale (50 volts) 2 volts equals 4%. At one- 
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tenth full scale (10 volts) the error can be 20% 
and still meet the manufacturer’s guarantee. It 
is not to be construed, however, that the meter 
will be this inaccurate; but it is possible and there- 
fore in order to obtain reliable measurements the 
ranges of the meter should be such that the read- 
ings will be well upscale. D’Arsonval meters are 
very delicate instruments and should be accorded 
the proper protection. Special meter fuses are 
available (‘‘Littlefuse’”’) and should be used 
wherever possible. As a guide to selection of the 
proper fuse, Table I is presented. 

Meter Shunts 
It is often desired to increase the range of a 

milliammeter or, in a “universal” test instru- 
ment, one meter may be used on a number of 
different ranges. This is accomplished by means 
of shunts, that is, fixed resistances connected di- 
rectly across the meter. The calculation of these 
shunt values is far more simple than actually 
producing the shunt at the exact value arrived at 
by calculation. The formula used in calculating 
shunt values follows: 

where Rs = resistance of shunt (in parallel with 
meter),H'm is the voltage required to deflect meter 
full scale, J;= full-scale current range desired, 
and Im is the full-scale current of the meter (EZ 
and J in volts and amperes respectively). 

In order to calculate Em it is necessary that the 
internal resistance of the meter be known inas- 
much as H=JR, The internal resistance of some 
common meters is shown in Table IT. 

As an example, assume that a Jewell, Pattern 
88, 0-1 ma meter is to be used as a 0-100 ma meter. 
From Table II the internal resistance is 30 ohms. 
Em =.001 x 30=.030 volts. It will be ngted 
that the meter is also, fundamentally, a 0-30 
millivolt meter. 

TABLE | 

METER FUSE SELECTION 

- MA, 
= 

MICROAMMETERS 1/200 500 

O-1 | 1/100 110 

.030 
R= 00-001 = .303 ohms. 

As mentioned previously, it is far easier to 
calculate the shunt value than to produce the 
shunt. The best shunts are made of low tempera- 
ture-coefficient alloy wires and calibrated on a 
Kelvin bridge. The following method, however, 
is quite practical and will serve with sufficient 
accuracy for general use. 

Ordinary cotton or silk covered magnet wire 
may be used, the required length being “finger- 
wound” and bound with thread. A copper-wire 
table, found in any radio engineering textbook, 
shows the resistance of all sizes of copper wire 
per thousand feet. Dividing the value by 1000 
gives the resistance per foot, and the desired 
shunt value is arrived at by linear measurement. 
The largest size wire practical should be used for 
greatest accuracy, the bulk of the resulting shunt 
limiting the wire size. As an example, 1000 feet 
of #24 wire has resistance of 26.17 ohms. One 
foot = .02617 ohm. A typical .12-ohm shunt may 
consist of .12/,02617 = 4.585 feet of #24 wire. 

Shunts constructed by this method can be only 
approximately correct. For utmost precision the 
shunt should be adjusted in comparison with a 
meter of known accuracy. The leads from shunt 
to meter terminals must be considered as part 
of the shunt. 

Multipliers 
To extend the voltage range of low reading 

milliammeters, multipliers are used in series with 
the meter. For highest accuracy wire-wound pre- 
cision resistors are employed. If the application 
does not warrant this expense, carbon multi- 
pliers can be used. In this case it is necessary to 
measure them on a bridge. When the exact 
ohmage is not available, lower values may be filed 
until the desired resistance is reached. If metal- 
lized resistors are used they may be matched in 

TABLE Il 

INTERNAL METER RESISTANCE 

METER RANGE | WESTON. 
IN MA. MODEL 301 

0-2 55 OHMS 

TRIPLETT. 
MODEL 321 

360 OHMS 

JEWELL 
PATTERN 88 

O-1-—0-10 

0-10 — 0-25 

0-25 — 0-75 

0-75 — 0-150 

ee -— 0-250 

1/32 

4/16 

" APPROX. FUSE METER RANGE FUSE "VALUE REA TANGE 
~ AMPS =OHMS 

0-350 — 0-500 

0-500 — 0-750 

0-750 - 0-1000 

| 
| 
| 
| 
| 

0-250 — 0-350 

| 156 o-.5 - 

o-1 ” 30 OHMS 
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H 
sane | 

—-—METER 

4000 OHMS 

500 OHMS 

esha RANGE 
SHUNT 

UNKNOWN 
RESISTANCE 

Fig. 6. (left) Bridge circuit showing the operation of a copper oxide rectifier. Fig. 7. (right) Series type 
ohmmeter. 

pairs to obtain the correct value. It is necessary 

to take into consideration the sensitivity of the 

meter to determine the wattage of the resistors 

required. For example, a 125 ohm-per-volt meter 

may be used for a 0-500-volt range. The required 

multiplier is 500 x 125 = 62,500 ohms. If 500 

volts is applied to the meter-resistor combina- 

tion to cause it to read full scale, the power that 

must be dissipated in the multiplier is— 
E? 500? 

Pes = 62,5007 4 watts 

—To be entirely correct, the above mentioned 

multiplier should be 62,500 ohms less the internal 
resistance of the meter. However, on high- 

voltage ranges the meter resistance can be con- 

sidered negligible and ignored. 
In the above example it will be noted that the 

power dissipated is 4 watts. These 4 watts must 

be drawn from the circuit under measurement and 

will affect that circuit accordingly. The influence 

of the meter on the circuit may be estimated by 

calculating the actual change in value due to 

62,500 ohms being connected in parallel with it. 

It can be seen that the higher the sensitivity of 

the meter the less effect it will have on the circuit 

under measurement and therefore the meter will 

indicate more truly the actual voltage across it. 

Rectifiers 
In order to realize the advantages the highly 

sensitive D’Arsonval meter in alternating current 

measurements, copper oxide rectifiers are used. 
These units consist of small dises or squares of 

copper with a thin coating of copper oxide 

formed on one face of each. These are put to- 

gether in a full-wave circuit as illustrated in Fig. 

6. The direction of current flow is unilateral, that, 
is, much more current will flow from the copper 

oxide to the copper than vice versa. With a.c. 
applied as indicated, current flows through the 

meter in one direction only, and the D’Arsonval 
meter can now be employed as a measuring 

instrument. 
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Basic circuit 

As is the case with any type of rectifier, the 
unit has an internal resistance which varies with 

the current passing through it. This resistance 

increases inversely with the current; therefore the 

scale on the meter is cramped at the lower end. 

The approximate resistance of a rectifier at 

various currents in connection with a 0-1 ma 

meter is as follows: 

MA OHMS 
1.0 500 
A) 530 
8 560 
a 620 
6 685 
i) 769 
A 870 
3 1030 
2 1300 
a 2000 

If the linear scale on the meter is employed for 

a-c measurements, capacity multipliers will some- 

times provide greater accuracy. These multi- 

pliers can be used only at the frequency for which 

they are calculated, sueh as 60 cycles—the mul- 

tiplier value being the capacitive reactance of the 

4000 OHMS 

500 OHMS 

SWITCH 

UNKNOWN 
RESISTANCE 

Fig. 8. Ohmmeter in a shunt circuit 



TYPE A CIRCUIT 

PUSH-BUTTON SWITCH 
Normally open. 

SW2- 3P.D.T. TOGGLE SWITCH 
SW3- 2-GANG, 44-POINT SHORTING 

; CONTACT ROTARY SWITCH. 
RECT. - COPPER-OXIDE FULL-WAVE 

RIO R14 

Ri - 9970 OHMS 
R2-40,000 OHMS 
R3-200,000 OHMS 
R4-750,000 OHMS 7-500 OHMS 

R6-750 OHM 
W.W. POT, 
( Zero adj.) 

METER RECTIFIER. R5-4000 OHMS R8-45.5 OHMS 

JEWELL 88 TRIPLETT 3214 
2.667 OHMS 2.933 OHMS 
-533_ 587 on 
133 0 4470 

Multi-meter circuit—type A 

condenser. When using the same resistance 
multipliers for both alternating and direct cur- 
rents, the accuracy on a.c. may be increased by 
shunting the resistors with condensers. Thus the 
multipliers are not changed in value on d-c 
measurements but are corrected when applying 
alternating current, as the condensers become 

TYPE B CIRCUIT 

effective parallel shunts across the multipliers, 
thus reducing their values to take into considera- 
tion the resistance of the rectifier and the fact 
that the a-c reading on the meter is average, not 
r.m.s. Capacity effects between the elements of 
the rectifier also tend to make the reading low. It 
is quite difficult to attain accuracy on a-c measure- 

RiO R44 

COMPONENT PARTS FOR TYPE B CIRCUIT 

SW4- PUSH-BUTTON SWITCH 
Normally open, 

SW2- S.P.S.T. TOGGLE SWITCH. q 
SW3— 2-GANG, 14-POINT SHORTING 

CONTACT ROTARY SWITCH. 
F - 4/400 AMP. FUSE. 

WESTON 301 

R4-9970 OHMS 

R2-40,000 OHMS 

R3-200,000 OHMS 

R4-750,000 OHMS 

JEWELL 88 

R5-4000 OHMS 

R6- 750 OHM 
w.W. A 

R7-500 OHMS 

TRIPLETT 324 
20.0 OHMS 47.0 OHMS 
2.667 4 2.933 

GOD|NOu| pons +533 “ 587 “ 
+133 0 147 * 

Type B multi-meter circuit. SW-2 is closed only when using 0-500-ohm range. Set meter for full scale as usual 
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ments in a multi-range circuit, especially on the 

low ranges, comparable with d-c readings. How- 
ever errors are reduced to a great extent by use of 
an off-set a-c scale and it is possible to obtain 
fairly accurate a-c indications using the same 
multiplier resistors for both a.c. and dc. It 

must be kept in mind that one must com- 
promise in the design of a multi-range instrument 
if it is not to be unduly complicated. 

Ohmmeters 
Two general types of ohmmeter circuits are ex- 

tensively used and are known as series and shunt. 

The basic series type circuit is shown in Fig. 7. 
Here 4.5 volts are connected in series with 4,500 
ohms which limits the current through the meter 
to 1 ma. The resistance consists of 4,000 ohms 

fixed and a 500-ohm rheostat. This permits ad- 
justment as the battery voltage drops off with 
age and use. When shorting the terminals, the 
theostat is adjusted so that the meter reads full 
scale. A resistor connected between the terminals 

will cause less than 1 ma to flow in the circuit and 

TYPE C & D CIRCUIT 

Normally open. 

SW2- 2-GANG, 11-POINT SHORTING | R3-200,000 OHMS 
CONTACT ROTARY SWITCH. 

F - 409 AMP. FUSE. 

the meter reading will therefore be lower than 
full seale, depending upon the value of the re- 
sistor being measured. By simple mathematical 
calculation a linear scale may be calibrated in 
ohms, but it is customary to use a direct reading 

ohm scale as illustrated farther on. This basic 
circuit is suitable for resistance measurements be- 
tween 0 and 100,000 ohms. 

As very low resistance values are difficult to 
read with accuracy, it is possible to shunt the 

meter circuit so as to make the total resistance of 
the circuit less than 4,500 ohms. For example, if 

the total resistance is reduced to 450 ohms the 

ohmmeter range will be 0-10,000 ohms, utilizing 
a multiplying factor of .1 on the original scale. 
This is accomplished by means of a shunt of 500 
ohms across the meter and the 4,500 ohm re- 

sistance which is in series. Note that the current 

through the meter when the terminals are shorted 

will still be 1 ma, but the current through the ex- 
ternal circuit will now be 10 ma. If the meter 
circuit is shunted to a total value of 45 ohms, the 

ohmmeter range will be 0-1000 ohms but the 

RiO RH 

R4 - 9970 OHMS 
R2-40,000 OHMS 

R6- 750 OHM 
W.W. POT. 
(Zero adj.) 

R7-500 OHMS 

R8- 45.5 OHMS 

TRIPLETT 324 

R4-750,000 OHMS 
R5-4000 OHMS 

JEWELL 88 
2.667 OHMS 2.933 OHMS 
.533 2 3587 
133 4 A47 

COMPONENT PARTS FOR TYPE D_ CIRCUIT 

SW4—- PUSH-BUTTON SWITCH 
Normally open. 

SW2 — 2-GANG, 44-POINT SHORTING 
CONTACT ROTARY SWITCH. 

F ~ Yigg AMP. FUSE. 
WESTON 304 

R1- 44,970 OHMS 
R2-435,000 OHMS 
R3-150,000 OHMS 
R4-300,000 OHMS 
R5-4000 OHMS 

JEWELL 88 

R6- 750 OHM 
W.W, POT. 
(Zero adj.) 

R7-500 OHMS 

R8-45.5 OHMS 

TRIPLETT 324 
4.735 OHMS 4.929 OHMS 2.124 OHMS 
.097 

25 00|Nou| pon 
# AO7 a Ai8 D 

096 * 107 # 418 

Multi-meter circuit—types C and D 
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A.C.-D.C. VOLTS Y 
MILLIAMPERES, 

Fig. 12. Type A scale 

D.C, VOLTS-MILLIAMPERES ge 

Fig.14. Type C scale 

nb 
% 

Fig. 13. Type Bscale 

Fig. 15. Type D scale 

Special scales for milliammeters. These are drawn to exact size for several models in general use 

current through the external circuit will be 100 
ma. It is therefore necessary to ascertain whether 
the device being measured is able to stand this 
high current without damage, The battery drain 
is also very high. 

If high current on low resistance measure- 
ments cannot be tolerated, recourse may be 
taken to the shunt ohmmeter circuit illustrated 
in Fig. 8. The same resistors and meter are em- 
ployed but the unknown resistor is shunted di- 
rectly across the meter. The range of this circuit 
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is 0-500 ohms and its main advantage is that only 
1 ma flows through the external circuit. 

If it is desired to read values higher than 
100,000 ohms the series circuit may be employed 
with higher voltages. For example, with 45 volts 
and 45,000 ohms in the circuit, the range will be 
0 to 1 megohm. With 450 volts and 450,000 ohms 
the range is increased to 10 megohms. Extended 
ranges may be had without using high voltages 
by employing a more sensitive meter. If a 100 

[see page 43] 
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Looking up—showing the crow’s nest 
and the rotary beam antenna. Guys, 

ordinarily, are not required 

HE SIXTY-FIVE-roor steel antenna mast at 

W2ECR is a permanent installation for am- 

bitious amateurs. The assistance of an ac- 

complished welder and a contingent of helpful 

hams is the primary requisite. The first con- 

sideration, even before planning, is to obtain their 

co-operation. This should be followed with a 

thorough investigation of local zoning restrictions 

to determine if laws exist pertaining to a mast 
this size. The wisdom of this move before erecting 

the pole is obvious! If a building permit is re- 
quired—obtain one. Cover all the angles, because 

this is an ambitious project representing con- 

siderable effort. 

Base Section 

The tower is constructed of six sections of steel 
channels, welded in pairs, and bolted one to 

another. The base is embedded in a concrete 

The base section of this antenna mast is set seven'feet 
deep in the concrete block 
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Self - Supporting 

ANTENNA MAST 

WILLIAM KESSLER,§W2ECR 

A PERMANENT SIXTY-FIVE-FOOT ALL- 

STEEL STRUCTURE FOR ROTARY BEAMS 

mixture of rock and stone, approximately 30’ 
by 30” and seven feet deep. After the base sec- 



(Right) This is a permanent installation. Pay off your 
mortgage and obtain a building permit if necessary 

tion is placed and plumbed with a spirit level, it 
must be allowed to set for several days. 

Straps are bent under the channels and 
welded at both ends. Each strap is 214” wide. 
The base section channels are 714” apart on their 
inside face. Four feet of the base section remains 
above ground, seven feet being buried in the con- 
crete. Raising the mast, section by section, will 
require help, preferably experienced in the use of 
a block and tackle. A winch is secured to the base 
section by means of large U bolts. A steel cable, 
with a hook on the end, is threaded through a 
heavy-duty eye-bolt and pulley on top of a 20 
foot 4 x 4 (or larger) pole. The hook is then 
fastened into a bolt hole on the section to be 
raised. Hoisted to the proper level, it is secured 
to the base (or section below) by eight 34” bolts 
and flat washers. 

The Crow's Nest 
All the sections are raised in the same manner, 

including the crow’s nest, which is constructed 
and secured to the top section, 4 feet from the 
top, while still on the ground. It is made of angle 
iron, with a wooden floor 72” x 40’. An opening 
is cut for admittance. On the extreme top of the 
mast, a steel plate is bolted for mounting the 
moter of a rotary beam. Steps to the crow’s nest 
are provided by the cross straps. Climbing with- 
out a safety belt should not be attempted under 
any circumstances. 
Two plates 18” x 7” are welded to the base sec- 

tion, with turnbuckles placed in the eyes on the 
plates. The plates at the top, for securing the 
outriggers, are bolted to the last section. Cross- 
arms are bolted to the center section. No guy 
wires are used in this installation, but they may 
be added if desired. If used, it is important to 
break them frequently with strain insulators. 

STEEL REQUIRED 

Top Section—2 5-inch channels 15 ft. 
26 “ “13 ft. 4in. 
Prin is “18 ft. 4in. 
Znasig we “13 ft. 4 in. 
29-2 “13 ft. 4 in. 

Base Section—2 12 “ gem | bes 

When fully assembled, the entire structure 
should be given a coat of red lead and a top coat 
of aluminum. This design, or modifications of it, 
will provide a mast capable of withstanding the 
severest physical punishment. It is a permanent 
installation, inasmuch as it would be impractical, 
if not impossible to salvage the base section. The 
low per-foot price for all steel construction is a 
feature of this antenna support. 
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(Below) Detail of the outrigger lower terminal and the 
t tBjoining of the base and first sections 



LEXIBLE SHAFTING has come into its own during 
the war, and even wider usefulness is indicated 
when peacetime production gets under way. 

Commonly used before the war for tuning car 
radios (and in transmitting power from motor to 
a dentist’s drill), flexible shafting has many new 
assignments. In amateur radio, pre-war use of 
this versatile product was largely limited to 
short lengths of shafting in the form of flexible 
couplings. It is particularly well suited for ex- 
perimental work and unusual ham station de- 
sign. Increased use of flexible shafting in the 
amateur field seems assured. 

Flexible shafting is usually made of many 
strands of closely-wrapped wire wound in op- 
posite directions. The greatest care is exercised 
in manufacturing the shafting so that its flexi- 
bility is correctly tight—neither too stiff nor too 
soft. It must possess the proper deflection under 
load, as well as the proper tensile strength and 
elongation properties. 

Remote Control 
Remote control of radio transmitters seems to 

be a desideratum in amateur design. This is 
especially true when the simplicity of certain 
systems becomes apparent. It is unnecessary to 
become involved in complicated control circuits 

to achieve flexibility of a high degree. The new- 

comer, as well as the more advanced amateur, 
will find several methods of achieving remote con- 
trol especially desirable. Because of simplicity 
and effectiveness, flexible shafting is the most ob- 
vious method of remote-controlling the rig. 

(Left) sae view of right angle drive which per- 
mits use of flexible shafting around sharp turns. 
(Right) Flexible shafting 
handle for rotation 

rovided with a crank 
Lear Inc. photographs) 

FLEXIBLE 
In Amateur 

For amateur work, and especially beginners, 
the basic consideration of any remote control 
system is that it does not affect the design re- 
quirements of the apparatus (other than ad- 
vantageously). To put this another way, we 
would not want to modify a good layout to in- 
clude remote control. On the contrary, our sys- 
tem should permit the exact opposite. We can 
make excellent circuit layouts, impractical for 
direct drive, entirely feasible with remote control. 
A typical example would be the coil and con- 
denser circuit in a multi-stage transmitter. It is 
good practice to place coils at right angles to 
each other, to avoid interaction between their 
fields. Often this proves impractical because the 
condenser shaft must emerge from the face of the 

panel. The simplest remote control device is 
brought into play at this point, by the use of a 
small flexible coupling. Commercial couplings 
have long been available to the amateur in 
lengths up to 12 inches. The possibility of ex- 
tending the control of a variable circuit becomes 
intriguing, especially to anyone who has ob- 
served the superior performance obtained under 
difficult conditions by flexible shafting. 

While there is a definite limit to the length of 
flexible shafts (up to 50 feet when properly ap- 
plied), their versatility in short lengths more 
than cover the amateur requirements. Flexible 
shafts are used in many cases with fittings of 
various designs attached to the ends and, in 
most instances, with flexible casings. For shaft- 
ing in any length longer than a coupling, a case 
may be required to supply the necessary rigidity. 
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SHAFTING 
RIGS LAWRENCE LeKASHMAN, W210P 

Round-the-Corner Couplings Contribute to 
Mechanical Convenience and Efficient Layouts 

The size of this outside housing is dependent on 
the diameter of the shaft. A typical combination 
is .15’ diameter shaft in a flexible casing with a 
minimum inside diameter of .17 inch. 

Applications 
The use of flexible shafting in the amateur 

radio station falls into three main fields: 
1. Power Drives. To transmit power between 

points so located with respect to each other that 
a solid shaft cannot be used, i.e., around corners, 
at various angles, and in other cases where driv- 
ing and driven elements are not aligned or must 
be moved with respect to each other. 

2. Remote Controls. To operate parts which 
must be: a—rotated a fraction of a turn, or one 
or more complete turns; b—both rotated and 
reciprocated. 

8. Coupling. To transmit either power or con- 
trol movement between parts located within the 
confines of a piece of equipment, as distinguished 
from the use of flexible shafts for transmitting 

power or control movement from an externa 
point. 

The different characteristics of flexible shaft- 
ing are evident in a number of design details. The 
most important of these considerations are the 
grade of wire, the multiplicity of layers, number 
and size of wires in.each layer, degree of pitch or 
lead of wires, and the winding tension. Desirable 
characteristics have also been imparted to some 
shafts by heat treatment after winding. For 
amateur use, the particular type of shaft is not 
too important. A diameter of around .15” will 
prove most easily handled. 

’ Flexible shaft is manufactured in long lengths 
which are cut to users’ requirements. Because of 
the tension in the flexible shaft wires which make 
up the shafting, the wires tend to unwind when 
the shafting is cut. Consequently before cutting, 
some method must be employed for securing the 
wires at the points where cuts are to be made. 
Wherever practicable, shafting should be ob- 
tained at exact lengths, to avoid the need of cut- 

Flexible shafting, casing, and fittings necessary for remote control of two tuned circuits. The panel feed-through 
is not essential in most amateur applications 
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|Lear, Inc. photograph] 
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ting. It may be preferable to leave a shaft a little 

long to avoid cutting. 

Cable Cutting 

Three methods of securing the wire and cutting 

employed commercially are as follows: 

1. Swaging. The section where the cut is to be 

made, is compressed in a die. The shafting is then 

cut or sheared in the center of the swaged section. 

This method is particularly suited to quantity 

production. 
2. Brazing. With the point at which the cut is 

to be made as a center, a section of the shafting 

is brazed while clamped in a special fixture. The 

shaft is then cut apart with an abrasive wheel. 

8. Electric Arc. In this method the shafting is 

clamped in position on a special electric are ma- 

chine which fuses and cuts in one operation. 

Fittings are attached to the ends of flexible 

shafts by soldering or swaging. The former 

method is used where the volume of shafting is 

not large, as in the ham shack, because it can be 

done without any special equipment such as 

presses and dies. When attaching fittings by this 

procedure, follow these suggestions: 

The shaft should fit the hole in the fitting with 

a minimum clearance, and both the hole and 

shaft end must be thoroughly tinned. Use a non- 

corrosive soldering flux and remove the super- 

fluity. Avoid excessive heat which may affect the 

temper of the shaft wires. 

Swaging, which is considered the more de- 

sirable method of attaching fittings, requires the 

use of special machinery not ordinarily available 

to the amateur. However, a local serviceman or 

garage specializing in auto radios may be 

equipped to swage end fittings on the shaft. 

Swaging is accomplished by placing the fitting 

over the end of the shaft and pressing together a 

part of the common section with press and dies. 

In the home shop, cutting and fastening flexible 

shaft is simple to handle if the proper prepara- 

tions are made. The shafting must be secured in 

a vise, several inches behind the desired cut. The 

shafting should be tightly bound with wire in 

front and behind the intended cut. The excess 

shaft is then cut off with a hack saw. 

The next step is to tin thoroughly the fresh cut 

section back about an inch or so. The end fitting, 

which must have the interior tinned, is then 

soldered to the cut shaft. It is very important 

that a good soldering job be done. The wire 

binding placed on the shaft before cutting can 

now be removed. This wire merely serves as a 

safety in case the vise grip should slip. (If a case 

is to be used over the shaft it is important to re- 

member to adjust the case before soldering the 

end fittings. If this is not done, it will be neces- 

sary to start all over again, since the case fit is too 

snug for the end fittings to pass through.) 
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Short lengths of flexible shafting formed into flexible 
couplings are available commercially. Panel feed- 

through bushings are also standard accessories 
[Bud Radio Co. photograph) 

The methods of connecting flexible casings to 

the housings of the control and controlled mem- 

bers, are as follows: 1. Insert the bare ends of the 

casing into holes drilled to receive them in the 

connected members and fasten with set screws. 

2. By means of fittings of various designs at- 

tached to the ends of the casing. The first of 

these methods is used to some extent for control 

applications but seldom on power drives. The 

second arrangement is widely employed for all 

purposes. 

Attaching End Fittings 
End fittings can be attached to casings by 

soldering—the method commonly used on metal- 

lic casings. Both the hole and the end of the 

casing must be thoroughly tinned with non- 

corrosive flux. Care should be taken to keep the 

solder from flowing inside the casing. Too much 

heat should also be avoided so as not to affect 

the temper of the casing. 

Other methods, not particularly adaptable to 

most amateur work, include swaging, crimping 
[see page 43] 

Gear mechanism provided to reduce backlash when 
tuning with flexible shafting [Lear photograph] 
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ON 
THE 
BEAM Le 

Loran Type AN/APN-4 airborne receiver (left) and 
indicator [U. S. Navy Photo} 

While Loran, Radar and Racon have little direct bearing on amateur radio, they 

form an important branch in the constantly expanding field of radio, and offer 
professional possibilities to the Radio Amateur who is in a technically strategic 

position to operate and service this equipment 

ROBERT L. ROD, W2KVY 

URING THE Past few years, wartime advances 
D in the science of electronics have further 

simplified the art of navigation to the extent 
where passengers debarking after long aerial 
flights no longer marvel at the excellent ad- 
herence to posted schedules. Flying across great 
expanses of water has become a routine experience 
mainly because the air crew is at all times fully 
cognizant of its position in space with respect to 
the earth below. 

Whenever either the sun or the stars are visible, 
a navigator may resort to the centuries-old 
technique of establishing a position “fix” by 
noting either the elevation of the sun above the 
horizon or the configuration of the celestial 
bodies. Generally most navigators are confident 
to dispense with these arduous tasks, relying en- 
tirely upon dead-reckoning and electronic aids to 
navigation for their position data. 

Before taking off on a long flight, generally an 
overwater operation, either the navigator or 
the pilot prepares a “flight plan” which will in- 
dicate the magnetic headings it will be neces- 
sary to fly to achieve a desired “true course” 
(projected on the surface of the earth below) 
under known and predicted wind conditions 
along the route. The wind, when determining its 
effects, is treated as a vector quantity possessing 
both magnitude and direction (measured from 
true north in a clockwise direction). If the wind di- 
rection along the entire planned route is uniform, 
for example, and is such that it is a perpendicular 
bisector of the bearing between two map points 
listed in the flight plan, the heading of the air- 
craft must be made into the wind in order to 
achieve a true course. This vectorial problem is 
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solved in flight by means of a small circular 
computer. 

Once the wind problem is solved, the navigator 
estimates “expected time of arrival’ (ETA) at 
prominent points along the route by determining 
his ground speed and true course, and combining 
these figures with the clocked elapsed flying time 
from a previously observed ground reference or 
“check” point. The entire problem just de- 
scribed is known as navigation by ‘“‘dead-reckon- 
ing,” and for accurate flight visual (or radar) 
fixes must be made on all available check points. 
If the wind maintained the same velocity and 
direction over an entire route, the use of check 
points and fixes would not be mandatory, but in 
practice the wind shifts constantly. 

Radio Range System 
On short overland flights, the services of a 

navigator are not required, and instead the pilot 
determines his own navigation requirements 
while relying heavily upon the large network of 
Radio Range stations for “directions.” These 
ranges consist in effect of two narrow overlapping 
radio beams laid down on the assigned cross- 
country flying routes. A pilot, flying down the 
overlapping equal-signal-strength line of the two 
beams, audibly detects a continuous a-f note of 
approximately 1,000 cycles in the headphones of 
the range receiver. Deviations from this center 
line, or course, produce the same note with vary- 
ing amplitude which is being keyed either as the 
Morse letters N or A, depending upon the direc- 
tion of deviation from the course. Since these two 
Morse letters are complementary (— - and - —), 
the center line representing equal signal strength 
from each beam produces a steady note indicating 
correct course. This system of navigation is ac- 
curate and requires little in the way of airborne 
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receiving equipment but it suffers from an in- 
ability to fix definitely the plane’s position and 
from some inaccuracies due to signals reflected 
from natural ground objects of large areas. 

Radio Direction Finder 
Most aircraft in commercial or military service 

are also equipped with a loop direction-finding re- 
ceiver, or radio compass, which allows the pilot 
to obtain a direct bearing on any station operating 
within certain frequency ranges. This type of in- 
stallation is valuable as it permits a fix to be made 
in flight by noting the intersection of the recipro- 
cals of bearings made on two or more ground 
stations. 
Many large aircraft employ in addition a VHF 

transmitter-receiver installation for use in ob- 
taining landing instructions at the larger airports, 
and in conjunction with this type of installation 
a number of ground VHF Direction-Finding 
(D-F) stations have been established. A pilot de- 
siring a position or fix may obtain the necessary 
information by “‘calling-down” to the nearest 
ground installation for a D-F fix, after which he 

leaves the VHF transmitter on (usually tone 
modulated for this purpose) for several minut.s. 
The available ground VHF D-I stations within 
radio range will then reverse the procedure de- 
scribed previously for the airborne loop direction- 
finding receiver, and a fix of the plane’s position 
in space will be radioed back to the pilot. Two or 
more D-F stations must be able to monitor the 
aircraft in order to furnish a fix. The system is ad- 
vantageous as it offers an additional method of 
establishing a position, but as yet the VHF D-F 

Simultaneous pulses transmitted from two stations arrive 
at the same instant at any point on the center line. Thus 
when the time difference is zero, the ship is somewhere 
on the center line [U. S. Navy Photo] 
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eenen of Loran to piloting in entering a land- 
locked harbor U. 8. Navy Photo} 

stations have not been installed for a complete 
coverage throughout the country. 

The radio navigational systems just described 
have been supplemented in many new installa- 
tions by three wartime developments, all of which 
strive to satisfy the new concept of electronic 
navigation which calls for quick fixing of position 
with respect to the earth without resorting to 
spoken communication (and if possible without 
resorting to the use of ground equipment). 

The Loran System 
The first to be described, an outgrowth of war- 

time research, is the amazing and valuable 
LORAN, the LOng RAnge Navigation system, 
which distinguished itself in both the maritime 
and aeronautical services. The principles of 
Loran may be described by noting Fig. 1, in 
which two high-powered pulse transmitters are 
shown several hundred miles apart on a coastline 
at points a and b. For explanatory purposes, 
assume both transmitters are emitting syn- 
chronized pulses on the same frequency in unison. 
A receiver tuned to the transmitters’ frequency 
will, when located at point P, the perpendicular 
bisector of the theoretical line between the two 
stations, receives both pulses simultaneously due 
to equal r-f transit times. 

If the receiver is moved from point P to point 
A, the pulse from station a will arrive at the re- 
ceiver a definite number of microseconds (for ex- 
ample 263 microseconds) ahead of the pulse from 
station 6. A difference of 263 microseconds be- 
tween receipt of these two pulses also exists any- 
where along the hyperbola A A’ A” (a hyperbola 
being defined as a line of constant time differ- 
ence). Similarly, a hyperbola representing a 
difference of 263 microseconds may be drawn 
through points B B’ B”, where aA = bB. There- 
fore, a full,family of hyperbolas may be drawn 
on a map of the area anywhere within radio range 
of both stations for any desired differences in 
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transit times. A receiver, which is capable of 
measuring this time difference between receipt 
of the pulses, when located anywhere in the area, 
may be established on either one or the other of 
two “‘lines of position” (LOP). In practice, if both 
transmitters were pulsed simultaneously the 
ambiguity between an LOP on hyperbola A A’ 
A”, for example, and hyperbola B B’ B” would 
prove confusing to the operator who could not 
determine his true LOP. This ambiguity is re- 
solved in practice by delaying the pulsed output 
of one of the two transmitters over the output of 
the other by a fixed time considerably greater 
than the r-f transit time between the two stations. 

The control station is referred to as the 
“master,” while the station delaying its pulse is 
termed the “slave.’”’ In Fig. 1, we will label sta- 
tion a the master and b the slave. Therefore, with 
a sufficient delay time inserted between the 
pulsing of slave and master transmitters, the 
pulse from station a will always arrive at any 
receiver location within radio range of both sta- 
tions prior to the pulse from station b. No am- 
biguity can now exist as to on which side of the 
center line (dividing the distance between sta- 
tions) the receiver is located. 

Since a fix is a bisection of two or more LOPs, 
two pairs of Loran transmitters must be used to 
locate a receiver anywhere in space. In practice, 
two or more Loran pairs give complete coverage 
in all service areas, and the charts provided with 
the receivers are over-printed maps having the 
hyperbola families for each pair colored for easy 
identification. 

The Loran picture is completed with a de- 
scription of the combination receiver-indicator. 

A ship or plane receiving a pulse from one station 
earlier than from the other is on the line of position 
shown. The line of time difference is a hyperbola 
around the nearer station [U. S. Navy Photo} 
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Both the airborne and shipborne versions of the 
Loran receiver-indicator utilize a modified A-Scan 
sweep (usually on a 5’ CRT), as shown in Fig. 2a 
in which the lower trace on the CRT is in reality 
a continuation of the upper trace “broken” in 
half, and displaced down and to the left for the 
purpose of achieving a longer sweep without in- 
creasing the size of the cathode-ray tube itself. 
A “pedestal” is fixed at the left of the upper trace, 
while a movable pedestal (adjusted by the op- 
erator using two knobs, a “fine”? and a “coarse” 
adjuster respectively) is placed so as to slide 
along the lower trace at will. The pulses from 
the master and slave stations are placed on these 
traces for observation and time-difference analy- 
sis. Synchronism between the pulse recurrence 
frequency of the transmitter pair and the indi- 
cator sweep, which is necessary in order to make 
the received pulses stand still, is obtained by use 
of a standard-frequency generator and a series 
of counting-down multivibrators within the re- 
ceiver-indicator. A slight amount of deviation 
from this synchronism is available to the Loran 
operator who utilizes this feature to move 
effectively the master pulse (as well as the slave 
pulse) until the former is placed atop the fixed 
pedestal on the upper trace. In this position, the 
slave pulse falls somewhere along the lower trace. 

The time, in microseconds, along the sweep 
from the leading edge of the master pulse to the 
leading edge of the slave pulse is the time differ- 
ence between the arrival of the pulses from sta- 
tions a and b. In order to measure this time 
difference, the receiver-indicator electronically 
measures not the actual distance between leading 
edges of the two pulses, but rather the time in- 

Position X is obtained by reading on the ship's Loran 
receiver the time difference of signals between master 
station P and slave station Q, then the time difference 
for stations P and R [U. S. Navy Photo} 

27 

| SS SSS eee = 



Fig. 1. High-powered transmitters are shown placed 
several hundred miles apart on a coastline 

terval along the sweep between the two pedestals 
when the pulses are correctly positioned atop the 
pedestals. 

Interpretation 
When the correct pulses are atop their re- 

spective pedestals (the various system of time 
delays are arranged so that the operator may 
never place the slave pulse atop the upper pedes- 
tal and secure the master pulse on top of the 
lower pedestal), the sweeps are expanded to show 

MASTER PULSE 

FIXED ASS” 
lle RR et 

UPPER 
TRACE, 

SLAVE PULSE MOVABLE 
a pa PEDESTAL 

LOWER 
<b TRACE 

® 

“oR y 
‘OR RANDOM 

only the tops of the pedestals and the mounted 
pulses. This condition is illustrated in Fig. 2b 
where the operator adjusts the “fine” control to 
secure the slave pulse at precisely the same rela- 
tive position on the lower trace as the master 
pulse on the upper pedestal. The operator 
matches the leading edges of both pulses by small 
horizontal movements of the slave pulse along the 
lower trace. He further increases the alignment 
accuracy by switching to a new presentation 
wherein both traces are combined (Fig. 2c), and 
where both pulses may be precisely aligned for 
leading-edge coincidence. 

Since the slave and master pulses usually are 
of different amplitude (and matching the leading 
edges becomes difficult under such conditions), 
a novel gain control and balancing system is in- 
corporated into the receiver-indicator which pro- 
vides separate receiver gain control settings for 
both pulses. In this final condition of alignment, 
the pedestals are spaced a distance from one 
another, measured from leading edges, equal to 
the distance, again from leading edges, of the 
slave pulse from the master pulse. To translate 
this distance into time, the operator switches 
through another almost identical set of sweep 
speeds in which the slave and master pulses have 
been omitted only to be replaced with marker 
pulses interspersed by a series of timing pips. By 
merely counting up the timing pips between 
marker pulses, the operator is supplied with a 
numerical figure representing an LOP which may 
be located on the Loran chart. One of the hyper- 
bolas will be labeled along its length by a time 
difference corresponding to the figure obtained by 
the operator from the above procedure. In most 
instances interpolation between two hyperbolas 
(labeled in “round” numbers) is necessary to 
achieve accuracy. 

To obtain the desired fix, the operator is re- 
quired to establish a second LOP by the selection 
of a second pair of Loran transmitters. Once this 
reading is achieved it is combined with the first 

MASTER PULSE 
IMAGINARY AXIS 

NOISE 7-7~-— MASTER PULSE 
_-77 SLAVE PULSE 

ALMOST ALIGNED 
_-—" MOVABLE” 

A SLAVE 
PULSE 

Fig. 2. (a) The master pulse is eomectly placed atop the fixed pedestal, but the movable pedestal must be under 
the slave pulse before calibration can 
combined. The individual pulse amplitudes ma 

egin (b) Each sweep is in reali 
be contalle 

the top of a pedestal (c) Both sweeps 
d by a balancing system to facilitate perfect align- 

ment of both the master and slave pulses 
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LOP to locate the receiver in space. Loran pairs 
are identified to the operator by variations either 
in frequency or pulse recurrence frequency. The 
correct data for each pair is conveniently posted 
on the Loran charts, and the receiver incor- 
porates simple switching features enabling rapid 
switch from one pair to another. The entire 
Loran procedure for obtaining a fix can be per- 
formed, after several hours training, in two or 
three minutes. 

At the low frequencies now used in Loran work, 
the effective daytime range (of the usual ground 
wave) is around 500 miles, whereas night sky- 
wave reflections increase the range to approxi- 
mately 1,000 miles. Corrections are indicated on 
the Loran charts for readings obtained from sky- 
wave pulses, and skilled operators soon are able 
to distinguish between ground waves and sky- 
waves by the varying amplitudes of the pulses of 
the latter type. 

The charts used in conjunction with Loran, are 
rather large, and due to the extreme attention 
that this type of navigation requires, an addi- 
tional member of an aircrew is necessary for op- 
eration. Loran is currently used for overwater 
flying with ground stations located along both 
coasts. In its present state, Loran finds little use 
for overland operations, where only simplified 
navigational techniques and a small crew are 
essential. 

Radar Search Systems 
Shorter over-water flights are successfully 

utilizing lightweight airborne centimeter radar 
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Fig. 3. A PPI ‘scope photo 
made from an airborne search 
radar, showing the south-west 
tip of Wales [British Official 
Photo) 

search equipments for “observing’’ prominent 
land demarcations at ranges of up to a hurdred 
miles or so. By comparing the ’scope presenta- 
tion, on such a set with either terrain maps or 
previously executed mosaics of a series of ’scope 
pictures made over the same route at some pre- 

[see page 41] 

(CODING -2 — SPACE-2) 

7 7 7 
(CODING 2—? 
REMAINING PULSES 
ARE OUT OF RANGE) 

\ 
20-MILE 
RANGE 
MARKER 
CIRCLES 

Fig. 4. Radio beacon (racon) signals as observed on a 
PPI with a sweep length of 100 miles 
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HIGH OUTPUT 
TRANSMITTER-RECEIVER 

PUTTING THE 6L6 TO WORK ON 144 MEGACYCLES 

B. W. SOUTHWELL, W60JW 

HE TRANSMITTER-RECEIVER herein described 
I utilizes a 6L6 oscillator and a 6C5 super- 

regenerative detector. The transmitter is 
tuned with a screw-driver adjusted trimmer in 

the tank circuit, which makes it a desirable fixed- 
frequency rig, as the tendency for the tuning 
capacitor to change capacity due to vibration is 
practically nil. 

Circuit diagram Fig. 1, outlines the complete 
transmitter-receiver. Coils Ly and Lg may have 

-00025 
Mfd. 

"5000 Ohms 

to be pulled apart to hit the 144-148-megacycle 
band. All r-f leads should be as short as possible, 
and components rigidly mounted for better 
stability. 

Circuit Details 
The 3-pole double-throw switch, in the trans- 

mit position connects the 6C5-6F'6 tube combina- 
tion (as a two-stage speech amplifier) to the 6L6 

[see page 39} 

Fig. 1. Wiring diagram of the transmitter-receiver. Inductors are as follows: 

Li, Ls—3 turns #14 enamel 4" dia. 114” long 
L2, Ls—2 turns insulated hookup wire around centers of L: and L, 
RFC—See Fig. 3 
T:—3-winding midget audio transformer 
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POTENTIOMETERS 

N Fig. 1 18 REPRESENTED a potentiometer and 
| its characteristic impedance looking into the 

input terminals. Let X represent percent of 
total movement of the slider from the minimum 
position and Z the resistance at any setting. Of 
course the rheostat or potentiometer might have 
had a tapered characteristic as well as a linear 
one. 

Presume a fixed resistor of value K to be 
shunted from the slider of the potentiometer to 
either end terminal. This is illustrated in Fig. 2. : 

R 

3 tS} 

@ S 

& 

n is) 

2 = % OF MAX, RESISTANCE 

8 

20 40 60 80 400 

X= POSITION OF SLIDER AS 
% OF TOTAL TRAVEL 

Figure. 1 

When two resistors are connected in multiple (or 
parallel) the effective resistance of the combina- 
tion is equal to their product divided by their 
sum. Whence for the condition of Fig. 2: 

- KRX 

oe RX 
Substituting: 

sat 

a=( far )x 
It is immediately evident that the ratio of the 

variable to the fixed resistor determines the shape 
of the characteristic curve. Likewise it is evident 
that the value of the fixed resistor for large values 
of A determines the total resistance Z. If a maxi- 
mum value for Z of 1000 ohms is desired, then by 
substitution in the above formula we can find K. 
For a characteristic such as that for A = 10, we 

Yields: 

January, 1946 

RADIO AMATEUR’S 
WORKSHEET 

POTENTIOMETERS; MULTI-PHASE COMMUNICATION 

8 

8 8 

Z= % OF MAX. RESISTANCE 

n is} 

TAL TRAVEL 

Figure 2 

find K = 1100 ohms. Obviously this arrange- 
ment might be used with a tapered variable po- 
tentiometer to modify the degree of taper. The 
degree of modification of the taper can be de- 
termined by multiplying the appropriate values of 
the setting of the tapered potentiometer by the 
approximate ordinate of Fig. 2. For this purpose 
the appropriate abscissa of Fig. 2 should be con- 
sidered as percentage of total resistance rather 
than percentage of slider travel. Such combina- 
tions of resistance are frequently used to change 
compensations in radio receivers and phono- 
graphs. 

MULTI-PHASE COMMUNICATION 

HERE HAVE APPEARED in the technical press of 
the past few years several references to mul- 
tiple phase communication—particularly 

three-phase broadcasting. In these systems 
modulation was accomplished by varying the 
phase of one component in a three-phase circuit. 
An outstanding advantage of this type of modu- 
lation was improved efficiency which is of con- 
siderable importance in high-power broad- 
casting where the power bill is an important item 
of operating cost. Three-phase modulation was 

e,=E,sinwt 

E, sin(wt + ) 

Figure 3 

~e=E sinwt 

es 
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Figure 4 

ic 

never generally adapted because of the complica- 
tion of the circuits involved, but this objection 
may in time be removed; hence we may hear 
more of this type of communication in the future. 
It is worthwhile to investigate briefly some of the 
better known principles of three-phase commu- 
nication. 

If a voltage e=Z sin wt is impressed across 
an impedance consisting of a resistance and a 
capacitance in series, the voltage across each 

Figure 5 

component of the impedance will differ in phase 
by /2 radians. This of course assumes zero 
power loss in the capacitor and no distributed 
capacitance in the resistor. If, as in Fig. 3— 

1 Ro 
we 

the two voltages will be equal in magnitude. 
% 

Figure'6 

&s es 

If the two quadrature voltages thus produced 
are applied to a Scott connected transformer, 

three voltages differing in phase by 27/3 radians 
will result. The transformation ratios of the 
Scott connected transformer will be 

1 

V3/2 
if equal three-phase voltages are to result. A 

Scott connected transformer is shown in Fig. 4. 
How the circuits of Figs. 3 and 4 may be com- 

bined in a simple two-tube single-stage amplifier, 
or in a four-tube two-stage amplifier is shown in 
Fig. 5. The three equal output voltages would 
bear the following relations: 

e3 =F sin wt 

eg=E sin (a +=) 

, an 
é5=L sin (a 3 ) 

This is shown vectorally in Fig. 6. It is sig- 
nificant that if the three voltages of Fig. 6 are 
added vectorially, the result will be zero. There- 

Figure 7 

fore if these voltages had been applied to iden- 
tical transmitting antennas located at the same 
spot, the resultant radiated field would also be 
zero. If, however, the phase of one voltage is 
changed they no longer add up to zero and a 
definite field would result. The greater the 
change in phase of the one vector the greater the 
radiated field. Consequently, if the amplitude 
of a modulating voltage could be made to control 
the phase of one vector, then the magnitude of 
the radiated field will be proportional to the mag- 
nitude of the modulating voltage. This is the 
basic principle of three-phase broadeasting some- 
what simplified. A future worksheet will deal in 
more detail with this type of broadcasting. 
How changing the phase of one voltage pro- 

duces a resultant vector, the magnitude of which 
is dependent on the phase excursion, is shown in 
Fig. 7, while Fig. 8 illustrates some simple types 
of three-phase filter circuits. One filter is of the 
high-pass variety, another of the low-pass type 
and the third is a band-pass filter. 

A ee 
=I it 

=l eS 

—vof LE vor — 

—w-F Tor —— 

Figure 8 



N.U. SAV-A-SHAFT 
Volume Controls 

Save work... time... material 

oy 

Two simple operations give you 
eight big advantages 

With only 10 types you handle 1. Cut shaft off old controi 

2. Insert shaft in bushing of new Sav-a-Shaft 
control 

@ No stock problem 

95% of all control replacements 

© No replacement headaches 
Try Sav-a-Shaft and see for yourself how much © Eliminates shaft and size and knob fitting 

f F problems 
easier they are to install. Learn about their 

1 I 2 1 life @ Any standard shaft adaptable to these controls 

velvety smooth operation, guietness, long lite. © Each control complete with Switch (switch op- 
Note the convenience and profit in handling erates only when lug is released) 
practically all replacements with only 10 types. © Easily installed in those hard-to-get-at chassis 
Order an assortment today from your N. U. © All midget size for simplicity 
Distributor. Prompt delivery assured. = iG lise you sapped controls whexe!nceded 

NATIONAL UNION RADIO CORPORATION 
Newark 2, New Jersey 

Hing, Cathode Ra 
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With a Mallory Portable Battery Charger it’s a cinch 
to charge batteries in vehicles, laboratories or sta- 
tions. Just plug the DC cord into the convenient 
dash receptacle and plug the AC cord into the nearest 
outlet—that’s all there is to it! 

TYPE 5535B 

Mallory’s medium-sized charger, 
Type 5535 B, has an initial 

TYPE 107 

The jumbo job for quicker charg- 
ing. Tnitial charging rate: 10 
amperes tapering to 7 amperes 
as the battery builds up. Size: 
9%" high, 644"’ wide, 5%’ deep. 
Weight, only 11 pounds. 

charging rate of 6 amperes, 
tapering to 4.as the battery builds 
up. Size: 7%” high, 434” wide, 
4%'" deep. Weight, only 7% 
pounds. 

TYPE 3C 

Mallory’s Type 3C Battery 
Booster is the smallest of the 
family, with a charging rate of 4 
amperes initial, tapering to 2 
amperes. Size: 6” high, 374’ 
mide: 3%” deep. Weight: 4% 
pounds, 

Mallory Battery Chargers are available from your 
authorized Mallory Distributor. See him for details 
about the complete Mallory line. 

P.R. MALLORY & CO., Inc. 
INDIANAPOLIS 6 INDIANA 

MALLORY &. CO. 
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CALLS LOGGED 

STEPHENVILLE, NEWFOUNDLAND— 
WalOP/VO 

28 mc—Nov. 16th 1945 
A838. W4AJI, W4GFE, W4GIY, W4HIL, 

W4NY, W4DWZ, W6ADV, W6QNC, W8STZ, 
W4GCA/9, W9ARI, W9OII, W9DIB, W9DDN, 
W9DJU, W9FBI/9, W9FCM, W9FIJ, W9GRV, 
W9HAQ, W9KFQ/9, W9LF, W9LKL/9, 
W9LKR, W9LTR, WONKN, W9MRJ, W9OKR, 
W9QMN, W9SQH, W9VLS and W9WZO. 

A1. VE4RO, W6BXL/6, WS8SEY/8, W9LR/9 
and W9MQT. 

Nov. 17th 1945 
A8. W4HIL, W4IDW/4, W5AAT, W5ESV, 

W6CHE, W6AO0E, W6MBD, W6WN, W6PVD, 
W8EMD, WS8BCJ/8, WSLFE, WS8STZ, 
W8ROM/9, W9LF, W9IPO/9, W9EDR/9, 
W9AI/9, WORLW, W9MRJ, W9CCW, W9LIR, 
W9RBI, W9KLC, W9LRI, W90ZZ, W9MHM, 
W9ESO/9, W9HWF, W9QUV, W9MVZ, 
W9VRP, W9KKT, W9BLL, W9FST, W9HAQ, 
W9CVU and W9IAW. 

Al. W4BXP, W6ANM/4, W6NLI, W9AKQ, 
W9JNX, W6FMH, W7BYP and VEEP. 

Full details may be obtained by dropping a 
line to CQ Magazine, CALLS LOGGED dept. 

— SHORTS — 
Watch your 10-meter rig! Improperly ad- 

justed, the 28-megacycle transmitter puts out a 
nice signal on 20 meters which is not yet open for 
amateur operation. Twenty-meter ‘“QSL’S” 
have already been received from FCC monitor- 
ing stations! If there is no neighboring amateur 
to co-operate, move your receiver a few miles 
away for a check on doubler power getting 
through to the antenna. 

NEW “LIGHTHOUSE” TUBE 
Hitel-McCullough, Inc., of San Bruno, Cali- 

fornia, announce the 3X100A11/2C39 trans- 
mitting tube. The tube is a miniature external 
anode triode, of the “lighthouse” variety, and 
offers exceptional performance in applications re- 
quiring up to 25 watts of power at frequencies to 
above 500 megacycles. Its rugged construction, 
unusually high transconductance and 100 watts 
of plate dissipation make it useful over a very 
wide range of frequencies, either in fixed or 
mobile equipment. It has an indirectly heated 
cathode with a 6.3 volt heater. The overall 
height is 234 inches and the diameter is 114 
inches.—CQ, Jan. 1946. 



Jobbers told us, even before the first 

“VOMAX" had been shipped, that 

its unmatched specifications had in- 

stantly established it as the standard of 

comparison among their clients. Its 

outstanding superiority is its complete- 

ness. “YVOMAX" makes you master 

. no longer victim . .. by at last 
giving you the ability to measure directly 

5 accurately . every operating 

—and signal—voltage in radio receivers. 

Not only does ‘‘WOMAX" measure 

every voltage... d.c.,a.c., a.f., a.v.c., 

limiter, discriminator, power output. With 

it you can at last measure r.f. signal 

voltages up beyond 100 mes. in actual 

receiver operation! Here is true visual 

dynamic signal tracing. 

Read the briefed specifications at the 

right and you'll see why “WOMAX" 

has been purchased by the military, 
universities, atomic bomb research labor- 

atories, great industrial organizations 

and by thousands of wide awake 

service technicians. 

Designed for precision laboratory use, 

tremendous sales enable us to still keep 

“VOMAX" price well below OPA 

ceiling. “WOMAX" measures every 

voltage directly makes you the 

Measures EWERY Voltage 
. Brand new post-war design . . . 
“Wwarmed-over’’ pre-war model. 

- More than an “‘electronic’’ voltmeter, VOMAX is a 
true. vacuum tube voltmeter in every voltage/re 
sistance/db. function. 

. Complete visual signal tracing from-20 cycles through 
over 100 megacycles by withdrawable r.f. diode 
probe, 

. 3 through 1200 volts dic. full scale’in’6 ranges at 51, 
and in 6 added ranges to 3000 volts at 126 megohms 
input resistance. Plus-minus polarity reversing switch 

¥ 3 through 1200 volts a:c. full scale’in 6 ranges at honest 
effective circuit loading of 6.6 megohms and 8 mmfd. 

. 0.2 through 2000: megohms in six easily read ranges. 
10 through + 50 db. (0 db. = 7 mw. in 600 ohms) 

in 3 ranges. 
1.2 ma through 12 amperes full scale in 6 d.c. ranges. 

» Absolutely stable—one zero adjustment sets all 
ranges. No probe shorting to set a meaningless zero 
which shifts as soon’as probes are separated. Grid 
current errors completely eliminated. 

. Honest, factual accuracy: + 3% ond.c.; + 5% ona.c.; 
20M through 100 megacycles; + 2%. of full scale, 
+19% of indicated resistance value. 

. Only five color-differentiated scales on 454” D'Arson- 
val_ meter for 51 ranges (including: d.c. volts. polarity 
reversal) eliminate confusion 

. _Meter100% protected against overload burnout on 
volts/ohms/db 

: Substantial leather carrying handle. Size’only 1234”. 6" 51K". b 

positively not a 

Send postcard for free catalog of measurement 
and communication equipment. 

OVER 24 YEARS OF RADIO ENGINEERING ACHIEVEMENT 

WE Wlarde Sher 
HARTFORD 3, 

master... for only $59.85. 

1200 MAIN STREET, CONNECTICUT 
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General Electric Crystals Manufactured to U. S. Navy 
Tolerances and Specifications. 

Insure Minimum Frequency Drift. 

ig 
“a 
TP 

Available in the following Frequencies. 

2500 KC 5300 KC 

2604 KC 6200 KC 

3500 KC 6835 KC 

4000 KC 7000 KC 

4600 KC 8000 KC 

9100 KC 

$1 00 each. 

ECLIPSE — PIONEER 
DYNAMOTERS 

Input Output 
/\ E/I 

14v. 3a. 220 v. .080 
14. 135 5 a. 345 v. 
14v. 8a. 425 v. .163 
14v. 62a. 330v. .170 

2v. 3.1. 330 yv. .170 
28 v. .163 4a. 425 v. 

Available now at $10.00 ea. 

Write to Dept. C-1 

DAVID-ELLIS, INC. 
64 Fulton Street 

New York 7, N.Y. 
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Vacuum Sealed to 

STANCOR BROCHURE 

“Engineering a Transformer’? by Stancor 
covers lamination size, grade, gauge and mag- 
netic performance; wire size, type and gauge; 
winding design; transformer-reactor physical and 
electrical aspects ; electrical-mechanical considera- 
tions of core laminations; impregnation, assem- 

bling and casing; potting and sealing. Those wish- 
ing to delve deeper into the theoretical and en- 
gineering principles of transformer construction 
and design will find a highly-informative 40-page 
technical section. Engineers and technicians will 
appreciate the clear-cut information of this sec- 
tion, invaluable in the approximation of trans- 
former or reactor final design —CQ, Jan. 1946. 

MYKROY BULLETIN 
D. E. Replogle, founder and President of 

Electronic Mechanics Inc., manufacturers of 
Mykroy, glass-bonded mica ceramic, pioneered 
in the twin fields of radio and electronics, His 
professional career started in 1916 when he 
erected a two-kilowatt wireless station at Noor- 

D. E. Replogle 

eer 



ALL AMATEUR 
TRANSMITTER CONTEST 

Inaugurated by 

UOT” JAUOCS 
p 

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

“IDEAL HAM TRANSMITTER” 
TWO FIRST PRIZES 

Prizes in each of two power class divisions 
will be a complete radio transmitter designed 
by the winner, built by Taylor Tubes, Inc. 
and presented to him with all accessories 
except antenna. 

TWO EXTRA BOND PRIZES 
In addition to receiving completely built trans- 
mitters of their own design, the winners in each 
power classdivisionwill divide thetotal of $2250 
in Victory Bonds volunteered by the participant 
manufacturers sponsoring the contest. 

Here Are the Highlights of the Contest 
Entries must be postmarked on or before February 15, 
1946—the official contest closing date. Transmitter de- 
signs in either of two power classes may be entered. 
Class 1—input power to the final transmitter stage up to 
250 watts. Class 2—input power to the final trans- 
mitter stage of from 251 to 1000 watts. Contestant 
must submit entry blank, full schematic diagram and 
front panel drawing, with sufficient data necessary to 
build his “Dream Transmitter.” Each entry must be 
accompanied with a 150-250 word statement by the 
contestant as to why he believes his transmitter design 

is outstanding and should win. The prize winning 
transmitters in each power class will be built by the 
engineering department of Taylor Tubes, Inc. and 
presented to the winning contestants as soon as prac- 
ticable after all entries have been judged and the 
winning designs selected. The $1125 Victory Bond 
prize in each power class will be presented to the 
winners immediately after the winning designs have 
been announced. See the official entry blank for 
complete particulars. 

Participating Sponsors 
Aerovox Corporation, New Bedford, Mass.; American 
Phenolic Corporation, Chicago, Ill.; Barker & William- 
son, Upper Darby, Pa.; Bliley Electric Co., Erie, Pa. 
Gothard Mfg. Co., Springfield, Ill.; faternational 

Resistance Co., Philadelphia, Pa.) E. F. Johnson Co., 
Waseka, Minn.; Solar Mfg. Corporation, New York, 
Ni Re United Transformer Corporation, New York, 

CONTEST JUDGES 
Fred Schnell, W9UZ -- Former Communications Manager of A.R.R.L. and now Chief of Radio 
Dept.; Chicago Police; Oliver Read, W9ETI -- Editor, Radio News; Cyrus T. Reed, W9AA -- 
Former Assistant Secretary of A.R.R.L.; John Potts -- Editor CQ and Radio; Frank J. Hajek, 
W9ECA -- President, Taylor Tubes, Inc.; Rex Munger, W9LIP -- Sales Msgr., Taylor Tubes, 
Inc.; Karl A. Kopetzky, W9QEA -- Former Managing Editor, Radio News. 

Secure Your Entry Blank at Your Radio Parts Distributor 
or Write Directly to Taylor Tubes, Inc. 

TAYLOR TUBES INC., 2312-18 WABANSIA AVE., CHICAGO 47, ILL. 
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Books that 
tell you how 

---and WHY 
IN PLAIN, EASY-TO- 

UNDERSTAND ENGLISH 

1. Introduction to Practical 
Radio By D. J. Tucker 

Teaches all basic principles with the clarity and thor- 
oughness needed for complete mastery of these essen- 
tials. Explains all the necessary mathematics at the points 
where it is used. Shows in hundreds of examples how 
to apply aieory in the construction and operation of 
radio parts and circuits and in the solution of ical 
radio problems. Written by the chief sopinees of WRR, 
KVP, KVPA, Dallas, and owner of the famous ham sta- 
tion W5VU. Large print. Many illustrations. $3.00 

2. Principles of Radio for 
Operators By Ralph Atherton 

Very clear, easy-to-understand explanations of the oper- 
ating principles of every part of radio, with full material 
on ancennas. Uses the effective instruction methods and 
materials develoy for Navy Communications and Sig- 
nal Corps training. Teaches all fundamentals of the 
construction, servicing and operation of radio equip- 
ment. Much practical reference data in appendix. Neary 
500 illustrations. $. 

3. An Introduction to 
Electronics By R. G. Hudson 

A simple but complete xpienatoe of the underlying 
theory, with descriptions of the construction of the ba- 
sic electronic devices and their uses in sound and pic- 
ture reproduction, control apparatus, power and many 
other fields. Illus, $3.C0 

FREE EXAMINATION COPIES 

The Macmillan Company, 60 Fifth Ave., N. Y. 11 

r 

i 
! Please fill my order for the books checked by num- 

ber below, with the understanding that my bill will 
| _ be cancelled if I return them within 7 ‘days. 
1 
! 
! 
1 
1 
I 
L 

a1 

Signed .. 

Address 

Oo 2. O 3. 

vik, Alaska—a transmitter that is still perking! 
Celebrating a decade of service to the electronics 
industry, Electronic Mechanics has published 
several informative engineering bulletins showing 
the many uses in which Mykroy serves. Copies 
ean be secured by writing to Electronic Me- 
chanics, Inc., 2682 Clifton Blvd., Clifton, N. J.— 
CQ, Jan. 1946. 

The FCC announced November 9th, 1945, 
several minor modifications in its proposed plan 
of frequency allocations, only one of which affects 
the amateur. The amateur band of 1145-1245 
megacycles is shifted to 1215-1295 megacycles. 
We lose 20 megacycles. 

The first post-war edition of the amateur call 
book is scheduled for publication with the 
“spring” copy, available about the first of March. 
The price will be $1.50. We're crossing our 
fingers for cross-indexing! 

SOS for Literature 
The Radio Club of New York is requesting 

radio magazines for European amateurs, engineers 
and technicians who have had no opportunity to 
read up on radio during the last five years and who 
are necessarily unaware of the advances made in 
this science. In these bundles for Europe, the 
NYC club particularly wants past numbers of CQ, 
QST, the HANDBOOK, RADIO, RADIO- 
CRAFT, RADIO NEWS and data published by 
tube and radio manufacturers. Arrangements are 
being made for distribution, and all publications 
should be forwarded to Post Office Box 48, 
Station C, New York 14, NY—or if you lend this 
copy of CQ and forget the QRA, just mail to CQ. 
We'll do the rest. 

Coming 
More dope on 28—megacycle rigs. Also the 

data you want on 20, 40 and 80—the ABC’s that 
make QSO’s out of CQ’s! 

Wanted 
Club news and what gives at Hamfests. CQ 

holds its pages open each month for photos, 
personalities and dates of future get-togethers. 
RUSTY RIGS features photos and descriptions 
of old time shacks, but we still like to show our 
readers how the 1946+ versions are developing. 
READERS’ LOG welcomes gripes as well as 
bouquets. As they say in the army (we’re still 
technically at war), ZCF—we’ll be seeing you. 

cQ 



HIGH OUTPUT 
|from page 30) 

oscillator, opens the lead to the receiver and con- 
nects a separate 414-volt C battery for the micro- 
phone. In the receive position, the switch con- 
nects the loudspeaker, opens the lead to the trans- 
mitter, and inputs the detector to one of the 
primary windings of the transformer T;. The 
6C5-6F6 stages now act as a two-stage audio 
amplifier. In the receive position, the 50,000 ohm 
potentiometer provides a variable control of 
plate voltage on the 6C5 detector. Hiss level is 
held down to a minimum, and maximum sensi- 
tivity is thus realized. 

The receiver employs a two-plate variable 
tuning capacitor, made by removing ene stator 
plate from a three-plate midget. This small 
capacity provides better bandspread. The 6C5, 
tuning capacitor and coil are mounted on a 
vertical sub-panel made of bakelite or poly- 
styrene, 214” x 5” x 3/16”, mounted on the 

sis parallel to the front panel, (Fig. 2). The 
tuning capacitor must be insulated from the 
chassis and is tuned from the front panel with a 
44-inch diameter bakelite rod coupling it to the 
dial. The 6C5 should be mounted horizontally, 

as close to the capacitor and coil as possible. 
Radio-frequency circuits are wired with #14 
solid copper wire. 

The A-F End 
The audio circuit offers no complications. The 

parts can be mounted in any convenient chassi 
location and this portion of the circuit is wired 
with ordinary hook-up wire. The ground leads 
often cause trouble on 144 megacycles and should 

2-PLATE 
_-~ CONDENSER 

Ye THICK 

Fig. 2. Constructional detail—rear of detector panel 

DX CRYSTAL CO. 
GENERAL OFFICES: 1200 N. CLAREMONT AVE., 

January, 1946 

For more than a year DX Crystals 
have been automatically deep: 
etched by a new process. Both 
the method and machines were | 

perfected by DX Engineers so 
that all DX Xtals can have the 

nth degree of stability ond en. 
durance necessary to wortime 

i 

i 

operation é 

Think about DX Products for your 2 
new receivers and transmitters. 

‘the heart of a good transmitler 

CHICAGO 22, ILL, U. S. A. 
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IMMEDIATE DELIVERY! 
Signal Corps 

TELEGRAPH KEY 

nal Corps key with switch to close con 
tacts, polished durable enameled metal base mounted 
on a bakelite base, key lever is nickel-plated,* brass- 
silyer contacts; packed in new, original boxes. Shipping 
weight, | Ib. 10 for $11.00 $1. 29 ea. 

Army-Navy Type ; 

HEADPHONES 
Type HS-23 

Save up to 70% on genuine U. S. 
Signal Corps headphones. These 
are the better $10.00 headphones 
for only $2.95. Leather-covered 
eadband, detachable rubber 

lightweight construc- 

{Order from your jobber or write direct 

Write for our illustrated literature 
featuring all types of radio parts. 

DEPT. 4 

ARROW RADIO CO. 
2205 W. Division St. Chicago 22, Ill. 

Hi, GANG! 
To the ham who is rebuilding now. Why 
not let us punch up your chassis, panels, 
cabinets etc to your own specifications? 
This is a new service which we offer to you 
at a reasonable cost. Send in your “Specs” 
for estimate. Possibly you would like to 
have your rig assembled and wired by our 
gang, either way our manufacturing and en- 

gineering division has shown their qualifica- 
tions in this work for the past four years of 
war service, in the production of communi- 
cation and radar equipment used by our 
armed forces. Keep your eyes open for 
new products and gear which we will 

introduce trom time to time. 73's 

ELECTRONIC 
SPECIALTIES MFG. CO. 

Division—Radio Electronic Sales Co. 

68 High Street Worcester 2, Mass. 

be located with care, as the output may be in- 
creased by changing the length of these leads. 

A 6.3-volt pilot lamp coupled with a 2-turn 

loop, 14-inch in diameter, made of insulated wire, 
serves as an r-f and modulation indicator. The 

lamp should increase in brilliancy when speaking 

into the microphone. The audio output is suffi- 
cient to operate a permanent magnet loudspeaker 
which is mounted behind a wire-screen grill on 
the side of the front panel. 

The antenna coupling loops, Le and Lg, should 
be self-supporting and rigidly mounted. the r-f 

chokes, (Fig. 3) are wound with 50 turns of 

BAKELITE ROD 

~- HOOK-UP WiRE-~~~ 
LEADS 

Fig. 3. The r-f chokes—5O turns of #34 DSC close- 
wound, single layer 

#34 DSC wire on 14-inch diameter bakelite or 

lucite rods. Holes are drilled through the rods at 

each end and a piece of bare hook-up wire in- 

serted, bent over and soldered. The two ends of 
the radio-frequency winding should be soldered 
to these leads so that the chokes can be mounted 
solidly. Ohmite high-frequency r-f chokes, type 
Z-1, may be used instead of the home-made 
chokes if desired. 

Operating Technique 
In the transmit position, the 6L6 functions as 

an ultra-audion circuit and is modulated by the 
6C5-6F6 stages, connected as a class A, constant 
current, Heising type modulator. The coil Le, 
should be tightly coupled to the plate tank Lj, to 
provide maximum power transference to the 
antenna. On the other hand, Lg, is coupled just 
tightly enough to enable the detector to super- 
regenerate over the entire band. The shield of the 
6C5 detector should not be connected to ground, 
but the rest of the tubes in the circuit have their 
shields grounded. 

Antenna 
The physical dimensions of the antenna offer 

an excellent opportunity for the construction of 
effective directive systems. The range at 144 
megacycles is line-of-sight plus 10%, and a 
vertically polarized antenna results in better 
signal strength than one horizontally polarized. 
A vertically polarized antenna transmits a low 
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radiation angle wave parallel with the earth and 
the signal is broadcast equally in all directions 
from the antenna. At ultra-high frequencies, 
trees, hills and buildings will reflect or attenuate 
the transmitted wave often preventing reception 
at distant points when the obstructions lie be- 
tween the transmitter and the receiving station. 

Measurement of frequency in the 144-mega- 
eycle band may be determined by observing 
standing waves on a two-wire parallel trans- 
mission line or lecher wire system. At ultra-high 
frequencies, it is possible actually to measure the 
wavelengths generated as described in standard 
texts. 

ON THE BEAM 
[from page 29] 

vious date with the same type radar, the radar 
operator is effectively guided by a form of 
pilotage, regardless of weather conditions. The 
PPI (Plan Position Indicator) is the most suitable 
cathode-ray tube presentation for airborne work, 
as most prominent ground features show up at 
their relative positions with respect to the head- 
ing of the plane in a fairly accurate projection. 
Fig. 8 is a typical PPI ’scope photograph. Slant 
range from plane to ground “targets” is measured 
as the distance on the PPI from the center of tube 
to the echo representing each target. Concentric 
range circles are applied by circuits within the 
radar to facilitate slant range measurements. The 
most modern airborne PPIs automatically orient 
the presentation so that true north, rather than 
the plane’s heading, is at the top of the ’scope 
with the plane’s heading being shown as a line at 
the correct bearing measured from north. This 
more complex indication is most suited for bomb- 
ing-through-overcast and entails the use of a more 
complex radar than is normally required for 
pilotage. While discussing the newest equipment, 
it may be mentioned that the most modern 
search apparatus is now simple enough in opera- 
tion to allow the pilot himself to perform all 
necessary adjustments. For daytime use, the 
PPI is shielded from random light by a long visor; 

-at night, with the ’scope brilliance kept at a low, 
the pilot may orient himself without experiencing 
impaired vision or “night blindness.” In addition 
to being simple in operation, the newer equip- 
ments are lighter in weight one weighing slightly 
more than one hundred pounds complete with 
antenna. 

Radar Beacons 
In conjunction with ground radar beacons, or 

racons, the search set becomes even more of a 
distinct aid to navigation. Most airborne search 
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sets are equipped for beacon operation by the 

throwing of a single switch. When on beacon op- 

eration, the r-f pulse width output of the air- 

borne radar’s transmitter is lengthened by several 

microseconds while the radar’s receiver frequency 

is shifted into what is known as the “beacon 

band.” Racons, now located at many airports, 

receive within radio range, all search pulses from 

airborne (and shipborne) radars in the vicinity. 

However they express interest in only those 

pulses (i.e. beacon pulses) that have been 

lengthened by several microseconds. Upon 

receipt of a beacon interrogation pulse of the cor- 

rect length, the racon transmitter receives a 

triggering pulse from its receiver and imme- 

diately emits a series of pulses in the beacon band. 

In effect, the beacon interrogation pulse is de- 

tected, amplified and retransmitted almost in- 

stantaneously back to the radar by the action of 

the racon. Whereas some earlier racons replied 

to each interrogation pulse by one pulse in re- 

turn, modern beacons reply to the query by 

transmitting a series of pulses (usually up to a 

maximum of five) in order to identify the par- 

ticular racon being interrogated. Coding is ac- 

complished by varying the number of reply 

pulses as well as the spacing between the pulses. 

Because the start of the PPI sweep of the air- 

borne radar coincides with the transmission of a 

burst of r-f energy, both for search and beacon 

operation, and since the racon repli. to a beacon 

interrogation pulse with little or no internal time 

lag, the racon’s output pulse arrives at the radar 

in the form of an amplified echo at an indicated 

PPI range equal to the slant distance between 

radar and racon. On beacon operation the de- 

tuning of the radar receiver from the radar 

transmitter’s frequency impairs the normal search 

function, and hence only beacon pulses (from 

those racons within radio range) are visible on 

the PPI. These pulses however, will be displayed 

on the PPI at positions corresponding to the loca- 

tion of the various ground beacons with respect 

to the radar. Fig. 4 shows the PPI of a radar on 

beacon operation with a racon reply at 30°—60 

miles and another at 195°—92 miles. The top of 

the ’scope, or zero degrees, is the heading of the 

plane in this case. 

Racons have a useful range of nearly 200 miles 

when aircraft are flying at considerable height, 

and they offer the radar operator a signpost of 

great value during those adverse moments when 

the terrain below, as viewed through the radar, is 

an unfamiliar mass of bright and dark patches. 

In conjunction with Loran, the beacon-equipped 

search radar tends to remove any doubts as to 

the location of a plane anywhere in space,— 

doubts that are usually in the mind of a pilot 

flying on luck and a prayer. 

cQ 



FLEXIBLE SHAFTING 
[from page 24] 

and staking, and rolling. (Special tools are re- 
quired in most of these processes.) 

A good craftsman could handle the first pro- 
cedure, which consists of placing the fitting over 
the end of the casing and pressing together the 
common section between dies. A mandrel should 
be inserted in the bore of the casing to prevent 
distortion in the swaging operation. 

Various adapters for flexible shafts are avail- 
able. While most of them are designed for special 
applications, they can be used for similar pur- 
poses within their size range. Typical of these 
adapters are those designed for close clearance 
connections where space limitation does not per- 
mit a direct connection without bending the shaft 
too sharply. There is a T-type coupling which 
permits the branching of two shafts from one, 
and so on. 

Direct coupling between the shafting and con- 
trolled unit is not always satisfactory because of 
torque. In these cases it is necessary to install a 
gear or gear-and-pinion arrangement. This can 
be a simple 1:1 ratio gear, or if vernier tuning is 
desired, a higher ratio of drive-to-driven. 

The applications of flexible shafting in ama- 
teur radio are many-fold. Some possible uses are 
illustrated—but countless others will suggest 
themselves, such as remote control, coupling, 
unusual mechanical designs, rotary antenna indi- 
cators, and even turning small beams. Wartime 
surpluses and automobile fittings will supply 
sufficient quantities of shafting and accessories 
until such time as the special product is again 
available commercially. 

KNOW YOUR METER 
[from page 19} 

microampere meter is used, it will permit a 0 to 
1 megohm range with only 4.5 volts of battery. 

Thermocouple Meters 
It isnot possible to use iron’ vane, rectifier or 

dynamometer instruments for the measurement 
of radio-frequency currents. One of the early 
types of r-f measuring devices was known as the 
“hot-wire” ammeter. This consisted of an alloy 
wire drawn taut between posts through which 
the radio-frequency current was passed. A thread 
was attached to the center of the wire, wound 
around the pointer shaft and thence to a tension 
spring. As r.f. flowed through the wire it became 
hot and thus expanded, permitting the tension 
spring to take up the slack, thereby pulling the 
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thread which in turn revolved the pointer shaft 
causing the meter to indicate. 

The modern and more efficient method of high- 
frequency current measurement uses the thermo- 

couple. The principle of operation is based on the 
fact that if two dissimilar metals are joined and 
the juncture heated, a voltage will be developed 
across the metals, the value depending directly 
upon the temperature at the bond. If the two 
free ends are connected to a D’Arsonval meter, 
an indication will be obtained which may be 
calibrated in terms of the amount of heat in the 

couple which is directly related to the r-f current. 

Since the heat (power) is proportional to the cur- 

rent squared (J?), the meter scale is not linear but 

is crowded at the lower end. The meter is there- 
fore referred to as a current-squared meter. 

A regular D’Arsonval movement is used but 
the internal resistance is kept as low as possible 
in order to transfer a maximum of power from the 

thermocouple to the meter. The thermocouple 

may be located in the meter or may be external 

so that it can be placed directly in the r-f circuit 
with the meter perhaps a long distance away. 

Multi-Meter Circuits 
Three basic multi-meter circuits that may be 

constructed from readily available parts, are 

shown in Figs. 9, 10 and 11. They are self-ex- 

planatory in that the ranges provided are listed 
with the parts list for each. Note that there are 

four parts lists. Circuits C and D having two 
parts lists due to different ranges for each. The 

constructor is thus given a choice of four multi- 

meter arrangements. Circuit B features the 

shunt type ohmmeter outlined above. Four 
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meter scales for these multi-meter circuits are 

illustrated in Figs. 12, 13, 14 and 15. These scales 

are available in various radio parts stores and are 

furnished for Weston, Triplett and Jewell three- 

inch meters. 

HANDIE TALKIE 
[from page 11] 

because you do not know whether or not you have 
the correct harmonic. The signal generator is 
tuned to 18 megacycles, which is the 8th sub- 

harmonic of 144 mc. To verify this I checked 

with the 6th and 9th sub-harmonics and found 
the points on the 144-me band to be the same. 
The signal generator calibration was slightly 
different from the Lecher wire measurements but 
the latter is close enough in most cases. 

The antenna should be adjusted to a length 
which permits smooth regeneration over the en- 
tire dial. This will be found to be slightly above 
and slightly below the exact 14 electrical wave- 
length at 146 megacycles. A 100,000-ohm opti- 
mum-valve resistor is substituted for the usual 
regeneration control in this Walkie Talkie. 

The external battery connection is very con- 
venient as it permits saving the small internal B 
battery when extended portable service is re- 
quired. Ninety volts of external Bibattery works 
very well, providing more power and tends 
slightly to charge the internal B battery. 

Conclusions 
The writer has used this Handie Talkie without 

many of its present improvements, on 112 me for 
over two years. Distances up to 6 miles have been 
easily covered over level ground, while the 
record is 35 miles from a high location in New 
Jersey to New York City. Of course if the QRM 
is very bad don’t expect to communicate across 
these distances without considerable trouble. 
The power input to the oscillator is only .4 watt, 
but since there is ample modulation, reasonably 
good results can be expected. 

From the photographs one can see that one’s 
major effort will be expended in the construction 
of the cabinet and the other metal details. With- 
out these parts closely duplicating those de- 
scribed in the text, the utility of the set may be 
greatly reduced. The wiring job on the average 
radio gear is rather simple as hard and fast rules 
apply to most wiring problems. However, in the 
construction of a portable radiotelephone which 
must be light in weight, compact, and dependable, 
the choice and layout of parts is a most important 
factor. The writer trusts this Handie Talkie will 
go a long way toward offering the amateur and 
the civilian what they are looking for in a high- 
frequency portable radio-telephone. 
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The flow of surplus radio components will tend to 

increase as more ond more parts are released for 
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