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ECES are cleared for ac- 
tion as America's mighty ^N : | 
defense effort rolls into ` t: 

high gear! On thé sea, in the ij 
air, and in every corner of the = ̀ x uum = a 
land, the nation is preparing — Š xe T sQ = Es 

"itself at top speed for every A d = 
possible plan of attack. ` — = 
Defense is the big news in America — : 

today. It's big because it vitally con- 
cerns every man, woman.and child. 
in the land. Make sure you keep 
posted on. your couniry's defense 
program by reading a magazine that 
brings you the important news before 
it happens! — 
MECHANIX ILLUSTRATED. is crammed with ihe js defense happenings, all written by 

experts i their chosen fields. Whether your interest lies in the latest iypes of aircraft, 
in ordnance, in fighting ships, er in home defense, you can be certain of keeping right up- 
to-date in this “all out" effort by reading MECHANIX ILLUSTRATED regularly. Packed with 
photographs, drawings, plans and diagrams, this popular and valuable magazine is an ab- 

-solute “must” for any man or woman with a vital interest in the future of America. 
Not only that, Mecuanix ILLUSTRATED, in addition to bringing you the very latest de- 

velopments in the military, industrial, scientific and mechanical worlds—all written so 
-that you can understand it—has almost 50 pages of home workshop projects every month. 
There also are generous sections devoted to photography, handicraft, radio, boating, and 

- almost every conceivable hobby. 
Get your: copy of this thrill-packed, informative and entertaining mariane soe -100 

It can rbe found c on any newsstand—and the beauty of it is that its only... G 
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“Radio servicing permitted me to attend 
school and work evenings and week-ends. 
Upon completing the N.R.I. Course I was 
made Service Manager at $40 to $50 a week, 
more than twice my shoe factory wage." 

z i how Í Train 

to BE 
J. E. SMITH, President 
National Radio Institute 
Established 25 years 

Here is a quick way to more pay. Radio offers 
the chance to make $5, S10 a week extra in 

re time a few months from now. There is 
an increas demand for full-time Radio Tech- 
nícians and Radio Operators, too. Many make 
S30, $40, $50 a week. On top of record busi- 
ness, the Radio Industry is getting millions 
and millions of dollars in Defense Orders, Clip 
the coupon below and mail it, Find out how I 
train you.for these opportuhities. 

Real Opportunities For Beginners to 
Learn Then Earn Up to $50 a Week 
The 822 broadcasting stations in the U. S. 
employ thousands of Radio Technicians with 
average pay among the country's best paid in- 
dustries. Repairing, servicing, selling home 
and auto Radio receivers (there are over 50,- 
000,000 in use) gives good jobs to thousands. 
Many other Radio Technicians take advantage 
of the opr ities to have their own service 
or retail Radio businesses. Think of the many 
good pay jobs in connection with Aviation, 
Commercial, Police Radio and Public Address 

@ EXTRA PAY IN ARMY, 
4 NAVY, TOO Ts 
x 
4 Every man likely to go into 

military service, every sol- 
. ier, sailor, marine, should 

mail tne Coupon Now! Learning Radio 
helps men get extra rank, extra prestige. 
more interesting duty at pay up to 6 
times a private's base pay. Also prepares 
for good Radio jobs after service ends. 
IT'S SMART TO TRAIN FOR RADIO NOW: 

jumped from Ifa week fo 50 
~- @ Free Book started me toward this — 

GOOD PAY IN RADIO | 

“I had an $18 a week job in a shoe factory, 
but desired to make more money and con- 
tinue my education. J read about Radio 
opportunities and enrolled with the Na- 
tional Radio Institute.” 

° B EN 

“Later the N.R.I. Graduate Service De- 
partment. sent me to Station KWCR as a 
Radio Operator, Now I am Radio Engineer 
of Station WSUI and connected with Tele- 
vision Station WOXK.'' 

Systems, N, R. I. gives you the required knowl- 
edge of Radio for those jobs. N. R. I. trains 
you to be ready wben Television opens new 
obs. Yes, Radio Technicians make good money 
ecause they use their heads as well as their 

hands. They must be trained. Many are ge 
ting special ratings in the Army and Navy: 
extra rank and pay. 

PH Show You How to Make Up to $10 
a Week Extra in Spare Time 

While Learning 
Nearly every neighborhood offers opportunities 
for a good part-time Radio Technician to make 
extra money fixing Radio sets, I give you spe- 
cial training to show you how to start cashing 
in on these opportunities early. You get Radio 
parts and instructions for building test equip- 
ment, for conducting experiments that give 
you valuable practical experience. You also 
get a modern Professional Radio Servicing In- 

J. E. SMITH, President, Dept. (JH9 
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THIS E BOOK HAS SHOWN HUNDREDS š 
5 FREE 10W ro Maz coon MONEY 

National Radio institute, Washington, D. C, 
Mail me EREE without obligation your Sample Lesson and 
84-page hook, (No salesman will call, Write plainly.) 

` | 
“The instruction I received was so practi- 
cal I was soon able to earn $6 to $10 a 
week in spare time servicing Radios, This 
paid for the N.R.I. Course and led to sery- 
ice work paying for my college education.” 

‘The N.R.I. Course took me out of a low- 
pay shoe factory job and put me into Radio 
at good pay; enabled me to earn funds for 
a college education. "There's a promising 
future for thoroughly trained Radio men." 

You at Home 

A RADIO TECHNICIAN 
strument., My fifty-fifty method—half working’ 
with Radio parts, half studying my lesson- 
texts--makes learning Radio at home interest- 
ing, fascinating, practical. 

Mail Coupon For Sample Lesson 
and 64-page Book — FREE 

T'll send you my sample lesson ‘‘Radio Re- 
ceiver Troubles—their Cause and Remedy’’ to 
show you.my course is interesting, practical. 
I'i also send my 64 page book “Rich Re- 
wards in Radio" which tells about my Course; 
the types of jobs in the different branches of ` 
Radio; shows letters from more than 100 or 
the men I trained so you can see what they 
are doing, earning. MAIL THE COUPON in an 
envelope or paste on a penny postal. 

J. E. Smith, President 

Dept. 1JH9 National Radio Institut 
Washington, D. C. E 
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TESTED. “All of the radio receivers and 
transmitters described in this new edition of 
the Mzcuantx ILLUSTRATED RADIO MANUAL 

` have been built and tested. The men respon- 

4, sible for them are experienced designers and 
: constructors, and therefore you can undertake 
< the assembly of any of these fine outfits with 
| the full assurance that they will work as speci- 
^ fied; provided, of course, that you follow the 
i diagrams and instructions faithfully. Some of 

the sets are very simple, some are moderately 
. complicated, and some are very complicated. 
Take your choice! 

ARMY RADIO. Until very recently, radio 
in military work was considered the least 
desirable means of communication, because 

- of the ever-present danger of intercept by an 

' alert enemy. Emphasis was always placed on 
wire communication, and commanders were 

` usually cautioned to use radio only as a matter 

of last resort. This attitude was an outgrowth 
of World War I, when the flow of battle was 
‘slow and opposing forces had time to dig 

` elaborate trenches and other fixed positions. 

, The “blitzkrieg” of 1940 and 1941 has 
-changed all this. With armies almost com- 
pletely motorized and continually on the 
move, flexible radio contact between all mo- 
bile elements is absolutely essential to the 

s suecess.of even the simplest maneuver. That's : 
why the reborn United States Army is looking 
for radio men of any degree of experience, and 

is training recruits at a furious rate for the 
; important job of handling radio installations 
‘that will link scout cars, tanks, mobile artil- 
lery, trucks, boats and airplanes into one vast 

network. The articles on pages 6 and 10: de- 
scribe the opportunities for advancement that 
await radio technicians in the growing Army 

and Air Force. 7 
Our front cover illustration shows a typical 

field radio set.as it is actually used. Power 
for the transmitter is furnished by a hand- 
cranked. generator, operated by one of the 
soldiers while the other pounds his key. This 
photograph was made especially for RADIO 
MANUAL at The Signal Corps School at Fort 
Monmouth, New Jersey. 

* >% x 

FM. A great re-awakening of interest in 
high-quality reproduction of music is follow- 

ing the publie's quick and enthusiastic accept- 
-ance of frequency modulation (see page 16). 

Radio manufacturers are much enheartened 

by this development because during the last 
few years their efforts to sell good receivers 

have not been successful People bought so 
many cheap “midgets” that they lost their 
appreciation of really good reproduction; in 

fact, to a person accustomed to a “tinny” $7.85 
set, the full, rounded tones of a quality re- 
ceiver sound almost unnatural. Frequency 
modulation has jogged listeners back to their 

senses. If you haven't caught up with f.m. yet, 
study the designs on pages 20 and 28. 

x % # 

DOTS AND DASHES. After you've built 
several different receivers and have heard all 
the foreign short-wave broadcasters that are 

on the air, and feel the need for some new 
interest, try learning the radio code. It’s sur- 

prisingly easy, and once you're able to do 
about ten words a minute you'll never have a 

dull moment. Listeners who spend most of 
their time on the broadcast bands don't seem 

to realize that there are about a thousand code ` 
stations to every voice station. The Inter- 

national Code is the real language of radio, 

and a knowledge of it will greatly increase the 

pleasure you will obtain from a short-wave. 
receiver.—The Editor. 
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GET AHEAD IN RADIO 
--in the Army 

by Major General 
Joseph O. Mauborgne 

Chief Signal Officer of the Army 

Chief Signal Officer of the Army since 1937, Gen- 
eral Mauborgne has had a long and distinguished 
career as both soldier and technician. In 1912, as a 
young lieutenant, he was responsible for the first suc- 
cessful air-to-ground radio communication for the con- 
trol of artillery fire; he is credited with having been 
the first operator to receive a radio message in an Army 
airplane. For his service during the World War he was 
awarded the Distinguished Service Medal. He has 
represented the United States at many important in- 
ternational radio conferences, and at present he rep- 
resents the War Department on the Defense 
Communications Board and on the National Inventors 
Council. In February, 1941, he was awarded the 
gold Marconi Memorial Medal of Service by the 
Veteran Wireless Operators’ Association of the 

- United Siates, in recognition of his pioneer work in 
radio. General Mauborgne has long been a friend and 
a staunch supporter of the American radio amateur. 

HE opportunity of a lifetime to perfect 
their knowledge of radio awaits amateurs, 

Service men and experimenters who enter 

the Army through the operation of the 
Selective Service Act or through enlistment. 

At the same time these men 
will be of immediate’ value to 
their country by contributing 
the knowledge and experience 
they already possess. 
The Army needs thousands 

of radio operators to man the 
radio sets used by its various 
branches. .These range from 
compact, pack-type trans- 
ceivers to high-powered-out- 
fits carried in large trailers. 
Beginner “hams” will. be 
given intensive practice, both 
in the schoolroom and in the 
field, and when they leave the 
Army, they will be accom- 
plished “brass pounders” and 

Left: A staff sergeant of the 43rd Signal 
Company, Connecticut National Guard, 
checking the frequency of a ‘powerful 
field radio transmitter during the First 
Army maneuvers, 1940. This is a typi- 
cal job for the trained Army radio tech- 

nician. 

(All photos on this and following three 
pages by the U. S. Army Signal Corps.) 



The hand-cranked generator being operated by the man in the center is the Army's answer to the battery problem in the 
field. Rugged and reliable, this machine provides.the “juice” for a compact transmitter that cam be set up or taken down in 

about five minutes. 

technicians who will be able to pursue their 
hobby with renewed interest. Competent 
operators, who will need only to learn Army 
radio procedure, will be assigned almost 
immediately to important jobs in tactical 
organizations, or will become instructors. 

Service men coming into the Signal Corps 
will find the very best and latest test equip- 
ment available for the vital task of keeping 
the Army's-radio installations in first-class 
condition. If they are not already familiar 
with the use of all these instruments, they 
will have every chance to learn. Upon return- 
ing to civil life they will be service experts in 
every sense of the term, and their earning 
capacity will be greater than before. 

Naturally, recruits who have a background 
of technical radio ability, however slight, will 
advance more rapidly than others. The re- 
wards come in the form of higher ratings, 
better posts, more privileges, and of course, 
higher pay. Men who demonstrate special 
qualification will be eligible for officer train- 
ing and for eventual commissioris. 

The men take turns at cranking and "key pounding." 

The focal point of communication training 
in the Army is the Signal Corps School at 

Fort Monmouth, near Red Bank, New Jersey. 
For many years this has been a highly suc- 
cessful institution, whose graduates have 

consistently made good in the Army and 
afterward in private life. Its equipment and 
methods have been the model for numerous 
other trade schools, and recognized educators 
frequently visit it for purposes. of observa- 
tion. The current expansion program of the 
Army has raised the school's normal popula- 

Below: The “walkie-talkie” is one of the most popular radio 
sets in the Army, because it is light and portable, and gives 
good voice communication over distances of about five miles. 



Below: Concealing their ve- 
hicle is part of the job of 
these radio operators of the 
1st Cavalry Division, shown 
here at recent maneuvers at 
Toyahvale, Texas. This is 
crude camouflage, but it does 
help to break the outline of 
the truck and to make its de- 
tection from the air difficult. 

Left: Armored radio scout car in 
action during training maneuvers 
at Fort Meyer, Va. The radio 
equipment is mounted on the bulk- 
head just behind -the driver, and 
can be operated either by the offi- 
cer in front (holding the. micro- 
phone) or by the soldier behind 
the driver. Note the antenna, on 
the extreme tight. Operating. a 
radio set in a jouncing vehicle. 
like this one calls for steady nerves 
and lots of concentration. Inci- 
dentally, the radio operators must 
also be competent drivers and ma- 
chine gunners, so that they can 
take each other's places if the oc- 

casion demands. 

Below: Even the lowly motorcycle 
can be equipped with radio. A 
small battery-powered “tran s- 
,ceiver" is stowed in the front part 
of the sidecar, and is operated by 
a “push to talk" button on the 
hand microphone held by the ob- 
server. The flexible antenna is tied 
down at an angle to prevent' it 
from tangling with low-hanging 

3 trees, 



Above, left: Easily concealed, quickly set up or taken down, this loop-aerial equipped radio receiver and transmitter is a 
favorite in the Army for medium distance communication. Above, right: This trailer is a veritable communications office 
on. wheels. It contains four all-wave receivers and four teletype machines, generates all its own power, is gas-proof, and has 

special black-out window. Below, right: Inside view of the trailer, showing the receiving position. 

tion of several hundred to several thousand, 
but.the same high standards prevail and every 
student is assured close attention. 
The pictures shown on these two pages 

were. all taken by the Signal Corps during 
actual field activities. They illustrate the 
different kinds of radio sets used by the 
service and the conditions under which they 

are used. 

Radio-equipped command reconnaissance car, used as mobile radio station for a commanding officer in the field. A piece 
of plywood serves as a writing surface and also as a base for the operator's telegraph key. 



Formation of Bell P-39 single-seater fighter planes. Radio is an essential part of their equipment. 

NLY a short while ago the Army Air 
Corps was a small organization. Today 

it is many times its former size, is continuing 
its growth and, as world conditions demand, 
will become much larger. 

Beeause the Air Corps is highly technical 
it requires that a large percentage of its per- 
sonnel be trained in some essential specialty. 
One of the most important of these special- 
ties is communications, without which it 
would be impossible to conduct operations 
either in peace or war. Dependable radio 
communication i$ an essential adjunct to suc- 
cessful aerial operations, and with the expan- 
sion of the Air Corps the demand for large 
numbers of trained communications personnel 
is tremendous. 

The Air Corps Technical School has care- 
fully planned courses to provide the kind of 
training necessary for Army Air Corps com- 

10 

munication systems such as teletype, point- 
to-point radio communication, airport 
control and two-way radiotelegraph and 
radiotelephone communications between air- 
craft in flight and ground radio stations. Air 
Corps personnel are trained to send and re- 
ceive the International Morse Code at an aver- 
age speed of twenty words per minute, to 
operate typewriters (touch system) -at an 
average speed of thirty-five words per min- 
ute, to enunciate clearly over a microphone, 

to handle communications traffic over tele- 
phone or radio systems employing Army and 
Navy procedure, to send with vibroplex keys, 
to operate teletype machines and tape per- 
forators, and to perform operating adjust- 
ments and maintenance inspections on modern 
specialized equipment employed by the Air 
Corps in aircraft and in its ground Systems 
of communication. 



by Major General 
Henry H. Arnold 

Chief of the Army Air Forces 

7 í 

The old Army gag about swivel-chair fliers 
doesn't apply to General Arnold or to any of 
the other fine staff officers who are helping 
him to build up the U. S. Army Air Corps. 
He is one of America’s pioneer aviators, and 
he has long since lost count of his flying time 
.on every type of ship from the ancient Wright 
pushers to the latest four-engined monsters. 
His intimate, first-hand knowledge of every 
phase of aviation, literally “from the ground 
up," makes him the No. 1 man in America’s 
rapidly expanding defense program. 

Radio amateurs, experimenters and tech- 
nicians of military age can best serve their 
country and broaden their own knowledge of 
communications by enlisting now in the Army 
Air. Corps with a view toward being 
trained in aeronautical communications at 

the Air Corps Technical School with subse- 
quent duty in one of the tactical organizations, 

Students at Scott Field, Ill., are taught radio operating in a 
huge hangar, with airplanes in the background to put them 

in the appropriate frame of mind. 
(All photos with this article courtesy U. S. Army Air Corps.) 
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All the radio work in the Air Corps isn't done aloft, The control tower operator, who is a sort of traffic cop of the air, has 

an x` 

a mighty important job, even if be can relax in an easy chair. This is the control towet at Bolling Field, just outside of 
Washington, D. C. 

many of which are now being formed. 
The question of communications, from an 

Air Corps standpoint, is one of great magni- 
tude. It involves the operation and mainte- 
nance of equipment installed on aircraft, 
includes a complete ground system closely 
paralleling the one in operation and super- 
vised by the Civil Aeronautics Bureau, and 
innumerable sets of mobile equipment used 
for tactical purposes. An average bombard- 
ment type of airplane carries a command set 

for pilot use in following radio beacons, talk- 
ing to other airplanes in flight, and in con- 
tacting airports; a liaison set for operator use 
in making position reports, obtaining weather 
reports enroute, etc.; and a radio compass for 
taking bearings, by either pilot, navigator or 
radio operator. At airports the usual installa- 
tion consists of stations for airport control, 
point-to-point and simultaneous range and 
beacon communications for which are used 
the most. modern equipment available. 

Instruction for the training of Squadron 
Communications Officers and enlisted Radio 
Operator-Mechanics is conducted at the Scott 
Field branch of the Air Corps Technical 

12 

Schools located at Belleville, Illinois, while 
teletype specialists are trained at the Chanute 
Field branch located at Rantoul, Illinois. 

The applicatory method of instruction is 
used throughout the Air Corps Technical 
Schools. A.proper balance is maintained be- 
tween classroom lectures and recitations, and 
shop and laboratory work. Practical jobs and 

. exercises, representative of situations likely 
to be encountered in the service, are assigned 
to each student, who is encouraged to develop 
proper habits of work and to master all de- 
tails of technique in accomplishing each job. 
Lectures are presented with the aid of physical 
and graphical demonstrations whenever such 
teaching devices may be used to advantage. 

Each applicant must have certain specific 
qualifieations for entering any particular 
course. By the use of intelligence tests, study 
of records and a personal interview, the gen- 
eral qualifications of each applicant. are de- 
termined: This, together with his interest, 
desire, age, alertness, and his potential qual- 
ifications, form the basis upon which he is 
recommended for training. 

One of the first classes the embryo “com- 



munieator" attends is 
typewriting. Typewriters 

having Western Union 

keyboards are used and 
the minimum requirement 
is twenty words per minüte, 

using the touch system. 
Those students who are al- 

ready proficient in the use : 

of the typewriter when 

they enter school are ex- 

cused from typing and 

attend code classes. 

After. the student has 

qualified in typing he at- 

tends code instruction 

twice daily for the duration 

of his course. The code 
room is equipped with au- 
tomatic code machines of 

. modern design, low and 

high frequency radio re- 
ceivers, and Ediphone re- 
eorders for checking student transmitting 
ability, and an 'ink recorder" for making 

permanent records on paper tape of each stu- 
dent's accuracy in forming code characters 

This is the "radio shack" of a big bomber, and a mighty 
busy spot it is for the operator. The receiver is on the 

table, along- with the required controls; the transmitter is 
fnounted on the floor. 

Students at the Air Corps’ big school at Scott Field, Iil., get preliminary instructions 
before their first flight. Note that every man wears a parachute. 

with the standard hand telegraph key and the 
semi-automatic key. 
When the average stet has obtained a 

code speed of approximately sixteen words 
per minute he is ready for the subcourse called 
Radio Procedure; this subject includes all 
phases of operating technique, aside from the 
actual use of radio equipment, which the air- 
craft radio operator must know. Each stu- 
dent is required to develop an operating 
knowledge of the Joint Army and Navy Radio 
Procedure and the procedure in communi- 
cating with Department of Commerce radio 
facilities. After learning the principles. of 

“message handling," the student applies them 
in practical exercises throughout the remain- 
der of the course. 
A brief but comprehensive course in elec- 

trical and radio fundamentals is given in the 
subcourse entitled Principles of Radio. Com- 
munication. While theoretical in nature, this 
subject has been made highly practical 
through the careful selection of demonstra- 
tion and individual laboratory experiments. 
For example, students undergoing instruc- 
tion on radio transmitters perform experi- 
ments which demonstrate the principles 
involved in the command and liaison set trans- 
mitters; particular attention is devoted to the 
proper tuning and adjustment of the circuits 

and correct interpretation of meter indica- 
tions, since experience has shown that these 

“theoretical” factors are of considerable im- 

portance in the practical use of the actual 

13 



Above: The loop on this big Army amphibian plane is a directional radio aerial, and 
enables the pilot to plot his course during soupy weather. Below: The control position 
of a modern Air Corps ground radio station (Hensley Field, Texas). The operator 
has four receivers, and controls a remote transmitter by means of the telephone-type 

dial in the center panel under the clock. : 

du w 

radio sets installed. in 
aircraft. Cathode ‘ray 

oscilloscopes are fre- 
quently used to make 

visible demonstrations of 
electric wave phenomena. 
The equipment for indi- 
vidual laboratory experi- 
ments is permanently 
mounted on breadboards; 
in each experiment each 
student is given a supply 
of wires terminated in 
special quick-fastening 
connectors resembling 
glove snaps so that the 
more complicated hook- 
ups may be accomplished 
within a few minutes. 
Specially prepared ex- 
perimental data sheets 
are provided with each 
experiment so that stu- 
dents may quickly record 
laboratory data and have 
sufficient time to write out 
the answers to questions 
devised to aid them in 
drawing logical conclu- 
sions. For the purposes 
intended the Department 
of Communications has 
far better lecture room 
and laboratory facilities 

than most colleges and 
universities, 
An understanding of 

the electrical and radio 
fundamentals provides 
the student with a proper 
foundation upon which to 
build his practical knowl- 
edge of standard Air 
Corps radio equipment; 
this special knowledge is 
acquired in the subcourse 
called Aircraft Radio 
Equipment. In this sub- 
ject the student receives 
practical instruction on 
the operating adjust- 
ments, circuit testing and 
applied principles of mod- 
ern service radio equip- 
ment. Working with 
modern equipment the 
student is required to de- 
velop an intimate prac- 
tical knowledge of the 



A few years ago, radio in an airplane was a luxury. Today, it is indispensable. Every Army airplane has at least a receiver; 
most planes have full two-way equipment. 

numerous adjustments essential in its in- 
telligent operation and maintenance. 

In addition to trained radio operators and 
mechanics the Air Corps has need for many- 
communications offieers. In order to provide 
-for these men the War Department is offer- 
ing to. young men who meet the prescribed 
requirements a course of training in commu- 

nications to qualify them as Air Corps Squad- 
ron Communications Officers. "This training 
carries with it no pilot instruction and pre- 
pares only for ground duty. 

Applicants for this training will first re- 
ceive sixteen weeks of specialized study at 
‘the Air Corps Technical School at Scott Field, 
Belleville, Illinois. Classes will commence 

every eight weeks. The curriculum at the 
school includes the following subjects: A.C. 
and D.C. circuits, transmitters, receivers, cir- 

cuit analysis, communication sets, liaison sets, : 
antennas, compass set, ground equipment, etc. 

Upon graduation from the school, they will 

be assigned to various stations where their 
. education will be rounded out and they will 

receive necessary experience in actual com- 

munications duties prior to receiving their 
commissions as Second Lieutenants, Air Re- 
serve. The total time required will be approx- 
imately nine months. 

Experience in radio and communications is 

desirable for all applicants. In all cases con- 
sideration will be given to the quality of the 
applicant's collegiate scholastic record. Ap- 
plications for this training should be sub- 
mitted in triplicate either to the Command- 
ing General of the corps area in which the 
applicant resides, or direct to the Chief of the 
Air Corps, Washington, D. C. The regular 
flying cadet application blanks may be used 
but notation should be made thereon that 
“communications” training is desired. Three 
letters of recommendations, transcript of col- . 
lege work, and birth certificate, i£ not pre- 
viously submitted, should also be furnished. 

Keep wp with aviation and radio! Read Mz- 
CHANIX ILLUSTRATED. Only 10 cents a copy at 
your local newsstand. 
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Edwin H. Armstrong is unquestionably the outstanding 
^jnventor in the radio field. He was only 22 years old and 
a student at Columbia when he startled the world with his 
invention of the regenerative circuit in 1913. He followed 
this with the famous superheterodyne in 1917, the super- 
regenerative circuit in 1922, and now frequency-modula- 
tion. broadcasting. The latter is revolutionizing tadio. 

b E 
(mngcummumas 

ma 

adio Stalic 
by M: L. Muhleman 

HEN station W2XMN, at Alpine, New 
Jersey, first went on the air in 1937, the 

milions of listeners in metropolitan New 
York were totally unaware that something 
spectacular in the way of broadcasting was 
taking place right under their noses—ob- 
livious to it because the peculiar radio waves 
hurled into space from horizontal rods on a 
tower high above the Palisades brought no 
response in conventional home receivers. 

But to the few radio engineers with special 
receivers designed to intercept and make 
sense out of the transmissions, came a thrill as 
keen as a first high dive. What they heard was 
broadcasting with a new voice, minus the frog ` 
in its throat and adenoids in its nose—a voice 
so natural, so realistic as to be almost unbe- 
lievable. And a voice as free of incidental 
background noise as a whisper in a tomb! 
It was radio with a quality of definition never 
before dreamed of; with sound reproduction 
so lifelike that it created the illusion of origi- 
nating in the room with the listener. It 
was nothing less than a front seat in the 
studio. 

Radio engineers call the new system "fre- 
quency modulation. The word-slingers of 
the press have dubbed it "staticless radio," 
which it is. But it is far more than this; for. 

aside from side-stepping 
distortion, natural and man- 
made static and station inter- 
ference—the three thorns in 
the side of our present system 
of broadcasting—it has a tone 
and volume range far beyond 
that of the conventional radio 
station. 

It would seem that any- 
thing quite so revolutionary 
as frequency modulation 
would have met with over- 
night success. Actually, the 
system has practically gone 
begging for five years, partly 

Frequency-modulation receivers look like 
any other radio sets, except that they 
have better sound reproducing systems. 
Here is the newest General Electric 
model, which is capable of picking up 
regular broadcasting as well as F-M 

stations. 



The new and xem 
tionary system of "fre 
quency modulation” 

broadcasting. has 

shoved television into à 

back seat and is des 
„tined to out-mode our | 
* present radio setup. 

because it was first intro- 
duced when television was 
just getting under way, and 
partly due to its being too 
good! Television, after all, 
could be set up as a sub- 
sidiary service without dis- 
rupting the conventional 
system of broadcasting, and 
television seemed to be the 
very lift that the radio in- 
dustry sorely needed. But 

: frequency modulation would 
represent a direct frontal attack on the 
existing system of broadcasting and its huge 
investments. Or so it appeared. It would be 
better to let it rest until television was estab- 
lished, or let it die out altogether, rather than 
‘upset the status quo. And it might have died 
out were it not for the ‘courage and deter- 
mination of its inventor. 

You'll know him if you know the name of 
the man who invented the regenerative 
vacuum tube radio circuit which made 

Comparison of tone coverage of ordinary and frequency-modulation radio receivers. 

16 30 150 

"RANGE OF MUSICAL 

RANGE OF: AUDIBLE FREQUENCIES 

INSTRUMENTS 

This queer-looking rig is the “turnstile” antenna of Armstrong’s station 
2XMN, at Alpine, N. J., pioneer frequency-modulation transmitter. It is 

located on the edge of the Hudson River, just across from New York City. 

broadcasting possible in the first place; 
who invented the universally used super- 
heterodyne radio receiver and, later, the 
superregenerative receiver which is used 
commercially, In case you don’t, his name is 
Edwin Howard Armstrong, major in the 
A.E.F. during the first World, War and now 
Professor of Electrical Engineering at Colum- 
bia University. He belongs at the top of the 
heap of important names in radio—the Mar- 
coni of our time. 

3000 |. 4000 15000 16000. 
L 

IN CYCLES PER SECOND ` 



Professor Armstrong set out to do the 
impossible. Almost as a body, radio engi- 
neers said that static interference could not 
be eliminated. It was.part and parcel of 

received signals and the two could not be 
separated. It could be demonstrated mathe- 
matically that static was with us and we were 
stuck with it, like taxes, so why. waste effort 
trying to eliminate it? Armstrong’s reply 
today may be that these engineers did: not say 
“positively.” 

Oddly enough, the very first thing Arm- 
strong set out to do was to prove to his own 

satisfaction that, the elimination of static in- 
terference was impossible as the problem was 
related to the present system of radio trans- 
mission and reception. Then he set out to 
elude static altogether by devising a radio 
wave that was so different in character from 
natural and man-made static that the two 
could be separated in a receiver. 
He found what he wanted in frequency 

modulation, which engineers avoid like a 
plague, for it is a sort of ague that takes hold 
of a radio wave of the conventional type if it 
isn’t treated properly, and gives it the shakes. 
The result is nothing less than a tonal catas- 
trophe. But Armstrong was after a wave 
with the shakes—a wave that would wobble 
when modulated, rather than one that would 
alter its energy level or amplitude asa con- . 

He wanted a ventional radio. wave does. 
wave that altered its frequency but not its 
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Location of Frequency-Modula- 

tion Stations | 

ALREADY ON THE AIR 

Alpine, N. J. 
Rochester, N.Y. 
Schenectady, N. Y. 
East Springfield, Mass. 
Yonkers, N. Y. 
Boston, Mass. 

Albany, N. Y. 
Meriden, Conn. 
Paxton, Mass. 
New York, N. Y. 
Georgetown, D. C. 4 

APPLICATIONS FOR LICENSES 
Marshall, N. Y. 
Sargent: Purchase, 

Philadelphia, Pa. 
. Syracuse, N. 
Kansas City, Mo. 
No. Dayton, Ohio 
Binghamton, N. Y. 
Providence, R 
Chicago, Ill. 
Detroit, Mich. 

Cincinnati, Ohio 
Portland, Maine 
Atlanta, Ga. 
Los Angeles, Calif. 
Allison Park, Pa. . 
Boston, Mass. 
Greensboro, N. C. 
St. Louis, Mo. 
Addison, IIL. 
Columbus, Ga. 
New York, N. Y. 

CONSTRUCTION PERMITS 
Alpine, N. J. 
Superior, Wis. 
New York, N. Y.* 
Hartford, Conn. 
Holden, Mass. , 
Los Angeles. Calif. 

New York, N. Y.* 
Avon, count 
Milwaukee, Wis. 
New York, N. Y.* 
Boston, Mass. 
Whippany, N. J. 

Bethesda, Md. Superior, Wis. 
Columbus, Ohio Carteret, N. J. 

*(Three different stations.) 

amplitude, a wave wherein the extent of fre- 
quency shift would represent the volume of 

the sound and the rapidity of the change of its 
pitch. If he could do this, and then devise a 
receiver that would not respond to amplitude 
variations as an ordinary receiver does, but 

respond only to changes in frequency, he could 
make the system sidestep natural and man- 
made static; for these electrical disturbances, 
like a conventional radio wave, change in 

` amplitude but not in frequency. 
This is exactly what Professor Armstrong 

has done; and, no doubt, many of the engi- 
neers who have held that the elimination of 
static was impossible, have since said, ^Well, 
after all, if you do it that way...” 

The beauty of the Armstrong system lies 
in the fact that a station having ónly a fraction 
of the power used by our big broadcasters to 

over-ride local background noise will provide 
staticless reception in an equal area. Possibly 
more to the point is that a frequency -modula- 
tion station provides noiseless reception in 
the ultra-short-wave bands where man-made 
noise, such as that from auto ignition systems, 
household electrical appliances, etc., is preva- 
lent. Stations in the standard broadcast band 
are packed in so close. together that tonal 
range, which makes for naturalness in repro- 
duction, is severely limited. But there is 
plenty of space in the ultra-short-wave bands 
for wide station channels, and it is in these 
bands that frequency modulation has made its 



home. The channels used are 
200 kilocycles wide as com- 
pared to the 10-kilocycle chan- 
nels in the standard broadeast 
band! 

It is the utilization of a wide 
transmission channel that. 
gives frequency modulation 
broadcasting most of its 
realism. The average home 
radio receiver has a tone range 

of approximately 150 to 3,000 
cycles, less than the. complete 
range covered by musical in- 
struments. A good console 
receiver does a bit better than 
this, but falls far short of re- 
producing the higher overtones 
of sound and music which 
make for naturalness. The 
conventional broadcast station 

of top quality has an approxi- 
mate range of 30 to 7,500 cycles, 
with all tones above 5,000 cycles 
or so made practically useless 
at the receiving end because of noise. 
frequency modulation station and the re- 

This is a specially- 
made Radio Engi- - 
neering Laboratories — - 
receiverintended only ` 

> for frequency-modu- ` 
lation reception. The 
front appearance 
(right) is a little out 
2 the ordinary, but 
the inside works 
(left) resemble those 
of conventional sets. 
'The sound unit (be- 
low) is decidedly un- 
usual. Thesmall loud 
speaker handles the 
high musical notes. 
"Thelarge one handles: 

the low notes. — 

But a 

necessary, therefore, to 

causes distortion) at the other end. 
“compress” 

ceivers designed for this service run clear out 
to 15,000 cycles—practically the entire audible 
range \of frequencies! I 

But “that is not all. Volume range, 
as well as tonal range, has an important 
bearing on the naturalness of sound. The 
volume range of a standard broadcast station 
is limited by the noise level at one end 
and overloading or overmodulation (which 

volume range by raising the volume of soft 
musical passages (so that they are not lost 
in the noise) and lowering the volume. of 
loud passages to prevent distortion. The re- 
sult of this compression is to rob music of 
its tona] balance. In Armstrong’s frequency 
modulation system, soft musical passages need 
not be raised above their original level since 

[Continued on page 21] 
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S THIS article is being typed, 
the author is immersed in 

a roomful of high-quality sound 
set against a background as 
silent as a tomb. He is, of course, 
listening to a program from a 
frequency-modulation broadcast 
station. n 

Nothing unusual in that, ex- 
cept that the author and the 
f.m. receiver to be described are 
conveniently and. comfortably 
located in a first-floor apartment 
less than six feet above ground, 
and the receiver is operating 
from a folded antenna strung 
around the back of the speaker 
cabinet. No special doublet on 
the roof, no long transmission 
line, no wires draped around the 
living room—just so many feet 
of aerial built into the set. With no more 
than this, fm. stations with as little power 
as one kilowatt and some fifteen to twenty 
miles distant are picked up without the 
slightest difficulty. 

20 

d M. Maurice 

9 e 3 . t 

Build this ultra-modern 

super-heterodyne re-- 

ceiver and enjoy the 

thriling radio pro- 

grams now being 

broadcast by the new 

“frequency modula- 

tion" transmitting sta- 

tions all over the 

entire country. 
° ° ° 

Left: The receiver is shown here 
without a cabinet, resting on the 
large loud-speaker cabinet. The 
chassis can easily be mounted 
in a book case or in a small 
wooden cabinet of its own. 
Below: The author is holding 
the high-efficiency speaker unit 

used with the FM-Special. 

You can enjoy the same convenience and, 
obtain equally as good results providing— 
and these are variables—that you are located 

no more than twenty miles from the fm. 
station or stations you wish to receive, that 



Right: Back view of the 
chassis of the FM-Special. 
The layout is simple and 
symmetrical. The various 
parts are marked to corre- 
spond with the symbols 
in the schematic diagram 

on the next page. 

the power of each is not : 
less than one kilowatt, 
that your location is 
moderately open (the 
building in which the 
author lives is screened 
on one side by a hill and 
on another side by a tall, 
steel structure). Other- 

` wise, you will have to 

get the folded antenna 
higher than six feet 
above earth (by moving, 
into a second, or third- 
floor apartment, for in- 
stance!); use an indoor 
antenna strung up near 

the ceiling; or, if your 
location is absolutely 
putrid, it may be neces- 
sary to resort to an out- 

side antenna. In any 
event, the receiver's the 
thing, and this one will 
knock your conception 
of high-quality recep- 
tion into a cocked hat. 
„The “FM-Special” is 

built around the 
Browning BL-40T and 
BL-3000A frequency 
modulation units. The 
former is the r. f. tuner, the latter the i. £. 

and detectofunit. Both come from the fac- 
tory completely wired and aligned, leaving 

nothing foi<you to do but fasten the BL-40T 
to the chassis (which is part of the BL-3000A 
i. f. unit) and make the few connections 
shown in Fig. 1. If you want this done for 
you, get the BL-304-6D, which is the 40T 
tuner, the 3000A i. f. amplifier and the 6D 
dial, completely wired and aligned. : 

On the other hand, if you're a hound for 
work you can get the punched chassis 
(100C), the i. £ transformers (3M), and the 
discriminator transformer (3D) separately, 
and do your own assembling and wiring. The 
values of the resistors and capacitors asso- 
ciated with the BL-3000A unit are given in 
the schematic diagram of the complete re- 
ceiver, shown in Fig. 2. But, unless you know 
your onions, and have the necessary test 

TUNING-EYE CABLE : 
TRANSMISSION LINE — 

ó M E 

SPEAKER LINE 
SOCKET |, CORD 

RUN 
GROUND 
BUSTO 
BOTTOM OF 
TERMINAL 

This close-up shows the connections to be made from the 
BL-40T r.f. unit to the BL-3000A if. unit: A—to 6SK7 
socket terminal No. 4 (grid). B—to 6SK7 socket terminal 
No. 8 (plate). C—to insulated soldering terminal (1000 

ohm resistor). D. E, F and G as indicated. 
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‘SOCKET 

ELECTROLYTIC ` 
COND. ; 

Pe 

SPEAKER © 

2%" 

tied 
oon * O07, 
IY V LIMITER 

S EU 

Ob : : i 
FILE OR SAW | 

zu DE — | OUT TO ACCOM- d 
> MODATE TRANS- 

| FORMER LEADS 
Eu 
o 

z = ru 
Q 3 

C Só 
Iq E 

56 
Oum 

U o2 |: : 
Abs | — —MIXER 

yoo OSCILLATOR 

a : EES . : Sa sS 
Qi i í ) TUNING { 

i S Z ? pr IS Ge M Ne do 

LINE SWITCH - VOLUME Fig.3 
Chassis layout of receiver. With the exception of the cut-out for the power transformer 
and the mounting holes for the chokes L1 and L2, no drilling or sawing is required. 

equipment on hand, you'll never get the re- 

ceiver properly aligned. If you don’t know 

your onions, turn the aligning job over to a 

radio serviceman. 

The remainder of the receiver consists of 

the power supply and the audio amplifier, 

both built into the 3000A chassis, which is 
punched to. accommodate just such a layout. 

The location of each component is shown in 

Fig. 3. 
The technical features of the receiver can 

be analyzed by reference to the schematic 
diagram Fig. 2. There is a tuned r. f. stage 

followed by à combination mixer-oscillator. 

The mixer feeds two high-gain i. f. stages 
tuned to a frequency of 3 megacycles. The 

tuner covers a range from 41 to 51, mega- 

cycles. 

The limiter (V5), which is a particular kind 

of i. f. stage designed to obstruct the passage 

af noise, is coupled to the 6H6 discriminator- 

detector (V6) by means of a special type of 
i f. transformer (T5). 

The audio output from the detector is fed 
to an audio amplifier stage employing a 
6SJ7 pentode (V7). -This tube drives the 
6L6 beam-power amplifier (V8). Both 
stages are heavily loaded with inverse feed- 
back. The feedback voltage is taken from 
the voice-coil winding of the output trans- 
former T1 and fed into the cathode circuit 
of the 6SJ7 audio tube V7 through resistor 
RA. This arrangement—pentode amplifier, 
single power tube and heavy inverse. feed- 
back—provides an almost distortionless audio 
system with an output of six watts, without 
having to use a push-pull stage. And six 

watts is far more volume than you can com- 

fortably use. 
Moreover, the output of the amplifier is 

designed to match the power-handling ca- 

pacity of the Jensen high-fidelity speaker, 
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TUNING 

LINE 
SWITCH 

SHUNT WITH Rq (SEE TEXT) 

SHIELDED LEAD 
TO GRID OF V7 

Underside of the chassis, showing the placement of the major parts. The resistors and condensors 
that appear to be hanging in midair are actually supported by their own short terminal wires. 

which is also six watts. Hence, there is little 

likelihood of overloading the speaker as 

there would be if the amplifier power output 

were ten or twelve watts. Since the fre- 

quency ‘range of the speaker is 50 to 10,000. 

cycles, every precaution had to be taken to 

reduce harmonic distortion to a negligible 

point, for the wider the audio range the more 
noticeable is any distortion that may be gen- 
erated in the receiver or amplifier. 

The power supply is conventional, except 
that choke input is employed rather than 

capacitor input. A total of 16 mf. filtering 

capacitance is connected from the midpoint of 
Ll and L2 to ground. The third 8-mf. section 
of the triple-section electrolytic capacitor 
C1-C2-C3 is hung across the output. 
The grid of the 6U5 tuning-eye tube (V9) 

is connected to the high side of the 10,000- ohm 
resistor in the grid-return circuit of the 
limiter tube; V5. Since an increase in signal 
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amplitude will develop a larger voltage 

across this resistor, due to the flow of grid 
current, the “eye” will vary accordingly. 
When the signal is properly tuned in (maxi- 

.mnum amplitude) the "eye" will register 
maximum. closure, or close to it, as will be 
explained later. 

In constructing the receiver, first moun 

the 50T unit and wire it as shown in Fig. 1. 
Do not make any abrupt. bends in leads A, 
B, C, D and E, Curve them. Then mount 

the two wafer sockets for the 6SJ7 and 6L6 

audio tubes, V7 and V8, with the key posi- 
tions facing left when viewing the chassis 
from the front. If the chassis is to be mounted 
in a vertical position, with the tubes in a 
horizontal plane, remove the socket for the 
80 tube (socket comes with chassis) and re- 
mount it so that the large pin holes 1 and 
4 are in a horizontal plane. 

Proceed by wiring in the audio sockets. 



Draw in the shielded output lead from the 
volume control, cut to proper length, and 
connect the lead proper to the grid of the 
6SJT a. f£. tube, V7. 

Next, file or saw out a slot in the power- 

transformer cut-out on chassis so that the 
transformer may be mounted near the chassis 
edge. Use the transformer mounting lugs 
as template and drill necessary holes. Mount 

transformer and clip off the leads not to be 
used. Wire transformer to line switch SW 

and the a. c. cord to the 80 socket and to the 
common heater lead for the other tube 

sockets, 
Then mount the triple-section electrolytic ' 

capacitor C1-C2-C3 in the hole to the rear 
of the 80; and the choke L2 by means of the 

bolt holes so provided in the left chassis apron 

(Fig. 3). Follow by drilling the two holes 

required for mounting choke L1, as shown in 

Fig. 3. 

Thereafter the power supply should be 

wired in accordance with the schematic dia- 
` gram. Note that the high-voltage supply for 

the plate of the 6L6 tube V8 is taken from 

the mid-point of chokes L1 and L2. The 
remainder of the receiver is supplied from 

the output of choke L2. This calls for a 

change of the wiring on the speaker socket 

as it is made at the factory. 

Complete the job by mounting the output 

transformer T1 on the frame of the speaker, 
wiring it to the voice coil and speaker cable. 
Connect the speaker plug to the free end of 

the cable, making sure that each lead is 

soldered to the proper prong. If, on first 

trial, the receiver oscillates, reverse connec- 

tions 2 and 3 on the speaker socket, which 
is the same thing as reversing the voice-coil 
connections. 

If the speaker is to be used at a remote 
point from the receiver, mount the output 

transformer T1 on the rear apron of the 

chassis, near the speaker socket, and wire in. 
In this case, only two leads need be run to 
the speaker, as all other connections can be 
made at the chassis. 

The author mounted his Jensen speaker 
in an “infinite baffle” cabinet, the details of 
which are given in Fig. 4. The entire inside 
of the cabinet should be lined with sound- 
absorbing material, such as felt, Ozite, rock 
wool or similar material. The folded antenna 
is strung on stand-off insulators fastened to 
the rear of the cabinet. 
An alternative arrangement is to obtain 

the Jensen MT-8 high-fidelity speaker, which 

S4" THICK 

BACK 1⁄2" 

V4" PLYWOOD 
oa / : : 

/ X deme e 

& 
Tw 1 

74" HOLE 

FRONT BACK Fig.4 

Details of the “infinite bafle” speaker cabinet. If desired, 
a compartment can be made at the top rear for accommodat- 
ing the chassis in a vertical position with the controls out 
the top. This compartment should be completely enclosed 
except at the rear. which should be left open for ventilation. 

: Q TWISTED PAIR 
Fig.5 a TRANSMISSION 

LINE TO SET 

Q ANTENNA POSTS. 
ANY DESIRED STAND-OFF 
LENGTH INSULATORS 

NO SHARP N°. 10 TO No. 20 

s SOLID COPPER WIRE. 
EACH ARM IS 
APPROX. 5' 3" LONG 

: 2770 
EG F 
L= LENGTH OF.EACH HALF 

OF DIPOLE IN INCHES ` 
F = FREQUENCY OF DESIRED 

STATION IN MEGACYCLES 

EXAMPLE:L= 2120. ( 
43 j 

L= 64.5" = 5'4 o" 

SILK THREAD) 

Details of the folded doublet antenna which is suspended from 
stand-off insulators. Do not make any sharp bends in the wire. 
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is the PM8-CT speaker mounted in an at- 
tractive cabinet of the “bass reflex" type. 
This housing is not large enough to accommo- 
date the folded antenna, but a single wire 
either about five and one-half feet or eleven 
feet long, connected to the upper antenna 

post on the receiver, and the wire placed in 
any convenient location, will work quite well 
for stations within a radius of ten or fifteen 
miles. 

As a matter of fact, trial reception on a 
short length. of wire is the best means of de- 
termining if your 

receiver is going 

to operate proper- 

ly from a folded 

doublet. If satis- 
factory reception 
is obtained with 
the wire, then you 
may be sure that 
the doublet will be ` 
quite all right. 

If the building 
in which the re- 
ceiver is to be 
located has a. steel 
framework, watch 
out for reflections. 
You may find that 
pick-up is poor in 

one part of the 
room and excel- 

lent in another. 
Also keep in mind 
the fact that a 
doublet antenna is 

directional. If the 
cabinet on which 

the doublet is f 
mounted is facing the wrong way, reception 

may be poor. 

The FM-Special, a real, 

Details of the folded doublet are given in’ 

Fig. 5. The two lengths of solid copper wire, 
each approximately five and one-half feet in 

length, are held in position by the six stand- - 
The lower ends of the wires. 

are. secured by a silk thread, though two more . 
stand-off. insulators can. be used if desired. - 

Do not make sharp bends in the wires. Curve 
them at the points where they are secured by- 

The lead-in or transmission . 

off insulators. . 

the insulators. 
line connects to the upper ends. This line 
may be any length that may be required. 

If you are within range of only one fm. 
station, cut the wires to the proper length for 
that station. The formula for calculating the 
length of the wires for any given frequency 
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brand new frequency modulation set that 
you can build yourself at low cost. 

- tool. 

is included in Fig. 5. The example provided 
is based om the assumption that the frequency 
of the desired station is 43 megacycles. 

If you are within range of two or more 

stations, match the length of the doublet to 
the frequency of the station that is weakest, 
or cut to a length that falls midway between 
the frequencies of the two stations. 

All-F. M. receivers have a high hiss level 
when not tuned to a station carrier. When 
the receiver is properly tuned to a station, 

the hiss and noise interference will disappear 
—providing the 
signal is strong 
enough. If should 

also. be observed 
that if the signal is 
too weak to sat- 
urate the limiter 
tube, distortion as 
well as noise back- 
ground will be 
present. The signal 
must be strong 
enough to com- 
pletely eliminate 
all hiss — though 
not necessarily 
strong noise 

impulses—if 
distortion is to be 
escaped. If this is 
not possible. on 
first trial, the gain 

of the receiver 
may be increased 
somewhat. by 
shunting the 400- 
ohm resistor in-the 
cathode circuit of 

tube V4 by another of like value (RT).or by 
: replacing the 400-ohm resistor with one hav- 
ing a value of 200 ohms. If this change is not 
sufficient, string the doublet along a picture 
molding or use an outdoor antenna ;of the 
same type. 

. When the receiver is first placed in opera- 
tion, let it run. for about a half hour; then 

„adjust. the antenna trimmer (reached through 
‘the rear hole in the gang capacitor cover, as 
shown. in Fig. 3) with an insulated aligning 

Do this very carefully, adjusting the 
trimmer for maximum eye closure. Then, 
with the same care adjust the trimmers on. 

the 2nd and 3rd if. transformers T3 and TM, 
reached through holes in the shield tops. 
Adjust for minimum noise and/or maximum 
eye closure. 



Goodby To Radio Static And Interference 
[Continued from page 19] 

reception is against a silent background. 

Loud passages need not be reduced because 

modulaiion is attained by means of frequency 

shifts and there is nothing in the system to 
overload. The result is a volume range more 

closely approaching that of the original or- 

chestration in the studio ... music just about 

as you would hear it in a concert hall. 

Another extraordinary feature of the Arm- 

strong system is that a large number of sta- 

tions may be operated on the same frequency 

without causing interference, providing they 

are spaced apart 50 miles or so. The receiver 

' simply selects the strongest signal and rejects 

allothers. It will, that is, pick up one and 

only one station on each separate wave 
channel and reject all others just as if they 

did not exist. What a contrast to the situation 

in the standard broadcast band where stations 

` a thousand or more miles apart interfere with 

each other! 

This peculiar characteristic of frequency 

modulation suggests the possibility, if not the 

probability, of huge networks of low-powered, 

high-definition and static-free broadcast sta- 

tions, each serving an area of 50 to 100 miles, 

and connected into chains by companion relay 

stations. That the plan is feasible and prac- 

tical has already been proven by tests of this 

very nature. Moreover, it is a vital matter 

where chain broadcasting is concerned, as 

the usual wire lines are not capable of con- 

ducting the wide band of audible frequencies 
characteristic of high-definition broadcasting. 

Special cable for this purpose costs in the 

vicinity of $10,000 a mile, but a low-powered 

"frequency modulation transmitter such as 
would be used as a key relay station for a 
number of broadcast stations in a given radius 
costs, complete, only $20,000! 

Let it be said again that if it were not for 
Armstrong’s determination, frequency modu- 
lation broadcasting might well have been 

.shelved for good. Instead of taking defeat, 

he sunk $300,000 into the construction of the 
station mentioned in the opening of this article, 
and tooted its horn day in and day out until 
the radio field couldn’t help but notice that 
something really remarkable was taking place 
in the air around New York. A mild ripple 
of interest grew into a wave of enthusiasm. 

Today, with television limping along on a flat 
tire, with no immediate destination, frequency 
modulation has the industry by the ears. It’s 

unquestionably radio’s new gold rush if one 

goes on nothing more than the avalanche of 

applications for station permits that have been 

and are pouring into the offices of the F. C. C. 

Frequency modulation receivers are now 

being marketed by many manufacturers. The 
console receivers are designed to reproduce 
at the will.of the listener either the conven- 
tional broadcasts or the frequency modulation 

variety. The table models are for frequency 
modulation reception only and cover a tuning 

range of 40 to 44 megacycles (in the vicinity 
of seven meters), where the stations are 
located. Stromberg-Carlson has a small con- 

verter model—actually a complete receiver 
in itself—which may be used in conjunction 
with any good console receiver of the con- 
ventional type. The converter has its own 
amplifier and loud speaker for reproducing the 
very high audible frequencies, and a plug for 
insertion in the phonograph jack of the con- 
sole set so that the amplifier and speaker in 
the latter may be used for reproducing the 
lower audible frequencies. À 
Frequency-modulation broadcasting has the 

„advantage over television in that no new 
technique is involved. . It departs from the 
household necessity that broadcasting has be- 
come only to the extent that it is an improve- 
ment. in the same way that natural color 
motion pictures may be considered as an im- 

provement over black and white films. You 
will still be able to hear your favorite pro- 

grams, but with such fine definition that you 
will have the illusion that the stage has been 
set in your own room, 

The transition from the conventional sys- 
tem of broadcasting to that of frequency 
modulation will take time—some say a decade. 
It depends on the rapidity with which the 
public switches from one level of listening to 
another. Once a person has heard real high- 
definition broadcasting, the conventional 

broadcasts sound lifeless and they become in-: 
creasingly more difficult to listen to. This 
fact alone may serve to complete the transi- 

tion in a few years, for it is certain that people 
living in localities where frequency-modula- 
tion stations are in operation, or contemplated, 

will buy only those receivers that will pick up 

both types of broadcasts, just as the public 
demanded—and was given—all-wave re- 
ceivers when shortwave broadcasting became 
popular. : 
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OW the convenience of a wireless record 
player can be had in conjunction with 

any frequency-modulation receiver, with the 
added advantage of a range and degree of 
musical reproduction not obtainable from the 
ordinary type of wireless record player 
operated through a standard broadcast re- 
ceiver. i 
The unit to be described is designed to 

reproduce the full frequency range of 50 to 
7500 cycles used in modern commercial re- 
cording, and to handle the wide dynamic or 
volume range of the present-day records 
without overload or distortion. 

Physieally, the unit is small enough to fit 
into most any record-player case or cabinet. 
Moreover, it has sufficient power to be 
operated at a considerable distance from the 
receiver, thus permitting it to be located in a 
closet or at some other remote point where 
the record turntable may be installed. 
Mounted in a portable record player, as the 
writer's unit is, the case can be placed on the 
floor in front of a comfortable, chair, and 
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FM W ireless 

by M. L. 

Muhleman 

Enjoy the rich quality 

and volume of modern 

recordings with this 

new unit, which gives 

you all the advantages 

of frequency -modula- 

tion transmission. 

The complete unit is easily car- 
ried to any convenient position 
in the room and is used without 
any direct connection with the 

radio receiver itself. 

records changed with speed and ease. 
Like the usual type of wireless record 

player, the FM Player is a miniature radio 
transmitter requiring no direct connection to 

the receiver with which it is used. . It departs 
from the usual type in that it radiates a modu- 
lated radio wave which varies in frequency 
rather than in amplitude. The radiated power 
remains constant at all times.. Hence, the 

tubes are not subject to overload on volume 
peaks. 
The FM Wireless Record player employs 

three tubes, as shown in the accompanying 
photos and diagram. Referring to diagram 1, 
on page 30, the 6AB7 tube, VI, is the modu- 
lator, the 6SK7 tube, V2, is the ultra-high- 
frequency oscillator, and the 6X5G tube, V3, 
is the full-wave rectifier in the power supply. 

In operation, the 6SK7 tube, V2, generates 
oscillations that fall within the 40- to 50- 
megacycle band occupied by f.m. broadcast 
stations. The frequency of the oscillations 
generated may be'varied by an adjustment of 
the variable air capacitor Cx connected across 



Record Player 
the oscillator coil L. This adjustment permits 
the unit to be set at a wavelength or frequency 

that is free on the receiver dial Once this 

capacitor is set for a frequency that does not 

interfere with an f.m. broadcast station on the 

receiver dial, it need not be touched again. 
The 6AB7 tube, VI, functions as a “react- 

ance-tube modulator.” The audio: voltage 
generated by the crystal pickup XT is fed to 

the grid of the modulator tube VI through 
the volume-control potentiometer R1. The 
tube VI is so connected that it represents a 
capacitance across the oscillator coil L. The 

audio voltage on the grid of VI serves to alter 
this apparent capacitance, the rapidity and 
extent of alteration depending upon the fre- 
quency and the volume of the audio voltage 

generated in the crystal pickup. Since the 

apparent capacitance of the modulator tube 
V1 is in shunt with the oscillator coil L, a 
variation of this apparent capacitance due to 

changes in audio voltage serves to tune the 

coil to radio frequencies other than that de- 

termined by the adjustment of capacitor Cx. 
Therefore the oscillations generated by the 
oscillator tube V2 are frequency modulated. 

It should be noted that no aerialis used in 
the circuit; the radia- 

tion from coil L, is H 

The "transmitter" of the FM Player is only a handful of 
equiptnent. You can build it in several evenings. 

capacitance capacitor C10. The latter is im- 

portant, as it serves to bypass radio-frequency 

currents from the oscillator circuit which 

might otherwise reach the house wiring. 

Electrolytic capacitors are not effective at 

such high frequencies as are involved in this 
unit; hence the necessity for including C10. 

The remaining bypass capacitors C1 through 

C7, are of the low-capacitance mica type and 

are the only ones satisfactory for bypassing 
or coupling purposes at the very high radio 

frequencies generated in the circuit. 

sufficient for all pur- 

poses. 
Two toggle switches, 

S2 and S3, are used in 
the a.c. line circuit, S2 
for turning on and off 
the unit and S3 for 
turning on and off the 
;phonograph motor. 
The fixed capacitors 
C11 and C12 across the 
primary of the power 
transformer T bypass 
line disturbances 
which might otherwise 
appear as noise in the 

radiated wave. 
The power-supply 

filter circuit consists of 
the choke Ch, the dual 
electrolytic capacitor 

C8-C9, and the low- 

~ CUT-OUT 
FORT 

The chassis work is very simple. 
` À piece of steel; bent U- 
shaped, supparts all the parts 

of the unit. 
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C. SHIELDED PHONO PLUG 
< 

SHIELDED LEAD 

cassis 

TO PHONO 
MOTOR 

List of Parts 
R —IRC 
R1—IRC 
R2—IRC B 
R3—IRC 
R4—IRC 
R5—IRC 
R6—IRC 

BT-1⁄; resistor, 4 megohms, l5 w 
EE 133 long shank volume aE 500, 000 ohms 
T-14 resistor, 10,000 ohms, 1⁄2 watt 

BW-Y^ resistor, 20 ohms, J5 watt 
BT-15 resistor, 350 ohms, !5 watt 
BT-15 resistor, 30,000 ohms, 1⁄2 watt 
BT-V, resistor, 50,000 ohms, !^ watt 

R7—IRC BT-l^ resistor, 60,000 ohms, l^ watt 
R8—IRC BT-1 resistor, 5,000 ohms, 1 watt 
C —Solar MO-1416 fixed mica, .0001 mf. 
Ci—Solar MO-1416 fixed mica, .0001 mf. 
C2—-Solar MO-1416 fixed mica, .0001 mf. 
C3—-Solar MO-1403 fixed mica, .00001 mf. 
C4—Solar MO-1416 fixed mica, .0001 mf. 
C5—Solar MO-1406 fixed mica, .000025 mf, 
C6—-Solar MO-1416 fixed mica, .0001 mf. 
C7—Solar MO-1416 fixed mica, .0001 mf. 
C8-C9—Solar M-488 dual 8-8 mf., 450 v. dixit with 

mtg. strap 

The switch S1 in the crystal pickup circuit 
permits £he reproducer to be used with the. 
FM Player or as a straight record player 
operating through the audio amplifier of.a 
receiver. 
provided for remote operation. It is shown 
coiled up on the cover of the record player 
in one of the accompanying photos. The 
switch and cable are, of course, optional, but 
are worth having if the record player is to 
be toted around to places where f.m. re- 
ceivers are not available. 
Although most any type of crystal pickup 

or reproducer will work in conjunction with: 
this unit, the desirable wide range and flat 
response cannot be hoped for with much less 
than the pickup specified. This is one of the 

new “low-pressure” crystal pickups with a 
permanent sapphire stylus and a needle 
pressure of only one ounce. Aside from the 
fact that this type of pickup dispenses with 
needle changing and reduces record wear to 
a negligible degree, it has superior response 
characteristics and is free from disturbing 
“peaks” when properly equalized. ' The As- 
tatic Type FP-18 Reproducer used is fully 
capable of responding to the complete range 
of frequencies on modern records. 
The frequency response of the pickup. is 
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A shielded cable and a plug are - 

C10—Solar MP-4129 fixed paper, .005 mf., 600 v. 
C11-—-Solar/MP-4135 fixed paper, .01 mf:, 600 v. 
C-12—Solar MP-4135 fixed paper, .01 mf., 600.v. 
Vi1—Raytheon type. 6AB7 tube 
V2—Raytheon type .6SK7 tube 
V3-—Raytheon type 6X5G tube 
T—UTC type R-1 power transformer 
Ch—UTC type R-14 filter choke 
L-Cx— Meissner type 14-1020 oscillator coil-capacitor 
XT—Astatic type FP-18 crystal pickup š 
S ae type 1460 long shank spdt rotary switch (op- 

tional 
S2—H & H long shank spst toggle switch (optional) 
$3—H & H long shank spst toggle switch (optional) 
3——Meissner No. 25-8209 bakelite octal sockets 
1— (optional) Insuline No. 1565 chassis, 5"x9 "x3" 
1—Mallory-Yaxley No. 75A shielded phone plug (optional) 
TRE K20842 shielded cable, length desired (op- 

tional 

compensated by means of the equalizer com- 
posed of the capacitor C and the resistor R. 
This equalizer must be used. Moreover, if the 
shielded cable and plug are to be included 
for direct operation through an audio ampli- 
fier, an additional equalizer, with the same 
values as C and R, should be used at the am- 
plifier input. If.the réproducer is to be used 
in conjunction with a number of different 
amplifiers, the problem is easily solved by 
connecting the additional equalizer inside the 
body of the shielded plug, as shown above. 
The resistor and capacitor specified are quite 
small and will just fit in the Yaxley plug we 
used. 

The chassis is made from a sheet of 18- 
gauge steel having the measurements given 
on page 29. It is smaller than any chassis 
available on the open market, but the manu- 
factured chassis mentioned in the list of parts 
may be used providing there is room for it in 
the record-player case you intend using. 

If no provisions are to be made for direct 
operation, the hole for switch S1 can be 
ignored. Moreover, unless the record player 
is to be permanently installed and left con- 

nected to the a.c. line, switch S2—and there- 
fore the hole for it—may also be dispensed 
with, and the a.c. power cord connected di- 



C7 c 10 

Underside of the FM. Player chassis. 

rectly to the primary of the power transformer 
T. This is a perfectly satisfactory arrange- 
ment, since the FM Player must be on con- 
tinuously while the record player is in use. 
The situation changes only in the event that 
provisions are made for direct operation 
through an amplifier, in which case there 
would be times when the f.m. unit would not 
bein use. Butif S2 is dispensed with, center 
the hole for S3 with that for R1 if these two 
shanks are to be used for fastening the chassis 
to the record-player motor board. Otherwise, 
drill the two mounting holes indicated. 

The unit is so made that the tubes may be 
operated in either a vertical or a horizontal 
position. Hence, the chassis may be placed 
on its side, with the controls through the motor 
board, or on its base, with the controls coming 
through the side of the record-player case. 
One arrangement is as good as the other so 
long as there is sufficient clearance for the 
6X5G. Itis slightly under 6 inches from the 
base of the chassis to the tip of this tube, so 
calculate space accordingly. 

If you intend using a phonograph motor 
with a 12-inch turntable, the controls may 
not clear the turntable rim as they are laid 

L - C4 

The space is well filled, but the parts are not crowded. 

out on page 29. Determine this beforehand if 
the controls are to come through the motor 
board. . 
Do not drill the mounting holes for the 

choke Ch until after the power transformer is 
mounted. If the bends in the chassis are 
slightly off, the choke mounting holes will 
also be off and the choke will rest against the 
transformer shell. 
Mount the sockets and the power trans- 

former first, and complete as much of the 
wiring as possible before mounting other 
components. 

The oscillator coil L, has two windings. The 
winding of thin wire should be removed, as 
itisnot used, The center tap to the remaining 
coil is made by soldering the lead of resistor 
R8 to the center turn of the coil. The coil is 
given rigidity by a piece of heavy wire 
soldered to the side of the chassis and to one 
of the free lugs left after removing the un- 
used coil. The adjustable capacitor Cx comes 
wired to the proper coil, and the coil form 
should be mounted so that the adjusting screw 
on this capacitor can be reached. 

If the FM Player is to be mounted in a 
[Continued on page 48] 
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"ALL-WAVE ELEV 
An advanced communi- 

cations-type receiver em- 

bodying every modern 

feature of the refined su- 

perheterodyne circuit. A 

project for the experienced 

radio constructor who 

wants superlative results. 

HE *All-Wave Eleven" receiver may seem to be 
quite a large job to tackle, and so it is. But it is 

offered as a radio set which can be built at home 
with the least possible interference from “bugs” and 
one which is modern and up to the minute in every 
respect. 

The outfit is built along the lines of a commercial 
communications receiver and has the same general’ 
tube lineup. The tubes are used as follows (see dia- 
gram opposite): V1, radio frequency stage; V2, 

‘mixer; V3, high-frequency oscillator; V4, voltage 
regulator; V5, first intermediate frequency ampli- 
fier; V6, second if. amplifier; V7, detector; V8, noise 
silencer; V9, first audio amplifier and beat oscillator; 
V10, audio power amplifier; V11, rectifier. 

Since band spread is of prime importance in such 
a set, great care was taken in the selection of the 

` tuning controls. The band, spread is accomplished 
by the parallel capacitor system, wherein one capac- 
itor gang of large capacitance acts as the so-called 
"tank" and is set to the vicinity of the frequency de- 
sired, then actual coverage is obtained by means of 
the small parallel capacitor gang. Both sets of 
capacitors are combined in one frame, resulting in a 
compact and efficient unit. 
Two dials are required. The band-set dial is à 

friction drive 4 to 1 unit which is also used for the 
main tuning control on the lower frequency bands. 
The band-spread dial is an exceptionally smooth 
.10 to 1 ratio unit of the type used on many com- 
munication receivers, and is absolutely without 

` backlash in operation. 
As mentioned, the general coverage dial is used 

almost exclusively for tuning on the lower bands, 
às the band spread dial does not cover a wide enough 
band of frequencies to make it usable. The latter is 

[Continued on page 34] 
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Above: The finished receiver has a truly professional 
appearance and will decorate any radio “shack.” 
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SELECTIVITY 
ON LET. 
po. 

` eMe" DIA. 
~HOLE FORM 

- BAND“! 
SWITCH 

PANEL 834" x 19"x Vg" ALUMINUM-GREY FINISH 

2346" HOLE FOR 
DIAL PLATE 

: 1" DIA. _- 
DIAL- SHAFT HOLE 

he La DIA» 
R 3 

FONE JACK 

Drilling layout for the front panel of the “AIL-Wave Eleven.” 

always available as a vernier, however. 

An extra control in the form of a trimmer 

capacitor C2, across the first section of the 

main tuning capacitor, C1, has been in- 

stalled. This trimmer serves to compensate 
for various different types of antennas, and 

allows the r.f. stage to be kept in exact 
resonance, thereby affording higher gain and 
a better image ratio. 

The coil set comes all wired and assembled 

and covers a range from 530 kilocycles to 32 
megacycles in five ranges, selected by a built~ 
in switch, The use of such a commercially 
available coil set is of the greatest help to-the 
less experienced builder, and even to the ex- 
pert it is a great saver of time and trouble. 
This coil set must be altered slightly as will 
be described later in order to fit under the 
chassis. 

Following the high-frequency section 
comes the crystal filter unit and here again 
a completely assembled and factory-wired 
unit is employed. This particular crystal 
circuit is exceptionally efficient and is de- 
signed for peak performance on both phone 
and c.w. signals. It has two panel controls, 
selectivity and phasing; the former is a six- 
position switch. When properly aligned in 
the circuit there is absolutely no difference in 
strength of an incoming signal between the 
No. 1, or OFF position, and No. 2 or No. 3, 
and very little drop in signal strength is noted 
even in the extreme selective position. Its 
ability to eliminate heterodyne inter ference i is 
remarkable. 
Two conventional if. stages follow, with 
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iron-core, air-tuned transformers through- 

out, The full-wave second detector, V7, and 
associated noise silencer, V8, come next. 
VT provides automatic volume control voltage 
for the r.f. and i.f. tubes, a.v.c. being controlled 
by SWi: This same switch also shorts the 

tuning meter when in the OFF position. In 
this condition the r.f. gain control, R19, is used 
to prevent circuit overload on strong signa 

input. 

The meter is of the forward reading type, 
that is, it moves to the right as a signal comes 
in, and is set to zero with no signal input by 
means of resistor R23, which is placed on the 
chassis near the r.f. tube, with a knob above 
the chassis for ease of adjustment. This 
cohtrol will seldom need changing once it 
has been set. 

The audio amplifier consists of two tubes, 
V9 and V10, and will produce 3 or 4 watts 
of output. While not exactly high fidelity, 
due to the sharply-tuned if. channel and 
other factors, the output tone quality is really 
very fine. 

In addition to service as an audio amplifier, 

V9 also acts as a beat oscillator. All parts of 
` the oscillating circuit are shielded, with C26 
and the secondary and tickler coils in the 
shield can above the chassis. The beat note 
is varied from the front panel by means of 
C27, which is placed at the rear of the chassis 
and operated by an extension shaft in order 
to keep the associated leads short. The beat 
oscillator is cut off by a very simple means. 
One tip of one of the rotor plates on C27 is 
bent out at an angle so that when turned fully 



counter clockwise it shorts the capacitor 

and stops oscillation. This dodge makes for : 
simplicity and is entirely practical. 
The phone jack is inserted between V9 and 

V10 and is arranged so that when phones are 
in use the speaker output is nil Since no 
direct current flows through the phones, any 

type may be safely used. 
About the only control not mentioned so 

far is SW3, which is a three-position unit. 

The left-hand setting is OFF, center is 
alternating current ON alone, or the standby 
position, and right is full ON for reception. An 
extra pair of binding posts at the rear of the 
chassis shunts the high voltage section of the 
switch so that the receiver may. be silenced 
automatically by means of a relay when used 

34"x 1" CUTOUT 
U7 FOR DIAL 

<i ===] 

E 

334" 

H ahea 

ALL SOCKET 
HOLES 1 Ae" DIA. 

TOP 

POWER . 
CORD 
HOLE 

B+ Sw. U SPEAKER ̀  
TERMINALS ` —— 

L DIA. 

CHASSIS. 17"x 13" x 3" 

with a transmitter. Tbe loud speaker plug 
has a connection in the power transformer 

primary circuit so that removal of the plug 
- cuts the a.c. power input to the set, a measure ` 

of protection for the filter capacitors. 
. While the total of 11 tubes is around average 

for a set of this type, two of these may be 
omitted if desired. "Those are V4 and V8. 
The former, a voltage regulator, serves pri- 
marily to keep a steady input to the high- 
frequency oscillator, V3, regardless of line 
fluctuations. This is of great help when re- 
ceiving c.w. signals, particularly on the 
higher frequencies. It also supplies regu- 
lated voltage to the screen grid of V2 and 
to the beat oscillator. . 

The noise silencer tube, V8, is also a sort 

1"x1V2" CUTOUT, 
FOR SW.N 

V: : 

BAND SPREAD 
DRIVE UNIT 

` 
9/8 HOLE 

FOR R23 

/ 

ANT. & GND. 
TERMINALS 

pI Ry 
BACK OF CHASSIS 

s 

Drilling layout for the chassis of the receiver. 35 



of luxury and its omission will obviate the 

need for a flock of small parts. It is very 

useful, however, and should be retained if its 

extra cost is not objectionable. If not desired, 

the following parts may be omitted: V8, SW2, 
R26, R27, R30, C20, C22. Without this circuit 

the upper end of R28 would connect to the 

center tap on the secondary of IFT3 and to 

C19 and R24. ! 
The noise silencer is of the greatest aid 

for weak signal reception and works best in 

reducing noises similar to auto ignition. It 

is therefore practically a necessity for those 

living near a well-traveled highway. Noises 

of the click and snap variety (including 

static) are reduced to the general level of the 

signal being received with a consequent great 

saving on the ears. Steady noises such as 

those produced by electric motors are not 

handled as well, although even here the re- 

duction is often useful. So-called man-made 
noise is of course most bothersome on the 
higher frequencies, but the noise silencer is 

of considerable help when receiving weak' 
stations even on the broadcast band. 
Another part which may be omitted is the 

crystal filter IFT1. If it is left out, it must 
be replaced by an if. transformer. of the 
proper type, such as a Meissner No. 16-6643. 

However, though the filter is a rather costly 
unit, the results obtained from it are of the 
greatest benefit, particularly if the receiver 
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is to be used. on the amateur bands or for 
- €; W. reception. 

By leaving out V4 and V8 with their asso- 
ciated circuits, the tuning meter, and the 

crystal filter, a goodly sum of money may be 
saved. If the proper socket and panel holes 
are provided, all.these "luxuries" may be 
added at any future time with a minimum of 
trouble, while in the meantime the builder 
will have a perfectly workable receiver. It 
is, of course, strongly recommended that the 
whole thing be built at once if at all possible, 
as then the ‘utmost in flexibility and utility 
will be available. 

The coil.set is the biggest part and it is well 
to get the holes for this, together with those 
for the tuning condenser and dials, cut out 
first. As it comes, the coil set is too high and 
must be disassembled so that the three shield 
pieces may be trimmed down a bit. Remove 
the two long rods that hold all sections to- 
gether and trim off the three shield pieces on 
the upper side (opposite side from that in 
which the trimmer screws face) until all are 
314 inches high. Then reassemble, using care 
to get the various washers and spacers back 
in the proper ee 
The coil set is still so high that a hole must 

be cut in the chassis for it to pass through and 
a shelf built above it. The hole is 8%4x5%4 
inches and is made with a hacksaw blade, 
starting each cut in a series of four or five 

Arrangement of 
chassis is compact, 
balanced yet not 
crowded. Note 
antenna and ground 
terminals, and 
speaker receptacle at 

rear of set. 



There are many 
parts on the under- 
side of the “AIl. 
Wave Eleven" 
chassis, and the wir- 
ing must be done 
with great care. How- 
ever, the experienced 
radio constructor will 
not find the job very 
difficult if he pro- 

ceeds carefully. 

-inch drill holes. When the edges are 
smoothed the shelf may be assembled. It 

must be 12-inch high, so %x%4-inch dural 

strips are used for sides and back. , Three 

pieces are required, as none is used in front 

(although a front piece would give a little 
more rigidity). The shelf top is.a plate of 

aluminum 834x6 inches x %~-inch thick and 
three screws through each side and through 
holes in the dural strip hold the whole thing 
firmly to the chassis. 

The next job is to mount the band spread 
dialanditshousing. Thisis centered laterally 
on the shelf and the housing is 34-inch back 
from the front of the chassis. It is held by 

four machine screws. | 
The tuning capacitor gang may now be set 

in place with the front edge of the frame 335 
inches back from the front chassis line. Three 
screws hold this unit, two in front and one at 
the rear, and it will doubtless be found that 
several thin washers are required beneath 
the capacitor brackets in order to raise the 
band spread shaft (the small one) on a line 
with the dial shaft. The flexible coupling 
will take up a certain amount of misalign- 
ment, but every effort should be made to get 
the two shafts as closely in line as possible. 
The band spread dial and capacitor should 
turn very smoothly when properly adjusted. 
Remove the stop pin on the rear of the 
capacitor shaft before final assembly. 

The band-set dial should be mounted next. 
Note on the top view of the chassis that rec- 
tangular cuts are made in the chassis top both 
sides of center. The dial is mounted in the 
right hand cut with the bottom of the shaft 
just level with the chassis top. Two flat-head 
screws through the front drop hold the dial 
firmly., ° 

An upright post of dural %x14x2% inches 
is now cut and mounted 2% inches back from 
the chassis edge. Mark the spot on this piece 
which is directly behind the shaft hole of the 
dial arid drill a %4-inch hole. A short length 
of l4-inch rod then is fitted from the dial 
through the post, to extend about 1⁄2 inch 
behind the latter. 
The band-set section of the capacitor may 

be driven by dial cord, wire belt, or flat strip. 
The latter is used in this set; the 134-inch 
diameter drums over which it runs were ob- 
tained from an old broadcast set together with 
a length of 1⁄4-inch wide thin brass strip to 
connect the two. The strip is cut about 1% 
inches shorter than is required to run all the 
way around both drums and a. coil spring 
fastened between the two ends, with suf- 
ficient tension to take up all backlash in the 
drive. 
The chassis may now be drilled for all other 

parts. The layout does not show the actual 
holes used for mounting screws, but the center 
point of each part is marked out so that no 
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IFT 1 
SELECTIVITY 

PHASING CONTROL 
ON mn 1 

R.F.GAIN 
Rig. 

BAND SET 
ri 

VOLUME 
CONTROL 

R35 o e 
PHONE JACK 

The front panel of the receiver looks bewildering at first, but the purpose of every control is soon learned. 

confusion will exist. Sockets are held by 6/32 

screws run into holes tapped in the chassis. 

Hole sizes are noted on the drawings. 

The panel is drilled last. The meter and 

the Bakelite plate for the band-set dial are 

mounted in two 3/16-inch. diameter holes 
made with a fly cutter. 

Note that the bottom of the panel is met 

flush with the lower edge of the chassis, but 
comes l&-inch further down so it will fit 
properly in the case, 

The chassis side brackets are mounted flush 
with the chassis bottom edge; this will entail 
some filing of the mounting holes. The chassis 
bottom plate is not used. 
` "The panel is fitted flat against the front of 
the chassis, which necessitates cutting 3 
inches off the flange on the mounting 
brackets. Otherwise there would be a space 
between chassis and panel. 
As noted previously, the beat frequency 

oscillator control. capacitor is mounted near 
the rear of the chassis. It was placed in a 
small jack shield in the original receiver. 
Later it was found that on the bottom of the 
BFO transformer case IFT4 should be 
shielded along with C25, C35, and R11, and a 
small square shield was fitted over these parts. 
It would save time to use a single shield of 
larger size for all components. 

The only other large part under the chassis, 
R33, is bleeder and voltage divider near side. 
A word of explanation is needed on the 

mounting of SW2. This is placed near the 
socket of V8, to keep the leads as short as 
possible for highest efficiency, and is fastened 
to the chassis back. ‘Control is had by means 
of a copper tube of 1/16 inch inside diameter, 
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through which runs a piece of No. 11 music 
wire. The tube may be seen curving around 
the corner of the chassis above R33. The 
panel control is made from a switch similar 

,to SW1 with the stationary contact points 
and Bakelite plate removed. A hole drilled’ 
in the moving contact strip takes the upper 
end of the music wire. The lower end of the 
latter of course fits in a hole drilled in the 
Bakelite knob of SW2. 

Before assembly, oil is poured in the tube 
and drained to leave a film inside. The switch 
really operates quite well; the one precaution 
to observe is to have both wire and tube free 
of all small kinks and bends and to make the 
curves in the tube as smooth and of as large 
radius as possible. 

Wiring is entirely routine. A No. 12 tinned 
or bare copper wire is run all around the 
chassis, and all ground connections made to 
this. The hook-up wire should be of the 
highest grade possible; ordinary pushback , 
was used in the set shown and leakage was 
had between certain leads causing no end of - 
trouble until they were rewired. In a dry 
locality this trouble would probably not occur, 
but the prospective builder is advised to play 
safe and use the best grade of r.f. hook-up 
wire. 

Wiring must of course be checked with the 
greatest of care, as there are many places in 
which to go wrong in such a complicated 
hook-up. 

With all tubes in place, a preliminary - 
voltage check should be made. Turn SW1 
OFT, and R19 full ON, then set the slide on 
R33 so that the voltage on the screen grids 
of V5 and V6 is about 90 volts. The high 



voltage across R33 should nieasure about 300, 

and from the screen grid of V3 to ground it 
should be exactly 150. Now turn SW1 ON 
and adjust R23 until the tuning meter reads 
zero. 

LF. alignment is started by connecting a 
service-oscillator through a .01 mf. capacitor 
first to the grid of V6, then V5 and lastly V2, 
setting the trimmers as you go along. The 
intermediate frequency is 455 kc, and this 

must be accurate. 
Of course, it is much the best. procedure 

to use an oscilloscope and a modulated 
oscillator for line-up; if you do not own such 

apparatus, a serviceman should be hired to 
do the job. 

The above equipment is especially neces- 
sary when adjusting IFT1. If the equipment 
cannot be had, then by all means specify that 
IFT1. must be factory aligned when it is 
bought. When the latter is done, a very good 
over-all alignment may be had for the if. 

channel simply by using a simple oscillator 
and the tuning meter. Do not touch the 

upper adjustment screw. on IFT1 when it has 
been received factory-aligned. The lower 

screw, however, must be set for highest out- 

put. With the phasing capacitor (lower 
panel adjustment on IFT1) at center position 

with the flat on the shaft downward and the 
selectivity switch on position 2 or 3, tune the 

service oscillator signal to exactly 455 ke., 
then shift the if. adjusting screws including 
the lower screw on IFT1 for highest meter 
reading. The process is simply one of setting 
all the screws, and the tuning dial of the test 
oscillator to the crystal frequency. When 
properly done, variation of the test oscillator 
dial will cause a smooth peak reading on the 
meter, though it will of course be extremely 
sharp. There should be no difference in peak 
meter reading when the selectivity switch is 
shifted between positions 1, 2, and 3, though 
the latter two will naturally be much sharper. 

Setting of IFT4 is the last step in if. align- 
ment. Incidentally, the end of the shielded 
lead from the plate of V9 is terminated on 

[Continued on next page| 

The inside layout of the receiver is very neat and symmetrical. The parts are well spaced and ventilation is entirely satisfactory. 
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"Al-Wave Eleven" 
[Continued from page 39] 

prong No. 6 of the socket for V7. The ca- | 

pacity coupling between the prong and the 

adjacent plate terminal will give sufficient 

coupling in most cases. If it does not, wind 

a turn of wire from prong 6 partially around 
prong 5, as shown on the diagram, until the 

desired degree of coupling is attained. With 

panel control C27 at mid-scale, shift C26 (the 

‘knob on top of IFT4) until ie beat note ̀ 

is heard. 

"Before making rf, dimma he builder ` 

-is advised to procure a 50c booklet entitled 

“How to Build Radio Receivers," published 

by Meissner. This is the only source of in- 

'structions on use of the coil set and includes 

a great deal of data on the alignment of this 

particular unit. 

Briefly, alignment is made with capacitor 

-C2 set at about 1⁄4 full capacitance, and follows 

‘standard procedure for such work. An all- 
wave oscillator is practically a necessity to 

get proper results, especially on the higher 
frequencies. The “D”. and “G” input posts 
should be connected together: and the 

test oscillator leads connected to “G” 

and through a 200 mmf. eapacitor or 400 ohm 

resistor to the antenna post. The capacitor 
is used for the broadcast band only while the 
resistor serves for the other four bands. 

The following chart shows the approximate 
limits of each band: Z 

d Low Frequency Ban High a a 

1- 530 ke. . 1540 ke. 
2 ` 1.5 Mc. 4.4 Me. 

ENS . 4Mc. 12 Mc. 
4 7.2 Mc. 18 Mc. 
B 11 Me. 32 Mc. 

These limits will naturally vary slightly with 
each receiver. ' 
Alignment of each band starts at the high 

frequency end of the dial scale and adjust- 
ment is made here of the three parallel 
paddlers which are attached individually to 
each coil The oscillator trimmer is set first 

as it determines the frequency, after which 
the mixer and the r.f. trimmers follow. The 
latter will probably be near the lowest point 

for each band as the added capacitance of C2 
takes its place. 

When the oscillator has been adjusted to 
give the proper minimum frequency on each 
-band, the band-set dial should be shifted to 
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. control is used of course. 

90 and actual alignment done àt this spot for 
` each. band. 

On. the highest frequency bands, two ad- 
justments of the oscillator trimmer (on the 

coil) will be found to give a signal and the 
one with less capacitance, or in other words, 
the higher oscillator frequency, is the correct 
one. The coil trimmers decrease capacity as 
the screw is rotated clockwise, while the 
padders, of course, work oppositely. 

. After the series trimmers have been. set, 
turn the dial to 10 and adjust the oscillator 
series padder, rotating the dial back and forth 
until the proper adjustment is found. There 

` are no variable padders.for bands 4 and 5, so 
that adjustment of the trimmer completes 
alignment of these bands, 

All adjustments should be cm initially 
with. the band-spread dial at 500 or- lowest 
capacitance. After the preliminary check for 
the minimum frequency on each band has 
been made, this capacitor may be used as a 
vernier to gèt precise tuning adjustments with 
the test oscillator. 

The signal input should be maintained at a 
level sufficient to cause an ^R" reading of 
around 7 on the meter, and automatic volume 

A modulated 
oscillator is not required for such alignment, 
but one may be used in conjunction with an 
audio output meter if so desired. : 

If a very precise line-up job is desired, the. 
plates of the band-set capacitor may be bent 

` slightly so that the three gang sections follow 
each other ‘exactly. The inexperienced 
builder, however, should leave these plates 
severely alone as such work is a job for the ! 
radio “expert only. 

It will probably be found that a few notches 
must be cut in the upper front edge of the 
cabinet in order to slide the chassis in. On. 
the receiver shown, these notches were re- 
‘quired for the screws on top of IET1 and a 
small hole was. needed for the band-spread ; 
dial indicator unit. 

In conclusion let it be said that this receiver 
is decidedly no job for the novice. For those 
who have a reasonable amount of experience, 
however, and who knows a “rosin joint" when 
they see one, fine results may be had. 

Keep up with aviation and radio! Read ME- 
CHANIX ILLUSTRATED, Only 10 cents a copy at 
your local newsstand. 



Minimizing Transformer Hum 
Te placement of power and audio trans- 

formers and choke coils on high-gain 
amplifier and receiver chassis is very im- 
portant. Bad hum is invariably the result of 

To locate the right 
spots, use this 
method. Con- 
nect the pri- 
mary of the 
power trans- 

former to the 
power line, but 
leave the sec- 
ondary open. 

Connect a pair 

of earphones to 
the terminals of 
the choke or to 
one winding of 
the audio trans- 
former, Now 
move the unit 

around carefully on the chassis, turning it at 

all angles in relation to the power transformer 
until the hum is at a minimum. Mount the 
choke or transformer in precisely that spot. 
—P. M. Ohlinger. ; 

incorrect positioning, 

Simple Code Practice Set 
N EXCELLENT code practice set for indi- 
vidual or group instruction can be made 

with an ordinary house buzzer, connected in 
series with a telegraph key and one or two 
No. 4 or 6 dry cells. To raise the pitch of the 
buzzer (to simulate radio signals) push a 
piece of matchstick or a small wad of paper 
between the armature and the contact spring. 

Nails Support Hot Iron 
SOLDERING iron support that is fully: 

‘as good as any of the complicated stands 
on the market can be made as shown in the 
photograph below. Cut a piece of serap wood 
àbout three inches wide and as long as the 

iron itself. A short distance from one end, 
drive in two large finishing nails (or common 
nails with their heads sawed off) so that they 
form an X to hold the tip of the iron. 

M 

Dentist's Mirror Is Useful 
SMALL, round mirror, of the type den- 
tists use to inspect inaccessible teeth, - 

enables the radio technician to see into the 
“rats’ nests” 
inside a radio 
chassis with a 
minimum of 

disconnectión 
of parts. À 
pocket flash- 
light furnishes 
the needed 
illumination 
in dark cor- 
ners. Real 
dental mirrors 
of this kind 

are expensive, 

but cheap 
counterparts, 

which are satisfactory for radio servicing 
purposes, are sold in drug, department and 
chain.stores for about twenty-five cents. 

Lettering On Panels 
EAT lettering on radio panels can be done 
with an ordinary set of removable rub- 

ber-stamp letters of the kind that fits in a 
wooden holder. Clean the panel carefully 

with turpentine 
to remove grease 

and finger marks; 
otherwise the 
impression will 
not stick. In- 
stead of ordinary 
stamp ink, use a 
small quantity of 

any good enamel 
and pour it on a 
piece of wrap- 
ping paper. Fold 
the paper to- 
gether, so that 

the enamel 
spreads out in a 

: : thin coat. Wet 
the rubber stamp on this paper as you would 
on a stamp pad, and then carefully make the 
impression on the panel. 
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This photograph shows the completed receiver in operation. The receiver itself is contained in the metal 
cabinet on the speaker. Although a steel pauel can be used, one of aluminum will be much easier to drill. 

OR most of us the maximum in radio en- 
joyment is reached when we listen to a 

really fine musical program, broadcast from 
a high-fidelity local station and picked up by 
a receiver of outstanding excellence. For 
such reception, we need a receiver fairly 

broad in tuning, of only moderate sensitivity, 

with an audio amplifier of extraordinary 
fidelity to feed a reproducing system of 
equally. high grade. The receiver to be 
described is designed to meet just such re- 
quirements. Though only seven tubes are 
employed, every essential feature for high- 
fidelity reception is included. A simple two- 
stage tuned rf. amplifier with high-grade 
iron-core r.f. transformers provides all needed 
gain without the undesirable sharpness of 
tuning. which characterizes ordinary super- 
hets. The diode rectifier furnishes detection 
and automatic volume control, which prevents 
blasting and reduces the sensitivity to weak, : 
distant stations when the desired local is 
tuned in. This aids in eliminating inter- 
ference without making the tuning sharp. 
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The audio system is absolutely “top notch." 
The lowagain triode section of the 6R7 duo- 
diode triode incorporates a means for boosting 
bass notes. 'This first audio stage is coupled 
to a moderately high-gain double-triode 
6C8G which acts as a phase inverter to feed 
the high-power push-pull 6A5G output tri- 
odes. In the grid circuit of this phase inverter 
an adjustable treble control is included. The 
high-fidelity. speaker is mounted in a'bass- 
reflex cabinet and is fed by a laboratory- 
standard output transformer. The whole 
outfit is simple.to build and is not expensive 
when one considers the results secured as 
compared with commercial receivers of the 
highest grade. ` 

The schematic diagram is shown on the 
opposite page. 'The antenna transformer, T1, 

has & high-impedance primary and is designed 
for use with a long antenna. The secondary is 
tuned by Cl, each section: of which has a 
maximum capacitance of .000365 mf., to cover 

/ the broadcast range from 1,700 ke. to 550 kc. 
The 6K7 first r.f. tube receives its screen 
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T PARTS LIST 
Ci-—Meissner 3-gang variable capacitor, .000365. mf., : each 

section, part No. Mii 

ETE C2i—Aerovox tubular paper capacitors, .1 mf,, 400 

C22—Aerovox tubular paper capacitors, .25 mf., 400 volts 
CB, Ci2—Aerovox mica capacitors, type 1467, .00025 mf. 
C9—Aerovox electrolytic capacitor, 23 mf,, 25 volts, type PB25 
CERA UE electrolytic capacitor, 25 mf., 100 volts, type 

P. o 
C16—Aerovox ‘electrolytic capacitor, 4 mf., 600 volts, type EGRE roly! ap: , , » typ 

C17, C18 (in one can)—Aerovox electrolytic capacitor, 8-8 mf., 
450 volts, type 2GL. 

CER AAE electrolytic capacitor, 8 mf., 600 voits, type 

€20--Aerovox mica capacitor, .0001 mf., type 1467 
R1, R3, R8—Carbon resistors, 50,000 chms, 1/2 watt 
RS, R6—Carbon resistors, 50,000 ohms, 1 wat 
R2, R25—Carhon resistors, 500 ohms, ia watt 
R4, R8, R9—Carbon resistors, 250,000 ohms, 1⁄2 watt h 
R7, R24, R17, R26—Carbon resistors, 100,000 ohms, i/2 watt 
R10—Carbon resistors, 1,500 ohms, 1⁄2 watt 
R1i—Volume control, audio grid taper, 500,000 ohms 
Ri2—Carbon resistors, 5,000 ohms, 1⁄2 watt. 
Ri3—Potentiometer, 50,000 ohms, with 

R14, R18—Carbon resjstor, 4,000 ohms, 1/2 watt 
R15—Potentiometer, 500,000 ohms 
R16, R19, R21, R27—Carbon resistors, 500,000 ohms, 12 watt 
R20—Wire-wound resistor, 800 ohms, 10 watt 
R22—Wire-wound resistor, 5,000 ohms, 10 watt 
R23—Wire-wound resistor, 500 ohms, 10 watt 
Ti eissner Ferrocart antenna transformer, type 1496 
Y2—Meissner Ferrocart interstage r.f. transformer, type 7860 
T3—Meissner Ferrocart detector transformer, type 1497 
T4—United Transformer Company output transformer, type LS-57 
T5—United Transformer Company power transformer, type UH-4 
Ch-1—United. Transformer Company filter choke, type PA-40 
Ch-2—United "Transformer Company filter choke, type PA-44 
Jensen type A-12PM High-Fidelity 12-inch Loudspeaker, permanent mag- 

net typa, in BR-12 enclosure for bass reflex reproduction Ç 
1—Par-metal steel chassis, 11x17x3 inches 
1—Par-metal aluminum panel, B34x19 inches 
1—Par-metal steel cabjnet for same, type S¢-128 
1—Meissner 4-inch round vernier dial, type 23-8257 
2—Sylvania 6A5G tubes i—Sylvania 5U4G tube 
1—Sylvania 6C8G tube 2—Sylvania 6K7 tubes 
1—Sylvania 6R7 tube —NMieissner Octal sockets 
Screws, nuts, power cord and plug, binding post assembly, phono Jack, 
mounting lugs, 



This underside view of the chassis shows the position of all parts. This layout should be followed 
as closely as possible for the best results. 

voltage through R24, while the second 6K7 
derives its screen voltage from the voltage 
divider formed by R5 and R6. This arrange- 
ment gives excellent decoupling for the two 
tubes so there is no interaction between them. 

T3 feeds the diode section of the 6R7. Both 
diodes are connected together and coupled to 

The power transformer is placed at the lower left. 

the transformer, T8, through the blocking 
capacitor, C20. 

The audio voltage is picked up by the grid ` 
of the triode section of the 6R7 at the junction 
of R8 and R9 through the blocking capacitor, 
C7, which connects through the phono jack 
to the high side of the volume control, R11. 

The lead from C7 to the jack 
and from the jack to the 
volume control must be 
shielded or some hum pick- 
up will result. The shielding 
is grounded to the chassis. 

The bass note booster is 
located in the plate circuit 
of.the 6R7 and is formed by 
R13, 40,000-ohm  potentio- 
meter, and C10, a 1 mf. 
capacitor. When the mov- 
ing arm of R13 shunts C10 
across the entire 40,000 ohms 
the tube gain for high fre- 
quencies is about 5, while 

at 200 cycles the gain is 
approximately 50 per cent 

This photograph shows the top-of-the - 
chassis arrangement of parts. The 
rectifier tube is at the extreme right. 
The r.f. portion of receiver is at the 
left side near the power transformer. 



greater. At 100 cycles and below the gain is 
nearly doubled. This is because the impedance 
of C10 increases as the frequency is'lowered 
and consequently the voltage developed: 
across the plate load increases in like manner. 

The treble control is formed by R15, a .5 
meg. potentiometer, and C12, a .00025 mf. 
capacitor, which are connected in shunt with 
each other and in series with the input grid 
of the 6C8G. If C12 were not in shunt with 
R15, only one-half the audio voltage from 
the 6R7 would be applied to the 6C8G grid. 
With .C12 in position, high frequencies are 
by-passed across R15 while the impedance of 
C12 is so high at low frequencies that C12 
does not by-pass them. The result is a 
gradually rising high-frequency response 
above 4,000 cycles which compensates for the 
losses sustained in the detector by-pass, C8, 
as well as practically all the DEUNIGCPEUUMI 
losses in the tuning system. 

The 6C8G double-triode phase verter 
works in the following manner: 
voltage applied to the input grid G1 is am- 
plified in the plate circuit Pl of the corre- 
sponding section and appears across R17 and 
R18. On the positive half-cycle of the, audio 
grid voltage, increased current flows in the 
plate circuit, causing an increasing voltage 
drop across R17 and R18. This voltage drop 
is negative with respect to its B supply while 
the audio grid voltage is positive. 
voltage drop is opposite in phase to the grid 
voltage. Now, if the amplification is 25 in this 
triode section, and we take 1/25th of the 
voltage developed across R17 and R18 and 
apply it to the grid G2 of the second section 
of the 6C8, we get out across R26 the same 
voltage as that across R17 and R18, but re- 
versed in phase. This applies if the amplifi- 
eation of each section is precisely the same 
and the plate loads are equal  Practically, 

there are slight differences but they are un- 
noticeable in operation. 

The output of each section of the phase 
inverter is fed to the grids of the 6A5G power 
tubes. The 6A5G is a cathode-type 2A3 with 
a 6.3-volt heater. 

considered the Rolls-Royce of power tubes, 
the sole objection being its tendency to pro- 
duce hum due to its a.c. operated filament. . 
The 6A5G removes this objection through in- 
direct cathode heating, yet retains all the good 
features of the 2A3. "This pair of tubes de- 
livers 10 watts undistorted power output and 
the low plate resistance of each tube, about 
800 ohms, damps spurious movements of the 
speaker so that reception of far superior 

The audio , 

Thus the. 

The 2A3 has long been 

quality is obtained than is possible with pen- 
todes or even beam-power 6L6’s as normally 
operated. 

The chassis is màde of heavy-gauge steel 
and measures 11x17x3 inches. It is well to 
lay out every hole and drill before starting 
to assemble. The location of the. various 
components is shown in the photographs and 
should be carefully followed for best results. 
The power transformer is on the same side 
as the antenna input but it is better there 
than elsewhere. The r.f. system won't pick 
up hum while the audio system will, This 
wide separation between power transformer 
and output transformer helps to keep the hum 
level to an extraordinarily low value so that 
it can't be heard a foot from the speaker. 

The filament circuit should be wired first, 
following the mounting of all components. 
Note that the 6.3-volt winding feeding the 
6A5G's must not be grounded, since this 
would short out the cathode resistor as the 
heater is connected to the cathode within the 
tube. Then wire in the r.f. transformers and 
variable capacitor. It is not necessary to shield 
the r.f. grid leads. The variable capacitor 
rotor contacts are grounded through the 
capacitor frame, but this is not enough. Bring 
a separate lead from each rotor of Cl to the 

chassis and solder to the chassis.. All r.f. 
ground connections must be soldered. "This 
cannot be too strongly emphasized as oscilla- 
tion or instability is almost invariably the 

result of poor grounding of such circuits. 
The audio system may now be wired and 

the receiver will be ready for alignment. This 
should be done with a test oscillator and out- 

. put meter, but if they are not available, the 
job can be done on broadcast signals. First: 
tune in a weak station at about 1,500 k.c. 
Then adjust each trimmer capacitor so the 
signal is loudest with the dial set at 10 or 12. 
The middle section of C1 will be found 
sharper than either of the other two. and ac- 
cordingly the capacitors are brought into line 
with it. Examine the tuning capacitor to 

make certain the plates are uniformly spaced 

when all are in mesh. If the frame is strained 
in mounting the rotors may be out of position. 

If a vacuum-tübe voltmeter is at hand, the 
phase inverter can be checked by applying 
an audio signal to the input grid of the 6C8G 

and measuring the voltage across the grid of 

each 6A5G. The voltages should be equal. If 
not, increase or decrease the value of R18 

until equality is established. 
The output transformer is a laboratory 

[Continued on page 55] 
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adio And 
by Ralph T. Moore 

Here are the plans and general dimensions 

of q combination cabinet for radio and record 

player arrangement for the home. The same 

plan can be adapted to accommodate practi- 

cally any of the standard radios and turntables. 

"HE return to popularity of record playing 
has again changed the design of radios 

almost. overnight. Since the new: record 
players- utilize the crystal pickup playing 
through the radio, either wired,;or wireless, 
the problem of getting the two combined 
attractively and practically is one which the 
fellow who likes to build things can easily 
accomplish. Given a good radio, an excellent 

record, playing unit may be 
purchased at a very nominal 

sum. One of the difficulties 
connected with the separate 
unit is in the fact that the 
needle noise is distracting. 

The photos at the left show the fin» o 
ished cabinet and slide panel details. 

. The record player must be carefully 
aligned when the installation is made. ` 



Phonograph Cabinet 
Right: Diagram showing construction details, — | Gs 

& 

Sinee most of this is mechanical 

much more enjoyment may be 
obtained by enclosing the unit 
to muffle the needle noise. Then 
too, with separate units good 
shielding is difficult and further 
noise enters. 

This home constructed unit 
combines the separate units into 
one cabinet with a record player 
that is quickly closed by means 
of sliding doors. This design is 
only a suggested one which you 
may change to suit your radio or 
taste. 

The first thing to do is to ex- 
amine your radio for space re- 
quirements in a new cabinet. In 
the case shown the radio was 
isolated from the speaker. This 
may not be necessary or you may 
have one of the table models. In 
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that case the radio may merely 
be affixed to the top shelf. In any event the 
fact is that you do not need to be a radio man 
to adapt your radio to the player. 

Below: Drawing showing slide panel design and panel details. 

The general assembly drawing shows how 
the cabinet is constructed. The radio is on 
the top shelf, below it is the record player, 
then the speaker and space for record 

storage. This design. will en- 
| compass a great majority of cases 

but specific dimensions are 
AA d= e— 

S 1 — x ENS Um 
va bs í j 

CONDUIT-^ xf EA 

/GUIDE 1 
/ l \ 

l | 
^ 

\ A 12" RECORD. 

MOTOR 

WOODEN CONDUIT ̀  

TURN TABLE & PICKUP 
` 

Z <c|aə!))!Ə@%@A 
1 
ALL SLATS 

ji 
BACK CUT OUT BEHIND SPEAKER 

5-7 DUMMY 

I 
\ HOLE: FOR 

PICKUP ARM |l 
S 
F MOUNTING 
/ DEPENDS ON ML 

7 TYPE OF j 

R £ Éy, 
^7--BRASS TACKS -7 2 

FIT3IN GROOVE 

DETAIL. OF DOOR UNITS 

virtually impossible. The size of 
the records is fixed so we will 
design the unit for 12” records. 
The wood used is 12” wide maple 
of nominal 1” thickness. First 
make the outside frame round- 
ing all edges and rabbeting out 
the back edges to receive the 14" 
plywood back. The shelves are 
then added, affixing them to the 
sides as shown. The two curved 
shelves are built up by adding a 
3" wide piece at the back of the 
12" pieces. 
The front edges of these two 

shelves are curved and rounded 
as indicated. The lower one is 
grooved using a gouge after lay- 
ing out the contour. This groove 
need only be large enough to 

i 

“SECTION THRU PLAYER 
[Continued on next page] 
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Phonograph Cabinet 
[Continued from page 47] 

accommodate the head of a round head brass 

tack. Next cut out this shelf to accommodate 

the motor of the record player. In doing this 

duplicate the mounting method of the factory 

mounting. Drill and counterbore also for the 

pickup arm. 
The folding doors are simple to construct. 

You will need 17 3$"x1"x1045" slats for the 

right hand door and 16 for the left hand one. 
Cut all of these slats, round the outside edges, 

and sand smooth. Now obtain some 1⁄4” thick 

hair felt such as is used in carpets or carpet 

padding. Glue the slats to this felt and tack 

each slat to the felt. Avoid getting glue be- 
tween the slats. When the glue has set, trim 

off the felt 42” from the bottom and top and 
drive a brass tack in the center of each slat 

at the bottom. Drill the end slat of the 16- 
piece door for the handle and the second slat 

of the 17-piece door for the same. Glue a 

strip of felt to the front edge of the 16-piece 

door section. This acts as a bumper when 

the doors are pulled together. The top shelf 

has two thin guide strips bradded to the 

underside to guide the doors and the bottom 

door shelf has only one of these strips at the 

front as shown. Two curved guides are 

screwed to the bottom shelf and are located by 

trial. The doors are pushed in ‘place from 

the back and two triangular-section. pieces 

are screwed in place at the sides between the ` 

two shelves. These cover up the “turn” of 
the doors. Glue felt strips to the wood where 
the doors would touch. 

Next duplicate the radio panel, drilling a 

piece of 14" maple or plywood and assemble ' 

it with the two end pieces as shown. Cut out 
a design for the speaker from similar stock 

and assemble it with its two end pieces. After 

sanding smooth, stain the cabinet as desired. 
Install the motor of the record player and 

check the turntable for clearance and “track.” 

Then attach the pickup arm to the shelf. 
Attach a small bakelite unit light to the top 
shelf of the record compartment. Cut out a 
‘rounded channel section from wood and notch 
the two shelves to receive it. This is a con- 
duit for the various wires. A'dummy conduit 
may be added to balance the appearance. 

Next install the radio chassis and speaker. 
You will note that the controls for the volume 
and switch (Radio to Player) are located on 
the speaker panel This is done to shorten 
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the connecting wires and to have these con- 

trols easily accessible. 
The back which extends only to the top 

curved shelf is cut out behind the speakcr and 
is nailed into the rabbeted sides with small 
brads. Use plenty of these since vibration 
will cause it to rattle if-insecurely attached. 

Now varnish the cabinet and doors and in- 
sert the latter before nailing the back in place. 
The handles are screwed on after the doors 

are in place since the doors cannot be inserted 
with them on. If the doors are stiff lubricate 
the groove and guides with soap or graphite. 

FM Record Player 
[Continued from page 31] 

record-player case that is completely en- 
closed, ventilation must be provided, as the 
unit generates considerable heat. Put rubber 
feet on the bottom of the case so as to raise 

it above whatever it may be placed on, and 
cut ports in the bottom of the case (and in the 
motor board, under the turntable, if neces- 
sary) to provide air circulation. If the chassis 
is to be mounted with the tubes in a vertical 
position, a port, covered with wire screen, can 

be cut in the motor board directly above the 
tubes. 
Do not mount the fm unit under the pick- 

up; the heat may destroy the crystal _ 
Turn on the unit by closing switch $2. Tune 

the fm receiver across the band until the 
signal from the FM Player is picked up, as 
indicated by a complete or partial closing of 
the tuning eye. 

If the signal is picked up at the very end 
of the .xeceiver dial, that is, at the 50- 
megacycle end, no adjustment of the fm unit 
is required. If the signal is picked up below 
this point, turn the screw on capacitor Cx. 
with an insulated screwdriver, pick up the 
signal again on the receiver, and continue 
doing this, a bit at a time, until the signal 
from the fm unit is picked up at or very 
near the 50-megacycle-end of the fm re- 
ceiver dial. PC : 

The wireless record player is then 
ready for operation, and no further adjust- 
ments are required with the possible excep- 
tion of a slight readjustment of the receiver : 
dial to compensate for frequency drift brought 
on by the initial warming up of the receiver 
and fm unit. 

Operate the combination with the volume 
control on the receiver well up and control 
volume from the record player. 



Your Cellar Shop Can Be Neat 

NEAT shop usually is also 
an efficient shop, in that 

tools and supplies can be found 
quickly when they are needed. 
The man who throws chisels, 
screwdrivers, pliers and 
brushes indiscriminately into 
an old fruit box certainly is not 

a good workman. 
The above illustration shows 

a very simple but highly con- 
venient arrangement of tools. 
Everything is in open sight and 
is accessible for instant use. 
The backboard consists merely 
of three four-foot lengths of 

shelving cleated together on the 
back and hung from the wall 
of the cellar by means of a 
couple of large expansion bolts 
driven into the cément. The 
tools .themselves are placed 
over finishing nails driven 
partly into the board. 
A four-inch wide shelf of 

Glass jars with screw caps make 
ideal containers for screws, nuts, 
washers, soldering lugs, etc. They 
do not need labels, as their 
contents are clearly visible. 

soft pine, bracketed to the 
lower edge of the backboard, 
holds small tools such as screw- 
drivers, pliers, center punches, 
nail sets, files and wood chisels. 
'The fine edges of the latter rest 
in slots cut in a bottom board, 
and are thus protected against 
injury. The bottom board is 
also useful for holding small 
flat objects such as rolls of tape, 
cans of soldering flux, etc. This 
bottom board should clear the 
top of the workbench by about 
six inches. 

If the house uses a coal burn- 
ing furnace and dust is a prob- 
lem, it is a good idea to fit the 
tool rack with a curtain made 
of heavy cloth. This can be 

pinned aside when the shop is 
in use. Some men prefer 

hinged. covers which swing 
open. These are useful for 
holding light, flat tools. 
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ERE’S a new amplifier designed especially 

for musical instruments. With it, the 
thin, weak tones of an ordinary violin acquire 

the depth and power of a Stradivarius; the 

guitar, mandolin and ukulele swell forth with 

startling brilliance and tone richness; the tiny 

spinet produces the volume of a concert 

grand! Even tap dancers can now put their 

stuff over in a big way. 
The entire apparatus is light, portable and 

completely self-contained. It may be used 

any time, anywhere and on any musical in- 

strument. It is simple to build and can be 
assembled by the average experimenter for 

less than twenty-five dollars, including tubes, 
microphone and cabinet. And, by simply 

plugging in a different microphone, the appa- 
ratus becomes an excellent public-address 
system with plenty of power for the average 
hall. Any high-impedance pickup can be 
used, adapting the outfit to phonograph record 
reproduction. 

Musicians have had difficulty in using ordi- 
nary public-address systems for amplifying 
musical instruments in most publie places. 
The microphone would pick up not only the 
music but also background noises which often 
destroyed the effect. Further, considerable 

care was necessary in the placement of the 
speaker or the sound would bounce back into 
the microphone and create a howl. These 
troubles are avoided in this outfit by the use 
of a special microphone which is completely 
sealed and is sensitive only to sound vibra- 
tions picked up from the instrument with 
which it is placed in contact. This microphone 
is a tiny affair, only an inch wide and a half- 

50 

he MI 
Left—Soft voiced instruments 

such as violins and guitars are 

particularly suited for use with 

the amplifier. As shown in the 

photograph, the microphone is 

not easily.noticeable when placed 

in position: on. the instrument. 

Below—A front view of the com- 

pleted. amplifier. The volume 

.control and microphone jack are 

located on the right side of the 

carrying case. Á wire grille in 

front of the speaker cone pro- 

tects it against accidental damage. 

inch high, molded in a soft rubber case so 
it-may be tucked under a violin tail-piece or 
fastened with rubber bands or rubber cement 
to any other instrument without damaging 
the surface of the instrument in any way. 

The natural tone of the instrument is not 
changed; the response of the.microphone is 
rated flat within 1 db from 60 to 6,000 cyeles— . 
from an octave above the lowest note on the 
piano to nearly an octave above the highest 
note. i B 

The input tube is a 6N7, which contains two 
medium high-mu triodes in a single envelope. 
These are cascaded to give two stages of 
amplifieation in a single tube. The measured 
gain is 30 per stage, so we get far more gain 

from this arrangement than can be had with 
a single pentode or any two ordinary triodes. 

[Continued on page 52] 



Music B 
Parts List 

Ci—Aerovox electrolytic capacitor, 25 mf., 25 v., type PB25 

C2, C3—Aerovox electrolytic capacitor, 8-8 mf., 450 v., 

type 2GLS (both in one can) 

C4—Aerovox mica capacitor, .01 mf., 1,000 v., type 1,450 

C5—Aerovox mica capacitor, .02 mf., 1,000 v., type 1,450 

C6, C7—Aerovox electrolytic capacitor 8-8 mf., 450 v. 

type 2GL (both in one can) 

R1——Carbon resistor, 500,000 ohms, 1 watt 

R2——Carbon resistor, 2,500 ohms, 1 watt 

R3—-Volume control with switch, audio grip taper, 500,000 

ohms 

R4— Carbon resistor, 200,000 ohms, 1 watt 

R5—Carbon resistor, 50,000 ohms, 1 watt 

R6—Carbon resistor, 250,000 ohms, 1 watt 

R7—Wire-wound resistor, 40,000 ohms, 10 watts 

T1-—Power transformer, primary 110 v., 60 cycles; sec. 700 

to 750 v., ctf, (D 70 to 90 ma.; 5v., 3a.; 6.3 v., 

3a., c.t. 

T2—Output transformer (supplied with speaker) 

"Wright-DeCoster 10-inch dynamic loudspeaker, type EIOKU, 

with tapped field coil and universal output trans- 

former 

Amperite Kontak microphone, type SKH, complete with 20- 

foot shielded cable - i 

Acratone speaker carrying case, 15x15x10, type no. 13789, 

for single speaker à ^ 
1—-jack, single circuit, for microphene 

1—phone plug 

l—1mounting base for amplifier, wood or metal, 14VAx4 

inches 

1— piece Celotex for speaker, 12x12x3/, inches 

3 tubes (1-80, 1-6B5, 1-6N7) 

3 sockets (1-octal, 1-6 prong, 1-4 prong) 

Push back wire, wood and machine screws and nuts 
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The 6B5 power tube also consists’ of two 

triodes dynamically: coupled internally, and, 

at its operating voltage of 325, delivers 5 watts 

in Class A. "This tube requires no cathode 

bias and draws no grid current, so the design 

of the amplifier becomes simple and economi- 

cal The coupling capacitors are mica, the 

values specified being designed to provide 

amplification flat to within 1 db from 50 cycles 

to 10,000 cycles for each stage, with the grid 
leaks shown. If higher.values of grid leaks 
or coupling capacitors are employed, the am- 

plifier is likely to “motor-boat.” The input 
stage plate circuit is filtered by R5 and C2, for 

stability. No filter is required in the second 

stage—in fact, it would cause instability. 

The entire amplifier is assembled on a panel 
measuring 4 by 14% inches. The layout is 
shown in the photograph. The tall electro- 
lytic eapacitor unit contains C6 and C7, which 
should be connected in parallel for the first 
power supply filter section. The smaller 
eapacitor unit contains two 8 mf. capacitors 

of the same rating. Because the larger can 
dissipate heat better than the smaller one, it 
is used where the voltage is highest in this 
particular layout. : 

The speaker has a tapped field coil which is 
used as the filter choke. ` The blue and black 
leads include 1,800 ohms of the field coil re- 
quired to give proper voltages and speaker 
excitation in this design. The output trans- 
former also is tapped. The 6B5 should operate 
into 7,000 ohms which is secured by connect- 
ing the green and blue primary leads as 
shown. 'The secondary leads should be con- 
nected across the terminals marked “M” on 
the output transformer. All. unused leads 
should be taped individually. 

The overall gain of the amplifier is over 
82 db. 'This is plenty for low-level double- 
button carbons, Veletrons and many 
diaphragm-type crystal mikes, but a pre- 
amplifier will be necessary for sound-cell 
erystal or low-level velocity types. The 
contact microphone with which this outfit is 
designed to be used is rated at minus 40 db, 
so there is plenty of reserve gain in the 
amplifier, 

Full instructions far attaching the micro- 
phone to various instruments are included 
with the mike. For tap dancers, the mike is 
simply- placed on the floor near the dancer. 
Many other applications can be made of 

this apparatus. It can be used for locating 
noises due to friction in bearings, amplifying 
clock ticks, picking up speech vibrations in 
wooden partitions, etc. 
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There are no particular constructional dif- 
ficulties. The speaker is first mounted on a 
Celotex baffle which should be from 12 to 
14 inches square. The speaker assembly is 
then screwed in place. The.amplifier shown 
was built on a piece of quarter-inch wood 
veneer strip. It. was found necessary to 
ground the power transformer core to B minus 
to eliminate a slight hum. No external ground 
is necessary. 

: An external volume ‘control, operated by 
foot rather than by hand, can be obtained 
from the microphone manufacturer if so de- 
sired. This leaves both hands free to play 
the music instrument. In the apparatus 
shown, both the volume control and mike jack 
are located on the side of the carrying case. 
‘This apparatus is intended for moderate 

amplification at high quality rather than 
deafening volume. In very noisy surround- 
ings with the weaker plectrum instruments, 
additional amplification may be obtained-by 
using a matching transformer between the 
mike and the input circuit of the amplifier. 
The microphone shown has an impedance of 
2,000 ohms. A transformer. with one 2,000-ohm 
and one high impedance winding can be used 
to provide. additional step-up. Or a low- 
impedance Balas also available, can be em- 
ployed. 

For small string orchestras, several micro- 
phones may be paralleled and fed into the 
same amplifier. Each may be separately con- 
trolled so that the music from any one or more 
instruments may be emphasized. 

Large Knobs for Easy Tuning 

Replacing small knobs by larger ones, 
about 144 to 3 inches in diameter, makes the 
adjustment of critical controls on a receiver 
or transmitter somewhat easier. Place your 

.fingers on the outer edge of the knob and you 
will achieve something of a reduction-drive 
effect because of the large leverage that is 
obtained. 

When mounting ceramic-type tube sockets, 
stand-off and feed-through insulators, bush- 
ings, etc, always use fiber, cork or lead 
washers under the nuts. Otherwise, there is 
no way of knowing just how much to tighten 
the latter without risking a damaged part. 
Excellent washers for the purpose can be cut 
from large bottle corks, using a sharp razor 
blade. 



Radio Uses For Scotch Tape 

TOYS ANT ASTR AN PARSE 

BOVE—Plain white pilot 
lights can be changed to 

the colored type by use of a 
small quantity of colored Cel- 
lophane and Scotch tape. The 
colored. Cellophane should be 
fastened to a slightly wider 
strip of clear tape. Then wrap 
the two strips around the pilot 
bulb with the edges of the 
Scotch tape holding them in 
place.. Above right—In some 
radio receivers, the pilot bulb 
becomes loose in the socket as | 
the result of vibration from the 
speaker. This problem can be 
solved by wrapping the bulb 
and socket with a piece of 
Scotch tape. 

BOVE—Colored tape 
wrapped around plug-in 

coils serves two useful pur- 

poses—holding the windings 
in place and identifying the 
frequency band of the coil. 
Each coil should be marked 
with a different color. Left 
— Small strips of colored tape 
can be used to good advantage 
as code markers for a group 
of wires, such as a battery or 

power supply cable. Each 
wire should be given a sepa- 
rate color or combination of 

colors. 

53 



DELAYING THE BROADCAST 
ECENTLY. the popular radio 
show, Information Please, used 

the following catch question: 
“Who -hears the speaker first, the 

people at the back of the audi- 
torium, or the people 3,000 miles 
across the country who are listening 

to the broadcast of the speech?" 
The catch was that radio waves 

travel with the speed of light, 
186,000 miles per second, and sound 
waves only 1,080 feet per second. 
Therefore, the answer went, the 
listeners three thousand miles away 

would hear it first. 
However, in the actual broadcast 

of a speech from, say, New York to 

San Francisco, the tripper-uppers 
would find themselves tripped. The 
program would go over a network, 
which would mean that it would 
travel through three thousand miles 
of telephone wire or cable before 
reaching the west coast, and the 
impedance of the telephone wire 
would delay it about one-fifth of 

Frank Falknor, chief engineer of CBS central 
division, and F. R. Heuberger, master control 
engineer, test the electrical system that delays 

WBBM broadcast exactly .036 second. 
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a second, so that listeners in the auditorium 
would be the first to hear the speaker. 

This characteristic property of wire and 

cable caused many a headache for the Colum- 

bia Broadcasting System when station WBBM 

in Chicago and KFAB in Lincoln, Nebraska, 

were synchronized on 770 kc. There was a 

strip fifty or sixty miles wide about midway 

between the stations where their signals over- 

lapped, so that a set tuned to 770 kc. would 

pick up both stations. 

It was a simple matter for the engineers to 

match the frequencies exactly so that listeners 

would not be bothered with squeals or howls. 

But the line running from Chicago to Lincoln 

delayed the Lincoln broadcast by twenty- 

three thousandths of a second, while radio 

waves themselves traveled with the speed. of 

light. As a result, the program from KFAB 

would reach the listener twenty-three thou- 

sandths of a second later than the same pro- 

gram from WBBM, enough to cause a hollow 

tone about the same as you would get if you 

yelled into a barrel eleven feet deep. 

Frank B. Falknor, chief engineer of Colum- 

bia's central division, undertook to solve the 

problem. It boiled down to a question of 

delaying WBBM’s broadcast exactly twenty- 

three thousandths of a second, and’ doing it 
without spoiling the tone quality. There was 

no equipment anywhere to do the job, and ` 

development of an electrical delay system was 

a matter of months. As a stop gap he rigged 

up an ingenious mechanical contraption, war- 

ranted to make Rube Goldberg green with 

envy. 
He started with a section of lead sewer pipe, 

twenty-three feet long. It would take a sound 

wave twenty-three thousandths of a second 

to pass through it. At one end he put a 

dynamic loud speaker, fitting it to the pipe 
with a matching unit that would permit the 

sound waves to: feed into the pipe without 

echoing. This speaker was connected to the 
studio microphone, or to the incoming wire 
from an eastern network program. P 

At the other end of the pipe he mounted a 

dynamic microphone. So far, so good. He 

had produced the necessary delay. But when 

sound waves hit the mike some of them 
bounced right back. When they met the 
waves coming from the speaker they pro- 
duced a series of beats or humps that ruined 
the program, making it worse than the barrel 
tone they were trying to kill. 

To choke these echoes he installed a net- 
work of cloth in the pipe, starting with gauze 
near the center and using heavier and heavier 

fabrics as he approached the mike end. The 
final pieces were mechanics’ overalls! 

This equipment worked fairly well, but 

there were still a few humps that the fabric 
network was unable to kill, and the total 
volume was reduced. Accordingly, volume 
was stepped up with an amplifier, and the 

humps eliminated by a series of equalizers, 
one for each hump, with an amplifier between 
each of them. The contraption worked like 
a charm! 

The Hi-Fi Receiver 
[Continwed from page 45] 

standard type. The one shown in the pho- 
-tograph has several line output windings 
which are not required so the one specified 
in the parts list has only voice coil windings. 
Otherwise the transformers are identical. 
Connect the speaker, after assembling it in 

. its cabinet, to the 7.5-ohm output winding of 
the transformer. The speaker is a permanent 
magnet dynamic type so no field supply is 
required. 

The front panel is a standard relay rack 
size and is of aluminum, for ease in drilling. 
It is mounted in a standard steel cabinet, as 
illustrated. 

. Two of the resistor values shown in the 
.diagram differ somewhat from those usually 

. recommended. The 6R7 cathode resistor 
R10, for instance, was decreased to 1,500 ohms 
instead of the more usual 2,500 ohms with an 
improvement in audio gain. Also, the cathode 
bias resistor R14 for the 6C8G was changed 
to 4,000 ohms instead of the usual 1,500 ohms 
to eliminate “motor-boating” and provide a 
higher voltage output to drive the 6A5G's. 
The 500-ohm resistor, R23, in the power 
transformer secondary return circuit is em- 

ployed to reduce the. output voltage to 300 

volts for the 6A5G's. The life of these tubes 
is much longer if operated within their normal 
rated voltage rather than at the maximum 
of 325 volts. 

The 12-inch high-fidelity speaker and its 

enclosure cost a little over thirty dollars, 
nearly half the cost of the entire outfit. There 
is no use in building an excellent receiver and 

connecting it to a poor speaker. Likewise, 

don't use a low quality output transformer. 
The one employed in the receiver is a labora- 

tory standard type, larger than the power 

transformer. It is rated flat within 1 db from 
30 to 20,000 cycles. Some cheap output trans- 

formers waste two-thirds the power, in-addi- 

tion to having poor frequency response. 
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The 
"LF.5" 

This attractive radio re- 

ceiver tunes in the 200- 

400 kilocycle band and 

brings in the ground 

radio transmitters you 

can't hear with an or- 

dinary short-wave set. 

F YOU own a short-wave or all-wave 
receiver you undoubtedly have spent 

many hours listening on the high frequencies 

to the ships of various airlines. But haven't 
you often felt baffled and disappointed be- 
eause you couldn't hear the ground end of 
the conversations? You probably hunted all 
over the dial of your set, vainly searching 
for the airport stations. You didn't hear 'em, 

for the simple reason that the ground control 
stations operate in a low frequency band, 
far removed from the tuning range of stand- 
ard radio receivers. 
200 and 400 kilocycles. 
is the answer to this problem. i 

Put it next to your regular short-wave 
receiver and tune in both ends of those thrill- 

HOLE FOR POWER TRANSF. 

CHASSIS 

This band is between. 

The “LF-5” receiver 

` How the “LF-5” (top) is used with a regular short-wave 
receiver (in this case a Hallicrafter "Super-Skyrider," a 
popular amateur set) to reproduce both ends of ground-air 
radio conversations. A separate aerial should be used. This 
may be a single wire between 50 and 200 feet in length. 

ing air-ground contacts! You'll get a new 
picture of modern day flying as you learn how 
pilots guide their way to safety. 

All the parts required for the "LF-5" are 
of standard make and are easily obtained 
from any radio supply house. The actual 
tuning range is 150 to 420 kilocycles, thus 
giving comfortable. overlap at both ends of 
the scale. 

The superheterodyne circuit is quite 
straightforward, and the, average hobbyist 
can build it and get good results. Practically 
the only circuits the least bit out of the ordi- 
nary àre to be found in.the antenna and first 

The drilling of the chassis and panel of the "LF-5'* is a fairly simple job. 
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detector input positions. Use is made of a 

so-called band pass tuning arrangement to 

gain extra selectivity. Thus there are three 

tuned circuits giving equivalent selectivity to 

a set employing an r.f. stage, though with- 
out the extra gain of the latter. The sensi- 
tivity is quite adequate, however. 

In order to reduce interference from strong 
local stations around 455 kc. (the intefme- 
diate frequency), a wave trap, L1-Cl, is in- 
cluded in the antenna circuit. š 

Construction is really quite simple and 

starts, of course, with the spotting of parts on 
the chassis. There is plenty of room, so the 
parts are simply placed as shown in the illus- 
irations, the required holes marked and 
drilled. The power transformer T4 is mounted 
with core horizontal, and a hole about 
134"x21!4" must be cut for the winding to 
pass through. This hole is made by drilling 
a series of half-a dozen holes close together, 
and connecting them with a cold chisel. Then 
the piece may be quickly cut with a hacksaw. 
The three-gang. variable capacitor C2 is 

elevated 11⁄4” above the chassis on three 
threaded bushings. This part and the dial 

should be mounted first; make sure that the 
two are wellaligned so that the dial does not 
bind or slip. 
A great help in cutting out the five socket 

"holes is a circular saw used in a drill press 
or an electric hand drill The size marked 
*1" pipe" will provide the correct opening 
for metal tubes in wafer sockets as used 
here. 

Holes are drilled on the chassis rear for 
the power cable and binding post strip. 

The chassis must be fastened 12” above the 
lower edge of the front panel in order to clear 
the forward lip of the case bottom. The two 
are held together with four screws in the 
corners, and by the volume control (R10) 
fastening nut. i 

The two large holes in the panel are 256” 
in diameter and are made with a fly-cutter. 
The left-hand hole has a piece of cloth glued 
over it on the back to conceal and protect 
the speaker cone. Both openings are finished 
off with metal plates, which in this particular 
receiver were painted flat black to contrast 
with the gray case and bright red knobs, a 
very pleasing combination. 
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| "LF-5" Schematic Diagram 

ON Rio 

List of Parts 

R11-—5,000 ohm carbon 3⁄4 watt (I.R.C.) 
Ri2—.5 meg ohm carbon 1⁄2 watt (I.R.C.) 
R13—.75 meg ohm carbon 1⁄2 watt (I.R.C.) 
R14—400 ohm carbon 1 watt (I.R.C.) `` 
R15—.50,000 ohm carbon 2 watt (I.R.C.) 
Ci—(in wave trap) 2 is 
C2—3-gang variable capacitor (Meissner No. 21-5222) 365 mmf. per 

section 
X-Y-Z—50 mmf. trimmers (Meissner No. 22-52 56) ee 
C3, C10, C13, C20—.01 mf. paper 400 volt (Cornelf-Dubilier 

No. DT4S1) ER 
C4, C5—.1 mf. paper 400 volt (Corne!l!-Dubilier No. DT4D1) 
C6—100 mmf. mica midget (Cornell-Dubilier No. SWST1) 
C7—80-225 mmf. padder (Meissner No. 22-7028) 
C8, C15—.02 mf. paper 600 volt (Cornell-Dubilier No. DT6S2) 
C9—.1 mf. paper 600 volt (Cornell-Dubilier No. DT6P1) 

C12-—500 mmf. mica (Cornell-Dubilier No. 5WS5T5) : 
C17--Double 10 mf. 25 volt electrolytic (Corneil-Dubiliet 

No, BRL2101) 

'T1—4S5 ke. LF. ti 
T2—455 ke. output IFT (Meissner 16-5742) 
T3—Output mate! 

Swi—Switch SPST rotary type 
V1—GAB8 tube (RCA 
V2—6K7' tube (RCA. 
V3—607 tube (RCA 
V4—6V6 tube (RCA 
V5—524 tube (RCA 

Dial (Crowe No. 180) 
Knobs (Crowe 6146) 
Case (Par-Metal CA201) 
Chassis 7"x9'"x2" (Par-Metal C4511) 
S—Octal wafer sockets 
Power line cord with plug 
Binding post strip 
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Q. LINE CORD 

This back view of the "LF-5" shows the neat artangement of the parts, 
which are marked to correspond with the schematic diagram on page 95. 

The loud-speaker fastens directly to the 
front panel with four screws, and comes with 

a bracket on which the output transformer, 
T3, is held. : 

The wiring is started by connecting all a.c. 
leads, including heater circuits. Follow with 
the power supply connections, then go right 
through the circuit from one end or the other. 
All capacitors and resistors are secured 
firmly at both ends, employing unused socket 
pins and one long terminal strip. 

It will be seen that a three-section electro- 
lytic capacitor, C18, is used with two of the 
sections in parallel. The only capacitor at 
the input to the filter system is C19, a .02 mf., 
1,200 volt paper unit. Do not connect a sec- 
tion of C18 at this point as the voltage to the 
receiver will be raised to an unnecessarily 
high level. The hum level in the receiver 
is very low with the filter circuit as shown. 

The loud-speaker is equipped with a so- . 
called hum-bucking coil, To make this effec- 
tive in removing hum, try interchanging the 
leads from the field coil to see which way 
gives the lowest level. Do this with the 
volume control all the way off. A calibrated 
oscillator is of great help in getting the outfit 
quickly tuned up. Set it at 455 kc. first, feed 
the output to the grid cap of V1, and adjust 
the four i.f. transformer trimmed screws for 
highest output. Next, set the receiver tuning 
capacitor at minimum capacity and align the 
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three trimmers on the latter 
.at 420 kc. Then rotate the 
variable to maximum and ad- 
just the padding capacitor 
until the background noise is 
highest. This should be around 
150 kc. 

"The final step is setting of 
the wave trap capacitor, Cl. 

. Connect the receiver to aerial 
and ground, adjust the dial to 
the high frequency end of the 
band (plates all out) and 
couple the service oscillator 
set at 455 ke. loosely to the 
antenna lead. Simply adjust 
C1 until the signal from the 
oscillator is minimum. 'This ad- . 
justment will not require re- 

setting thereafter.. This part 
of the job is best done by the 
local radio service man, who 

_ uses an oscillator in his daily 
worleof lining up superhetero- 
dyne receivers. He'll probably 
charge a dollar or so for the 

operation and it will be well worth it. 
As a final check it may be said that the 

high voltage at terminal 4 of V4 should be 
about 250 volts; at terminal 3 of V1 and V2, 
about 250 volts; and at terminals 4 and 6 of 
V1, about 100 volts. These values may vary. 
1596 or so either way without affecting oper- 
ation noticeably, and are given as average 
values only. 

The switch SW1, which is mounted under 
the loud-speaker to balance the appearance 
of the front panel, is a great convenience when 
it is desired to silence the “LF-5” momen- 
tarily, while you are tuning in an airplane 
signal on the short waves. It simply cuts off 

The utter simplicity of the ‘‘LF-5” is what makes it attractive. 



the plate voltage, leaving the heaters of the 
tubes on. The entire receiver is turned on or 
off by means of the knob of the volume 
control R10. 

It was found, while testing the “LF-5” re- 
ceiver in different locations, that image inter- 
ference might be bothersome in certain places. 
This usually shows up in the form of broadcast 
stations weakly heard on the high frequency 
end of the dial If the station is a powerful 
local, the easiest way to get rid of it is to use 
a wave trap that will tune to the frequency 
of the interfering station. |. ~ 
Experiment showed that the trouble could 

be greatly reduced by altering L2 as follows: 
Remove 100 turns of wire from each of the 
three sections. Two of these are wound. with 
“litz,” a multi-strand wire, and care must be 
taken when reconnecting to.solder all these 
strands to the proper lugs. Coil 1-2 on L3 
must have 70 turns removed, also. . 

These inductors must now be paralleled 
with padding capacitors to bring them back 
to the proper frequency range. Capacitors 
marked X, Y, Z in the diagram do the job 
and are parallel across the capacitor stator 
sections. These trimmers may be seen atop 
the variable capacitor, and are all‘of the 50 
mmf. maximum variety. 

In extreme cases, an aluminum shield over 
the tuning capacitor and L2 might be re- 
quired, but this is unlikely. At any rate, the 
receiver should be tried out first with the coils 
as they come, and in the case, before the above 
alterations are attempted, as the changes will 
not be required in most locations. 

Since the ground control stations all use 
rather low-power transmitters (15 watts), it 
is a good idea to provide the “LF-5” with a 
long aerial. A single wire not less than 50 
feet is recommended; if the available space 
permits, use 150 or even 200 feet. Leave this 
aerial connected permanently to the “LF-5,” 
and use a separate aerial for your short-wave 
set, so that you can tune in both low and high 
frequency stations without interference. 

Handle With Care 

EMEMBER that so-called “metal” tubes 
actually have glass sealing stems in their 

bases, and are therefore quite susceptible to 
breakage. Don't throw these tubes around 
on the work table; treat them just as care- 
fully as regular glass tubes. 

tric drills and other 

ward position. 

Spring Holds Electric Wire 
GARAGE me- 

chanie who is 
constantly using 

trouble lights, elec- 

portable tools was 
troubled by hàving 
the plugs work out 
of the receptacle, 
usually when he 
was on his back or 
in some other awk- 

He 

finally overcame 
the nuisance by fitting the end of each flexible 
cord with the simple spring and clamp ar- 
rangement shown in the drawing. This takes 
the strain off the plug, incidentally eliminating 
another trouble: loosened connections to the 
contacts. The hook is made with a wide mouth 
so that it can be slipped on and off easily. 

The same idea in slightly modified form can 
be applied to home appliances if the outlet 
plate is fitted with a cup hook or similar pro- 
jection to which the spring can be attached. 

Incidentally, this arrangement will greatly 
lengthen the life of the plug itself. 

Trouble Shooter's Cord 

3p 
CIRCUIT SINGLE POLE 

SINGLE THROW SWITCH— | _ 
DIAGRAM 

HE simple circuit shown above will be 
found very useful for testing common 

electrical appliances. The parts are most 
conveniently mounted on a small board. The 
switch can be an ordinary snap or toggle type. 
A 25- or 40-watt lamp is used. 

The device to be tested is plugged into the 
outlet, and the lamp then lights up in 
accordance with its condition. . If it is “open,” 
the lamp will not light at all; to verify this, 
close the switch. "This shorts out the appli- 
ance under test and makes the lamp go on. 

For "continuity testing," plug in pair of 
wires in the outlet and use these as probes; 
for instance, on the commutator of a gen- 
erator or motor to find open windings. 
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jught near 
Il go on, 

| "Theo Magic Wire” 

NQUESTIONABLY the capacitance- 
operated relay is one of the most fascinat- 

ing and useful instruments an experimenter 
can build. Magical in operation, it is adaptable 
to an almost endless variety of applications. 
As a burglar alarm, in advertising displays, 
to open doors of. garages, and in factories for 
counting packages and controlling safety and 
other devices, it works silently and effectively. 
In beauty parlors, it has been employed to 
switch on a light when a customer approaches 
a mirror to adjust her hat! ` It is easily made 
of ordinary radio parts. | 

generates. 

This device consists essentially of an oscil- 
lator so designed and adjusted that any slight 
change in capacitance from grid to ground will 
cause a large change in the power the tube 

If a long, insulated wire is con- 
nected to the grid of the oscillator, it. forms 
one electrode of a capacitor which has ca- 
pacitance to all surrounding grounded objects. 
If a person or any other conducting object 
comes near this wire, its capacitance to ground 

is increased and this change reacts on the 
oscillator, causing its plate current to in- 
crease. If a very sensitive relay were con- 

nected directly in the plate circuit of the 
oscillator tube, its contacts would then close, 
switching on power to actuate any desired 
device, such as a bell, motor or light. 

Far greater sensitivity is obtained, how- 
ever, by using two tubes. In addition, by 
making the output tube a power type, suffi- 
cient current is obtained to operate a less 
sensitive, and consequently less expensive 
relay. In the device to be described, two 
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Novel capacitance relay 

operates electrical circuit 

if person comes near it. 

metal tubes are employed which have 
characteristics of outstanding value in 

this type of circuit. 
As shown in the diagram, the input tube is 

a type 6R7 duo-diode triode. The triode sec- 
tion forms the oscillator, in conjunction with 

the coil L1 which is center-tapped to the 
cathode. When the triode section is oscillat- 
ing, the r.f. voltage developed from cathode 
to ground is impressed on the diode section, 

causing current to flow through R2 and mak- 

ing the diode plates negative with respect to 
ground. "The control grid of the 25L6 power 
tube is connected to the diode plates of the 
6R7 and consequently a negative bias is placed 
on the grid which reduces its plate current 
to a very low value. As soon as the triode 

ceases to oscillate, there is no longer any r.f. 

voltage applied to the diodes, the voltage 
drops and the 25L6 draws high plate current, 
causing the relay to operate. 

It will be noted that no rectifier tube or 
filter circuit is required in this design, yet the 

RI 
5 MEG. ! W. 

L e f t—The outfit 
set up so that the’ 
wire is around an 
open window, 
thereby awakening 
the sleeping person 
if anyone attempts 
to enter the room. 
It can also be used 
in a gas station to 
notify the attendant 
when a car pulls in. 

instrument functions on either a.c. or d.c. On 
a.c, the 6R7 oscillates and the 25L6 draws 
plate current only on the positive half-cycles. 
This principle effects a considerable saving in 
construction cost and in the size of the in- 
strument. 

After the parts required have been ob- 
tained, the first step in building the unit is 
to make the chassis, which consists simply 
of a piece of 16-gauge aluminum or steel bent 
and drilled in aecordance with the plan shown. 
The front panel, which is included with the 
standard 6 by 6 by 6 cabinet, is drilled and 
a hole and grommet are placed in the rear 
panel The oscillator coil is made by winding 
100 turns of No. 28 d.c.c. wire on. a one-inch 
bakelite tube 3% inches long. A tap. is 
brought out at the center of the winding. 
When the winding has been completed, the 
entire coil is dipped in a hot half-and-half 

The diagram of the capacitance operated relay 
shows the simplicity of wiring. Only two tubes are 
used. The length of the pickup wire is not critical. 

I0,000 5,000 OHMS 
io W. OHMS, IO W. 

— R3 
280 OHMS (IN CORD) 



The under view of the chassis shows the compact 
arrangement of the. parts. Small angles are used 
to fasten the chassis securely to the metal panel. 

mixture of beeswax and paraffine to keep the 
winding in. place and tó exclude moisture. 
The sensitivity of the outfit is largely depen- 
dent upon the efficiency of the coil so it 

should be carefully made. C1 is mounted on 
a small piece of !&-inch bakelite, because it 
must be insulated from the panel 

The sockets may now be mounted in the 
positions indicated in the photograph. Wire 
the chassis first, starting with the heater cir- 
cuits. Do not connect in the power cord until 
all wiring has been completed. The shield of 
the 25L6 is connected to its cathode, the shield 
of the 6R7 to the heater terminal which goes 
directly to the line. When all the main wir- 
ing has been completed, bring the power cord 
through the rear panel hole, and solder the 
three terminals to the terminal strip. The 
antenna wire is brought in through a rubber- 
grommeted hole in the top of the cabinet and 
connected to the stator plate terminal of C1. 
A knot in the wire will relieve any strain on 
this connection. Stranded wire is preferable 
for the antenna. I 

The capacitances of C1 and C2 are largely 
dependent upon the length of antenna wire 
desired. If only 4 or 5 feet are required, C2 
may be omitted. On the other hand, if the 
wire exceeds 15 feet, C2 will have to be larger ` 
than the value given. If the capacitance of C1 
were made large (say 150 mmf. or more), 
C2 could of course be omitted but then the 
adjustment would become too critical. 
The relay employed is a 3,000-ohm plug-in 

type of standard manufacture. Itis a double- 
pole model and will handle a non-inductive 
load of 100 watts. . It is somewhat more sensi- 
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PANEL (20 GAUGE STEEL 

The dimensions shown can be 
varied to suit individual parts. 
However, the layout given should 
be followed closely for best results. 

> 4 

pe 1 ee 

BEND 
DOWN 

CHASSIS (Ne ALUMINUM) 

‘tive than is required and any other good relay 
of 1,000 ohms or more resistance should be 
suitable. The capacitor, C4, is shunted across 
the relay coil to prevent chattering. It may 
be advisable, in some cases, to put a .imf. 
paper capacitor across the relay contacts to 

Stop sparking on heavy loads. It is better 
practice, however, to use a separate power 

relay when operating any but light loads. 
In operation, the antenna wire is strung out 

well away from grounded metal objects and 
a 110-volt lamp is plugged into the outlet on 
the panel. When the tubes have heated, the 
lamp should light when the antenna wire is 
touched. If it lights without touching the 
wire, C2 should be screwed down until the 
lamp goes out. This adjustment should be 
made with Cl about one-half meshed. The 
panel may then be screwed on the cabinet and 
final adjustment made. This is done by 
gradually adjusting the vernier knob of the 
dial until the light remains lit when adjusting 
but goes out when the hand is removed from 
the dial. This may be carried to a point where 
the light will flash as soon as one approaches 
within 3 feet of the wire or instrument. It is 
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better not to aim for such sensitivity, though, 
since it will vary somewhat with line voltage. 
A good, practical and stable point is about six 
inches for operation. In any case; it will take 
fifteen minutes or so for the instrument to 

acquire a stable point of operation owing to its 
sensitivity. 

A few of the many applications for this in- 
strument were outlined in the first paragraph. 
For advertising work, string a piece of thin 

enameled wire from the oscillator to a small 
circular piece of paper or metal pasted on the 

inside of a store show window with a card 
below it-inviting passersby to touch the glass 

and see what happens. When this is done, a 
fan or a special display is immediately 

illuminated. Another stunt, which requires 

an additional power relay, operates in the 

same manner but switches on all the window 
display lights. 

In filling stations, a wire strung near the gas 
pump will announce the approach of a car and 
an attendant is called. In the summer, when 

store doors are open, a wire may be strung 
around the door frame so when a customer 
walks in a clerk in the back of a store will be 
notified. In jewelry stores, a clerk may leave 
a customer but he will be warned if mer- 
chandise is touched. This is done by placing 
the wire under the velvet cover on the display 
shelf. Cash registers may be protected in like 
manner. In banks, the burglar’s command, 

“Hands up!” may be willingly complied with 
if the fine wire is strung well above the teller’s 
compartment. In homes, private safes may 
be similarly protected by stringing the wire 
near the safe. 
— While this simple design gives but a single 
warning when a moving object passes, it may 
be connected to an intermittent relay which 
will leave the warning on until switched off, 
or to a time-relay circuit which will operate 
for any desired period and then shut off auto- 
matically. 

This is believed to be the simplest device of 
its type yet described. For industrial control 
purposes, of course, much more elaborate 
apparatus is required. But for an infinitely 
large number of other purposes, this gadget 
will do the trick. 

PARTS REQUIRED 
Ci—Midget variable capacitor, 60 mmf., (see text) 
C2—Trimmer capacitor, 35 mmf., or mote, (see text) 
C3—Tubular paper capacitor, .05 mf., 200 v. 
C4—Electrolytic capacitor, 10 mf., 100 v. 
R1—Carbon resistor, 5 meg., 1 "watt 
R2—Carbon resistor, 1 meg., 1 watt 
R4—5,000 ohms, 10 watts, wire-wound resistor 
R5—10, 000 ohms, 10 watts, wire-wound resistor 
1—Steel cabinet 6x6x6 inches, front and back panels re- 

movable 
l—Piece 16-gauge aluminum, for chassis, 512x734 inches 
1—Piece bakelite tubing, l-inch dia., 31⁄4 inches long 
1—Piece bakelite, TARD Wa, Yes pach thick, for C1 
‘2—mOctal wafer sockets, 11-inch center for mounting holes 
1—5-prong wafer socket, 1/2-inch center for mounting holes 
1—Utah type RAC-110, 3,000-ohm relay 
1—6R7 metal tube 
1—25L6 metal tube 
1—Kurz-Kasch vernier dial, stall 
1—Resistor line cord, 280 ohms (R3) 
1—Single outlet receptacle 
Miscellaneous screws, nuts, mounting bracket and grommets 

N eval Telephone Lamp 

TABLE lamp 
of unique ap- 

pearance can be 
made out of an old 
telephone of the 
upright type. The 
transmitter head is 
removed and re- 
placed by a regular 
lamp socket, which 
is easily fastẹned in 

place by means of a 
short nipple and a 
couple of nuts. If 
'the switch mecha- 
nism is still in 
order, it is wired in 

series with the lamp, so that the latter lights 
up when the earphone is picked off the hook. 

The old phone switch contains several arms 
. and contacts; examine it carefully and select 
one pair that closes when the hook is up and 

opens when it is down. "The cord to the ear- 
phone is then merely a dummy, and doesn't 
connect to anything. 

Another idea is to mount a small toggle 
switch in the top of the receiver, wiring this 
to the socket by a short length of flexible wire. 
Thus, the receiver can be left permanently on 
the hook and the lamp controlled by a flip of 
the switch. The shade is supported by a snap- 
on type clip fitting over the bulb. 
Before touching the terminals of a filter 

. capacitor taken from a live radio set, always 
short circuit the terminals with an insulated 
screwdriver. Sometimes these capacitors will 
hold a charge for weeks, and can deliver a 
nasty jolt. This is not likely to happen if the 
set has a bleeder resistor, but bleeders have 
been known to be open without the user of 
the set suspecting it. 

Read MkcHANIX ILLUSTRATED. 
interesting articles. 

Full of 
Only 10 cents à copy. 

Look for it at your local newsstand. 



GOOD multimeter is undeniably the 

most useful of all test instruments for 
anyone who works with electrical appara- 
tus. Yet the high cost of the more elaborate 
commercial instruments has prevented many 

from purchasing such a device. Though the 
MzcHawix ILLUSTRATED “Testmaster” to be 
described is inexpensive and simple to build, 
it has been carefully engineered to give the 
utmost in ease and accuracy of operation and 

a wider range of application than many of the 

more expensive factory-built in- 
struments now on the market. It is 
compact—scarcely more than a 
handful—yet.it combines in a single 
unit the advantages of twelve indi- 
vidual instruments.of equally high 

grade. And the total cost for all 
components is well under fifteen 
dollars. It won’t become obsolete; 

a volt is always a volt, likewise 
ohms remain ohms as the years roll 
by. This instrument measures both 
volts and ohms over an unusually 
wide range and with ordinary care 
should last a lifetime. ' 
‘Not only will the radio and elec- 

trieal experimenter find countless 
uses for the "Testmaster," but every 
person faced with any electrical 
problems will find it invaluable: 
Anyone troubled with too frequent 
light-bulb burnouts may find the 
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clue to the cause by testing the line voltage. 
The Testmaster’s varied voltage scales—for 
both a.c. and d.c.—may show that the voltage 
is too high. The ohmmeter scale will settle 
problems in which a piece of electrical equip- 
ment is suspected of being burned out. 

The heart of this instrument is the highly- 
sensitive but rugged bakelite-cased meter, 
which gives a full-scale deflection for 400 
microamperes and has an internal resistance 
of 250 ohms. A knife-edge pointer enables 
readings to be made with precision over the 
various ohm and volt scales which are printed 
in red and black upon the dial By the use 
of multipliers and shunts, five voltage ranges, 
from 15 to 3,000 volts, are secured. Switching 
in a copper-oxide rectifier adapts the meter 
to a.c. measurements over the same number 
of ranges. All ranges, both a.c. and d.c., are 
covered at 1,000 ohms per volt. 
Two ohmmeter ranges are provided. The 

"Low" scale is calibrated from 2 ohms to 
15,000 ohms, while the “High” scale covers 
from 200, ohms to 1.5 megohms. The full 
sensitivity of the meter is employed on both 
these ranges, so no large external batteries 
are required and the instrument is com- 
pletely self-contained. A carefully-designed 
compensating circuit provides for accurate 

zero adjustment and keeps the instrument 

Above left-—-The completed Testmaster ready for use. 
It can be placed in a box for use on the workbench, 
or mounted in a panel above the table. Below— The 
wiring diagram. The a. c. rectifier with its parts are 
contained in a single unit. These parts are en- 
closed by a circle in the schematic diagram. 

METER 
400 MICRO-AMPS 

250 OHMS 

|= 
RI— 

RESISTORS 
BOTTOM xe 2 

IN CASE R 



the M I TESTMASTER 
accurate. even when the batteries drop in 
voltage. Í 

'The voltage ranges provided are 15, 75, 150, 
750 and 3,000 volts. These ranges provide a 
good overlap so all readings will appear well 
up on the scale. : 

Referring to the schematic diagram, it is 
seen that the meter is connected for either 

[Continued on page 66] 

Above right—A photograph of the completed unit showing 
the parts. The rectifier is at the right, plugged into a 4-prong 
socket. Below——The panel layout showing locations of all 
holes to be drilled. 'The overall dimensions and positions 
of the parts can be varied to meet individual conditions. 
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by Harry Canning 

Parts List 

Ri—Trutest wire-wound resistors 
1—20,000 ohm and 1—2,000 ohm in series 

R2—Midget potentiometer, wire-wound, 500 ohms 

R3—Trutest wite-wound resistors 
1— 3,000 and 1—400 ohm in series 

R4—Trustest wire-wound resistors 
1—400 and 1—600 ohm in parallel 

R5—Trustest wite-wound resistors 
1—1,000 and 1—200 ohm in parallel 

R6—Trutest wire-wound resistors 15,000 ohms 

R7—Trutest wite-wound resistors 
1—-20,000 and 1—40,000 in series 

R8—Continental Carbon semi-precision multi- 
plier resistor, 75,000 ohms 

R9—Continental Carbon semi-precision multi- 
plier resistor, 600,000 ohms 

R10—-Continental Carbon semi-precision multi- 
plier resistor, 3— 750,000 ohms in series 

C1Tubular capacitor, .05 mf., 200 volt 

SWi-—-Single-pole, double-throw toggle switch, 
V5 inch shank 

SW2—Double-pole, double-throw toggle switch 
(included in meter kit) 

Triplett Model 321 a.c.-d.c. Universal Meter, 
complete with copper-oxide rectifier, 
socket for same, and double-pole, double- 
throw toggle switch (SW2) 

10—Bakelite Insulated ICA tip jacks (7-—red, 
3—black) 

I—piece black Bakelite, 5V2x6V2xV4 inches 
(for front panel) 

1— piece black Bakelite, 5x6x1⁄ inches 
sub-panel) 

2—Eveready type 781 4YV5-volt “C” batteries 

1—Eveready type 950 11/-volt flashlight battery 

1—pair ICA pencil-type test leads, No. 373 

Brass tubing or rod, 1⁄4 inch, 8 inches long, for 
four mounting posts 

Brass strip, 1⁄2 inch wide, j; inch thick, about 
one foot long, for brackets 

Oval head and round head nickel plated brass 
screws, 6/32 with nuts 

Push-back wire, assorted colors 

(for 



Build The M I Testmaster 
[Continued from page 65] 

resistance or voltage measurements by 

throwing the single-pole double-throw toggle 
switch, SW1, to the proper position. With 
SW1 set for "volts" the -double-throw, 
double-pole toggle switch, SW2, may then be 
set for either a.c. or d.c. readings. For d.c. 
the current drain from the circuit under test 
is 1 milliampere for full-scale deflection on 
any range. Since the meter requires but .4 
milliampere, the balance is required by the 
shunt resistor, R5. Since R5 is 167 ohms and 

the meter has an internal resistance of 250 
ohms, the effective resistance of the two in 
parallel is 100 ohms. For one milliampere 
drain at 15 volts, the total circuit resistance 
must be 15,000 ohms. This is made up by: 
making the first multiplier resistor, R6, 14,900 
ohms. (The nearest commercial size is 15,000 
ohms, which is quite satisfactory.) The re- 
maining multipliers are added in series as 
shown. For the 75-volt range, the series re- 
sistor of 60,000 ohms, R7, brings the circuit 
resistance to 75,000 ohms, or 1,000. ohms per 
volt. 

For a.c., SW2 is flicked to the opposite po- 
sition and the meter is thus connected across 
the rectifier. R5 is no longer in the circuit 
but the unavoidable losses due to rectification, 
in conjunction with those introduced by the 
three resistors which are enclosed within the 

copper-oxide rectifier assembly, make the 
effective sensitivity to a.c. the same as for 
d.c. 

The slight additional compensation re- 
quired is provided by shunting R6 with the 
.05 mf. capacitor Cl, so that slightly more 
current is passed on the 15-volt a.c. range. 

The ohmmeter ranges are designed for 
high accuracy and low battery voltage re- 
quirements.’ On the “low” scale, the 112-volt 
battery is shunted across R4 when the test 
leads are connected across the two lower 
terminal pin jacks and the.leads are shorted. 
The current through R4 is then 1.5/240 or 
6.25. milliamperes. The .meter takes .4 
miliampere for full scale deflection, so R3 
and R2 are required to limit the current to 
this value. At 1.5 volts, R2 and R3 will have 
a combined value of 1.5/.4 or 3,750 ohms, 
minus the meter resistance of 250 ohms, giving 
a net value of 3,500 ohms. The total circuit 
resistance is formed by R4 paralleled by R3, 
R2 and the meter in series equal to 240 ohms 
shunted by 3,750 ohms, or 225 ohms. Con- 
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necting the test leads to a resistance of 225 

ohms will reduce the current in the circuit to 
exactly one-half, which corresponds to the 
half-scale calibration on the ohmmeter, or 225 
ohms. Thus the ohmmeter is accurately de- 
signed. 

The multiplier and shunt TESES are sol- 

dered directly to pin jacks and other terminals 
as shown in the photograph. The potentio- 
meter, R2, is first mounted on a small piece 
of strip brass so that only the shaft projects 
through the panel. The shaft is cut off and a 
slot is sawed in the end for screw-driver 
adjustment. The two 415-volt flashlight bat- 
teries are connected in series and the two 
outer terminals are wired to screws in the 

sub-panel. The large 144-volt cell is held in 
place by lugs fastened to the brass brackets 
holding the flashlight cells in place. The ends 

`of these lugs are soldered directly to the 
115-volt cell terminals. 

It will be noticed that there are more re- 
sistors in the assembly than are called for in 
the schematic diagram. Because many of the 
values required are not stock sizes, they are 
made up by connecting readily-obtainable 
resistors in. series or parallel to obtain the 
desired values. All resistors up to RT are 
wire-wound types with a rated tolerance of 
plus or minus 2 per cent. R8 to R10 are semi- 

precision carbon resistors, rated plus or minus 
5 per cent. 

Testing Earphones 

A “FLEA POWER" battery for testing 
earphones can be improvised by using a 

five-cent piece and a one-cent piece. To use 
the device, moisten a piece of paper with the 
tongue and place it between the coins. Touch 
one phone tip to the nickel and tap the penny 
with the other. If the phones are functioning, 
clicks will be heard in it. Current is gen- 
erated in this “battery” because of electrolysis 
between the dissimilar coins. 



BRINGING IN THE LEAD-IN 
IS weakest part of most radio aerial in- 

stallations is at the window where the 
outside wire must be brought into the house. 
The usual arrangement makes use of an in- 
sulated, flexible copper or brass "lead-in 
strip," which is satisfactory only if the win- 
dow is not opened and closed very often. In- 
variably these strips break. 
The radio fan who goes to the trouble of 

putting up a good aerial should also put in 
a lead-in hetter than a mere strip. The draw- 
ings on the right contain some suggestions of 
value, 

If the radio “shack” is in the. basement, a 
cellar window can easily be revamped, as 
shown in Fig. 1. The idea is to saw off part 
of the window (and also part of the outside 
screen or storm sash, if any is used), and to 
screw an extra strip of wood at the top of 
the frame, This strip should be about 1% 
or 2 inches wide, which means that not more 
than one inch needs to be ripped off the top 
and bottom edges of the window. The hinges - 
must be reset; but this takes only a few min- 
utes. The extra wood strip now permits the 
use of permanent lead-in insulators. If an- 
outside strip is also installed (to accommo- 
date the screen or storm sash), separate the 
sections of each insulator and joint them by ` 
means of a piece of threaded brass rod of the 
right length. As many as six or eight in- 
sulators can be mounted on this extra strip, 
which is more than most radio experimenters 
ever require, 
Casement-type windows ‘require different 

treatment, as shown in Fig. 2. The simplest 
thing to do is ta remove one small pane of 
glass altogether and to replace it by a piece 
of Bakelite or waterproof plywood, in which 
holes for lead-in insulators. can be drilled. 
It is quite possible to drill holes in glass by 
means of a drill press, but this is a slow, - 
.tedious and somewhat tricky job. 

With standard double-hung windows, the 
best arrangement.is a bonrd placed against 
the top of the outside window, as in Fig. 3. 
It should be nailed in place with thin brads, 
so that it won't fall when the window is 
opened. If the inside wires interfere with 
curtains or blinds, put the board on the bot- 
tom, under the inside window. 
When assembling the feed-through insu- 

lators, be sure to use cork or lead washers 
under the nuts. Without them, the panes 
is aikai to caci. 
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Deep concentration is written all over the faces of these applicants for amateur licenses. The tests are not difficult 
and require only a fair amount of preliminary study. 

HE amateur radio license issued by the 
United States Government is a very 

unique document. It entitles the holder to 
operate a wide variety of radio transmitters 
on nine different frequency channels. He 
may use continuous wave (“c.w.”) telegraphy 
on all of these bands, and a voice on seven 
of them. The “ticket” doesn’t cost a cent, 
and neither does its renewal. Any citizen of 
the United States can get one by passing a 
simple examination. Age, sex, and- color are 
immaterial A boy of eleven and a girl of 
thirteen established the record for young 
“hams,” and they converse over the air with 
men and women old enough to be their great 
grandfathers. 
How does a prospective "ham" go about 

getting his ticket? Other amateurs in the 
neighborhood will be glad to help him, but 
the best source of information is the nearest 
office of the Federal Communications Com- 
mission. . 

You have to write there anyway. for the 
application forms. Following is a complete 
list of the radio districts., Address letters in 
all cases to “Radio Inspector in Charge," at 
the addresses given. 
No. 1. The States of Connecticut, Maine, 

Massachusetts, New Hampshire, Rhode Island 
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and Vermont. CUSTOMHOUSE, BOSTON, 
MASS. 

No. 2. The counties of Albany, Bronx, 
Columbia, Delaware, Dutchess, Greene, 
Kings, Nassau, New York, Orange, Putnam, 
Queens, Rensselaer, Richmond, Rockland, 
Schenectady, Suffolk, Sullivan, Ulster and 
Westchester of the State of New York; and 
the counties of Bergen, Essex, Hudson, Hun- 
terdon, Mercer, Middlesex, Monmouth, Mor- 
ris, Passaic, Somerset, Sussex, Union and 
Warren of the State of New Jersey. FEDERAL 
BUILDING, 641 WASHINGTON ST., NEW 
YORK, N. Y. 

No. 8. The counties of Adams, Berks, 
Bucks, Carbon, Chester, Cumberland, Dau- 
phin, Delaware, Lancaster, Lebanon, Lehigh, 
Monroe, Montgomery, Northampton, Perry, 
Philadelphia, Schuylkill and York of: the 
State of Pennsylvania; and the counties of 
Atlantic, Burlington, Camden, Cape May, 
Cumberland, Gloucester, Ocean and Salem of 
the State.of New Jersey; and the county of. 
Newcastle of the State of Delaware. ROOM 
1200, U. S. CUSTOMHOUSE, SECOND AND 
CHESTNUT STS., PHILADELPHIA, PA. 

No. 4. The State of Maryland; the District 
of Columbia; the counties of Arlington, Clark, 
Fairfax, Fauquier, Frederick, Loudoun, Page, 



"Ham Ticket" 
Prince William, Rappahan- 
nock, Shenandoah and War- 
ren of the State of Virginia; 
and the counties of Kent and | 
Sussex of the State of Dela- 
ware, FORT McHENRY, 
BALTIMORE, MD. 

No. 5. The State of Vir- 
ginia except that part lying in 
District 4, and the State of 
North Carolina except that 
part lying in District 6. 402 
NEW POST OFFICE BLDG., 
NORFOLK, VA. 

No. 6. The States of Ala- 
bama, Georgia, South Caro- 
lina, and Tennessee; and 
the counties of Ashe, Avery, 
Buncombe, Burke, Caldwell, 
Cherokee, Clay, Cleveland, 
Graham, Haywood, Hender- 
son, Jackson, McDowell, Ma- 
con, Madison, Mitchell, Polk, 
Rutherford, Swain, Transyl- 
vania, Watauga and Yancey of 
the State of North Carolina. 
411 FEDERAL ANNEX, AT- 
LANTA, GA. 

No. 7. The State of Florida. 
312 FEDERAL BLDG., 
MIAMI, FLA. ; : 

No. 8. The States of Ar-. 

kansas, Louisiana and 
Mississippi; and the city of 
Texarkana in the State of 
Texas. 326 CUSTOMHOUSE, 
NEW ORLEANS, LA. [ 

No. 9. The counties of Ar- 
kansas, Brazoria, Brooks, Cal- 
houn, Cameron, Chambers, 
Fort Bend, Galveston, Goliad, 
Harris, Hidalgo, Jackson, Jefferson, Jim Wells, 
Kenedy, Kleberg, Matagorda, Nueces, Re- 
fugio, San Patricio, Victoria, Wharton and 
Willacy of the State of Texas. 404-406 
FEDERAL BLDG., GALVESTON, TEX. |. 

` No. 10. The State of Texas except that part 
lying in District 9 and in the city of Texar- 
kana; and the States of Oklahoma and New 
Mexico. 302 U. S. TERMINAL ANNEX 
BLDG.. DALLAS, TEX. 

No. 11. The State of Arizona; the county 
of Clarke in the State of Nevada; and the 
counties of Imperial, Inyo, Kern, Los Angeles, 

The actual “ticket” is two licenses in one. These pictures show the two 
sides of W2DJJ’s license. 

Orange, Riverside, San Bernardino, San 
Diego, San Luis Obispo, Santa Barbara 
and Ventura of the State of California. 
1105 RIVES-STRONG BUILDING, LOS 
ANGELES, CALIF. 

No. 12. The State of California except that 
part lying in District 11; the State of Nevada 
except the county of Clarke. 328 CUSTOM- 
HOUSE, SAN FRANCISCO, CALIF. 

No. 13. The State of Oregon; and the State 

of Idaho except that part lying in District 14. 
200 NEW U. S. COURTHOUSE BLDG, 
PORTLAND, ORE. 
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The code test is given by means of a tape machine, with the speed adjusted accurately. 
Every applicant is thus assured a fair trial. 

No. 14. The Territory of Alaska; the State 

of Washington; the counties of Benewah, 

Bonner, Boundary, Clearwater, Idaho, Koo- 

tenai, Latah, Lewis, Nez Perce and Shoshone 

of the State of Idaho; the counties of Beaver- 

head, Broadwater, Cascade, Deerlodge, Flat- 

head, Gallatin, Glacier, Granite, Jefferson, 
Lake, Lewis & Clark, Lincoln, Madison, 

Meagher, Mineral, Missoula, Pondera, Powell, 

Ravalli, Sanders, Silver Bow, Teton and 

Toole of the State of Montana. 808 FEDERAL 

OFFICE BUILDING, SEATTLE, WASH. 
No. 15. The States of Colorado, Utah and 

Wyoming; and the State of Montana except 

that part lying in District 14. 504 CUSTOM- 

HOUSE, DENVER, COLO. 
No. 16. The States of North Dakota, South 

Dakota and Minnesota; the counties of Alger, 
Baraga, Chippewa, Delta, Dickinson, Gogebic, 

Houghton, Iron, Keweenaw, Luce, Mackinac, 

Marquette, Menominee, Ontonagon and 

Schoolcraft of the State of Michigan; and the 

State of Wisconsin except that part lying in 
District 18. 927 NEW P. O. BLDG., ST. PAUL, 
MINN. 

No: 17. The States of Nebraska, Kansas and 
Missouri; and the State of Iowa except that 
part lying in District 18. 609 PICKWICK 

BLDG. 903 McGEE STREET, KANSAS 
CITY, MO. 
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No, 18. -The States 
of Indiana and Illinois; 
the counties of Alla- 
makee, Buchanan, 
Cedar, Clayton, Clin- 
ton, Delaware, Des 
Moines, Dubuque, 
Fayette, Henry, Jack- 
son, Johnson, Jones, 
Lee, Linn, Louisa, 
Museatine, Scott, 
Washington and Win- 
neshiek of the State 
of Iowa; the counties 
of Columbia, Craw- 
ford, Dane, Dodge, 
Grant, Green, Iowa, 
Jefferson, Kenosha, 
Lafayette, Milwaukee, 
Ozaukee, Racine, 
Richland, Rock, Sauk, 
Walworth, Washington 
and Waukesha of the 
State of Wisconsin. 246 
Ú. S. COURTHOUSE 
BLDG., CHICAGO, 
ILL, 

No. 19. The State of 
Michigan except that part lying in District 16; 
the States of Ohio, Kentucky and West Vir- 
ginia. 1025 NEW FEDERAL BLDG. DE- 
TROIT, MICH. 

No. 20. The State of New York except that 
part lying in District 2, and the State of Penn- 
sylvania except that part lying in District: 3. 
514 FEDERAL BUILDING, BUFFALO, N. Y. 

No. 21. The Territory of Hawaii, Guam, 
and American Samoa. ALOHA TOWER, 
HONOLULU, T. H. 

No. 22, Puerto Rico and Virgin Islands. 
303 OCHOA BLDG., SAN JUAN, P. R, 

While a knowledge of fundamental radio 
theory and law is necessary background for 
the license test, the more important require- 
ment is thorough confidence in your ability 
to copy code solid at the rate of 15 words 
per minute. If you don't pass the code test 
you don't even get the theory part, só you'd 
better do a lot of concentrated practice in 
advance. To play safe, you should be able to 
copy 18 or 20 words per minute, as checked 
by actual count of words sent timed with a 
good watch. 

If you live too far from the nearest exam- 
ining office, you can actually get a license by 
mail The following excerpts from the rules 
and regulations of the Federal Communica- 
tions Commission should be studied well. 



DEFINITIONS 

12.1, Amateur service. The 
term “amateur service” 
means a radio service 
carried on by. amateur 
stations. 

12.2. Amateur station. The 
term "amateur station'' 
means a station used by an 
"amateur," that is, a duly 
authorized person  in- 
terested in radio technique 
solely with a personal aim 
and without pecuniary in- 
terest. It embraces all radio 
transmitting apparatus at a 
particular location used for 
amateur service and op- 
erated under a single in- 
strument of authorization. 

12.3. Amateur portable 
station. The term “amateur 
portable station” means an 
amateur station that is port- 
able in fact, that is so 
constructed that it may 
conveniently be moved 
about from ‘place to place 
for communication, and 
that is in fact so moved 
from time to time, but 
which is not operated while 
in motion, 

12.4. Amateur portable- 
mobile station. The term 

' “amateur portable -mobile 
station" means an amateur 
station that is portable in 
fact, that is so constructed 
that it may conveniently be 
transferred to or from a 
mobile unit or from one 
such unit to another, and 
that is in fact so transferred from time to time and is 
ordinarly used while such mobile unit is in motion. 

12.5. Amateur radio communication. The term “ama- 
teur radio communication"; means radio communication 
between amateur stations solely with a personal aim 
and without pecuniary interest. 

12.6. Amateur operator. The term “amateur operator" 
means a person holding a valid license issued by the 
Federal Communieations Commission authorizing him 
to operate licensed amateur stations. 

LICENSES; PRIVILEGES 

12.21. Eligibility for license. The following are eligible 
to apply for amateur operator license and privileges: 

Class A—A United States citizen who has within five 
"years of receipt of application held license as an ama- 
teur operator for a year or who in lieu thereof qualified 
under Section 12.46. 

Class B—Any United States citizen. 
Class C—A United States citizen whose actual resi- 

dence, address, and station, are more than 125 miles 
airline from the nearest point where examination is 
given at least quarterly for Class B; or is shown by 
physician's certificate to be unable to appear for exami- 
nation due to protracted disability; or is shown by 
certificate of the commanding officer to be in a camp of 
the Civilian Conservation Corps or in the regular 
military or naval service of the United States at a mili- 
tary post or naval station and unable to appear for Class 
B examination. 

12.22. Classification of operating privileges. Amateur 
operating privileges are as follows: 

Class A—AII amateur privileges. 
Class B—Same às Class A except specially limited | as 

in Section 12.114. 
Class C—Same as Class B. 

12.23. Scope of operator authority. Amateur operators" 
licenses are valid only for the operation of licensed 
amateur stations; provided, however, any person hold- 
ing a valid radio operator's license of any class may 
operate stations in the experimental service licensed for, 
and operating on, frequencies above 300,000 kilocycles. 

12.24. Posting of license. The original operator's license 
shall be posted in a conspicuous place in the room 
occupied by such operator while on duty or kept in his 
personal possession and available for inspection at all 
times while the operator is ón duty, except when such 

Notarizing the license application takes but a minute. 

license has been filed with application for modification 
or renewal, or has been mutilated, lost, or destroyed. 
and application has been made for a duplicate. 

12.25. Duplicate license. Any licensee applying for a 
duplicate license to replace an original which has been 
lost, mutilated, or destroyed, shall submit to the Com- 
mission such mutilated license or affidavit attesting to 
the facts regarding the manner in which the original 
was lost or destroyed. If the original is later found, it 
or the duplicate shall be returned to the Commission. 

12.26. Renewal of amateur operator license. An ama- 
teur operator license may be renewed upon proper 
application. and a showing that within three months 
of receipt of the application by the Commission the 
licensee has lawfully operated an amateur station 
licensed by the Commission, and that he has communi- 
cated by radio with at least three other such amateur 
stations. Failure to meet the requirements of this 
section will make it necessary for the applicant to again 
qualify by examination. 

12.27. Who may operate an amateur station. An ama- 
teur station may be operated only by a person holding 
a valid amateur operator's license, and then only to 
the extent provided for by the class of privileges. for 
which the operator’s license is endorsed. When an 
amateur station uses radiotelephony (type A-3 emis- 
sion) the licensee may permit any person to transmit 
by voice, provided a duly licensed amateur operator 
maintains control over the emissions by turning the 
carrier on and off when required and signs the station 
off after the transmission has been completed. 

EXAMINATIONS 

12.41, When required. Examination is required for a 
new license as an amateur operator or for change of 
class of privileges. 

12.42. Elements of examination. The examination for 
amateur operator privileges will comprise the following 
elements: 

1. Code test—ability to send and receive, in plain lan- 
guage, messages in the International Morse Code at a 
speed of not less than thirteen words per minute. 
counting five characters to the word, each numeral or 
punctuation mark counting as two characters. 

2. Amateur radio operation and apparatus. both tele- 
phone and telegraph. 

[Continued on next page] 
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3. Provisions of treaty, statute and regulations affect- 
ing amateurs. 

4. Advanced amateur radiotelephony. 

12.43. Elements required for various privileges. Ex- 
aminations for Class A privileges will include all four 
examination elements as specified in Section 12.42. 
Examinations for Classes B and C privileges will in- 

clude elements 1, 2, and 3 as set forth in Section 12.42. 

12.44. Manner of conducting examination. Examina- 
tions for Class A and Class B privileges will be con- 
ducted by an authorized Commission employee or 
representative at points specified by tbe Commission. 
Examinations for Class C privileges will be given by 

volunteer examiner(s), whom the Commission may 
designate or permit the applicant to select; in the latter 
event the examiner giving the code test shall be a 
holder of an amateur license with Class A or B privi- 
leges, or have held within five years a license as a 
professional radiotelegraph operator or have within that 
time been employed as a radiotelegraph operator in the 
service of the United States; and the examiner for the 
written test, if not the same individual, shall be a person 
of legal age. 

12.45. Additional examination for holders of Class C 
priviléges. The Commission may require a licensee hold- 
ing Class C privileges to appear at an examining point 
for a Class B examination. If such licensee fails to 
appear for examination when directed to do so, or fails 
to pass the supervisory examination, the license held 
wil be canceled and the holder thereof will not be 
issued another license for the Class C privileges. 
Whenever the holder of Class C amateur operator 

privileges changes his actual residence or station loca- 
tion to a point where he would not be eligible to apply 
for Class C privileges in the first instance, or whenever 
a new examining point is established in a region from 
which applicants were previously eligible for Class C 
privileges, such holders of Class C privileges shall with- 
in four months thereafter appear at an examining point 
and be examined for Class B privileges. The license will 
be canceled if such licensee fails to appear, or fails to 
pass the examination. 

12.47. Examination procedure. Applicants shall write 
examinations in longhand—code tests and diagrams in 
ink or pencil, written tests in ink—except that appli- 
cants unable to do so because of physical disability may 
typewrite or dictate their examinations and, if unable 
to draw required diagrams, may make instead a detailed 
description essentially equivalent. The examiner shall 
certify the nature of the applicant’s disability and, if 
the examination is dictated, the name and address of the 
person(s) taking and transcribing the applicant’s 
dictation. : 

LICENSES 

12.61. Eligibility for amateur. station license. License 
for an amateur station will be issued only to a licensed 
amateur operator who has made.a satisfactory showing 
of control of proper transmitting apparatus and control 
of the premises upon which such apparatus is to be 
located; provided, however, that in the case of an ama- 
teur station of the military or Naval Reserve of the 
United States located in approved public quarters and 

-established for training purposes, but not operated by 
the United States Government, a station license may be 
issued to a person in charge of such a station although 
not a licensed amateur operator. 

12.62. Eligibility of corporations or organizations to 
hold license. An amateur station license will not be 
issued to a school, company, corporation, association, or 
other organization; nor for their use; provided, how- 
ever, that in the case of a bona fide amateur radio 
Society a station license may be issued in accordance 
with Section 12.61 to a licensed amateur operator as 
irustee for such society. 

12.63. Location of station. An amateur radio station, 
and the control point thereof, when remote control is 
authorized. shall not be located on premises controlled 
by an alien. 

12.64. License period. License for an amateur station 
wil normally be for a period of three years from the 
date of issuance of a new, renewed, or modified license. 

12.65. Authorized operation. An amateur station license 
authorizes the operation of all transmitting apparatus 
used by the licensee at the location specified in the 
station license and in addition the operation of portable 
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and portablemobile stations at other locations under 
the same instrument of authorization. 

12.67. Posting of station license. The original of each 
station license or a facsimile thereof shall be posted by 
the licensee in a conspicuous place in the room in which 
the transmitter is located or kept in the personal pos- 
session of the operator on duty, except when such 
license has been filed with application for modification 
or renewal, or has been mutilated, lost, or destroyed, 
and application has been made for a duplicate. 

USE OF AMATEUR STATIONS 

12.101. Points of communication. An amateur station 
shall communicate only with other amateur stations, 
except that in emergencies or for testing purposes it 
may be used also for communication with commercial 
or Government radio stations. In addition, amateur 
stations may communicate with any mobile radio 
station which is licensed by the Commission to com- 
municate with amateur stations, and with stations of 
expeditions which may also be authorized to com- 
municate with amateur stations. They may also make 
transmissions to points equipped only with receiving 
apparatus for the measurement of emissions, observa- 
tion of transmission phenomena, radio control of remote 
objects, and similar purely experimental purposes. 

12.102. No remuneration for use of station. An ama- 
teur station sball not be used to transmit or receive 
messages for hire, nor for communication for material 
compensation direct or indirect, paid or promised. 

12.103. Broadcasting prohibited. An amateur station 
shall not be used for broadcasting any form of enter- 
tainment, nor for the simultaneous retransmission by 
automatic means of programs or signals emanating from 
any class of station other than amateur. 

ALLOCATION OF FREQUENCIES 
12.111. Frequencies for exclusive use of amateur sta- 

tions. The following bands of frequencies are allocated 
exclusively for use by amateur stations: 

1,750 to 2,050 kc. 28,000 to 30,000 kc. 
3,500 to 4,000 ke. 56,000 to 60,000 Kc. 
7,000 to 7,300 kc. 112,000 to 116,000 kc. 

14,000 to 14,400 kc. 224,000 to 230,000 kc. 
400,000 to 401,000 ke. 

12.112. Use of frequencies above 300,000 kilocycles. 
The licensee of an amateur station may, subject to 
change upon further order, operate amateur stations, 
with any type of emission authorized for amateur sta- 
tions, on any frequency above 300,000 kilocycles without 
separate licenses therefor. 

12.113. Individual frequeney not specified. Transmis- 
sions by an amateur station may be on any frequency 
within the bands assigned. Sideband frequencies re- 
sulting from keying or modulating a transmitter shall 
be confined within the frequency band used. 

12.114. Types of emission. All bands of frequencies 
allocated to the amateur service may be used without 
modulation (Type A-1 emission). 

12.115. Additional bands for types of emission using. 
amplitude modulation. 'The following bands of fre- 
quencies are allocated for use by amateur stations using 
additional types of emission! as shown: 

1,750 to 2,050 kc. — — A-4 — 
1,800to 2,050 kc. — A-3 — — 

28,500 to 30,000 kc. — A-3 — — 
56,000 to 60,000 kc. A-2 A-3 A-4 — 

112,000 to 116,000 kc. A-2 A-3 A-4 A-5 
224,000 to 230,000 kc. A-2 , A-3 A- A-5 
400,000 to 401,000 ke. A-2 A-3 A-4 A-5 
12.116. Additional bands for radiotelephony. Amateur 

stations may use radiotelephony with amplitude modu- 
lation (Type. A-3 emission)! in the frequency bands 
3900 to 4000 ke. and 14,150 to 14,250 kc.; provided the 
station is licensed to à person who holds an amateur 
operator license endorsed with Class A privileges, and 
actually is operated by an amateur operator holding 
Class A privileges. 

12.117. Frequency modulation. The following bands of 
frequencies are allocated for use by amateur stations 
for radiotelephone frequency modulation transmission :* 

58,500 to 60,000 kc. 
112,000 to 116,000 kc. 
224,000 to 230,000 kc. 
400,000 to 401,000 ke. 



Individual Panels 
EIE 

XPERIMENTAL  short-wave receivers 

and transmitters using “breadboard” 

style construction can be improved consider- 

` ably by the use of individual little panels of 
Bakelite for such important units as tuning 

capacitors, high-voltage switches, etc. These 

can be mounted very easily by wood screws 

along the bottom edge. Removal is then a 

simple matter. Small pieces of Bakelite suit- 
able for the purpose can be cut from old panels 
or purchased new at low prices. Thick- 

nesses of % or 5" are satisfactory—R. H. 

Steel Tape Antenna 
STEEL rule of the concave, collapsible 
type makes an excellent antenna for 

portable radio sets. It is especially convenient 
for transmitters, since the radiating portion 
can be adjusted quickly to the exact desired 
length. Depending on the construction of the 
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q °' STEEL TAPE RULE 

RULE FOLDS 
INTO CASE 
WHEN NOT 

TAPE CASE 
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ON SMALL 
THRU-PANEL 
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soe view | 

cabinet of the. portable outfit, the case of 
the rule can be mounted inside or outside. 
Two “midget” size feed-through insulators 
make an excellent support.—H. R. Wallin. 

Keying Relay From Sounder 

LD-FASHIONED  telegraph ` sounders, 
obtainable now at bargain prices, can 

be rebuilt to make sturdy keying relays for 
short-wave transmitters. Replace the heavy 
brass sub-base by a piece of hard rubber or 
Bakelite, using the brass base as a drilling . 
template. With a hacksaw or file, cut a notch 
in the end of the striking bar.and fasten a 
bit of Bakelite here with a machine screw 
(from the bottom). The purpose of these 
Bakelite pieces is to insulate the striking bar 
from the anvil Drill and tap a hole in the 
latter directly under the adjustable striking 
Screw, and insert a sharpened screw with a 
binding post top to act as a lock nut. 
Mount two binding posts on the right side 

of the new Bakelite sub-base. Connect one 
to the anvil, the other to the U-shaped yoke 
that supports the striking bar. This relay 
is giving good service with a 100 watt trans- 

mitter.—R. H. 

Meter Boxes Of Plywood 
OUNT your 
loose meters 

in individual boxes, 
made from scrap 1⁄4” 
plywood, and pro- 
tect them from in- 

jury. The seales 
wil be easier. to 

read if the front 

panel is cut at an 

angle.—R. H. 
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How To Learn The Radio Code 

VERY owner of a short- 

| wave receiver undoubtedly 
has said to himself, at one time 
or another, “Gosh, I wish I 

knew what all those dots and 

dashes meant!” Like many 

others, you probably also 

thought that the radio code is 
difficult to learn, somewhat like 

a foreign language. 
This isn’t the case at all. Any 

normal person can teach him- 
self the code, entirely without outside help, in 

about two weeks of casual after-dinner ap- 

plication. With the assistance of another 

person who is also anxious to learn, both will 

be transcribing regular radio transmissions 
(slow speed ones, of course), in probably half 

that time., The whole trick is to get started 
properly; the rest is entirely a matter of prac- 

tice. And there’s never any lack of stations 
on the air to give you that practice. Turn 

on a short-wave receiver at any‘ hour of the 
day or night, any day during the week, and 
youll hear actually thousands of messages. 
There are about 25,000 active amateur stations 
alone in the United States, and thousands. of 
commercial stations of various types of service. 
For the special benefit of beginners, there are 
also many extra-slow speed transmissions 
from selected amateur stations in scattered 
parts of the country. 

For the first day or two, you need only the 
accompanying table showing the International 
Morse Code. 
dashes, and concentrate on dits and dahs, be- 
cause that’s what the characters sound like. 
What you hear over the air is not “dot” or 
"dash," but a short buzz, best described as 
a "dit," or a slightly longer buzz, which is best 
written or spoken as a “dah.” Therefore, read 
the letter “a” to yourself as “dit dah,” the 
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Forget all about dots and’ 

New thrills of "DX" re- 

ception await those who 

master ihe "dits" and 

"dahs" of the short- 

wave bands. 

Left, Figure 1——The right way to hold a 
radio key. The hand and the wrist are in 
a straight, natural line. Below, Figure 2— 
The wrong way. The wrist is too high, and 
the hand will soon tite from the strain of 

the unnatural position, 

letter “m” as “dah dah,” etc., and forget that 
the words dot and dash even exist. ?X2at’s the 
whole secret about learning the code. 

All letters of the alphabet and all the num- ` 
bers consist of combinations of dits and dahs. 
Incidentally, the code used in all radio work 
the world over is the International Morse 
Code. It is quite different from the American 
Morse Code, which was so widely used on 
~domestic land telegraph lines during the days 
when the telegraph operator at railroad sta- 
tions was a romantic and picturesque figure 
in American life. Morse operators are now 
pretty much an extinct breed, as virtually all 
telegrams are handled on teletype machines 
that are operated like ordinary typewriters. 

Roughly, a dah is three times as long as a` 
dit. The spacing between the dits and dahs 
of an individual letter or number is equiva- 
lent to a dit, between letters of the same word 
about three dits, and between words about 
five dits. At the beginning, don’t be afraid 
to stretch this spacing generously. . You'll 
close it in gradually as your ear learns to 
register the sounds. 
Some people try to memorize the alphabet 

all at once. This is a mistake, Start with 
the dit group first, because it’s the easiest, 
and merely learn these. Immediately, make 
up practice words consisting of dits only. For 



THE INTERNATIONAL MORSE CODE. 

e006 mm 

(KEE E] 

=m o 0o o 

BY GROUPS 

PUNCTUATION AND SPECIAL CHARACTERS 

PERIOD (^) © mm ọ mm @ maw FRACTION BAR OR SEPARATOR mm @ @ mn 9 a (GERMAN) © mm @ mam 

COMMA (3) mmu wam @ @ mmm m ERROR 00000000 Á (SPANISH, SCANDINAVIAN) © mum wam © mum 

COLON (3) mm m mu © 6 © END OF MESSAGE 6 mm @ mm © Ch (GERMAN, SPANISH) mmm mum mam mam 

QUESTION MARK(?)@ € mm mm e € GO AHEAD wm © mum fL (SPANISH) mum mum @ mus mum 

WAIT emm @ @ © END OF COMMUNICATION © e e mm e wm. — Ü (GERMAN) wan mm wam e 

DISTRESS. CALL € € @ mm wam =m © © © Ü (GERMAN) © © mm mm 

URGENT SIGNAL mm © @ ma mum © @ mm mm @ @ mn 

SAFETY SIGNAL mamn — mem w 

Here is a big, legible code chart that you can cut out, paste on cardboard, and save for study. 
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This system of “lettering?” makes it easy to write down legible copies of radio messages. 

instance, is, his, she, he, see, etc. Then tackle 

the dah group, and try tom, too, to, moot, moo, 
ete. The next evening, make up dit and dah 

words, such as miss, teem, shot, set, most, etc. 

All this time you've been mumbling under 

your breath to yourself, and that's a perfectly 
good system. However, if you have a partner, 

it is advisable to rig up a very simple code 
practice outfit consisting of a common buzzer,, 
a couple of dry cells, and a telegraph key. 

The latter shouldn't cost more than a dollar, 

even new. Connect them in series. Screw 

the key to a board, which can.also hold the 
buzzer and the batteries, Place the outfit on 
a table so that your wrist and elbow rest com- 

fortably. Relax your arm muscles and press 
the knob. lightly with the first and second 
fingers, with the thumb against the edge of 
the knob. Figures 1 and 2 show the right and 
wrong’ ways to handle the key. 

Radio operators in the Army_are taught 
to “letter” messages, using all capital letters. 
This makes for legibility as well as speed. The: 
minimum number of pencil strokes is used, 
in the manner indicated in Figure 3. The 
dotted lines show the direction and the se- 
quence of the lines. Note how the letter I 
is distinguished from the number one, and the 
letter O from the zero. This system is very 
easy to learn. i 
Have one man tap out the dits and dahs 

while the other writes down the correspond- - 
ing characters. After fifteen minutes, switch 
places. Don't attempt too much at one sitting. 
Don't rush thé “sending.” It’s much easier to 
send fast than to receive fast. 

Once you're past the first two stages, a 
newspaper will supply all the practice text 
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you need. It is important to check your 
progress by timing the transmission in terms 

of words per minute, a “word” being figured 
as five characters. Thus "characters" is two 
Words, as it consists of ten letters. Applicants 
for amateur licenses must be able to send and 
receive at the rate of thirteen words per 
minute, and this gives you a mark to shoot at. 
If you aren't up to five words per minute at 
the end of the first week, there's cua atr à 

the matter with you. 
Avoid listening in too much during dis first 

week of self-instruction, as most radio traffic 
is handled at. speeds above 20 words per 
minute, and you'll only become confused. Be- 
sides, there are many highly incompetent . 
operators on the air, with peculiar swings to 
their “fists” that are as individual and char- 
acteristic as are regional speech inflections. 
You'll soon recognize the difference between 
hand- and machine-keyed messages, the 
latter’s dits and dahs being perfectly formed 
and spaced on a perforated paper tape. 

As soon as a beginner operator gets up to 

seven or eight words per minute, he starts 
guessing at words from the first few letters. 
This is a bad habit, but is easily discouraged. 
If you notice this tendency in yourself or 
in your practice partner, simply start send- 
ing sentences backward! In fact, some in- 
structors favor this method for all initial 
instruction. 

Don’t neglect the numbers and the punc- 
tuation signs. In most commercial as well as 
amateur messages the actual numbers and 
punctuation marks are rarely used, the entire 
words being spelled out to avoid possibility 
oferror. This is particularly true of numbers. 



For instance, 2 and 3 are pretty much alike 

as dit-dah characters, but not when they are 

spelled out as “two” and “three.” However, 

numbers as such are used in many forms of 

ciphers, in ordinary amateur conversation, 

etc., and of course you must know them. 

Some operators use the letter E instead of 
the period in time groups. 

The beginner must of course write down 

each dit-dah character as he hears it. If you 

own a typewriter and use the touch system, 

youll find the machine a big help. Radio 

code at 35 words per minute is considered : 
fast commercial receiving, but 35 words per 

minute for a typist is extremely slow indeed. 
Even a tyro typist is two jumps ahead of a 

pencil-and-paper radio operator, because he 

types out letters and words without effort. 

There is comparatively little exchange of 

actual messages on the amateur bands, but 

a lot of friendly talk. Therefore, most amateur 
operators do not write down the other fellow's 

transmissions, but instead, they carry the 
words in their heads. It is probable that they 
miss many individual letters or even words, 
particularly when interference is bad, but in 

general they manage rather well To a be- 

ginner this may seem a remarkable feat (it's 

all a confusion of quick dits and dahs!), but 
its a knack that is quickly acquired. 

The busy ship-to-shore and transoceanic 

stations, on the other hand, are very formal, 

and they send only regular messages. Most 
of these, since the war started, are coded or 

ciphered in some way, although the individual 
characters remain those of the Continental 

Code. 

Hundreds of time-saving abbreviations are 

used in both amateur and commercial service. 
Until you get wise to the procedure, most 
amateur transmissions hardly make sense, to 
the eye, at least. 

“Tnx fr the fb report om hv bn revamping 
xmtr es u are nearest stn wkd since gg on air." 
Translated, this means: 

“Thanks for the fine report, old man. Have 
been revamping transmitter and you are 
nearest station worked since going on the air." 

There is also a long list of internationally 
used abbreviations known as the “Q” signals. 

This is too long to be included here, but you 

will find it in the radio call book. The “Q” 

signals means the same in any language and 

by means of them two operators not knowing 

a word of each other's language can exchange 
a considerable amount of intelligence. 

Improving The Output 
Transformer 

OUTPUT 
TRANSFORMER 

SLIP PAPER HERE 
ABOUT 0.002" 

ANY low-priced output trahsformers 
generate quite a bit of distortion because 

of poor iron in the core. Tests have shown 
that, with a poorly designed transformer, the 
load on the tube varies throughout the audio 
cycle, which creates distortion. 

The remedy is not necessarily to change the 
transformer, but to attempt to improve the 
characteristics of the iron. 'This is easily ac- 
complished by increasing the length of the air 
gap by an amount equal to the thickness of a 
piece of ordinary writing paper. Rémove the 
case of the transformer and increase the air 
gap with a screwdriver; now slip in the paper 
and shorten the gap until it just about grips 
the paper. Replace the casing and the job is 
finished. In most cases there will be a no- 
ticeable improvement in performance.— 
B. Goldring. 

Dial Readings 

N SOME older all-wave receivers, dials are 
marked from 0 to 100, with the low num- 

bers representing low wavelengths and the 
high numbers high wavelengths. Since it is 
now the universal practice to speak of radio 
waves in terms of frequency rather than 
wavelength, it is necessary to remember that 
these dials now read backward. It might be 
convenient to replace the entire dial, or at 
least to paste a new scale in place over the 
old one. Cellulose acetate cement is effective 
for this purpose. 
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Radio Diagrams Made Easy 

“INDICATES ROTOR ` 

VARIABLE CAPACITORS DOUBLE UNIT 

/ _/<— INDICATES COMMON ROTOR 

Four common styles of variable capacitors (or condensers). A, B and C are single, double and triple gang units, respec- 
tively, with air spating between the plates. D is a small “trimmer” type, with the plates separated by mica or some other 

solid "dielectric" material. 

IRCUIT diagrams, usually called "sche- 
matics,” are a simple, convenient way of 

showing how the various parts of a radio set 
are connected together. 
give a radio man a quick picture of the design 
and capabilities of the particular receiver, 
transmitter, amplifier, etc. They are really 
much easier to follow than so-called "picture 
diagrams," except, oddly enough, in the case 
of very simple sets. This is so because the 
picture diagrams must show the relative 
positions of the parts as well as their connec- 
tions, and the whole thing becomés very com- 
plicated. 

The schematic symbols for the various parts 
used in radio construction are shorthand pic- 
tures of them. For instance, capacitors (also 
called condensers) consist of two sets of metal 
plates separated by air or some other non- 
conductor of electricity; hence the symbol 
consists of two parallel lines. If the capacitor 
is variable, an arrow runs through it. 
Similarly, inductors, which consist, of turns of 
wire, are represented by a series of little 
eurleyeues. If two coils are wound near or 
over each other, to form a transformer,’ the 
two series of curleycues are drawn next to 
each other. If the core material (the inside 
of the transformer) is iron, a few straight lines 
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In addition, they ` 

are inserted between the rows of curleycues. 
Since resistors retard the flow of electricity, 

they are represented by zigzag lines. An 
arrow indicates a movable contact. 

After a little experience with diagrams and 
‘sets, a constructor can look at a schematic 
diagram and visualize in a few minutes every 
exact connection in it. 

Vacuum tubes are identified according to 
the number of "elements" inside the evacuated 
glass or metal container, which is called the 
“envelope.” The basic type is the diode, con- 
taining a plate and a filament; “di-ode” means 
two electrodes. If the filament heats another 
electrode, the cathode (which does the actual 
emitting of electrons), the cathode and not 
the filament is considered the active element, 
and.the tube remains a diode. 
Adding one or more open-wire "grids" be- 

tween the cathode and the plate results in a 
large variety of tubes. One grid makes a 
total of three elements, só such a tube is a 
"triode"; two grids make a "tetrode"; three 
grids, a “pentode,” ete. A tube with five grids 
is particularly useful in certain types of 
circuits, and is called a “pentagrid converter.” 
One or more of the grids may function as 
plates or “anodes.” 

[Continued on page 81] 



IXED CAPACITORS 

zd 
ar 

SINGLE UNIT 

- ene malen 

TRIPLE UNIT 

Fixed capacitors (also called 
condensers) take many forms, 
but all are represented as 
above. A is a small elec- 
trolytic unit. B is a paper 
dielectric type. C is a large 
double-section electrolytic. 
The bottom row shows mica 
types; D, with pig tail leads; 
E, eyelet type tugs; F, screw 

connections. 

RADIO-FREQUENCY 
TRANSFORMER 

B B 
ANY R.F. POWDERED 
TRANSFORMER, IRON CORE 

R CORE 

TYPICAL INTERMEDIATE- 
FREQUENCY TRANSFORMER 
WITH TUNED PRIMARY 
AND SECONDARY 

Any two coils wound on the 
same form, with air or very 
thin powdered iron as the 
core, comprise a radio-fre- 
quency transformer. A: shows 
a popular short-wave plug-in 
type. B is an oscillator unit 
having two closely intet- 
wound coils. C is an inter- 
mediate-frequency trans- 
former, with tiny tuning 
capacitors under the coils 
themselves. The can on the 
left is the shield into which 
the whole assembly fits. 

RADIO-FREQUENCY 
INDUCTORS CcoiLs) 

ANY SINGLE E tmr 
WINDING ND i 

Usual forms of single-wind- 
ing radio-frequency induc- 
tors (coils). A, large unit 
used in transmitter oscillator 
circuits. B, small plug-in coil 
for very high frequencies. C 
and D, multiple section 
radio-frequency “chokes.” E, 
small single layer choke for 

very high frequencies. 



AUDIO AND POWER UNITS 

.ANY SINGLE ANY IRON-CORE TYPICAL POWER 
WINDING TRANSFORMER TRANSFORMER 
INDUCTOR 

> INDICATES IRON CORE s 

Audio and power trans- 
formers are easily recog- 
nized because they con- 
tain iron cores and are 
heavy. À and B, typical 
single inductors, or- 
“chokes.” C, small fila- 
ment-lighting .trans- 
former. D, typical multi- 

Below: A, heavy-duty, wire-wouhd rheostat. B, common high-resistance type potentiometer. 
C, potentiometer with switch. D, double potentiometer. 

winding po wer trans- 
former. 

FIXED 
RESISTORS 

ALL TYPES 

Popular styles of fixed re- 
sistors. A, heavy-duty wire- 
wound type, ceramic form. 
B, medium size carbon type. 
C, small wire-wound types. 

D, small carbon types. 

VARIABLE 

RESISTORS 

" POTENTIOMETER" 
TYPE 

" RHEOSTAT" 
TYPE 



"ENVELOPE. 

CATHODE HEATER 

DIODE 
HEATED CATHODE TYPE 

FILAMENT 

DIODE 
FILAMENT TYPE 

PLATE! [VACUUM 
N | TUBES 

GRID 

PLATE PLATE 

GRID 

FILAMENT 

. TRIODE ; 
FILAMENT TYPE ) 

—€——Á 

CATHODE HEATER 

TRIODE š 
HEATED CATHODE TYPE 

PLATE PLATE 

NO.2 GRID NO. 3 GRID 
NO. 2 GRID 

NO.! GRID NO. | GRID 

CATHODE O HEATER CATHODE D EATER 

TETRODE PENTODE 
HEATED CATHODE TYPE HEATED CATHODE TYPE 

[Continued from page 78] 
Many odd types of tubes, consisting of com- 

` binations of cathode, grid and plate elements, 
are constantly appearing. A comparatively 
.simple example is the duplex-diode pentode 
pictured above. This uses à common cathode, 
with two diode plates forming a complete 
double diode, and with three grids and an- 
other plate forming a complete pentode; 

. Many: different styles of bases and sockets 
are used for vacuum tubes. 
visable to obtain manufacturers’ data books, 
which show the exact connections in detail. 
However, the fundamental symbols shown 
above apply to all tubes, regardless of size, 
applied voltages, etc. 

NO.5 GRID 
NO.3 GRID 
NO.! GRID 

It is highly ‘ad-. 

PLATE 

NO.4 GRID 

PLATE 

GRID 

DIODE PLATES 

CATHODE 

PENTAGRID 
CONVERTER 

DUPLEX -DIODE 
PENTODE 

An excellent way to familiarize yourself 
with the wiring of a new set is to make a com- 
plete copy of its schematic diagram. Do this 
systematically. First draw in all the tube 
symbols, then the power-supply units, the 
heater circuits and the primary power circuit. 
Proceed with the r. f. units beginning with 
the antenna and working successively through 
stages until you reach the loud speaker. 
Sometimes it is helpful to use colored pencils 
to distinguish the various circuits; for in- 
stance, red for all positive plate connections, 
green for grids, black for heater wires, etc. 
When you have finished such a diagram, you 
will almost be able to wire the set without 
looking at the schematic. 
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Above: Parts of the earphone. A, magnet windings; 
EAR PHONES B, diaphragm; C, cap. On tbe loud speaker, D is the 

output transformer connected to the final amplifier 
tube of the receiver. 

LOUD SPEAKERS 

Typical switches. A, single-pole, single-throw mo- 
mentary contact type. B, tiple pole double-throw 

e 
SWITCHES — 

knife switch. C, double-pole, single-throw rotary type. 
— D, popular toggle type, available in variety of contact 

S.P. S T. Š combinations. 

TRANSMITTING 
KEYS 
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PIEZO— 
ELECTRIC = 
CRYSTALS EIS 

Typical quartz crystals 
in three different kinds 
of holders. These crys- 
tals are used as oscil- 
lators ip transmitters 
and as filters in re- 

ceivers. 

BATTERIES 

The above symbols rep- 
resent batteries of all 
types. The typical bat- 
teries at the right are 
widely used and are 

readily recognized. 

METERS 
—A 

AMMETER 
—(— 

VOLTMETER 

Meters of all kinds 
are shown by a circle 
or a square, with the 
letter A inside for am- 
meters and V. for volt- 
meters. On the right 
are two typical 

mounted meters. 

PLUGS & JACKS 
— 

PLUG 
CONTACT 
SPRING FRAME 

a 

== | OM 
TYPE 

Plugs have either two 
or three contacts. Jacks 
may have half or dozen 
or more contact springs, 
for operating compli- 

cated circuits. 

Symbols for other cir- 
cuit elements. A 
ground symbol appear- 
ing a number of times 
in a diagram usually in- 
dictates connections to 
the chassis of a set. 

x 
CRYSTA 
DETECTOR 

MICROPHONE 



2. Howard G. McEntee 
HE “Two-One Wonder" was designed. to 
fill a dual need, so that, while it is really 

portable and can be used whenever 6 volts 
of direct current is available, it is also useful 
as a fixed-location outfit. By the use of two 
compact power supplies, all completely self- 
contained, the equipment is practically uni- 
versal in scope. It can even be run for a 
short time, in an emergency, from a 6-volt 
*Hotshot" dry battery, since the total current 
drain is only about 8 amperes. 

This is not a transceiver, but a 244-meter 
transmitter-receiver. This distinction is not 
as fine as some would think. An ordinary 
transceiver is an outfit with a single tube and 
an r.f. system used alternately for transmis- 
sion and reception. While admittedly simple 

and satisfactory in many respects, such a unit 
has several faults arising from the necessity 
of using a single tube for widely different 
functions. We haven't space to go into a 
comparison here, but it is generally conceded 
by those active on 215 meters that a combina- 

tion as presented herewith is considerably 
superior. 
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This wnusual radio set is called the 
"Two-One Wonder" because it is two 
instruments in one: receiver and trans- 
mitter; because it operates on the 2⁄2- 
meter band; because it produces really 
wonderful results. When the editor 
of RADIO MANUAL received this set 
from the builder for examination, he 
placed it on his living room floor, 
plugged in the 110-volt cord, called 
“CQ” three times, and received four 
replies from stations within a five-mile 
radius! It proved even more effective 
in a car; reliable two-way voice com- 
munication was obtained with dozens 
of stations during the course of an 
afternoon’s drive along the north shore 
of New Jersey. The “Two-One Won- 
der" uses standard, inexpensive parts: 
and can readily be assembled by any 
amateur owning ordinary hand tools, 
It will repay itself in many hours of 
interesting contacts “over the air.” 

Separate tubes, each with its complete 
associated tuning circuit, are used for trans- 
mitting and for receiving, and each is ad- 
justed with optimum voltage and antenna 

coupling for the job it is to perform. How- 
ever, an audio tube common to both provides 
perfectly satisfactory results. 
The outfit is constructed in two parts, a 

combined r.f. and af. section, and a power 

supply section, each of which is mounted on 

its own chassis. Mounting of parts and 
wiring of these sections may be done con- 
veniently before both are mounted together 
on the common front panel. 

The utmost operating convenience is 

afforded by use of a handset containing a 
microphone and a receiver and also a push- 

to-talk button. The latter actuates a relay 

which performs all functions of shifting from 

reception to transmission, including antenna 

changeaver. The phone in the handset may 
be supplemented by a small built-in magnetic 
speaker on the louder signals. 
The utmost flexibility is provided by the 

switches and jacks on the front panel, so 
that either the handset alone or any other 

combination of headphones and mike may be 



employed. Two jacks are provided, one of 
double circuit style and one single circuit. 
The former is used for the mike and the push- 
button switch, while the latter is for the re- 
ceiver. Any other sensitive single-button 
carbon mike may be used by attaching to it 
a common single-circuit plug, which is then 
pushed only half way into the mike jack. In 
this case the relay is operated by means of a 
switch on the panel Similarly, any high- 
impedance phones, including those of crystal 
type, may be plugged into the phone jack. 
The microphone voltage is obtained from 

an. airplane-type.dry battery which may be 
purchased in any hobby store. The battery 
in the photograph supplies 3 volts and is a 
Burgess 4Z2SC, but it is advisable to use 
the 4Z3SC battery which gives 4% volts 
and provides considerably more audio power 
for transmission. 

Construction begins as usual with layout 
and drilling of the chassis and the 

The handset of the '"Two-One Wonder,” showing the cord 
fitted with separate plugs for the mike (lower plug) and 

the earphone (upper plug with short connector). 

the couplings through the front panel for dial 
attachment. 

The relay used in the original is of a type 
available in most parts supply stores and was 
used for this reason. It requires some 

logical one on which to start is the one 
for the power supply. The power trans- 

former, T3, mounts on the front of the 
chassis, 45" back fromthe edge, with 
the filter choke CH next to it. The 
Vibrapack is cushion-mounted by means 
of rubber grommets and cup washers 
at the rear of the chassis. These power 
supply parts should be as specified since 
there is little extra room in the layout. 
Two plugs on mounting plates project. 

through the rear of the chassis for the 
power plugs. ` The holes for them are 
11⁄” in diameter and the plugs are 
mounted 34" inside the holes so that 
the prongs will be protected. 

This chassis is fastened to the front 
panel with two 6/32 screws and with 
‘the power switch. It is attached 14” 
above the lower edge of the panel so as 
to clear the flange of the case. 
The top chassis has four large holes 

cut in it, two of which are 144” diameter | 
for V2 and V3. V1 is mounted upside 
down to make for short leads and re- 
quires a 114" clearance hole. The mike 

battery projects through a 1367 square 
hole in this chassis. i 
The front panel is finished next, and 

. after all large holes are cut, the name 
plates are attached by means of the 

small pins supplied with them. 
The shafts of the variable condensers, 

C1 and C8, are cut to 14" length and the 
flexible couplings mounted thereon. 
Short pieces of 1⁄4” rod then run from 

*"Two-O; 
The front pariel of the 

ne Wonder" is 
very attractively “aid 
out, and all controls are 
convenient to use. Note 
how the fishpole antenna 
is supported by an in- 
sulating block in the top 

of the case. 
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Close-up of the upper chassis deck, viewed from the transmitter side. Although everything looks jumbled, the parts fit 
readily into place in their natural circuit positions. 

An arm of additions, however, for this set. 
Amphenol 912 is mounted on the armature by 
eutting a slot in the bakelite portion just above 
the metal piece. The relay must, of course, 
be disassembled to do this. 
a tight fit, only a single screw at the rear of 
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If the arm is made. 

the armature is necessary to fasten it. The 
arm should be 3"x!4"xl!&" and a single 1⁄7 
hole is drilled at the forward end. In this 
are mounted the moving contacts. These 
may be obtained from a variety of sources, 
such as old relays, phone jacks, pin-ball 



Close-up from the receiver side. Study the pictures on these two pages very closely before undertaking any of the con- 
struction work on this set. 

machines, telephone-type switches, etc. They 
should be very thin, about 1/64” thick, and 
should be filed down if over this. Two con- 
tacts mount on the moving arm as shown, 

while the stationary contacts are held on an- 
other strip of “912” which is 2"x3$6"xY&" and 

is fastened 9$" above the chassis on a bushing 
at the center. Holes at either end provide 
for mounting of two more contact strips. 

The antenna coupling coils mount on “L” 
shaped pieces of “912” fastened to the outer 
ends of Bud panel shafts; 6/32 holes are 
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Top view. of the upper chassis deck. 

tapped in the ends of the latter for this 
purpose. 

T1 fits beneath the meter while T2 (the 
secondary of which is not used) is mounted 
under the chassis. 

The top edge of the upper chassis is 734” 
above the same edge of the lower. The rear 
corners of the.two are held together by angles 
made of a Bud 1”x34” channel sawed down 
the center. One ofthe pieces is left full length 
to support the mike battery while the other 
is eut off flush with the chassis top. 

The two chassis should be wired as much 
as possible before being fastened to the panel. 

90 

The various parts are marked to correspond with the schematic diagram. 

It is best to use rubber grommets at all points 
where leads pass through the chassis surface. 

The insulator which supports the base of 
the antenna is of the jack style; a very flexible 
lead runs from the jack to the contacts on the 
added relay arm. Flexible wire also connects 

'one end of each coupling coil to the chassis 
and tlie other end to the proper relay contact. 

The inductors L2 and L4 are alike, both con- 
sisting of 334 turns of No, 14 bare wire 34” 
outside diameter and 34” long. The tap on 
L2 is one turn from the plate end; on L4 it is 
one turn from the grid end. "These coils are 
soldered directly to their respective tuning 



condensers, C1 and C8, and 
are self-supporting. C1 has 
one of its 3 plates removed. 
L1 and L3 are each 1 turn 
of insulated hook-up wire, 
also 34" diameter. 

. "The antenna is an auto- 
type, three-piece telescopic 
"fishpole" with a banana 
plug fitted to the bottom. 
A 2" square of “912” sup- 
ports the antenna where it 
passes through the top of 
the case. It should have a 
maximum length of about 
6 feet and is used as a 3⁄4 
wave current-fed radiator. 

It is also possible to use 
a l4 wave antenna in 
crowded quarters, as this 
will have a length of only 
about 20”, but the longer 
antenna is preferred. 

The set should be tried 
out on alternating current 

first. A steady hiss from 
the speaker shows that the 
receiver is operating prop- 

erly. A bit of tuning should 
enable pick-up of several 
2% meter signals and after 

a short time it will be pos- 
sible to ascertain whether 
the proper band can be 
covered. If it is found that 
the tuning range should be 
shifted a bit on the dial, 

this can be accomplished 
by squeezing or lengthen- 
ing L2. 

The transmitter should 
be put on the air only 

after its frequency is 
checked by a fellow ama- 
teur. The band limits 
should be marked on the 
dial so that there will be 
no chance of passing the 
edges. 

The antenna should al- 
ways be resonant at the 
transmitter frequency. To secure this res- 
onance, vary the transmitter dial until a 
rather sharp rise is noted on the plate current 
meter. Turn the dial until the meter rises 
highest, then reduce the antenna coupling by 
moving L3 away from L4 until the plate meter 

RELAY 

^ 6-VOLT  MO-VOLT . | 
SOCKET SOCKET - 

Back view of the completed set. Note that the 6-volt and 
110-volt sockets are sunk behind the edge of the bottom chassis. 

reads 20 ma. Never run the tube at a higher 
current or it will be damaged. 

This transmitter has a power input of about 
6 watts and has been found to put out a good 
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listed separately for those who are 
interested. 

In conclusion, let it be said that 
this outfit is easily capable of trans- 

mitting for distances over 100 miles 

under the proper conditions and 

furthermore that it is absolutely 

necessary to have an amateur li- 

cense for its use. 

Left: Under view of the power-pack chassis of 
the “Two-One Wonder." Note how the sockets 
for the six-volt and the 110-volt connector plugs 
ate spaced from the edge of the chassis by 
means of short studs. This protects the prongs 
and helps to prevent accidental short circuits, 
Access is had to the fuse by unscrewing the 

small outer cap. 

Below: The power cords for the outfit. The one 
on the left consists of two heavy flexible con- 
nectors (No. 14), with big clips on one end 
to fit on the terminals of the car's storage bat- 
tery. The other, for 110 volts, is a regular 
flexible connector. Different types of end con- 
nectors are used, so it is impossible to connect 

110 volts to the six-volt socket. 

signal with the antenna specified. 
For home use an outside antenna at- 
tached to a chimney or other elevated 
point will, naturally, produce better 
results. "There are literally dozens 
of antenna types that can be used. 
One. of the best of the non-beam 
types is shown in Figure 7 and uses 
coaxial cable as a feed line. The 
antenna rod, A, projects from the 
cable through a water tight joint 
(moisture cannot be allowed to 
get inside the cable, of course) 

BAKELITE TRANSMITTING 

and is a quarter wave long. CONTACT MOVING CONTACTS 
From the end of the cable eS N Vg" HOLE 
downward runs a metal sleeve, RECEIVING 

CONTACT 
C, also a quarter wave long. 
The latter is fastened se- 

curely to the cable outer con- 
ductor at point B only and 
is insulated for the rest of its 
length. The rest of the coax 
from D on to the set may be 
simply clamped to the wall, 
as insulation is unnecessary, 
and may be of any desired 
length. 

At the set, the inner conduc- 

ARMATURE 

ROD FASTENED 
TO CAP HERE 

METAL DISC 

BUSHING 

METAL TUGE 

tor of the cable goes to the Us TO; 20 DIA: 
antenna jack and the outer to / SMEAR CAP j A AND C a : : WITH "LIQUID — 
chassis. Either flexible water- 912" DURING S PT LONGU 
proof or copper tube coax is AES 2 . 
suitable for outside use, with A TER uus EFFICIENT 
the latter’a bit more efficient. a SIMPLE 
Parts for such an antenna are ANTENNA 

LEAD TÓ LEAD TO 
í , I CHASSIS RELAY pp eae 

Various pope: del of pars of Fig.6 COUPLING-COILMOUNT — Fig.7 ^. 
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Be Nice To Your Radio! 
O ONE ever thinks of looking at the in- 

sides of the family radio receiver until 
it just quits working one day or develops a 
bad case of noisiness. A little. occasional 
attention, easily: administered even by a, per- 
son without technical knowledge, may save it 

' from a trip to the local service shop. ` ` 
Because the tubes and transformers in the 

'usual set generate quite a lot of heat, the 
chassis attracts and accumulates a great deal 
of dust. A thin layer does no harm, but as it 
piles up it may prevent the warm parts from 
losing their natural heat through radiation 
from the metal surfaces. The result is over- 
heating and premature failure of a resistor 
or condenser. It is a good idea to blow out, 
the receiver thoroughly with a reversed 
vacuum cleaner about once a month, or at 
least to clean it out with an unused paint 
brush having long bristles. If you use a brush, 
don't poke around too vigorously or you'll do 
more harm than good; just sweep the dust 
out carefully without. disturbing the small 

SPRING-TYPE 
PRONGS 

- PUSH TUBE 
,UP AND DOWN 

<— TO RENEW 
SOCKET CONTACTS 

CHASSIS 

parts. The warmth of radio receivers attracts 
more than dust at times. Every service man 
can tell of sets in which cozy homes had been 
established by mice, crickets, thousand- 
leggers, and various other household fauna. 

If the tubes are readily accessible, push 
them up and down in their sockets à couple 
of times to renew the contact between the 
prongs and the socket springs. This simple 
operation often eliminates slight noises. Also 
examine the plug that fits in the 110-volt 
outlet. The prongs should be a tight fit in the 
latter. If they aren't, spread them carefully 
with a pair of pliers. For only!ten cents at 
any chain or hardware store you can buy a 
plug that has leaf-type prongs, which make 
a snug fit in any receptacle. Look over the 
connecting cord itself for evidence of broken 

insulation. This cord usually is subjected to 
considerable punishment from brooms; carpet 

sweepers, vacuum cleaners, etc., and may re- 

quire reinforcement with friction tape. 
[Continued on page 145] 

VACUUM- 
CLEANER 
HOSE 

Cleaning Set 
Vacuum 

TO AERIAL WINES 
JAMS DOWN : 
ON STRIP 
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Build the MI “Ether Imp” 

Above: Smaller than an ordinary cigar box, the "Ether Imp” 
is truly a portable radio station. It is made ready for opera- 
tion in about 15 seconds, as it is only necessary to plug in 
the earphone, the micrphone and the upright antenna rod 
into jacks on the top of the box. The operator can walk with 
the box in his hand and maintain communication. Below: 
Close-up of the box. The operator’s fingers are on the tuning 

knob; immediately above is the regeneration control. 
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A unique self-contained, self 

powered combination radio re- 

ceiver and transmitter that operates 

on the 2!2-meter amateur band. 

by 
.. Howard G. McEntee 

W2FHP 

NTIL a short time ago, there was a lack 
of proper equipment, especially in the 

way of tubes, which would enable the ex- 
perimenter to construct very compact ultra- 

high frequency radio equipment. Now, how- 
ever, we haye a series of low drain ultra-high 
frequency tubes which. will undoubtedly give 
great impetus to this sort of work. 

Using two of the new 957 acorn triodes as 
a nucleus, an effort has been made to produce 
the smallest practical transceiver for use in 
the 242 meter band and at the same time 
incorporating only standard parts such as 
might be had in any well-stocked radio store. 
The result of the work is the new MI "Ether 
Imp," shown here, It is a completely self- 
contained job, and works surprisingly well. 
The smallest ^B" battery with a reasonable 
shelf life is used, while the ^A" supply is two 

There is practically no unoccupied space inside the “Ether 
Imp"! However, all parts are readily accessible because of 

the open-type construction, 



ANT. 
3-30 MMF. (MICA) 

Ni 

= WIRE ON 
10 MEGOHM 
INSULATED 
RESISTOR 

001 T-3 
15 MMF. COND. 
WITH ALL BUT 
ONE FIXED AND } 
ONE MOVING 
PLATE REMOVED 

1 MEGOHM —— 
REGEN. CONTROL 

SW.1A AND SW.1B ARE 

QQQ 22 <8 |. 8B 
g 2 

Q D = D ̀
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The "Ether Imp" is a transceiver; that is, the same tubes are used for both transmitting and receiving, according to the posi- 
tion of the D. P. D. T. switch, SW1A-SW1B. The transmitting position is "S," the receiving position “R.” 

"standard flashlight cells, obtainable any- 
where. .The total “B” current drain is about 
3 ma. on transmitting and between 1.5 and 
2 ma. on receiving. The “A” cells are hooked 
in series, as are the tube filaments, the object 
being to get 3 volts for use on the microphone. 

Incidentally, due to the lack of space, there 
is no provision to cut off microphone current 

when the filaments are turned off. Therefore, 
unless a mike with a self-contained switch is 
used, the mike plug should always be re- 
moved when the set is not in-use. 

The case of “Ether Imp” is made entirely 
from 45" tempered .Presdwood, which is 
given a rubbed finish of two coats of.clear 
lacquer, sanded between, and a final rub with 
powdered pumice. A coat of OTS car 
wax finishes the job. ; 

One side is hinged so that access may. be 
had to the tubes and the “A” cells, while the 
other is held on with. very thin 38" wood 
screws. The latter side is removed. when re- 
placing the “B” battery. 

No. highly compact sockets are available 
for the acorn tubes, so a double socket was 
made up using clips from two commercial 
acorn sockets. The base is 4%” thick Victron 
and the piece is 156” wide and about 3” high. 
It should be cut to fit tightly between top 
and bottom of the case. A good coat of Duco 
cement at each end will hold it permanently 
in place. 

The socket clips may be bent of thin spring 
brass, if desired, and only eight are needed, 
as the center pin on the side of the tubes 
where there are three pins is not required. 

“Ether Imp” Parts List 

The symbols in the following list correspond with 
those marked in the schematic diagram of the **Ether 
Imp," above. 

C1—-3-30- mmf. trimmer capacitor (Hammarlund 
"MEX"). 

ME mmf. midget tuning capacitor (Hammarlund 
15). 

C3, C4—100 mmf. mica capacitors (Cornell-Dubi- 
lier 5W5T1). 

C5-—.001 mf. mica capacitor (Cornell-Dubilier 
1W5D1). 

C6—.006 mf. mica capacitor (Cornell-Dubilier 
2W5D6). 

C7-C8—-.02 mf. paper capacitors (Cornell-Dubilier 
DT4S2). 
Ud transformer (United Transformer 

0-14). 
T2—-Audio transformer (United Transformer 0-5). 

Only the primary is use 
'T3—-Interruption frequency coil, (National OSR). 
RO: 5 T eee insulated resistor, 14 watt (I. R. C. 

2). 
MR variable resistor, 1 megohm . (Utah 

JP100M) 
R3—0.5 megohm insulated resistor, 1⁄2 watt (1. R. C. 

BT-15). 
RFC—10 megohm insulated resistor, 1 watt (I. R. C. 

BT1), used as form for this choke; resistance 
element itself not connected to circuit. 

SD SNAP eugle switch, D. P. D. T. (Insu- 
ine 

SW2—Slide type switch, S. P. S. T. (Eby). 
2—-Acorn tubes, type 957 (R. C. A.). 
2—-—Octal sockets (Hammarlund S9), clips only used. 
2—Midget jacks, single circuit, for earphone and 

Microphone. (Utah) 
2-—Plugs, single circuit, for earphone and microphone 

Utah). 
'l—Single button carbon microphone (Universal 

type W). 
1—Single featherweight earphone, 2,000 ohms 

(Trimm). ` 
“2—Heavy duty flashlight cells (Burgess No. 2). 
1—45 volt *B" battery (Burgess No. W30BP). 
1—Piece Victron) 3” square, 1⁄4” thick. 
i—Piece Tempered Presdwood, ó” thick, 10x12". 
1— Aluminum front panel, 1%” thick, 27x37”. 

Handle for box, knobs, dial, 2 pin jacks for plate 
milliameter, banana plug and jack for antenna, alu- 
‘minum tube and rod, wire, spring brass, etc. 
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The case is a simple construction job, requiring the use of ordinary hand tools. Some slight variations may be made frofn 
the exact specifications shown above, depending on the particular parts that are used. 

A piece of Presdwood 114”x38” high forms 
a compartment for the “A” cells, and also 
acts as a support for the transformers T1, 

T2, and T3. Small brass clips make contact 
with the “A” cells so they may be quickly 
changed. 

The dial is of the friction-drive vernier 
type, with a disc of celluloid 134" diameter. 
The drive mechanism came from an old Marco 
dial Should these parts be unavailable, it 
is quite feasible to use direct drive for capaci- 
tor-C2 with a siriple knob and plate, as tuning 
is very broad. 

The interruption frequency transformer 
T3 is removed from its shield can. It may 
be necessary to trim the edges of the bakelite 
terminal strip to fit T3 in between T1 and 
T2. 

Antenna coupling is made either by tap- 
ping directly onto the plate coil, or by using 
a 2 turn coupling coil, one end of which is 
grounded. In either case the antenna ca- 
pacitor is in the circuit to enable ease of load 
variation. This capacitor is fastened on the 
tube socket strip and is a 3-30 mmf. trim- 
mer with an insulating knob soldered to the 
adjustment screw. 
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The antenna terminal strip carries a 

banana jack and a screw terminal Ordi- 
narily the antenna used is a 1% foot length 
of aluminum tubing with a 1% foot aluminum 
rod which just fits into it. A banana plug 
makes this easy to use. 

The operation is very simple. When first 
trying out, a strong hiss should be heard all 
over the dial, regardless of the setting of the 
regeneration control This trial should be 
made with no antenna. Next with the an- 
tenna about 3 feet long, and the antenna tap 
1 turn from the inner end of the plate coil, 
vary the antenna capacitor until the hiss may 
be heard reliably over the band. 

On transmit position, a 0-5 milliameter may 
be plugged in the tip jacks at the rear of 
the case and the antenna length varied until 
the highest reading shows resonance. Too 
much loading, or iñ other words, too high 
a setting of C1, will make the outfit inopera- 
tive on the receiving position. 

The specifications given for the coils will 
enable coverage of about three times the 
width of the 2% meter band. It is best to 
check frequency with a calibrated receiver 

[Continued on page 101] 



. Capacitor Improves EE CEES Of Volume Control 

N MANY receivers employing a 
diode-triode type of second de- 

tector, the volume is not zero when 
the volume control is turned all the 
way down. This condition would be 
satisfactory were it not for the fact 
that the signal heard is usually badly 
distorted. The trouble is probably 
due to coupling between the diode 
plates and the plate of the .tube, 
which are in the same envelope. Be- 
cause of this coupling, r. f. energy 
gets into the plate of the tube and 
rectification takes place in the plate 
circuit—bad rectification atthat. The 
remedy is to connect a .001 mf. fixed 
capacitor between plate of this tube 
and ground. 
A similar, but more peculiar 

volume control action takes place in 
other cases. The volume is zero 
when the volume control is set at zero; but 
as it is increased slowly, the volume rises, 
falls sharply, and then rises again. In this 
instance, the trouble is due to coupling to the 
grid of the detector tube from the diode 
plates. The r. f. coupled to the plates is rec- 
tified by the grid; the audio coupled to the 
grid through the usual channel is out of phase 
with this spurious signal. The two are equal 
and opposite at a certain setting of the volume 
control The remedy is to connect a .001 mf. 
fixed capacitor between grid and ground. 

VOLUME 
CONTROL 

CONDENSER IMP 
VOLUME CONTROL 

On some receivers the volume control, though E retarded, fails to 
completely Silence reception. The insertion of fi 
circuit as indicated above will-eliminate this DIS in most cases. 

capacitors in the 

Reducing R. F. Oscillation 
ADIO-FREQUENCY oscillations are 
often traced to the audio-frequency end 

of the receiver, especially when high-sensi- 
tivity beam. output tubes are used. In the 
event that the cause of a persistent oscil- 
lation proves elusive, try these simple 
remedies. 

If the output tube is of the glass type, shield 
it and ground the shield solidly to the chassis. 

Connect a small mica capacitor (.01 mf.) 
across the self-bias resistor. This 
-capacitor is in addition to the usual 

LLATIONS 

R. f. oscillation in the a. f. amplifier of a receiver may be reduced by 
the addition of fixed mica capacitors in the circuit as shown. 

capacitor to output plate as short as possible. lead of .003 mf. 

3. MF D. BYPASS CLOSE TO PLATE 
i TERMINAL 

OF SOCKET - 

SPEAKER 

| large by-pass (C.) ordinarily em- 
ployed. 

Connect a small mica capacitor 

from the plate terminal of the output 
tube to chassis. This capacitor 
should have a value of about .003 
mf, and be placed as close to the 
plate terminal of the socket as pos- 
sible. An inch is a long: distance 
here. 

Try replacing the familiar coupling 
capacitor with one of mica con- 
struction. Paper capacitors some- 

times leak (electrically), which may 
decrease the bias on the output tube 
to the point where ordinary preven- 
tive measures fail. 

These ideas are illustrated sche- 
matically in the accompanying dia- 
gram so as to simplify repairs. 

Make 
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The 
"MIGHTY 
MITE 

Do you want to "go on the 

air" as a radio amateur with 

a transmitter of your own? 

Here is a simple, easily-built 

rig that will work the first 

time you turn on the juice! 

IMPLICITY is the keynote of the “Mighty 
Mite"; in fact, this compact transmitter 

is so simple that at first glance several neces- 
sities appeàr to have been omitted from the 
circuit diagram. (See page 100.) Such is not 
the case, however, and the little rig illustrated 
will put out a clean, husky short-wave signal 
that should enable a beginner to snare a good 
deal of local and DX contacts on the popular 
amateur bands. The “Mighty Mite" was de- 
signed especially to meet the demands of 
many readers who are interested in “getting 
on the air" and communicating with other 
amateur operators. It is the very simplest 

short-wave transmitter that can possibly be 
built, yet it is rugged and reliable in all re- 
spects. After its owner has gained some 

operating experience, and wants to enlarge 

his station, the “Mighty Mite" can be used 
without change as an “exciter” unit for a 
higher-powered rig. 

Since this was worked out a beginner's 
unit, safety was kept paramount. For this 
reason the output circuit is of the so-called 
parallel feed style, with the plate inductor 
LI and the tuning capacitor C1 isolated from 
high voltage D.C. With the exception of the 
terminals on the meter, which should be 
taped, it is impossible to get a “jolt” from 
anything above the chassis. "Thus, if the 
newcomer, in a burst of excitement at hear- 
ing some hot DX, should reach into the case 
to change coils with the power on, even if 
the key were closed, he could not possibly be 
shocked. At most, an r.£. burn would result, 
but it would not knock the operator flat, as 
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Simpler in construction and appearance than most receivers, 
the "Mighty Mite" is an attractive addition to any radio fan's 
"shack." The front panel measures only 7x8 inches and 
has all the controls conveniently arranged for quick tuning. 
The parts are marked to correspond with the schematic dia- 

gram-on. page 100. 

might be the case were the simpler series 
feed used. 

While the features of safety and simplicity 

make the "Mighty Mite" of great interest to 
the beginner, it is also handy for the experi- 
.enced ham as well, since it is ideal for a 
portable transmitter to take along on a trip 
or vacation. 

While all bands from 160 to 10 meters may 
be covered, the transmitter is designed for . 
optimum results on 80, 40, and 20 meters. On 
10 meters, the efficiency of the parallel feed 
plate circuit is poor, and series feed must be 
used to get good results. 

The plate coils L1 are plug-in, and are of 
commercial make, although the coil chart on 
page 100 gives details for those who wish to 
make their own. The coils used come with a 
link winding of several turns. This is in- 
sufficient for most antenna coupling needs, 
however, since the link is designed. for in- 

terstage coupling in multi-tube transmitters. 
While they: do no harm if left on, the link 
windings were clipped off the coils shown. 
The. center tap is also unnecessary and may 
be removed. Due to rather high stray circuit 
capacitances, the 20 meter coil would not 
quite reach the band in its original state, so 
two turns were removed. Allother coils may 

be used as purchased. 
Antenna coupling is a subject upon which 

< 



reams may be written. Simple pro- 

visions were provided in the trans- 

mitter for antenna coupling to some . 

types of antennas, notably the single- 

wire feed. For such use, the feeder is 

run to terminal 2 on the front of the 

set, and 1 is not used. A small clip 

bent out of thin spring brass connects 
to one side of capacitor C2, and is 

fastened on the various coils so that 

proper loading is achieved. _ l 
For connection to tuned or un- 

tuned 2-wire feeders, a coupling coil, 
L2, must be made and slipped over 
the outside of Li so that it can be 
slid back and forth to vary the loading. 
C2 may be used either in parallel or in 
series with L2, when connected to a 
“Zepp? antenna. For untuned feed 
lines, L2 is connected direct to posts. 
'1 and 2, the connections shown on 
these posts being first removed. Since 

L2 wil vary in size for each coil, it . 
may be made an integral part of each, 
'and connected to the former fixed link 
pins in the base. Pushback wire is 
quite satisfactory for L2. 

Construction is begun by marking 
out the chassis and cutting all holes as 
indicated on page 100. Next, mark the 
panel and drill it out; a red pencil will 
facilitate the latter work. Be sure to 
mount the filter capacitor, C7, as 
shown, since there is plenty of room 
for it there. Assemble the parts on 
the chassis, then fasten the panel and 
its components.  Capacitor C1 is 
mounted directly on, the metal chassis. 
C2, however, must be insulated from 

the panel It is held in place by a 
piece of Victron (or other good in- 
sulating material) 134"x94"xY$", 
which is held about !4" away from the 
front panel by means of spacers. 

Although ceramic sockets are used 
for the 6L6G tube and the coil, plain 
bakelite wafer types suffice for the 
5T4 and the crystal, although special 
2-prong holders for the latter may be 
used if on hand. i 

The bulb P1 is mounted in its socket 
so that the glass projects through the 
panel A rubber grommet protects it. 
The lug connecting to the outer shell 
of the socket is soldered directly to 
the chassis top. 

Wiring is done with pushback 
throughout. Connect all a.c. leads first, 

7 
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SUE 

Above: This back view shows the essential placement of the parts 
of the "Mighty Mite." Note that variable capacitor C2 is mounted 
on a small insulating strip to isolate it from the panel, which is 
grounded. The socket for the crystal holder is partially hidden by the 
meter M. The socket for the plug-in coil L1 is mounted about 34” 
above the chassis by means of brass collars through which the mounting 
screws pass. . - 

Below: The underside of the chassis, with the parts in position but 
not connected. The units that appear to be hanging in mid-air are 
supported by their own connecting wires. Note that a clearance hole 
is provided under the socket for the plug-in coil L1, to pass the wires 
without touching the chassis. 
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These drilling layouts are exact for the parts specified below. Of course, if other makes of equivalent electrical characteristics 
are used, it is a simple matter to relocate the holes. 

as this will dispose of the loose ends coming 
from the transformer. The latter has several 
extra filament leads that are not needed. Tape 
these up and poke them back of the filter 
capacitor. The unused leads are colored blue, 

green, -blue-white, and brown-white. 
Make sure the filter capacitor is the unit 

specified, as the common 450-volt units will 
promptly break down in this position. This 
filter, incidentally, is quite adequate to get a 
good d.c. note, and extra capacitors or chokes 
are not needed. à 

After checking over all connections, insert 
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tubes and the 80-meter coil and crystal. Set 
the tap on R3 as shown, that is, near the 
junction of R2 and R3. Turn on the power 
and note the plate current. This should be 
about 90 ma. with the crystal out of its 
socket. Then rotate C1 and a point will be 
found where the plate current drops to about. 

30 ma. Now, connect a 25 watt bulb in a 
socket to terminals 1 and 2, and place the tap 
on L1 about one-third from the ground end. 
With C2 at maximum it should be possible to 
light the bulb to practically full brilliancy, at 
which point the plate current should be about 
100 ma. 

The high voltage should be about 500 volts 

List of Parts 

Ti—Power transformer (U. T. C. No. R3) 
V1—6L6G tube (R. C. A.) 
V2—5T4 tube (R. C. A.) 
M—150 'ma. meter (Triplett type 227 A, illuminated) 
C1—150 mmf. variable (gud MC907 
C2—200 mmf. variable (Bud MC908 
€3—.01 mf. mica (Aerovox 1450) 
C4—.1 mf. paper (Aerovox 684) 
C5—.0002 mf. mica (Aerovox 1468) 
C6—.1 mf: paper (Aerovox 484) 
C7—8 mf. electrolytic, 600 volts (Aerovox PBS600) 
R1—300 ohm, 10 watt wire wound (Aerovox 931) 
R2—40,000 ohm, 10 watt wire wound (Aerovox 931) 
R3—10,000 ohm, 16 watt wire wound (Aerovox 952) 
R4—50 ohm carbon (Aerovox 1094) 
Crystals—One each 20-40-80 meters. (Hipower) 
Case—One. 7"x8"x71/2" (Bud C973) 
Chassis—One to fit Above case (Bud CB41) 
RFC—2.5 mh. chokes (Bud CH920) 
L1—One each 20-40-80 meter coils (Bud OEL 20, OEL 40, OEL 80) 
Dial Plates—Two (Bud DP717) N 
Swi, $W2—$. P. S. T. toggle switches (Bud SW2115) | 
Sockets—One 5-prong ceramic (Bud S955) for plug-in coils L1. 

One 8-prong ceramic (Bud S959) for 6L6G. 
One B.«prong Bakelite (Bud S390) for ST4. 
One 5-prong Bakelite for crystal. 

Jack—One, Bud J232 (for key) 
Piug—One, Bud FP230 (for key) 
Insulators—T wo feed-through type (Bud 1435) 4 s 
P1—2 Volts pilot bulb and socket (used in crystal circuit) 
1—Power line cord. 
Note: Turn on switch SW1 first and let the tubes warm up for at 
least 30 seconds. Then close SW2, press the key, and adjust the 
tank capacitor C1 as desired. 

COIL CHART 
Turns Li Wire For L1 Turns L2 

80 Meters 32 No. 18 Bare Copper 10 
40 Meters i9 No. 16 Bare Copper 
20 Meters 9 No. 14 Bare Copper 3 

Al! L1 coiis are 15” in diameter, with the turns spaced 
out to make the whole winding 15/s" long. 
Ali L2 coils are No, 18 pushback, close wound, 

Note: 



with the key up, and 400 volts with the key 
down, and the tube drawing 100 ma., as meas- 
ured directly across C7. The screen voltage 
tap on R3 should be adjusted so that the volt- 
age from ground to screen grid.is 300 volts. 
Do not exceed any of these voltages, or run 
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“Mighty Mite” is only about half the size of the Hallicrafters 
receiver on which it is resting. The extra plug-in coils ate 
also on the receiver cabinet, just to the left of the transmitter. 

the plate current over 100 ma. when the tube 

is properly loaded. 
A separate crystal is required for each band, ` 

and bargain or cheap crystals should be 

avoided, for, while they may work, a good 
active crystal is a necessity in circuits of this 

sort to assure clean, rapid keying. The crystal 

is protected by the bulb-P1, which should be 
a 2-volt bulb with pink head. This should 
never light more than a moderate yellow- 

' white, and with the proper antenna or light 
bulb load, it will not glow at all. Should 
the bulb light to a dazzling white as Cl is 
rotated, do not keep the power on, as the 
erystal is practically sure to be damaged. 

If the circuit constants and parts list are 
carefully followed, and the parts layout made 
as shown in the illustrations, no trouble 
should be encountered. Do-.not change the 
values of R4 or C5, as they have been care- 

fully selected. The former suppresses. all 
tendency to parasitic oscillation in the screen 
grid circuit, while C5 is of the proper value 
to allow a small amount of regeneration. 

The best and cheapest tube to use is a 
6L6G, but a 6L6 metal type is a close second 
choice and will give fine results. Several 
manufacturers produce 6L6G tubes with 

Isolantite bases which also are very satis- 
factory. 

The little transmitter, when running at a 
plate current of 100 ma., will produce about 
20 watts or so output. 

HON VENE Conta 

T IS often desirable to control the volume 
of a radio receiver or an electric phono- 

graph from a remote point in the house. This 

TO GRID OF 
1 ST. AUDIO 
TUBE 

LONG CABLE 

250,000 
OHMS 

cannot easily be accomplished with the usual 
volume control connection because of the dis- 
tributed capacitances of the cable. However, 
an extra tube can be connected so as to 
minimize this effect. ` 

The connections are shown in the diagram. 
Lead A normally goes to the grid of the first 
audio tube. Make it go to the grid of a 76- 
type tube; the grid of the first audio tube 
now goes to the arm of the 250,000 ohm poten- 
tiometer, which is the new volume control. 

Build The MI "Ether Imp" 
[Continued from page 96] 

or transmitter which is known to be in the 
band before actual air operation of the “Ether 
Imp" is attempted. The coils may be squeezed 
or opened out so that the “ham” band comes 
in the center of the dial. 

In conclusion, it must be emphasized that 
despite its tiny power, this is a genuine trans- 
mitter, and as such anyone who operates it 
must have an amateur station and operator's 
license. Full information on this subject ap- 
pears on page 68 of this book. 

Because of the low power and short wave- 
length it uses, the "Ether Imp" naturally has 
a limited range, probably three miles under 

average conditions. This is really very good 
for a pocket-sized outfit. The most interest- 
ing operation is obtainable when two “Ether 
Imps" are used. One can remain in stationary, 
while the other is walked away by its opera- 
tor,/or driven away slowly in an open.car or 
even on a bicycle. Many unusual applica- 
tions for this short-range communicatiori sys- 
tem will suggest themselves to ingenious 
experimenters. 

101 



` LINE 
Boe SWITCH SPEAKER 

PHONE JACK 

. 99 
~ REGENERATION 

( CONTROL 

The 
— PILOT 

LIGHT /1/ / / 
| à EA 

C-1,C-2 
TUNING Here is a simple, reliable 

CONDENSERS : i . 
á five-meter receiver for the 

beginner radio amateur. All 

R-2 
voume the required parts are 
CONTROL 

standard, and the circuit is a 

tested, "sure-fire" one that is 

easy to put into operation. 

The front panel of the RF-5 is laid out for maximum convenience in operation. 
'The set presents a very neat appearance, and the builder will be proud of it. 

ITH the advent of new Federal Com- 

munications Commission regulation for 

the amateur 5-meter band, the equipment 

used is rapidly becoming as complex as that 

on the lower frequency bands. It is now 

necessary to use stable transmitters and with 

the steady signals these put out, the super- 

heterodyne has practically become. standard 

on 5 meters. 

There is still room, however, especially 

from the beginner's point of view, for the 

simple and' reliable superregenerative re- 

ceiver. ‘The use of an r. f. stage in such a 

receiver is practically mandatory, since a 

superregenerative detector connected directly 

to an antenna will create an awful fuss on 

ihe air. If the r. f. stage adds a bit of selec- 

tivity and gain at the same time, it is Well 

worth inclusion. 
The “RF-5” receiver presented here uses 

such an r. f. stage. The power supply is 
self-contained. for maximum convenience, 
and.a small loudspeaker is included in the 
ease for the same reason. The power supply 
must be very well filtered in such a receiver, 
so, in addition to the speaker field, we use 
two filter chokes, with. the result that the 
output is humless eius on speaker or head- 
phones. 
A standard case and chassis are used; the 

only part that must be hand made is the 
aluminum shield. This acts as a support for 
the detector tuning capacitor C2 as well. 

The first job of construction is to mark out 

and eut alllarge holes in chassis and panel. 
All of these may be made with a fly-cutter, 

102 

although a plumber’s circular saw does a 
quicker job on the socket holes. 

Although the r. f. and detector sockets 
mount above the chassis, a full size socket 
hole is cut beneath them to allow for con- 
nections to all prongs but those for control 
grids and plates. These prongs are bent 
sharply upwards so that connections may be 
made from them to the coils. Special r. f. 
sockets are used for the r. f. and detector 
tubes, but plain bakelite units hold the a. f. 
and rectifier tubes, and the latter two are 
mounted flush with the chassis. 

The r. f£ tuning capacitor C1 is fastened 
to a brass strip, which in turn is held to the 
front panel with bolts and spaced with brass 
bushings. The main shaft mounting nut may 
be used to hold the capacitor to the brass 
strip, since the rotor of this capacitor is 
grounded. 

On the other hand, the detector tuning 
‘capacitor C2 must be completely insulated 
from ground, so it is held to the shield with 
bushings and bolts fastened to the Isolantite 
insulating block. 

Originally, a. trimmer capacitor was 
mounted on the front panel and connected 
directly across the r. f. tuning capacitor Cl. 
It was found unnecessary, due to the broad 
tuning of this circuit, and was replaced with 
the pilot light shown in the illustrations. 

The detector tuning capacitor C2, should 
be lined up carefully with the rear end of 
the r. f. capacitor Cl. The latter has a !4" 
diameter bushing about 34” long soldered to 
the shaft projection behind the rotor plates. 
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Drilling layouts of the panel and the chassis. Depending on the makes of parts selected, the locations of the various holes 
may vary a bit from the exact positions indicated above. 

This serves as a place to fasten the insulated 
flexible connector which connects the two 
tuning capacitors mechanically. Although 
the connector will allow a slight misalign- 
ment, the capacitors must be aligned as closely 
as possible in the interests of smooth turn- 
ing. 

The tuning capacitors C1 and C2 are both 
cut down considerably so as to give a reason- 
able amount of band spread. With coils and 
capacitors as specified the 5-meter band will 
cover about 25 of the dial rotation. 
A friction drive vernier dial of 5 to 1 ratio 

aids in ease of tuning. No higher tuning 
ratio is required, since the band spread is 
large and the tuning rather broad. 

The speaker is a 3" unit with its trans- 
former fastened to the frame. A piece of 
coarse cloth is glued over the hole in the 
panel to prevent damage to the cone.. The 
decorative ring around the speaker hole was 
chromium plated to match the dial It is a 
standard dial ring of about 334" in diameter 
and is held in place with four self-tapping 
Screws. 

The coils are made as closely as possible 
to the specifications given in the parts list. 
They are soldered directly to their respective 
condenser lugs, and are thus self-support- 
ing. 

The antenna coil L1 is fastened to two 
binding posts so that it may be hooked to the 
two feeders of a doublet antenna. If it is to 
be used with an L type antenna, the lead-in 
is connected to the upper end. of the antenna 
coil and the other end is grounded. 
A single wire antenna may also be clipped 

directly on the r. f. grid coil L2. When this 
is done, the antenna coil should be swung out 
of the way by bending its leads. 

Wiring must be as direct as possible, par- 
tieularly in r. f. leads. The connection from 

the plate of the 1852, through the 30 mmf. 
coupling capacitor to the detector induc- 
tance L3, passes through a hole in the shield 

and should be very rigid. Leads not carrying 
r. f. may be bunched, but the a. c. leads 
should be twisted together and run apart 
from others where possible. 
Unused socket terminals are used as handy 

interconnecting points and in addition use is 

made of the so-called insulating lug strips 
for holding capacitors and resistors solidly. 

When putting the “RF-5” into operation, 

the first thing to check is the high voltage 

as read with a voltmeter across the 50,000 ohm, 
25-watt bleeder resistor R9. This should be 
around 300 volts. The voltage may be regu- 
lated by the size of input filter capacitor, the 

one next to the rectifier tube. If the voltage 
is low, this capacitor should be increased. 

In no case should the voltage be allowed to 
run over 325. 

If connections have been made correctly, 

an advance of the regeneration control R1 

TO FIT BINDING 
POST STRIP 

BEND UPWARD (3RD) Í 
Details of the shield for the r. f. stage. 
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The markings of the various parts in the schematic diagram of the RF-5 (above) correspond with the parts listing (below right). 

should produce a click, then a steady loud 
hiss from the speaker. It should be under- 

stood that this hiss is reduced in proportion 
to the strength of the incoming signal; a 

powerful signal will cause the hiss to dis- 
appear completely. Be sure the volume con- 
trol is set well up when first testing. The 
hiss should continue over a full rotation \of 
the tuning dial. 

The detector inductor L3 should be set 

so that mid-band comes at about midseale. 
This is best accomplished by listening to the 

signals of a 5-meter transmitter of known 
frequency. The coil specified should give this 
result, but slight discrepancies may be com- 
pensated for by changing the length of the 
coil. 

The tap is not critical and may be set at 
the center of the coil and forgotten. The 
1852 tube should be in its place when this 
frequency check is made and the 3-30 mmt. 
coupling capacitor set so the movable plate 
is about halfway between all the way in and 
all the way out. 

Now connect an antenna to the proper 

posts and tighten the antenna coupling by . 
swinging the antenna coil L1 over the r. f. 
coil L2. Loosen the screws on the flexible 
connector between the two tuning capaci- 

tors so that each may be turned separate- 
ly. With the detector capacitors C2 set at 
about mid-scale, and the regeneration con- 
trol R1 just on the edge of regeneration, 
rotate the r. f. tuning capacitor Cl. A point 
should be found where the detector is pulled 
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The "RF-5" Parts List 

Li1—4 turns No. 14 tinned copper wire, spaced out to 5/". 

-L2—614 turns No. 14 tinned copper wire, spaced out to 114”. 

. 04, 

L3—11 turns No. 14 tinned copper wire, spaced out to 134” 

and center-tapped. ^ 
Above coils made by winding wire around 1⁄2” dowel 

sticks, and then withdrawing latter. Wire is stiff enough 
to make coils selfsupporting. 

L4—21⁄2 mh. r.f. choke (Hammarlund CHX). 
L5—50 turns No. 30 D.S.C. wire on wound 10 megobm, 1 watt 

resistor form, Resistance element itself not used, (I.R.C. 
resistor BT 1, or use ICA choke CH 925.) 
C2—15 mmf, midget variable capacitors, cut down to 
1 moving and 2 fixed plates (Hammarlund HF, 15). 

C8—38-30 mmf. trimmer capacitor (Hammarlund MEX 30). 

C5, C6—.005 mf. mica capacitors (Corneli-Dubilier 
1W5D5). 
C8, C9—.01 mf. paper capacitors 400 volts (Cornell- 
Dubilier DT481). 

C10, €11—.25 mf. paper capacitors 400 volts (Cornell- 
Dubilier DT4P25). 

C€12—50 mm. mica capacitor (Cornell-Dubilier 5W5Q5) 
C13—0.1 mf. paper capacitor 400 volts (Cornell-Dubilier 

DT4P1), 
C14—25 mf. 25 volt electrolytic capacitor (Cornell-Dubilier - 

BR252). és 
C15—Triple 8 mf, electrolytic capacitor 450 volts (Cornell. 

Dubilier KR5888). 
RI—50,000 ohm regeneration control (I.R.C. 11-123). 
R2—1⁄2 megohm volume control (I.R.C. 13-133). 
R3—300 ohm, 1⁄2 watt resistor (I.R.C. BT1⁄2). 
R4, R5—50,000 ohm, 1 watt resistor (I.R.C. BT). 
R6—10 megohm, 1⁄2 watt resistor (I.R.C. BT12). 

R7—50,000 ohm, 10 watt resistor (I.R.C. AB). 
R8—500 ohm, 2 watt resistor (I.R.C. BT2). 
R9—50,000 ohm, 25 watt resistor (I.R.C. DG). 
T1—Power transformer (U.T.C. R2). 
T2—Filter choke (U.T.C. R19). 
TS—Filter choke (U.T.C. R18). 
T4—Loud speaker field windihg. 
T5—Loud speaker coupling transformer. 

C1, 

C7, 

(T4, T5 are part of 3” dynamic speaker, Oxford 3Y.) All 

of the foregoing parts are correspondingly marked in the 
schematic diagram. In addition, the following are re- 
quired: 

2—Low-loss 8-prong sockets, 
(Amphenol 54-8). 

2—Bakelite 8-prong sockets, for the 6V6 and the 5Z4 (Am- 
phenol MIPS). dca 

for the 1852 and the 6C5 

1—Vernier dial with knob (Crowe 296). 
2—Small pointer knobs (Crow 591). 
1—Case, 7 x 10 x 8 inches (Par-Metal HC7108). 
1—Chassis to fit above case (Par-Metal C4511). 
1—Each of the following type metal tubes: 1852, 6C5, 6V6, 

524 (R.C.A.). 
1—Dial lamp and socket, 6.3 volts (Drake). 
1—Aluminum shield (Insuline PA985). 
1—Earphone jack (Insuline JI325). 
1—Condenser shaft coupling (Insuline FC795). 
1—Line switch, S.P.S.T. toggle (Insuline SW1003). 
1—Connector plug (Insuline FP230). 
1—Binding post strip (Insuline B335). 



Inside view of the chassis of the completed RF-5. The construction is open and 
accessible, with plenty of "breathing space" for the parts. 

out of oscillation. If this point is reached 

with the r. £.capacitor also at midscale, all 

is well If not, the inductance of the r. f. 

coil L2 may be altered by pulling the turns 

apart if the r. f. capacitor is at lower capacity 
than the detector capacitor or squeezing 

them together is the r. f. capacitor is at higher 

capacity. When the capacitors are lined up, 

the flexible connector may again be fastened 
tightly to both. ; 

The coupling capacitor C3 may be tried at 
different settings, but remember that when 
this is changed the detector tuned circuit 
will be thrown out of line with that of the 
1852. If this capacitor is set at too high a 
capacity, there will be serious “interlocking” 

between the two tuned circuits, while if too 

low, there will be less. than the maximum 
energy transferred. 

Similarly, the antenna coupling to the 1852 
may be varied for best results. If the coupling 

is too great, the r. f. tube will be broad in 
tuning and lack sensitivity, while if too little, 

the energy transfer from antenna to tuned’ 

circuit will be too low, the tuning of the r. f. 
circuit will become over-sharp, and the 1852 
will probably oscillate. 

Considerable juggling of coupling is re- 
quired for peak performance, but signals may 

be received with relatively poor 
adjustments. After a short 
period of “fooling around" with 
these adjustments, the builder 
will quickly get the hang of 
how they should be made. 

The receiver as shown has 
been found to give fine results. 
Naturally, its output is depen- 
dent to a large extent upon the 
antenna used, and this point is 
immeasurably more important 
on 5 meters than on lower fre- 
quency bands. The antenna 
should be of the doublet type, 
designed for 5 meter work and 
connected to the receiver by 
feeders spaced about 2" apart. 
The antenna must be as high 
as it is possible to place it; à 
difference in height of only a 
few feet sometimes spells the 
difference between a readable 
signal and one that cannot be 
understood without trouble. 

SPEAKER 

Phonograph Pick-Up 

nail 

HIS is an easily-built pick-up. It can 
be assembled from an earphone and 

an old phonograph reproducer Remove 
the reproducer arm and assembly, and the 
diaphragm from your reproducer. Take the 
Bakelite cover from the earphone and drill 
two holes the same distance apart as the two 
holes in the brace on the reproducer assembly. 
Fasten the assembly securely to. your ear- 
phone cover with the two small screws. Take 
the diaphragm from your earphone and cut 
a small circle from it about 34” in diameter, 
and glue it to the back of the mica diaphragm 
out of your reproducer. Then cut the mica 
diaphragm to fit your earphone. Put a small 
pin hole through both of these. Take the 
small screws from the small end of your re- 

. producer arm and put it through this. hole, 
screwing the arm tightly to the diaphragm. 
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The “Gompact Five" 

The “Compact 
Five" transmitter is 
the top unit, with 
the various controls 
marked to corre- 
spond with the 
schematic diagram 
on page 108. The 
pilot lightunderthe 
switch SW1 lights 
when the high volt- 

COUPLING ADJUSTER 

age switch SW3 is 
turned on. The bot- 
tom unit is the 
"RE5" receiver, 
described in detail 
in the preceding 
article. The Ü 
shaped wooden 
frame enables the 
entire station equip- 
ment to be placed 
on a small table. 

HE “Compact Five" is a 5-meter trans- 
mitter designed to act as a companion to 

the "RF5" receiver described in the pre- 
ceding article. The two units form a modern 
amateur radio station with which a good 
number of pleasant contacts may be made. 
The transmitter is entirely self-contained and 
all power supply and modulation equipment is 
in the 9"x11"x15" case. 

A 6N7, V1, serves as a crystal oscillator tube 
and also as a doubler. The output of the 
second section is capacitively coupled to the 
807 final amplifier. The 75 ma. meter M1 may 
be shifted to read plate current in either sec- 
tion of V1 by means of the toggle switch 
SWI in the center of the panel. The 150 ma. 
meter, M2, is permanently in the plate lead 
of the 807. 

The latter tube has an sire output 

circuit. A double stator tuning capacitor C9 
and a double section coil L3 are employed. 
There are two main reasons for this. The 
first is that the circuit as shown minimizes the 
effect of the rather high output capacitance 
of the 807 upon the coil This means that 
a larger effective inductance may be used 
than would be the case were a conventional 
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single ended coil circuit employed. Secondly, 
the spit coil makes possible the use of a true 
balanced output circuit for connection to a 
matched impedance transmission line. Ad- 
mittedly the circuit looks a bit unusual, but 
it gives much better results than does a siracile 
ended coil. 
A control on the front panel allows change 

of coupling without digging into the cabinet. 
It is of the utmost convenience. The antenna 
coupling coil L4 is swung through the field 
between the plate coil sections. Its ends are 
connected through flexible leads to the feed 
through insulators on the front panel. 

The audio system is quite simple and con- 
sists of three 6N'7s. The first, V4, is used as 
a two-stage, resistance-coupled amplifier, the 
second, V5, as a Class A driver, coupled to a 
third 6N7, V6, as a Class B modulator. Both 
T1 and T2 are universal type transformers, 
connections for which are shown on the dia- 
gram.  . 
A 150 ohm resistor, R15, in the cathode of 

the modulator, keeps the static plate current 
down within the tube rating for plate dissipa- 
tion. 

Careful filtering is required in the audio 



system, particularly in the first tube, as the 
layout is necessarily compact, and ultra high 
frequency rf. has a way of getting in just 
where it is not wanted. 
The microphone input circuit is com- 

pletely shielded; the jack is of the enclosed 
type, and the r.f. choke RFC5 and by-pass 
capacitor Cll are in shields bent up from 
tin. 

A heavy Beebe of copper runs. the whole 
length of the chassis and all grounded com- 
ponents are soldered to this rather than to the 
chassis or to other grounded points. All such 
leads must be short and direct, particularly 
in the first audio tube V4 and in the rf. 
section. 

The regular sequence of construction is 
followed. First lay out all holes to be cut in 
the chassis, from the drawings and from close 
observation of the illustrations. When the 
chassis holes are all cut, continue to the panel 
and repeat the process. 

The bottom of the case comes with a lip 
bent up all along the front edge. Were this 
piece left on, it would be necessary to space 
the panel from the chassis 45" or so, leading 

to many complications. The simplest pro- 
cedure is to remove it with a hacksaw. 

Wiring is started with all filament and other 
a.c. leads, after which the power supply is 
connected. The two filter capacitors, C18, 
C19, are of the oil-filled type, mounted on an 

aluminum bracket under the chassis so that 
the top of the latter will be a bit less crowded. 

Next wire the panel switches. 

nals and are supported by them. The final 
amplifier coils L3 are supported by three in- 
sulating posts, and the coupling coil is held 
by a strip of Victron on the rear of the panel 
shaft. 

Preliminary tuning should be done with the 
grid of the af. tube grounded. A shorted 
phone plug will accomplish this. If this grid 
is left open, r.f. feedback will ensue. Ro- 
tation of the oscillator capacitor, C2, will 
cause a flicker in the plate meter when the 
crystal oscillates. Next, rotate the doubler 
capacitor, C3, until the final amplifier plate 
current rises sharply. The 807 plate current 
should dip down between 20 and 30 ma. when 
the associated capacitor, C9, is tuned “to 
resonance, 

The plate voltage should be between 425 
and 450.volts and the highest taps on the 
secondary of T3 are used. It is desirable at 
first to experiment thoroughly with the set 
using the lower voltage terminals before ap- 
plying full power. 

A fairly sensitive microphone is needed for 
modulation. Before testing the a.f. channel, 
connect a 25-watt Mazda bulb to the output 
terminals and vary the coupling coil until 
the 807 draws 70 ma, plate current. Then 
speak closely into the mike and note if the 
lamp gets a bit brighter. on modulation. If 
not, vary the tuning of the doubler and a 
point will be found when proper upward 
modulation occurs. This capacitor varies the 
grid drive. on the 807 and is the only criti- 

One section of the high voltage A Â 
switch, SW3, turns on a red 

COUPLING ADJUSTER 

pilot lamp when the power is 
on. The illuminated. meters 
serve as a pilot to tell when the 
a.c. is on. 

The tuning capacitors for 
oscillator and doubler, C2 and 
C3, are mounted on their in- 

tegral brackets to the chassis 
and insulated therefrom by 
means of a pair of butt-in in- 
sulators for each. Be sure the 
plate of the tube goes to the 
stator plates of each of these 
capacitors. 

The final amplifier — € 
C9 is simply held. in place 
with a single serew through a 
hole in the base. 

The coils for oscillator and 
doubler, L1 and L2, connect di- 
rectly to the capacitor termi- Back view of the "Compact Five” 

tically all the wiring is on the underside of the chassis. 
transmitter. Prac- 
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4^ 
15 

PANEL LAYOUT - pr - 

£a 314 
75 MA.METER 150 MA.METER 

77 3⁄2" HOLES FOR COND, ` HOLES FOR SWITCHES 3⁄8 DIA. 

2" Ae 1%- í% 1%: t 

Ue SW.3 SW1 coume SW 2 i 100 MMF 
COND. COND. 

i A wack (Ye HoLE) SZ 

ve e 2" 

DIAS ae MMF, 

liable to a heavy fine. However, 

the requirements for amateur 

m licenses are rather simple. 

1 Examinations are held peri- 

odically in many cities by 

examiners of the Federal Com- 

munications Commission. Any 

citizen of the United States, 
regardless of age, is eligible to 
apply. There is no fee or 
charge of any kind. For further 
information on the subject, see 
the article entitled “Getting 
Your Ham Ticket," on page 68 
of this book. 

14" 

pilor LAMP (5/4 ot 

cal adjustment to be made. 
Although conditions will 

cause some variation, the fol- 

lowing circuit values may be of 
interest: with 425 volts plate 

supply, both sections of the V1 
wil draw about 25 ma. when 
the crystal is oscillating, and 15 
or so when it is not. The final 
amplifier draws about 60 ma. 
without drive (crystal out of 
socket), 90 ma. with full drive, 
but not tuned to resonance, and 

should drop to somewhere near 
25.ma. at resonance and un- 

loaded. It should not be 
loaded higher than 75 ma. 

The set was designed 
for use with a matched 
impedance feeder line. A spacing of two 
inches between feeders is ample and makes 
for convenience in installation. 'The antenna 
chosen for this set is a Johnson Q, picked 

because it can be installed by the average 
amateur with the least possible trouble, and 

because it is highly efficient. The antenna 
may be used either vertically or horizontally, 
but the former is usually preferred as it gives 
more even radiation and lower angle of 
radiation. 

If such an antenna is used, it will give 
exceptionally fine receiving results as well. 
A porcelain base double-pole double-throw 
switch may be used to change from transmit 
to receive. 

The best possible ground connection should 
be made to the chassis to minimize stray r.f. 
current. A short, heavy lead to a water pipe 
is ideal It should be understood that a 
government license is absolutely necessary to 
operate this outfit. Failure to get both opera- 
tor and station licenses makes the operator 

V1,V2- 1546" DIA. HOLES 
V3, V4, V5, V6- 1 3⁄6" DIA. HOLES 

=] 

N i 

10" 

5946 

Panel and chassis layouts. The dimensions given should be 
followed carefully if the various parts indicated on the 

opposite page are used. 

Protecting Meters 
LATE miliammeters sometimes 
suffer severe damage in radio trans- 

mitters when they are connected with 
reversed polarity. If the circuit should 
happen to be off resonance, the surge of 
current may be heavy enough to bend 
the pointer around its stop. "Therefore, 
itis a good idea to test the correctness 
of the meter wiring by flashing on the 
plate voltage for just an instant and 
noting the direction of the needle's 
movement. 

Another thing: Don't attempt to ad- 
just the pointer to zero while it is in a 
live circuit. The little adjusting screw 
on most meters is “hot” and can give 
you a bad jolt. Play safe by turning off ` 

the plate circuit first. : 
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Complete Amateur Station 
by Stanley Johnson 

SENDING 3 PLATE 
ANTENNA CONDENSER 

ON 

25 
MH. CHOKE 

KEY 
POSTS Sul 

HE ability of simple short-wave sets to 
provide communication when all other 

means are wiped out has time and again 
proved of priceless value to isolated com- 
munities. Yet too often, emergency equip- 
ment independent of power lines is not built 
up until a sleet storm has left communication 
wires an icy tangle or flood water is begin- 
ning to trickle across the living room floor. 

This receiving and transmitting unit— 
actually a complete amateur station—may be 
operated entirely from a single storage 
battery, making it an ideal emergency- 
portable unit for any amateur and of even 
greater value to the rural amateur who lives 
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'This rear view of the combined 
receiver and’ transmitter: shows 
the manner in which various 
Parts are arranged on chassis, 

Wiring of the receiver 
and transmitter com- 
ponents can be made 
extremely simple by re- 
fetring to this pictorial 
plan. It is identical to 
the schematic circuit 
shown on page 112. 

Z6 ,—250 VOLTS 

+250 VOLTS 
+6 VOLTS 

far from power lines. Although it measures 
only ten inches wide, seven inches high, and 
seven inches deep, it is capable of surprising 
output at low plate voltage. The unit shown 
in the photographs was used in a recent na- 
tional amateur “Field Day Contest,” and dur- 
ing sixteen hours of operation provided 
contact with 22 stations in a dozen states, 
including widely separated California, New 
York, Minnesota and Texas. Input to the 
transmitter was 10.5 watts, obtained from a 
small genemotor. 

The unit uses three metal tubes, a 6L6, a 
6J7, and a 6C5. The 6L6 serves as a crystal 
oscillator in a new transmitting circuit which 
allows clean keying on the fundamental fre- 
quency, good output when doubling, and 
simplified antenna matching—all with only 
two tuning condensers and a single coil. The 
6J7 and the 6C5 provide for reception in an 



Üperates F 

Storage Ba 

improved electron coupled detector 
—resistance coupled audio receiving 
circuit. 

All of the tubes Used are of the 
six-volt variety which may be 
lighted by a storage battery. The 
same battery can drive a 6-250 volt, 
50 milliampere genemotor to supply 
the plate voltage. Five or six heavy 
duty “B” batteries may be substi- 
tuted for the genemotor, but vi- 
brator power supplies of the type used in 
automobile radios are not recommended be- 
cause of poor regulation and the difficulty of 
filtering them enough to allow their use with 
short-wave receivers. 

The use of a black crackle finished pressed 

wood material for the base panel makes the 
transmitter-receiver easy to build. Holes 
may be drilled with ordinary wood tools. 
Small wood cleats support the base panel in 

order to allow space underneath for the wir- 
ing and small parts. The front panel is a 
7 x 10-inch sheet of a zinc alloy material 
similar in appearance to aluminum but 
cheaper and easier to work. All tuning con- 

trols—the “send-listen” switch which shifts 
the “B” voltage from the receiver to trans- 
mitter, the jack for the plate current milliam- 
meter and the two antenna insulators—are all 

on the panel. 
The receiver portion of the unit requires 

the most wiring so it is best to wire it first. 
All radio-frequency “grounds” are made to 
a group of soldering lugs between the two 
receiver tube sockets. Short leads and well- 
soldered connections are important. Looking 
at the set from the bottom, receiver wiring 
is separated from transmitter wating by the 
four wire power cable. 

The detector circuit of the receiver fea- 
tures an improved version of the electron 

coupled oscillator. Notice that the cathode 
“tickler” coil is wound in the opposite direc- 
tion from the “grid” coil and unlike the older 
circuit, only the grid coil is tuned. A very 
small variable capacitor, made by removing 
two plates from a five-plate midget variable, 
is used for tuning in order to spread the 
amateur bands over a good portion of the 

CN aiu. S 

The unusual compactness of the combination 
transmitter and receiver permits it to be set 
up for emergency operation indoors or out. 

dial. The builder must be careful in winding 
coils, however, or the narrow bands will be 
missed entirely. Some adjustment of the 
antenna coupling capacitor may be neces- 
sary in order that the amateur bands fall in 
the center of the dial. 

Once the receiver is completed and work- 
ing properly, you are ready to begin on the 
transmitter. The circuit is one of the several 
new regenerative crystal circuits. Regenera- 

tion, obtained from the radio frequency choke 
and capacitor in the cathode circuit, in- 

creases the output and allows keying of the 

transmitter at the crystal frequency under 

considerable antenna load. This particular 
method of securing regeneration is generally 
credited to Frank C. Jones, veteran short- 

wave experimenter. Thanks to the high 
mutual conductance of the 6L6, excellent 

When the set is not in operation, be sure the 
changeover switch is either in the off position, 
or on. "transmitter." When the switch is in "'re- 
ceiver" position, the potentiometer and dropping 
resistor are connected across tho "B" battery. 
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The above photos show both top and bottom of the transmitter and receiver chassis. 
chasis is constructed of Masonite for easy drilling. The panel is of aluminum or zinc alloy. 

output is obtained at twice the crystal fre- 
queney simply by tuning to the second har- 
monic. 

Since the currents are heavier than in the 
receiver, number 14 enameled wire.is used 
for the radio-frequency leads. As before, 
"grounds" are made to a single point, this 
time to the juncture of the two by-pass capaci- 

tors. The jack for the plate current milliam- 

The 

easily erected antenna for both bands is the 
“end fed Hertz," a single wire 133 feet long. 
The antenna capacitor is adjusted for the de- 
sired antenna load and then resonance is 
restored by rotating the plate capacitor. A 
six-volt dial light bulb, soldered to a small 
loop of wire, is useful as a tuning aid. 

No switch for the battery circuit is shown 
in the diagram, as usually the wires are dis- 

meter must be insulated from the metal panel. 
Transmitter coils are wound on molded coil 

forms and tube and coil sockets are of similar high 

insulating. material. 
The crystal for the transmitter should be a high 

power “A-T” or “LD-2” cut. A good 80-meter crystal 
with a frequency between 3,500 and 3,050 kilocycles 
will allow operation on both 80 meters and 40 meters, 
although slightly more output is obtained with sep- 
arate crystals for each band. The forty-meter band 
gives good results on low power in the daytime, 80 
meters being preferred for operation at night. An 

This schematic wiring plan corresponds with the 
pictorial plan on page 110. Coil data are at right. 

N N/A sEceivise 
30 MMFD. 

SENDING ANTENNA 

.002 MFD. 

MN e 

6 vV. 

CHANGEOVER SWITCH 

+ Q 
V. 

connected from the battery itself. 

ANTENNA 

“2.5 MH.- 

.25 MEG. .| MEG. 
VOLUME. CONTROL 



— REMOVE BELL OR 
STRIKER 

a TOGGLE SWITCH 

RECEIVER 

> 
LONG DOUBLE 
ELECTRIC CORD 

CONNECT TO ONE SIDE 
-OF RECEIVER llO LINE 

THICKER AT THIS END 

FITS IN NOTCH 
IN REAR RIM OF ÇLOCK — | 

TOGGLE SWITCH = 

3m 

OBODY loves an alarm clock. But waking 
up by music is different. Here is the 

way to arrange it and make the forced awak- 
ening much more pleasant. 
Remove the alarm bell or striker from the 

alarm clock so no signal will be heard. Next, 
get an ordinary single pole double throw 
toggle switch from an old radio or from a 
supply store. Try a few until you find one 

in which the throw from side to side is posi- 
tive but quite easy to accomplish with but 
little pressure. i 
Mount it as shown, on a strip of !&-in. hard 

wood with a thicker portion at one end. 
Pivot the heavy section to the back face of the 

clock so it rests horizontally with the toggle 

just in contact with the alarm winding key. 
A notch in the clock rim at the key end holds 
the strip firmly in position. i 

Connect the two terminals of this switch 
to a sufficiently long, double electric cord. so 
the clock can be removed from the sleeper's 
hearing if desired. Then cut one wire of the 

- L8" STRIP 
HARD WOOD 

WIRING DIAGRAM —” 

WAKE UP 
BY RADIO! 
A Musical Alarm Clock 

l 

- TUNING 

F SWITCH AND 
VOLUME CONTROL 

p . ums BLOCK RECEIVER ! 

SNAP ON SWITCH 
AND SET VOLUME 

PIVOT BOLT 

PLUG ` 

plug-in cord on the radio and solder and tape 
the two ends of the clock cord to the severed 
radio cord ends as indicated. 

During daylight hours the clock switch can 
be thrown to *ON." Then when the radio 
Switch is switched on it will operate the radio 
normally. At night, wind the alarm and set 
the clock switch to “OFF” and allow the end 
of the winding key to bear lightly against it. 
Set the radio on:a station that comes on at 
the desired hour in the morning, and allow 
plenty of volume. The alarm, should of course, 
be set to go off at the proper time. 

In the morning, when the alarm trips, the 
winding key will unwind and throw the toggle 
to the *ON" side. This completes the circuit 
from the wall plug to the radio. In a few 
moments the radio will operate loudly enough 

to waken the sleeper. Isn't that much better 
than the old rattly-bang alarm bell? 
Wind the alarm key by springing the switch 

bracket out of its notch and push it clear of 
the key.—L. B. Robbins. 
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STATION ` 
SEPARATOR 
(WAVE TRAP) ` 

| 

75 TURNS 
Y NO.22 D.C.C, 

If you are prone to leave a soldering WIRE 
iron on overnight, this pilot light will 
help you to remember. It is simply x + s 35 MED. 
connected across the iron's terminals. An MH VARIABLE CONDENSER. / 

'On early receivers where it is difficult 
to separate local stations, a wave trap will 
often overcome interference. It consists 
of a .00035 mfd. variable capacitor and 
home-made coil mounted on a wooden 
base. Wind the first coil with 75 turns 
of No. 22 d.c.c. wire ori a 2% by 3-inch 

. coil form. Connect the ends of this coil 
to the capacitor and two. terminals, 
labeling them 1 and 2. Over the end 

` of the 75-turn coil wrap two layers of 
adhesive tape and on this, another wind- 
ing of 10 turns. Connect the ends of 
this winding to terminals 3 and 4. To 
use the station separator, connect termi- 
nal 3 to antenna and 4 to antenna post of 

] receiver. Adjust capacitor until interfer-- 
/ ence is overcome. If this does not work, 

7 connect antenna to terminal 2 and lead 
re from antenna post on set to terminal 1. 

10 TURNS NO. 
22 D.C.C. WIRE 

d s 
"ian aie Rie erai 

SOLDERING PILOT LIGHT 

FINGERNAIL POLISHES 
COLOR PILOT BULBS 

PILOT LIGHT 

TEST LEADS 

Here is a simple test set that will 
prove very useful. Touch the 
test leads to a suspected radio 
part; if no sound is heard, an 
open circuit exists; if a loud ‘crash 
is heard, the circuit is closed. 

Ordinary fingernail polishes 
may be used for tinting 
colored pilot bulbs used 
to identify wave bands in 
all-wave radio receivers. 

Left—This compact reel-type antenna is 
especially useful for travelers. It is 
made by replacing the cloth tape of a 
sewing measure with a copper ribbon. The 
tape reel is connected to set as shown. 
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A piece of flexible wire clipped to the electric fixture makes 
an effective aerial for “Pocket Pete." 

**W pOCKET PETE” is a tiny receiver made 

possible by recent developments of tube- 

and battery engineers, namely Raytheon 

midget tubes and the Eveready 22% Volt 

Layerbuilt battery. Due to the high per- 

formance and small size of these parts a really 

outstanding portable receiver is possible. 
Headphones are used, of course, and an 

aerial rather than a loop antenna. However, 
in metropolitan or suburban areas practically | 
any large metal object will serve as an aerial, 
for which reason an 8-foot length of flexible 
wire is always carried with the set. A clip on 
one end of this wire enables it to be snapped 
on-to a water faucet, a light fixture, a bed 
spring, and similar objects which afford fine 
pickup. In localities far removed from any 
transmitter, an aerial and ground may be 
used with very fine results. Thus the set, 
which weighs only 1% lbs. complete with 
aerial wire and lightweight phones, is ideal 
for use on vacation, camping trip, or while 
travelling. 

The set is contained in a bakelite case 
measuring 644” x 3" x 145," thick inside. This 
case is of a type in which men's belts are sold, 
and probably something similar will be avail- 
able in many localities. Most builders will 
doubtless prefer to construct their own box; 
practically: any material, including. wood, ` 

presdwood, or metal, is usable. The latter will 

Pocket Pete 
A High Performance Portable Receiver 

Using Three Midget Tubes. 

Above: There is no wasted space inside the carrying 
box of this set! Below: A pair of light-weight ear- 

phones completes the “Pocket Pete” outfit. 

entail some added work, however, since all 

battery clips and the terminal posts must be 
fully insulated from it. : 

The size given is the minimum that should 

be attempted unless the builder is highly 
skilled in small work. Even if made a bit 
larger the outfit is still very compact. 
A perusal of “Pocket Pete's" circuit will 

show that it is simply a regenerative detector 
with two audio stages. The regeneration is 
controlled by potentiometer R2 in the detec- 
tor screen grid circuit. Pentode tübes are used 
throughout, although the first audio stage is 
triode—connected to reduce the amplifica- 
tion. This may sound odd, but the fact is that 
on most local stations there is almost too much 
volume even with the triode connection. 

The filaments of the two CK505’s are con- 
nected in series, since they are 54-volt tubes, 
but the CK503 has a 144-volt filament and 

. consequently is connected directly across the 

1%-volt “A” cell The latter is a single 
medium-size flashlight cell, but inasmuch as 
the total current drain is only 60 milliamperes, 
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List Of Parts 

L1, L2—Antenna coil (Meissner Mfg. Co. No. 14-1496). 

RFC—r.f. choke 16 mr. (Meissner Mfg. Co. No. 19-1910) 
V1, V2—Detector and Ist a.f. tubes (Raytheon CK505) 
V3—2nd a.f. tubes (Raytheon CK503) 
C1—50 mmf. mica capacitor (Solar MO-1410) 
C2—350 mmf. midget variable (Eagle Radio Co., N.Y.C.) 
C3— 250 mmf. mica (Solar MO-1419) 
C4— 2 mf. paper (Solar MP-4161) 
C5, C6—500 mmf. mica (Solar MT-1322) 
C7, C8—.005 mf. Mica (Solar MW-1239) 
C9—-.004 mf. mica (Solar MW-1237) 
610—10 mf., 25-volt ORC capacitor (Solar M-010) 
R1—1 meg., y. watt resistor (I.R.C., BT 1) 

it has a very good life. It may be seen just to 

the right of the tubes in the interior view of ` 

the case; the paper cover is removed to enable 

the mounting clips to make contact with the 

zinc shell Two clips hold the cell in place, 

while a third makes contact with the brass 
cap. 
The *B" battery is the oblong white object 

at lower right and as it has a contact at each 

end it, too, is held in place by spring clips. 
The receiver “chassis” is bent from alumi- 

num to the dimensions shown. It is easiest to 

cut the socket holes before bending. The 

chassis is held to the case by only two screws, 

those that fasten the A cell clips. 
Beneath the lowest section of the chassis 

are placed C10, RFC, several of the small re- 
sistors, and by-pass condensers C5 and C6. 
Coil L1 and L2 and the other small circuit 
parts are under the top bent section. These 
components, together with the tube sockets, 
are all wired in place before the chassis is 
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R2—500,000-ohm variable (Centralab NS-19) 
R3—.1 megohm V5-watt resistor (I.R.C. BT 1⁄2) 
R4—.5 meg., V5-watt resistor (I.R.C. BT 15) 
R5—-50,000 ohm, 2 -watt resistor LE R.C. BT 75) 
R6—5 meg., 1⁄,-watt resistor '(I. BT 1⁄;) 
SW1—-DPST slide switch (Eby RC 1021) 
3—tube socket (Amphenol 78-5P) 
1—22.5-volt "B" battery (Eveready X337) 
1—1.5-volt medium size cell (Eveready size C) 
2—pin jacks 
1—case 
1—small knob 

-set in the case. Two pin-tip jacks for the 
phones are fastened to the bottom of the case 
by an insulated metal strap and are set about 
12" away from the side so that the phone tips, 
which enter through 3%” holes, will not pro- 
ject from the case. 

The variable capacitor C2 must be' side 
mounted because of its size. The shaft was cut 
off so that it is only 1s" long and a hole drilled 
and tapped in it for a flat head 4-36 screw. 
The dial which rests against a shoulder on 
the shaft, is a 214" disk of 3,” thick hard 
rubber. A 1⁄2” groove in the edge carries a 
strip of paper with the 0-100 scale lettered in 
ink, over which is a celluloid cover strip. Only 
the knurled edge of the disk protrudes outside 
the case beneath the antenna posts. 
Mounting of the regeneration control and 

the d.p.s.t. on-off slide switch (the latter may 
: be seen to the rear of the tuning capacitor) 
completes the construction work. 

The coils L1 and L2 are part of a standard 



broadcast coil, but must be consider- 
ably altered. Remove the can and 
discard it and the terminal strip. L2 is 
the coil of larger diameter and is 

wound of “litz” wire containing many 
fine strands. Ten turns should be re- 
moved from this coil. Next carefully 

peel off 50 turns from L1, which was 
intended as the antenna winding. 
Make sure that L1 and L2 are wound 
in the same direction; if they are not, 
slip L1 off and reverse it. Now cut 
the core off so that it is about 1" long 
overall An iron slug will be found 
within the fibre tube and it must be 
left centered in L2. The spacing be- 
tween L1 and L2 will be about 435". 
The outer end of L2 should run to 
C3 with the inner end to B-, while 
the inside of L1 goes to plate and the 
inside to RFC. Be sure all the tiny 
strands of L2 are connected together 
when making leads from this coil. 

After the parts on the chassis are 
completely wired and leads are 
brought off to connect to components 
fastened to the case proper, the 
chassis may be put in place and 
wiring completed. 

The only adjustment to make is 
that of L1. With an antenna of mod- 
erate length connected to the long 
antenna post, slide L1 until the re- 
ceiver will just. go into oscillation at 
the low frequency end-of the band 
'(C2 plates fully meshed) with R2 at 
about midrange.  . 

This little set will be found to give 
exceptional volume and also, within 
the limitations of headphones, very 
good tone quality. It should be op- 
erated with R2 advanced quite near 

the oscillation point, as with such a 
setting the circuit is not only more 
sensitive but also more selective. Os- ` 
cillation should be avoided, however, 
as it causes distortion and increases 
the hand-capacity effect. 

If well made, this is a truly prac- 
tical little unit, which will give long 
battery life (total B batter drain is 
about one milliampere) and a great 

LONG ANT. POST 

, 22Ve-v. 
"B" BATTERY 

This picture wiring diagram may help beginners in wiring "Po. 

is PICTURE WIRING DIAGRAM 
cket 

Pete." The connections correspond with those shown in the schematic 

el of 

pleasure and satisfaction despite its size. 
If the construction of this receiver is under- 

taken by a beginner, he should first study the 

article entitled “Radio Diagrams Made Easy,” 

appearing on page 78 of this book. This ex- 

plains the symbols for various parts. 

diagram on the preceding page. 

If you are interested in radio, photog- 
raphy, aviation, boating, model building, 
science, invention, shop and craft work of 
all kinds, you'll find MECHANIX ILLUSTRATED 

the biggest ten'cents worth of magazine on 

the market. Chock full of pictures and valu- 
able ideas, it is absorbing reading. 
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DESK DRAWER RECEIVER ` 

HE circuit is very simple and the receiver 

is one recommended for construction by 

the novice as well as the expert. Only two 
tubes are required, each performing a dual 
function. The 12B8GT (V1) serves as an un- 
tuned r.f. amplifier and as a regenerative 
detector. The amplifier section of this tube 

provides a small gain, but its main function is 
to isolate the detector from the antenna; thus 
it not only prevents radiation but 
also allows the use of any sort of 
antenna without affecting the 
regeneration adversely. 

The 25A7GT (V2) is the audio 
amplifier and line power rectifier. 
The audio output can be used on 
headphones or on the tiny built-in 
dynamic speaker, which gives 
good results on local] stations. 

Due to the variable regenera- 

tion control, the output on even 
weak signals can be brought up 
to speaker volume, but of course 
the incoming noise increases also; 

for which reason the regeneration 
control cannot be run too high. 

The audio control is used mainly 
for headphone operation and to 
cut down the loud locals. Ordinar- 
ily.when using the speaker it is 
run near the full-on operation. 
The set may be placed in most 
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This little cigar box 

radio can be stowed 
in an ordinary desk 

4.C.-D.C. type, you can 

Sports events, news broadcasts 

with amazing tone and clarity 

set. 
speaker and Ventilation holes. 

any sort of container and the placements of 
parts is not too critical, The general layout 
shown should be followed if possible, how- 
ever. Because of the wide latitude possible in 
the choice of cases for the set, no detailed lay- 
cut of the “chassis” is shown; but the inner 
dimensions of the case should not be much 
less than 814"x455"x2Y$", the size of the box 
used in this set. Omission of the speaker will 

Fa 
f£ m 

An ordinary cigar box houses the compact chassis, and a desk drawer in 
home or office is a handy place to keep the receiver. All parts are standard 

and stocked by radio supply houses. 

drawer. It is also well 

suited for traveling as 

it packs easily in a 

small bag. Being of uc 

plug it in anywhere. 

.or musical programs come in 

Emus Wet 

for the diminutive size of the ` 
Note photo jack below 
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PARTS LIST 

V1-—12B8GT iube (Raytheon) 
V2—25A7GT tube (Raytheon) 
T1—RF coil (Meissner 14-7920) 
T2—-Output transformer (Oxford 21F55) 
CH-——Filter choke (Stancor C1707) 
RFC1—5.5 mh. choke (Meissner 19-1903) 
REC2—.16 mh. choke (Meissner 19-1905) 
C1—.001 mica capacitor (Aerovox 1467) " 
C2, C7, C10, C11—.01 mf. 400 V..paper capacitor (Aero- 

vox 484) 
C3—325 mmf. variable capacitor (Bud MC910) 
C4—250 mmf. mica capacitor (Aerovox 1468) 
C5—50 mmf. mica capacitor (Aerovox 1468) 
C6—500 mmf. mica capacitor (Aerovox 1468) 
C8—25 mf. 25 V. electrolytic capacitor (Aerovox PRS25) 
C9—.005 mf. mica capacitor (Aerovox 1467) 
C12—-8-16 mf. capacitor (Aerovox PRS 150) 
R1—300 ohm resistor 15 watt (I. R. C. BT!^) 

allow a considerable saving in space, but the 

depth given above is about the minimum pos- 

sible under any circumstances. 

Although a cigar box is probably the hand- 

iest case, one may be constructed of almost 

any material, including metal All parts of 

the receiver are mounted on a “chassis,” the 

base of which is 734"x415" and which has a 
front edge or “panel” 4152"x2" in size. By 
mounting everything in ond unit independent 
of the case, construction and wiring are 
greatly facilitated. The whole thing is held in 

place by two serews through the cigar box. 
These: screws must be insulated from the 
metal chassis with insulating washers. By the 

same token no metal parts of the receiver 

which are connected in any way with the 
chassis or receiver circuit should be allowed to 
project outside the box. The circuit of this re- 
ceiver, as with most others of the a.c.-dic. 

variety, is connected directly to the power line 
and if the plug happens to be in the line socket 

R2—1 meg. resistor 14 watt (I. R. C. BT) 
R3—50,000 ohm variable resistor (I. R. C. D13-123) 
R4—50,000 ohm carbon resistor (I. R. C. BT24) 
R5——.5 meg. variable resistor (I. R. C. D13-133) 
R6—-600 ohm carbon resistor 1 watt (I. R. C. BT1) 
R7—280 ohm line cord resistor (Ohmite C280) 
PL—Pilot lamp 3.2 volts, .5 amp. M ent R42) 
1—Pilot lamp socket (Bud JL1692F) 
SW—Power switch on R3 (I. R. C. 41) 
1— Jack, closed circuit (Bud J1325) 
1—2" dynamic speaker (Oxford 2ZMP) 
2—Octal wafer sockets (Bud S390) 
1—Dial plate (Bud BP717) 
3—Knobs (Crowe 588) 
1—Aluminum sheet 7"x14"xj," (Bud PA986) 
l—Cigar box of suitable size 
Wite, etc. 

the wrong way all metal parts are at line po- 

tential. Contact between such parts and any 
grounded object such as a sink or radiator 
could give one a nasty shock, or at least result 
in fireworks. It is possible, of course, to in- 
sulate the entire circuit from the chassis and 
this must be done if a metal case is used. The 
tuning condenser should be held away from 
the metal by insulating washers, and the 
‘phone jack should be similarly isolated. All 
other parts supply their own insulation and 
-care must be exercised to keep all wiring free 
of the metal. 
To get back to the receiver illustrated, the 

above insulating precautions are satisfied by 
the use of fibre washers on the hold-down 
screws, by using knobs that fully cover the 
control shafts, and by keeping the jack end 
inside the case. 
When the desired case has been chosen, the 

chassis is cut and bent to shape. Be sure to 
[Continued on next page] 
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Desk Drawer Receiver 
[Continued from page 119] 

make the chassis short enough so that it can be 

slipped in place after the controls are attached. 

A separate piece of aluminum holds the two 
Sockets, which are of the wafer variety; 1” 
holes allow passage for the tube prongs. 

The detector inductor is mounted with a 
single screw about 34" above the chassis. The 
tubular trimmer capacitor which comes on 
this unit is unnecessary and should be re- 
moved. A tickler must be added and is most 
easily made by winding 50 turns or so óf wire 
on a 14” length of dowel small enough to slip 
into the coil form. The tickler winding should 
be placed directly inside the secondary wind- 
ing and may be wound in either direction. 
Any fairly small wire such as No. 30 d.e.c., or 
smaller, may be used. 

The output transformer and the audio choke 
‘are mounted one on either side of the speaker 
and if the small units specified are used, the 
same screws which hold down the speaker 
willserve. Both units must be raised on short 
bushing 1⁄2” or so to clear the speaker frame. 

Wiring is quite simple, the only precaution 
necessary being to keep the grid leads away 
from those carrying alternating current-as 
much as possible. 

There is very little involved in getting the 
circuit in operation. Simply plug in the line 
cord, turn on the switch (attached to the rear 
of the regeneration control) and tune. The 
detector should go into oscillation near the 
end of travel in a counter-clockwise direction. 
If oscillation cannot be had, remove the tickler 

coil, turn it around and reinsert it. (Revers- 

ing the tickler leads accomplishes the same 
thing.) If regeneration still cannot be had, 

wind another 20 turns on the dowel. For 

proper results, the detector must be capable 

of oscillation over the entire tuning range. 

When used on a direct line, the power plug 
must be properly inserted or no reception can 

be had. If nothing happens after the power 

has been turned on a minute or so, reverse 

the line plug. On either a.c. or d.c. the pilot 
lamp will light up much brighter when the 

switch is first turned on, then will gradually 
become somewhat dimmer. 

The antenna consists of 20 feet or so of 
flexible -wire to the end of which is fastened 
a spring clip. The wire alone will give suf- 
ficient pick-up in most cases, but for greater 
volume, the clip may be fastened to any large 
metallic object, such as a metal roof, fire 
escape, or the like. 

It is desirable to use the set with the re- 
generation control close to the point of 
oscillation at all times, as this is the most 
selective condition. The volume may then be 

set with the audio control to any desired level. 
A fine mesh screen over the speaker hole 

and a coat or two of paint or varnish will finish 
up the outfit. Before painting it is advisable 
to drill a series of ventilation holes in the box. 
.They should be near the control end of the 
set and so placed that no matter how the set 
is laid-a circulation is possible. For long 
programs open the lid. 

View from the pilot's seat of 
the radio room of a large 
Army bombing píane. One 
receiver is mounted on tbe 
long table on the left, near 
the door. Another is just be- 
hind the leather seat in the 
lower right corner. Various 
transmitters are out of sight 
under the table. The big 
wheel hanging from the roof 
is the control of a radio direc- 
tion-finding loop, like the 
one pictured in the top illus- 
tration on page 14. Amateur 
radio experience is very valu- 
able to the man called on to 

operate this equipment. 



RADIO SPARKS 
Improving Quality > 

HE scheme shown in the dia- 
gram to the right has been 

used to vary the amount of degen- 
eration in such a manner that 

when weak signals are received, 

IST A.F. OUTPUT TUBE 
= 

FROM DIODE 
OR PREVIOUS 
AMPLIFIER 

VOL. CONT TO 
SPEAKER 

the amount of degeneration is nil; 
and when strong signals are re- 
ceived, degeneration is maximum. 
Thus, for weak signals, sensitivity 
is high and quality is normal; for 
strong. signals, quality is considerably im- 

proved and sensitivity is reduced, but reduced 
sensitivity is not detrimental when you have 
a strong signal. 

This apparently magical accomplishment 

can be had in most cases for the cost of a 100 

ohm resistor and a little time. As shown in 

6L7 on 6L7G — 

TO 

IMPROVING AVC ACTION AVC 
CIRCUIT 

Manual Fidelity Control 

HE diagram at the right shows how a 

fidelity control can be added to your 

present receiver. 

The intermediate-frequency amplifier tube 

is a pentode with its suppressor-grid lead 

connected to ground or cathode. In either 

case, disconnect it and reconnect to the arm 

of the potentiometer, being careful to note 

the polarity of the battery. Maximum fidelity 

is obtained when the arm of the potentiometer 

is near the negative terminal of the battery; 

normal fidelity is obtained with the potentio- 
meter at the ground end. : 

It is possible to obtain the 45 volts from the 
B supply unit as shown in the insert. 

AUTOMATIC 
DEGENERATION 

the diagram, merely ground one terminal of 
the voice coil and connect the other terminal 
to the junction of the 100 ohm resistor and 
the volume control If reception is worse then 
merely reverse the terminals of the voice coil. 
With this connection, the amount of degen- 
eration varies automatically with the setting 

of the volume control. 

“ Increasing A.V.C. Action 
ANY home and auto sets do not have 
enough automatic volume control action 

to take up severe fading or severe overload- 
ing on strong signals. 

The 6L7 is a five-grid tube having two 

control grids: a sharp cut-off grid and a 
variable-mu grid. The signal is fed only to 

the variable-mu grid in the conventional 
fashion, but the a.v.c. voltage is fed to both 
grids at once. Because the a.v.c. voltage acts 
on both grids, only about 15 volts are required 
to cut off the tube; at the same time, the signal 
operates on a remote cut-off grid, so that dis- 

tortion in the r. f. amplifier is a minimum. 
This arrangement is possible only with the 

6L7 type of tube. 

I-F AMP. FIDELIT Y 
CONTROL 

INPUT 
CIRCUIT. 

TO " SCREEN 
VOLTAGE 

FILTER CHOKE 

| | 500 OHMS 

"T o 
SUPPRESSOR 
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BIAL 
PORTABLE 

"So light a child can carry it” is no idle boast in the case of the MI "pee-wee" portable radio. Set it anywhere and it brings 
in plenty of broadcast stations. 

by L. J. Kurland 
HE tremendous popularity achieved by 

small battery-operated portable receivers 
has been one of the major phenomena 
of recent radio history, and this popularity 

appears certain to be far surpassed. Users 

of these receivers have found that they are 
not only outdoor or vacation-time outfits, but 
are extremely handy for all sorts of purposes 
the year round. 

Since the first of these receivers was 
brought out, there have been several major 
developments tending to make possible even 

more compact.equipment. Among the most 

interesting of these are the new miniature 
receiving tubes and a compact layer-built 
“B” battery of very high efficiency. Very few 
sets, if any, have thus far been marketed with 

these new parts, so it was decided to see what 
could be done in the way of a really small 
and lightweight outfit which anyone with 
reasonable radio. experience could build. 

The result is the MI “pee-wee” portable, 
which weighs only 894 lbs., and measures 
1014"x8"x415": this is smaller than the ma- 
jority of commercial sets. Furthermore, full- 

Size. standard batteries are used, assuring 
operating life as good as most larger sets. 1t 
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is of course impossible to give more than the 

roughest approximation of this life, but in 
general a set of batteries should give at least 

- 150 hours of service, and in most cases much 
more. 

There are no tricks whatever to construc- 
tion or operation of the “pee-wee,” so the 
reader need not be a radio expert to tackle 
the job. 

The ease is the first requirement aud may 
be obtained from most luggage stores. It is 
a type known in the trade as a make-up bag. 
The one used here is covered with genuine 
leather and costs about $5.00; those covered 

SPEAKER 

SOCKET HOLES 
Wg" DIA. 

Although the chassis is small, there is comfortable space 
for all the. parts. Compare this layout with the photo of 

the actual chassis at the top of the next page. 



with cloth can be purchased 

from 79c up. The inside di- 
mensions should be no less than 
934" x' 134" xAV4", but of course 
may be more. A case could be 
made at home from ordinary 
V4" plywood if desired. 
The cloth lining of the case 

is removed and the mirror in 
the lid is also taken out. The 
inside is then smoothed off and 
given a coat of paint for neat 

appearance. 
The shelf upon which the 

chassis rests is of 4%” plywood, 
glued in place. Strips of wood 
are also glued in to keep the 
batteries from sliding about. 

The aluminum chassis is bent from a sheet 
912"x5'^x-1." thick, to give a finished base as 
shown in the drawings. The two front cor- 
ners were soldered with Alumaweld to give 

added strength. This takes a great deal of 
heat and many builders may not wish to try 
it, in which case simple bolted angles will do- 
very well The chassis must be strengthened, 
however. : 

The chassis layout is giverí in simplified 
form, that is, only the approximate positions 

'The parts 
are matked to correspond with the schematic diagram below. 
The complete chassis of the “pee-wee’’ portable. 

of the parts are shown, without all the mount- 
ing holes. This layout should be followed 
as closely as possible. If any alterations are 
made, try to keep all parts as far toward the 
front edge of the chassis as possible. The 
reason for this is that metal parts near the 
loop must be kept to a minimum; this is the 
reason the back of the chassis is left open. 
The speaker with output transformer 

mounted was a bit too high for the case used, 

C13, 

V1—Type 1R5 (R. C. A.) 
V2—Type 1T4 (R. C. A.) 
V3—Type 1S5 (R. C. A.) 
V4—Type 1S4 (R. C. A.) 
C1—365 mmf. dual capacitor (Meissner 21-5214) 
C2—-25 mmf. trimmer capacitor (Meissner 21-5174) 
C3— 175-500 mmf. padding capacitar (Meissner 22-7005) 
C4, C8—50 mmf. mica capacitor (Solar MO1410) 
C5—.05 mf. paper capacitor (Solar MP4145) 
C6, C13——.1 mf. paper capacitor (Solar MP4157) 
C7, C9, C11—.01 mf. paper capacitor (Solar MP4141) 
C10—.25 mf. paper capacitor (Solar MP4162) 
C12—.004 mf. mica capacitor (Solar .MW1237) 
C14—8 mf. 100 V. electrolytic capacitor (Solar M108) 
R1, R2—50,000 ohm 14 Watt resistor (IRC BT 12) 
R3, R9—2 meg. ohm 4 watt resistor (IRC BT 14) 
R4—20, 000 ohm 1% Watt resistor (IRC BT 5) 
R5—-1 meg. ohm variable resistor (IRE D13- La 
R6—10 meg. ohm 1% Watt resistor (IRC BT !5) 

R7—3 meg. ohm 14 Watt resistor (IRC BT 14) 
R8—1 meg. ohm 1⁄2 Watt resistor (IRC BT 1^) 
R10—500 ohm Y^ Watt resistor (IRC BT 1⁄2) 
SW1—DPST switch to fit on R5 (IRC No. 42) 
Loop—Loop ántenna (Miller 703 A) 
L1—Oscillator coil (Meissner 14- Aie 
L2—Input I. F. transformer (Meissner 16-6658) 
L3-—Output I. F. transformer (Meissner 16-6660) 
L4—Speaker output transformer (Oxford 21J75) 
SPK—4” permanent magnet dynamic speaker 

4ZMP) ` 
Sockets—-Four 7-pin button type (Cinch 2557) 
“A” battery plug— (Cinch 2744) ` 
"B" battery plug—(Cinch 2731) 
Vernier attachment for C1— (Crowe 599) 
3 knobs—(Crowe 6126) 
"A" battery—1!/ volts (Eveready 741) 
“B” battery—45 volts (Eveready 482) 
Case—Seée text for dimensions 

(Oxford 
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so it was necessary to cut a slot on the top of 
the chassis and set it down in about 3”. Ifa 
case of the size specified is used, however, this 
is not necessary and the speaker may be mounted 
directly on the top of the chassis. Two screws 
in front and a bracket at the rear hold the 
speaker securely. ` 

The only tricky part of construction. came in 
the dial and vernier drive arrangement. A so- 
called planetary drive unit was cut short and 
sweated on to the capacitor shaft. The dial 
was removed from an old ‘midget receiver. As 
a matter of fact, a vernier drive is really not 
necessary,as tuning is not too sharp. A simple 

dial glued to or drawn on the face of the case, 
with direct drive, will be very satisfactory and 
save a great deal of “fussing.” 
Mounting of parts is quite simple and wiring 

is the final chore. When finished, it should be 

Above: The openings in the front of the 
case for the loud speaker and the tuning 
dial are readily cut with a sharp knife. 

checked with the greatest care. 
Flexible leads are used for all 
battery connections. and for 
leads to the loop antenna. The 
former terminates in plugs that 

fit in corresponding sockets on 
the batteries, making battery 
changing a matter of a minute 

i alie: : or SO. I 
e ! Il ER A4 . Alignment is best accom- 
vod que : ; i ; plished with a service oscilla- 

tor, although, if a powerful 
broadcast station is nearby, it 

may usually be used. At any | 
rate, the first step is to set all 
four trimmers on top of the 
if. transformers, (L2, L3) to 
the point giving maximum sig- 

ANTENNA J P nal The i.f. is 465 kc. 

POSTS | 3 The loop antenna should 
I 3 have four turns removed from 

SPONGE me fi its outside edge before it is in- 
RUBBER o stalled. Place the receiver, 
< : 3 ; y batteries, and loop on the bench 

; ELS e in the same relative positions 
they will occupy in the case, 
then proceed with alignment of 
the oscillator trimmer on the 
gang condenser. The trimimer 
for the detector section should 
be left wide open, and the front 
of panel antenna trimmer, C2, 
set about one-half open. With 

There isn't much empty space inside the "pee-wee" portable! When the cover the main tuning condenser wide 
is closed, the sponge rubber pads press against the “A” and "B" batteries y 

and keep them securely in place. open, the set should operate at 
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about 1,600 ke., and a definite point of reso- 

nance must be had with C2. Next, fully close 
the gang capacitor, and adjust the padding 
capacitor to resonance. 

The above operations are entirely standard 
procedure, and if the builder has not the 
equipment or experience to do them properly, 

a service man will perform the job for 
very little. The main point to remember 
is that all the parts must be in the same 
positions they occupy in the case. This is 
especially: important in the case of the loop 
antenna. 

The antenna trimmer, C2, is a luxury not 
found on commercial sets. For ordinary local 
reception it need not be touched, as it may be 
left in the same position no matter where C1 
is set. However, for distance work it is in- 

valuable, and it is also useful when an antenna 
and ground are used with the set. 
A slot 2Y12"x1ll4" is cut in the lower rear 

of the case, with a small terminal strip across 
one end for antenna and ground connections. 
The rest of the slot is left open for a speaker 
rear vent. ^ : 

Incidentally, it should be noted that the 
normal bottom of the make-up case is used 
as the front of the finished receiver, while the 
original case top becomes the receiver rear. 
This makes it very easy to get into the case 

for battery or tube changes. 
Holes for the dial and speaker are cut in 

the case and the latter covered with' grill 
cloth. It was found adequate to hold the 
chassis in place by two nuts, one over the 

REAR VIEW 

OF CASE 
(BACK OPEN) 

K. 

SPEAKER 
OPENING BATTERY 

CLEAT 

Above: Appearance of the inside of the case of the “pee-wee’’ 
with the chassis and the batteries removed to show the shelf 
arrangement. The black ribbon on the left prevents the 
cover from dropping open too far. Below: Chassis and case 
dimensions. The latter are subject to some variations, de- 
pending on the size of the particular case that is used for the 

receiver. 

BACK LEFT 
OPEN 

bushing of C2 and one over the front 
of the earphone jack. 

The loop is simply glued into the cover 
of the case. Blocks of sponge rubber 
fastened inside the cover with rubber 
cement hold the batteries firmly in place 
and prevent shifting. 

After this outfit has been in use we 
feel sure the reader will agree that it 
is outstanding in performance. 
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In this schematic diagram of the "Picnic Portable," the two small switches marked 'S" are 
actually one double-pole, single-throw unit mounted on the back of the volume control R5. 

OR those late summer picnics, tuck the 

MI “Picnic Portable” in the car along with 
the picnic basket and when you spread out 

the lunch you can have music regardless of 

how far you are from the power lines. This 

compact superheterodyne, which with bat- 

teries and loop antenna fits in a fifty-cent 

overnight bag, is sensitive enough to pull in 

all of the “good stations" in your locality 
without an outside antenna or ground. The 

set is ideal, too, for use at football games to 

enable you to hear the broadcast while 

watching the game. 
The receiver uses four of the new 1.4 volt 

low drain tubes in a standard superhet cir- 
cuit. It operates on two “portable” type “B” 
batteries and two flashlight batteries. The 
circuit is arranged so that no "C" batteries 

are necessary. 
The exact dimensions of the chassis used 

with the set will depend upon the size of the 

case in which it is installed. The chassis for 
the set shown measures 2x414x6 inches and 
is made from heavy galvanized iron. 

In mounting the parts, follow the illustra- 
tions as closely as possible. The 1A7G 
mixer-oscillator tube is on the left side of 
the chassis approximately half-way between 
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the front and rear. Behind it is the iron core 
if. transformer. Between this transformer 
and the next transformer is the 1N5G i.f. 
amplifier. The 1H5G diode detector and first 
audio is in the rear corner of the chassis. The 
1C5G pentode, the only tube without a grid 
cap, completes the set. 

The parts used in the set are all standard 
with the exception of the 820 ohm bias re- 
sistor (R9) for the 1C5G pentode. This re- 
sistor is made by filing a nick in a standard 
800 ohm resistor and testing the resistor on 
an ohmmeter. It is probable that a standard 
850 ohm resistor would work as well. 

In buying the oscillator coil be certain to 
obtain a padding capacitor (C14) of proper 
value to go with it; different oscillator coils 
require different size padding capacitors. The 
if. transformers are the iron core type to in- 
sure maximum gain. 

Wiring the set will require some care unless 

you are used-to wiring multi-tube circuits. 
Be especially eareful in making connections 

to the tube sockets. You can find informa- 
tion on socket connections in any recent issue 

of a tube manual. One useful device for 
cutting down the possibility of wiring errors 

is to make a correct copy of the circuit dia- 



gram on a piece of paper. This will give you 
some preliminary idea of the circuit. Then, 
as you make connections with hook-up wire, 
go over the diagram with a colored pencil, 
marking over each lead as it is wired. If 
this is done, the chance of forgetting to make 
connections is materially reduced. “Grounds” 
may be made by soldering to the chassis 
wherever. convenient—one advantage of a 
galvanized iron chassis. 

Flat rubber covered electric light cord 
serves for the power and loudspeaker leads. 
The eables run to the dual switch on the 
volume control—in this circuit it is neces- 
sary to break both the “B” and the “A” 
voltage. 

The loop antenna takes the place of the 
usual antenna coil in the grid circuit of the 
mixer. 

number 26 d.c.c. wire wound on a light wood 
frame. The frame, which fits the lid of the 
box, is 81⁄x111⁄4 inches. The loop is taped 
to the frame and may be further strengthened 
by doping it with china cement. 

It is a good idea to make the preliminary 
tests of the set before installing it in the case. 
First of all, plug in the tubes and connect the 
“A” battery (which may be a No. 4 dry cell 
or two flashlight batteries connected in 
parallel). Then, see if the tubes are lighting 
properly. The tubes glow very weakly; you 
may have to pull down the shades to see if 
they are on. 

If the tubes are burning as they should, 
connect the “B” batteries. The “B plus" lead 
should be fused with a. small bulb, preferably 
a 2 volt, 60 mil dial light bulb. The twenty- 

Right: The drawing shows the 
approximate locations of the 
holes in the chassis of the 
"Picnic Portable." Exact posi- 
tions are not given because 
these will vary a little accord- 
ing to the makes of parts that 
ate used. With all the parts 
on hand, it is a simple matter 
to lay them ont so as to allow 
"breathing" space between 
them. The inside corners of 
the chassis should be braced 
with small L-shaped brackets, 
riveted ot screwed in place. 
If a heavy soldering iron is 
available, run a bead of solder 
in each corner; tip the chassis 
at an angle so that the solder 
runs into the joint and fills it. 

aa 
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The loop consists of 17 turns of 

Parts List 

C-1, C3 370 mmf. two-gang vatiable capacitor 

C.2, C.4 3.30 mmf. trimmer capacitors, preferably 
: on condenser gang. ; 

C-5 .1 mf. paper capacitor, 200 volt (Solar) 
C-6 .01 mf. paper capacitor, 200 volt (Solar) 
C-7, C-8, C-9 .0001 tnf. mica capacitor, (100 mmf.) 
C-10 .01 mf. paper capacitor, 200 volt (Trutest) 
C-11 .01 mf. paper capacitor, 200 volt 
C-12 .004 mf. mixed capacitor, 400 volt (mica or 

paper) (Aerovox) 
C-13 12 mf. 200 volt electtolytie capacitor (Solar) 
C-14 padder capacitor (see text) 
C-15 .0001 mf. mica fixed capacitor (100 mmf.) 

-1 250,000 ohm 1% watt fixed resistor (Trutest) 
-2 70,000 ohm 4 watt fixed resistor (Trutest) 

R-3 2 meg. V5 watt fixed resistot 
100,000 ohm 14 watt fixed resistor 
0-500,000 ohm volume control with two-pole- 
single-throw switch (Trutest) 
5 meg. V5 watt resistor 
1 meg. J^ watt resistor 
2 meg. V5 watt resistor 
820 ohm 1 watt (see text) (Knight) 
loop (see text) 
Pentagrid oscillator coil, unshielded, 456 kc. 
(Knight) 
456 iron core if. 
(Meissner Ferrocart) 

T-2 456 iron core i.f. 
* (Meissner Ferrocart) 

Speaker 3 inch magnetic loudspeaker 
water type octal sockets 
45 volt "B" batteries (Eveready 738) 
shielded grid lead (For 1H5G) 
flashlight batteries (or 4) 
knob 
pointer knob with scale 
chassis (see text and drawings) 
‘Misc. wire, solder, machine screws, etc. 
overnight bag. Inside dimensions 
43% by 84% by 11% inches 
2 volt dial light (60 milliamperes) 
Antenna coil not shown in photo; was added later. 

See text for details. 

Au 

mu 

Meu ab tam mm 

a B transformer, input type 

transformer, output type 

(closed) 

cent bulb may save four dollars worth of 

tubes if there is some mistake made in the 

wiring which would put full plate voltage on 

the tube filaments. 
[Continued on next page] 

[mmm] ` 
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The MI "Picnic Portable" 
[Continued from page 127] 

Underside of the chassis and close- -up of the loop. The. 
frame of the latter is made of thin strips of wood, and the 

wire is merely taped in place. 

There should be a loud click in the loud- 
speaker as the “B” batteries are connected. 
Now, tune the variable capacitor across the 
dial. If you live near a broadcasting station, 
you will probably hear it, although it may be 
weak. 

Once you have picked up a station—if there 
are no strong stations in your locality better 
have the set lined up by a service man who 
has a test oscillator—you are ready to make 
the alignment adjustments. 
The first step is tuning the if. transformers. 

With the set tuned to pick up the station, 
adjust the trimmers on top of the transformers 
until the signal is the loudest (most trans- 
formers are aligned at the factory, so little 
adjustment will be necessary). 
The next step is to 

adjust the padding ca- 
pacitor. This is adjusted 
for. maximum volume 
with the set turned to a 
station close to 600 kilo- 
cycles. 

For the final aligning 
of the trimmer capaci- 
tors (C2, C4) on the 
variable capacitor sec- 
tions, the set, batteries, 
and loop should be ar- 
ranged as nearly as pos- 
sible in the manner in 
which they are in the 
completed receiver. In 
aligning the set shown 
in the photographs, the 
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Distribution of the parts on the top of the chassis of the 
"Picnic Portable." In mounting the speaker in the face of 
the overnight bag, make sure it clears the movable plates 

of the tuning capacitor C1-C3. 

chassis was placed inside of the loop and the 
batteries mounted between the chassis and 
the loop, as they are when the set is closed. 
Tune in a station at the high-frequency end 

of the band. With an insulated screwdriver, 
adjust the trimmer (C4) on the oscillator 
section of the two-gang variable capacitor to 
approximately half capacitance, returning if 
necessary with the variable in order to pick 
up the station. The final step is adjusting the 
trimmer (C2) for the mixer stage for maxi- 
mum volume. It may be necessary to.go back 
and “touch up" all trimmer adjustments for 
maximum efficiency. 

Once the set is aligned, you are ready to in- 
stall it in the case. If the overnight bag is the 
inexpensive fiber-board variety you can cut 

the hole for the loud- 
speaker with a sharp 
pocket knife. The dial is 
cemented to the front of 
the case. 

This set, like any 
radio, works best with a 
good antenna and 
ground, although the 
loop is sufficient for re- 
ception of the stronger 
stations. For "DX" re- 
ception, however, an an- 
tenna and ground should 
be connected to the an- 
tenna coupling coil, 
which consists of a single 
turn of wire wound on 
the frame close to loop. 
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Darkroom Uses 
HE writer happens to be both a radio 
amateur and a bit of a photographer and 

in his darkroom has found good use for 
several discarded radio parts. No attempt is 
made to enumerate all photographic uses for 
such material; just a few are shown. Anyone 
similarly situated can undoubtedly think of 
many more. 

For instance, Fig. 1 illustrates an excellent 
use for small neon bulbs. As orange is the 
usual safe-light around the darkroom, except 
for the ultra sensitive materials, a 4% to 1 watt 

neon bulb will prove perfectly safe to keep 
lighted at all times. This is especially true 
of the printing room, The operating cost is 
practically nothing per month, so, by keeping ` 
one burning constantly, you can enter the 
darkroom for momentary business without 

having to feel for the light switch or falling 
over some unseen obstruction. 

Fig. 2.shows the usual a.c. switch used in 
old receivers. Pick up half a dozen of these. 
Many appliances come equipped. with only a 
cord and plug. By putting a switch in the 
line at some convenient point the appliance 
ean be controlled much more easily than by 

always being obliged to plug it in. They can 

For Radio Parts 
be used on safe-lights, small washer motors, 
printers, etc. 

Old filter and high-voltage capacitors have 
their uses. . Most printers operate on the 
principle of flashing on and off. a bank of 
lights. In short exposures the after-glow 
may be troublesome. By placing a capacitor 
across the lamp terminals (Fig. 3), this glow 
can be reduced or entirely eliminated. Old 
filter pack or even high-voltage blocking con- 
densers can be utilized and any capacitance 
from 1⁄2 to 2 mfd. will do the trick. 

Filaments of the so-called “power tubes" 
were often controlled by heavy duty rheostats. 
In Fig. 4 is shown how such old rheostats can 
be used to control light brilliancy or motor 
speed. Itis only necessary to cut the rheostat 
in series with one side of the line. Thus red 
lights can be dimmed, washers slowed down, 
etc. So long as the wattage of the light or 
instrument does not exceed the capacity of the 
rheostat, itis perfectly safe to use. Some of 
the better ones ran up to 75 watts capacity. 
A 23⁄2- or 5-volt filament transformer can 

find good use. Hook the primary into the 
110-volt mains, as in Fig. 5, and then use the 

[Continued on page 132] 
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The completed set in use. The binding post at the left is for the 
antenna connection. 

HEN warm weather brings the urge to 
spend more time outdoors, some radio 

fans hesitate to build a portable receiver be- 
cause of the cost and trouble of construction. 
However, with this set, neither of these prob- 
lems is of large proportion. The cost of parts 
is sufficiently low so that almost any experi- 

menter will find that the pocketbook is not 
strained very much. When the junk box is 
brought out and examined for possible parts 
that can be used, usually the final cost will 
be reduced to a very few dollars. The. actual 
construction is simple enough so that a single 
weekend of work will result in a completed 
set, ready for use wherever its owner wishes 
to take it. 

There is nothing tricky or odd about this 
receiver. It uses new tubes, but these are 
really *old tubes" with a different type of 
filament. These tubes are designed for bat- 
tery service and operate on 1.5 volts, thus. 
permitting the use of a single “A?” battery. 
The space thus conserved means that the set 
is much more compact and weighs consider- 
ably less than previous types of portables. 
The complete set, including everything but 
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All batteries are in the cabinet. 

a 
FRONT VIEW 

If the parts specified are used, the layout 
above should be followed. This view is 
of the front of the all-metal cabinet. 

„CHASSIS 
6 ALUMINUM The positions for the 

C3 holes to be drilled 
through the metal base 

are shown above.. 

BRACKETS FOR MOUNTING CONDENSERS 

The antenna capacitor and the regeneration ` 
control capacitor are mounted to the under side 
of the base. The bracket for C2 must be insulated 
from the chassis by means of fibre washers top 
and bottom. Metal washers should be used with 
the bracket for C3 so that the chassis rests level. 

the earphones, is contained in a split metal 

case 634 inches high, 5 inches wide and 834 
inches deep. This case is available at most 
radio supply stores, The builder may want 
to use some’ other type of construction, 
whereby the earphones .can be housed in a 
small compartment; he will find many other 

sizes and types of cases available, or he may 
even go so far as to construct his own case of 

wood. If so, a metal panel is recommended 



three-tube per- 
formancein 

to reduce “hand-capacity” effects. . A piece 
of 455" aluminum 5"x412" is used for the sub- 
panel The midget capacitors C2 and C3 are 
mounted underneath this aluminum plate. 
When they are fastened to the front of the 
case, they serve as a support for one end of 
the chassis. This makes a very convenient 
arrangement and it is necessary to employ 
only a long screw to support the rear of the 
base plate. The entire r.f. and audio portion 
is built on this small base. 1 

The antenna capacitor C2 and the regener- 
ation capacitor C3 are mounted on the under 

side of the base; so are the two tube sockets. 
The coil socket is mounted on top. This ar- 
rangement is absolutely necessary because 
the three sockets are so close together that 
they would interfere with each other if they 
were all mounted on the top of the chassis. 
Place small washers between the under- 
side of the chassis and the tops of the tube 
sockets, to prevent the rivets on the latter 
from "shorting" against the aluminum. Raise 
the coil socket about 34" above the chassis by 
small collars or piles of washers. 

The circuit of this receiver is not the least 
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bit complicated. The first tube, the RK-42, 
is used as a regenerative detector and is sen- 
sitive and smooth in operation. The other 
."dual-tube," the RK-43 is used as two stages 
of audio frequency amplification, which pro- 
vide more than sufficient volume for the ear- 
phones. 

. The earphone jack is mounted between 
capacitors C2 and C3 on the front of the set, 
and is insulated from it by fibre washers in 
back and front. : 

Resistance coupling is used in the a.f. am- 
plifier in order to cut down weight, as audio 

"transformers weigh considerably more than 
the resistors and the fixed capacitors. 

Regeneration in the detector is controlled 
by a 140 mmf. variable capacitor, C3. This 
throttle capacitor method, as it is commonly 
termed, provides smooth control and is more 
economical than the potentiometer method, 
because it imposes no drain on the “B” þat- 
teries. : 

Variable antenna coupling is obtained 
through the use of a 35 mmf. variable capaci- 
tor, ‘C2, connected between the antenna and 
the grid side of the plug-in coil. This capacitor 
must be insulated from the front of the cabi- 
net by means of fibre or bakelite washers. 
Make sure the mounting stud does not touch 
the metal of the cabinet. 

The main tuning capacitor, Cl, is mounted 
‘directly on the front of the box or carrying 
case.. By mounting the plug-in coil directly 
behind the tuning capacitor, short leads can 
be used. Plug-in coils are used because they 
take up less space than a band-switching as- 
sembly. For convenience in changing coils, 
there is a hole in the top of the case directly 
over the coil. 
A circular cover swings over the hole to 

keep out dust and to increase shielding effect. 
As for performance, this little portable 

leaves nothing to be desired. Short-wave sta- 
tions from all over the world have been re- 
ceived with excellent volume. The antenna 
used was a short piece of wire about 20 feet ` 
long. No ground was employed, although the 
use of one is strongly recommended, as it 
eliminates all possibility of body capacity 
effects. The ground wire, connected to a water 
hydrant, a drain pipe, or a metal stake driven 
in the earth, is hooked under any of the 
mounting screws of the metal cabinet. 

While this receiver was designed for the 
short-wave listener, it is a good portable for 
the amateur. The-only thing lacking for the 
“ham” is band-spread. 

LIST OF PARTS 

Hammaríund: 
2—140 mmf. Micro capacitors (C1, C3) 
1—35 mmf. Micro capacitor (C2) 
1—2.1 mh. choke (RFC) 
2—4-prong isolantite sockets (for plug-in coil and RK-42) 
1—6-prong isolantite socket (for RK-43) 

ñ ae SWK 17-240 meters coil kit (four 2-winding coils) 

1—3-meg. V2 watt resistor: (detector grid leak) 
2—1⁄4 meg. V5 watt resistors (audio amplifier grid leaks) 
2—50,000 ohm. ¥2 watt resistors (plate resistors) 

Cornell-Dubilier: 
2—.01 mf. paper capacitors 
1—.0001 mf. mica capacitor 
1—.0005 mf. mica capacitor 
1—.006 mf. mica capacitor 

Raytbeon: i 
l—-RK-42 tube 
1—RK-43 tube 

National Carbon Co.: 
2—Small 45-volt “B” batteries, No. 738 : 
1—Small 3-volt “A” battery, No. 723—(it is necessary to 

rewire the four. cells of this battery in parallel, to 
give 142 volts. This is a simple job and takes only 
a few minutes.) 

Lafayette Radio: 
1—Portable metal case 

Miscellaneous: 
1—phone jack, single open circuit 
1— small dial, National Type BM 
2—knobs for C2 and C3 
1—S. P. S. T. toggle switch 
1—pair earphones, with phone plug 

The army’s famous “walkie-talkie” (also see page 7) pro- 
vides a quick means. of. communication for observers in the 
field. This shows typical two-man operation: one watching 
for planes, the other reporting headquarters by voice radio. 
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Photo Uses For Radio Parts 
[Continued from page 129] 

secondary to light two or three dial bulbs in 
dark corners. All you'll need is as many 
miniature lamp sockets and common bell 
wire. By putting a radio switch into each 
lamp line you have control at your fingertips. 
Stain the bulbs red with any good lamp stain 
or even finger-nail polish. 
Another use for pilot bulbs is as a wand- 

light for searching dark corners and high 
shelves. Attach a socket to a long stick, as 
in Fig. 6, and wire down to a switch on the 
handle and to a suitable voltage source by a 
plug. Bulbs can be left plain or stained. 



No.1 50 Cents 

NAVIGATION FOR THE BIGINNER PRINCIPLES OF SAILING 

Here it is! 
BOATING 

HANDBOOK. is 
now available as a 
companion book to 
the famous HOW TO BUILD 20 
BOATS, and as a complete one- 
volume nautical library in its own 
right—and it costs only 50 cents! 

Hundreds of thousands of boating TE through- 
out the nation are acquainted. with. the excellent 
series of Fawcett boating books which have been 
issued for several years under the title of HOW 
TO BUILD 20 BOATS. These books are famous 
for their accuracy, their practical information, and 
their easy, non-technical articles on nautical subjects. 
BOATING HANDBOOK now takes its 

place in the distinguished company of Faw- 

HOW TO BUILD 20 
BOATS, No. 6, is the best 
and most up-to-date of all 
the Fawcett how-to-build 

boat books. It includes twenty 
completely new designs for ama- 
teur boat builders, ranging in size 
and scope from an 8-foot pram to 
a 26-foot deluxe cruiser. 

These simple, detailed plans and spec- 
ifications make a fine, seaworthy craft 
possible for everyone who can. handle 
ordinary workshop tools. Plans are all 
complete and instructions are easy to 
read and to follow. 

The new HOW TO BUILD 20 BOATS includes 
. sailboats, power cruisers, dinghies, canoe, iceboat, 
and other craft. Get your copy today for ‘only. 50 
cents. Use the coupon below. 

Better yet, order both of these excellent boating 
books now! A dollar bill will bring both of them 
to you promptly, postpaid. 

cett boat books. Its 146 profusely illustrated 
pages cover every phase of sailing and boat 
management. If you know how to sail or 
operate a power boat now, this book will 
‘make you a better sailor. If you're a. be- 
ginner, BOATING HANDBOOK will put 
you way ahead of the game and help. make 
an expert out of you. 

Here are.a few of the subjects covered: 
Sailing Lessons for the Beginner; Elements 
of Navigation; . Rules and Regulations of 
the Waterways; Spring Overhaul; Simple 
Knots and Splices, and dozens of other 
practical and worthwhile articles. 

If you are tlie least bit boat-minded you'll 
want to add. BOATING. HANDBOOK to 
your library. Order today! 

CUT OUT AND MAIL TODAY! 
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E Fawcett Publications, Ine., RM g 
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B for both BOATING HANDBOOK and HOW TO BUILD 20 BOATS No. 6. I 
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The “2-4 All-Wave Receiver 
by Clifford E. Denton 

R.F. COIL 

EARPHONES 
Ca 

4 TRIMMER CONTROL 

REGENERATION 

CONTROL 

Appearance of the completed set. The open construction makes coil-changing quick and easy. 

HIS small radio receiver is called the 
“2-4 All-Wave” because it utilizes two 

tubes, each having two sets of elements 
operating as four separate tubes. 
A 6F7 provides real gain by using the 

pentode portion of the tube as a tuned-radio- 

frequency stage and the triode portion as a 

regenerative grid-leak and capacitor detector. 
The output of the triode portion is transformer 
connected to the 12A7. One section of the 

12A7 is a high gain pentode power output tube 
.and the other section is a rectifier. 

The receiver is small in size, jbeing as- 
sembled on a chassis approximately 7 by 4% 
inches. Itis non-radiating; that is, it will not 
‘spoil the reception of other nearby listeners. 
Most small receivers do not include this 
feature and for this reason such sets should 
be banned by all those persons interested in 
improving radio reception. The radio-fre- 
quency stage ahead of the detector improves 
selectivity and sensitivity at the same time 
that it prevents radiation. 

Suitable coils are available on the market 
So that the receiver can be made to tune to 
the following ranges: 

UE rmn 21 meters 

55 meters 

95 meters 

200 meters 

245 meters 

910 meters 

The set has been primarily designed for 
operation with head phones. However, room 
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volume on small loud-speakers can be ob- 
tained from localstations. This does not mean 
that loud-speaker reception can be obtained 
everywhere, but under favorable local condi- 
fions and with a good ground and antenna 
very satisfactory loud-speaker results can be | 
enjoyed. 

The listener using phones will be able to 
cover almost any distance on the short-wave 
bands with chances for loud-speaker recep- 
tion at times from the "foreign locals." 

The two-gang tuning capacitor with its 
trimmer, C1, C2, C4 permits accurate tuning 

on all bands. If the indicator arrow on the 
6F7 trimming capacitor knob C3 is set so 
that the center of the capacity scale is in the 
vertical position, it is possible to calibrate the 
dial quite accurately. The regeneration con- 
trol R4 is in the plate circuit of the detector 
tube and does not affect the tuning to any 
marked degree. It is smooth in operation. 

The volume contro] R3 is in the radio- 
frequency portion of the receiver and helps 
to prevent overload in the detector on strong . 
local signals. It is better to have the control 

in this portion of the receiver than in the 
audio stage, as it minimizes distortion in both 
the radio and audio portions of the receiver. 

Insofar as power supply is concerned, satis- 
factory operation can be obtained from a.c. 
or d.c. lines. In the case of d.c. circuits it 
may be necessary to reverse the polarity of 
the power supply by simply reversing the 
plug in the outlet. This operation is familiar 

[Continued on page 136] 
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AC-DC "OCEAN-HOPPER" 

An efficient, easy-to-build 2 Tube 
Kit of modern design noted for its 
powerful and far-reaching recep- 
tion. Uses latest type bantam tubes 
to achieve 8-tube efficiency, Fea- 
tures: vernier dial; regeneration 
control; antenna loading control; 
built-in power supply for AC-DC 
operation. Kit includes all neces- 
sary parts; with detalled easy-to- 
follow diagrams. It's fun to build 
this inexpensive set. 

EVERYTHING FOR 
/ THE RADIO BUILDER 

ything Y 

We'll supply free Dant 

“COMMUNICATIONS 5” 

A powerful new inexpensive Super- 
het kit especially designed for the 
Amateur and Short Wave listener. 
Covers 1700 KC to 32 MO bands; 
uses plug-in coils, Features; 
spread-band tuning; beat frequency 
oscillator; standby-switeh; phone 
jack, Uses 5 of the latest type 
tubes. Easy to assemble; kit in- 
cludes punched chassis, all neces- 
sary parts and detailed building 
instructions. For 110 volts, 50-60 
cycles AC operation. 

ALLIED 
Saves You Money 

24 METER TRANSCEIVER 

An inexpensive kit for the Amateur 
Experimenter who wants to in- 
vestigate the 112-116 MC band. 
Circuit uses a type 76 tube as 
super-regenerative detector for re- 
ceiving and as an oscillator for 
transmitting. A type 41 tube acts 
as audio amplifier and as modu- 
lator. Kit contains everything 
necessary for easy assembly, Power 
supply kit is also available. Sup- 
plied with easy-to-follow in- 
structions, 

HEADQUARTERS FOR BUILDERS’ KITS AND SUPPLIES 

On Everything in Radio 
GET OUR FREE 212 PAGE CATALOG! 

i Dus 

HI-FI AMPLIFIER 

Here is a high-gain, high- 
fidelity resistance-coupled audio 
amplifier kit. Ideal for phono 
player use or as the heart of a 
fine PA System, Output is full 
14 watts. Three inputs accom- 
modate crystal or high-impedance 
microphone, a phono and a radio 
input. Tone control is provided. 
Circuit uses five latest type 
tubes, Kit includes all necessary 

For parts for easy construction. 
115 v., 60 cycles. 
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[Continued from 
page 134] 

to all owners of mod- 
ern a.c.-d.c. receivers, 

Travelers, students 

at school and persons 
confined to sick rooms 
will find lots of enter- 

tainment in operating 

the "2-4" wherever 

they are, as the ear- 
phones permit a de- 
'gree of privacy which 
cannot be obtained 
with any of the midget 
receivers equipped 
with loud-speakers. 
The student will find 
this an ideal receiver. 
The construction 

and wiring should pro- 
ceed at the same time 
as many of the parts 
are secured into place 
by their own connec- 

[Continued on. 
page 138] 

Below: Underview of the chassis, showing the positions of the important parts: Most of 

the small resistors and condensors are held in place by their own connecting wires. 

pa 

‘ma L2 qm 
"I tJ mo 

SOCKET 

PHONE JACKS 

Below: A piece of aluminum or steel measuring 8/5 by 11% inches by about 34-inch thick 
forms the chassis of the “2-4” receiver. The dimensions given are for the exact parts 
specified in the parts list on the next page; if other parts of equivalent-electrical value ate 
used, measure their mounting holes carefully and change the drilling layout to suit. Drill all 
holes first, then bend the- chassis over a heavy piece of wood held securely in a vise. 

USE NO. 20 
~~ DRILL FOR 

SMALL HOLE S 

d 
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BARGAIN BOOKS 
HESE six handsome and practical 

books, priced amazingly low at only 

50 cents each, belong on the shelf of 
every man or boy who likes to work with his 

hands. They are printed im rotogravure, 
expertly written, easy to understand, and 

lavishly illustrated. Each contains 146 pages. 
All books sent postpaid. Order by coupon. 

FLYING MANUAL (No. 6)-—A complete, one-volume summary of everything 
you want to know about planes, flying, gliders, and related subjects. Contains 
thrilling articles by leading pilots, aviation officials, glider experts. Explains 
three different ways to learn. to fly free. A treasure trove for aviation fans. 

HOW TO BUILD 20 BOATS—-This all-new edition offers twenty completely 
new designs and brings a boat within the means of everyone. You can build 
craft ranging from 8-foot prams to 26-foot deluxe cruisets from these simple 
plans and specifications, All instructions are clear, detailed and easy to follow. A 
boat built from one of these plans will bring you pleasure for years to come. 

PHOTOGRAPHY HANDBOOK No. 7—Packed with useful information and 
unusual photographs, this book will increase the skill of the beginner and 
improve the technique of the expert. Contains articles on kodachrome photog- 
raphy, camera tricks, studio and darkroom technique, a whole section to build-it- 
yourself plans for camera and darkroom equipment. Saves you time and money! 

HOW TO BUILD IT—This all-new edition is packed with fascinating and 
useful home workshop projects, suitable for beginners and experts alike. 
Contains articles on woodworking and metal projects, radio, hammered copper 
ware, glass blowing,—lamps, plaques, tennis table, sidewalk runabout, etc. 
Complete, detailed, simple specifications throughout. A boon for the workshop! 

MODEL BUILDERS’ HANDBOOK—Build your own model planes, boats, 
auto racers! Model Builders Handbook contains complete, detailed plans for 
the construction of twenty-seven superb working models. Using these plans, you ` 
can easily build gas-powered planes; streamlined anto racers; poweted speed- 
boats, and others. Also special features 
on care and conditioning of model 
engines and many related subjects. 

FAWCETT PUBLICATIONS, Ine, 
HANDY MAN’S HOME MANUAL Greenwich, Conn, 
— his big new edition, just out, 
shows you a thousand and one easy 
ways to improve your home and keep 
it in good repair without calling for 
outside help. It's 146 profusely illus- 

have checked below, at 50 cents each. 

O FLYING MANUAL (No. 6) 
L] HOW TO BUILD 20 BOATS 
O PHOTOGRAPHY HANDBOOK NO. 7 

trated pages are packed with valuable Namea e N a AAI E EE 
ideas, suggestions and shortcuts for 
the home owner or renter. Also many Address 
practical workshop projects. You will City er re EEE AES, 
save the 50-cent price of this valuable 
book many times over in a short time. < Sa NM MGR OA ORE r sa GL s OG UR a 

Enclosed find money order, check or stamps. 

FOR MEN 

AND BOYSe 

CUT OUT AND MAIL TODAY! 

RM 

Please send me, postpaid, the book (s) I 

O HOW TO BUILD IT 
LJ MODEL BUILDERS’ HANDBOOK 
0 HANDY MAN'S HOME MANUAL 

Canadian orders not accepted. 
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Complete schematic wiring diagram of the "2-4" receiver, 
with the parts marked to correspond with the parts list below 
and with the illustrations om pages 134 and 135. In the 
dotted boxes representing the plug-in coils T1 and T2, "P^" 
stands for the primary coil, "S" the secondary, and "T" the 
tickler. Note that the filaments of the two tubes are wired in 
Series, as indicated by the connections marked “X X" and 
YY 
T1—Set of four-prong (two winding) plug-in coils, covering 

oco ranges given in text of article. (Six coils 
in all. 

T2—Set of six-prong (three-winding) plug-in coils, to match 
'T1. (All coils are Meissner.) 

Cl, C2—Dual 140 mmfd. tuning capacitor, with trimmer 
capacitor C4 on the C2 section. (Meissner, ) 

C3— Trimmer capacitor, three plates, 25 mmfd. (Meissner.) 
C5—.0001 mfd. mica capacitor. 
C6—.01 mfd., 400 volt tubular paper capacitor. 
C7—-.1 mfd., 200 volt tubular capacitor. 
C8—.05 mfd., 200 volt tubular capacitor. 
€9——.0001 mfd. mica capacitor. 
C10, C11—.00025 mfd. mica capacitor. 
C12-—10 mfd., 25 volt electrolytic capacitor. 
C13-—16 mfd., 250 volt section. 

[Continued from page 136] 
tions. The following method of assembly and 
wiring will be a neat and speedy job. 

First, lay out, drill and fold the steel chassis. 

Aluminum ean be used if desired. After ali 
of the holes have been checked with the 
drawing and all of the drilling burrs removed 
from the holes, we can proceed. Mount the 
tube and coil sockets. Wire in the filament 
and ground circuits. Mount the choke CK1 
on top of the chassis behind the tuning ca- 
pacitor and pass the two leads down through 
the chassis. Mount the audio transformer 
AF-1 under the chassis. Mount the antenna- 
ground and phones terminal strips in place. 
Small 6-32 brass machine screws and nuts 
are used for all mounting purposes. j 

Solder capacitors C5 and C6 to the antenna- 
ground strip and to their respective points 
indicated in the circuit diagram. Solder two 
insulated wires about six inches long to the 
stator terminals of the tuning capacitors and 
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C14—8 míd., 250 volt section. These are a dual type, card- 
board container electrolytic capacitor. 

C15—.01 mfd., 400 volt tubular capacitor. 
R1—500 ohm, 1% watt carbon resistor. 
R2—-5 megohmn, Y? watt carbon resistor. 
R3—50,000 ohm. potentiometer. (Centralab, Yaxley, etc.) 
D4—25,000 ohm potentiometer with power switch. (Centra- 

lab, Yaxley; etc.) 
R5—1,000 ohm, 1 watt resistor. 
R6— 330 ohm line cord and plug. 
AF1-—-Small audio transformer. 
CK1—15 henry a.c.-d.c. choke. 
Tuning dial to fit capacitor. (National.) 
One 6F7 tube. 
One 12A7 tube. j 
Three small black knobs for controls. / 
Four-prong socket for antenna coil (T1). 
Six-prong socket for R. F, Coil (T2). 
Seven-prong socket for 12A7 tube. 
Seven-prong socket for 6F7 tube. 
'Two control-grid clips. 
Tube shield for 6F7 tube. 
Antenna-ground terminal strip. 
Phone-tip terminal strip. 

one lead to the grounding lug and pass these 
leads through the holes provided in the 
chassis. Then mount the tuning capacitor by 
means of the space lugs and three 6-32 nuts. 

Solder the grid clips to two lengths of in- 
sulated flexible wire and solder one to the 
stator terminal of capacitor Cl. Leave the 
lead long enough to reach the cap of the 6F7 
tube when it is in the socket. The other lead 
connects to the grid cap of the 12A7. 
Mount trimming capacitor C3 in the center 

hole located on the front of the chassis and 
the two potentiometers R3 and R4 on each 
side. 

All of the major parts are now assembled 
and the rest of the small capacitors and re- 
sistors can be properly placed by referring to 
the circuit diagram and the underside view 
of the chassis. The capacitor in the card- 
"board box (C13, C14) should be left till last. 

Run all wires as directly as possible. Use 
[Continued on next page] 



[Continued from page 138] 
a hot, properly tinned soldering iron so that 
all connections are electrically "tight." 

Before placing tubes in the sockets or con- 
necting the set to the power supply, check all 
connections for mistakes and be sure that 
there are no short circuits between any of 
the bare leads of resistors and capacitors to 
the chassis. 

To place.the receiver in operation on alter- 
nating current, proceed as follows: 

Insert the 6F7 and the 12A" tubes in their 
proper sockets. Select an antenna and r.f, 
coil for the same band, say the 230-570-meter 
band, and plug in the power cord to a nearby 
receptacle. 
jacks on the rear of the chassis. 

Connect a good aerial and ground to the 
indicated posts. 
trol knob to the right until a click is heard; 
this is the power switch going “on.” The 
tubes should glow with tiny tips of light in 
their centers. Allow them to heat up for a 
few minutes and then turn the volume control 
full on to the right. Tune in some signal 
from a nearby broadcast station and if 
whistles are heard move the regeneration 
control to the left until the signal clears up. 
Retune and adjust C3 for loudest signals. 

If broadcast stations can be heard weakly, 
but the regeneration control R4 doesn't seem 

to have any effect, the connections to the 
tickler winding of plug-in coil T2 are probably 
reversed. Pull out the line plug, switch the 
connections to the T2 socket, and try again. 
This is about the only thing that can be | 
initially wrong with the “2-4” receiver, as the 
circuit is of tried and “sure-fire” design. 

On the short-wave bands, the tuning (that 
is, the adjustment of the variable capacitors) 
is somewhat sharp. After a little practice, 
you will be able to pull in stations by the 
dozen. Voice and music will be loudest and 
clearest when the regeneration control R4 is 
brought down just below the point‘at which 
the set breaks into oscillation; that is, when 
it whistles as a station is tuned in. For the 
reception of ‘ (telegraph) signals, the 
circuit is left in the oscillating condition. | 

It is important to note that while most of 
the metal parts of the set are “grounded” to 
the chassis, the latter itself is not connected 
directly to ground, but through the capacitor 

C6. Be careful not to place the set so that 
the chassis is likely to come in contact with 
a grounded object, such as a radiator or a 
water pipe. Also, don't touch the earphone 

[Continued on page 143] 

Connect the phones to the tip. 

Turn the regeneration con- 

‘The rapid progress in manuíacture 

RADIO 
holds great rewards 

for trained men 
The big opportunities in Radio will be en- 
joyed by trained men. The International 
Correspondence Schools Radio Course, pre- 

pared by leading authorities and constantly 
revised, will help make you a trained manl 

A fascinating book — FREE. 

ELECTRICAL ENGINEERING 
—A Great Industry with a 

Great Future 
The new I. C. S. Course in Electrical 
Engineering covers this fascinating field 
thoroughly. If you are just starting or 

are on the way to a real paying posi- 
tion in this industry, this course brings the knowledge 
necessary for advancement, 

MECHANICAL ENGINEERING 
m2 Field with a Future 

This I. C. S. Course has meant advance- 

ment to hundreds of ambitious mechan- 

à is an investment in a Bigger Future. 

Use the coupon! 

AUTOMOBILE EXPERTS 

ies, draftsmen, blacksmiths, foundry- 

are always in demand 

men, patternmakers, apprentices, and 

mechanical engineers. You, too, will 
find that enrolling for an I. C. S. Course 

and service oí the modern automobile 

brings new opportunities to thousands 
of ambitious and forward-looking men. 
There’s always a demand for trained 
men. The new I. C. 8. Automobile 
Course will make you a trained man! 
The time to act is now. Use the coupon. 
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BOX 4173, SCRANTON, PENNA. 
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PLACE CENTER LETTER FIRST WORKING OUT FROM 
CENTER,SPACE EACH 
HALF OF LETTERING 

Above: Tools and materials needed for doing your own leaf, 
or foil lettering. List will be found in text. Below: A line of 
foil letters applied to a wood panel. Final smoothing down 

bas not yet been done. 

2"x 6" HEAVY 
CARDBOARD 
SQUEEGEE 

BURNISHING BACK — 
OF LETTER WITH 
SOFT CLOTH 

Leaf Lettering Made Easy 
Almost anyone can letter his own office Piece of chalk | 

D and straight-edge 

door, call plates or similar panel with the Small, soft-brush 
2 Newspaper 

modern Stick-On, ready-cut foil letters. Squeegee (piece of heavy cardboard 2x6 inches in size) 
Spar varnish 
Gasoline, alcohol and turpentine 

HE letters come cut to standard sizes and Rags, sie for Yaping 
in gold, silver or aluminum foil. It re- 

quires only a few systematic, measurements 

and the close following of the following simple Larts of spar varnish and gasoline or kerosene. 
directions to make a professional looking job. About an ounce of Gach will be sufficient for 

Such letters can be purchased from many 4 small job. Add a tablespoonful each of the 
sign supply houses and the tools and linseed oil and dryer. Keep tightly corked 
adhesives can be made or procured right at ¿nd shake well before using. For cementing 
home. [Continued on next page] 

For cementing letters to glass use equal 

Necessary requisites are— 

Dryer 
Razor blade 

Three steps in applying the letters. Upper right, brushing 
cement to backs; above, placing letter on panel and pressing 
with finger right, squeegeeing letters with newspaper. 
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[Continued. from page 140] 

to wood (varnished) use turpentine instead 
of gasoline or kerosene. 
Now, having assembled all materials and 

chosen the letters, you are ready to apply 
them. First, clean the glass or panel thor- 
oughly. For a straight line of letters, make a 
straight line across the panel with straight- 
edge and chalk. If the line is to be curved, 
mark a center spot on the panel Then tie 
the string to the chalk and, using this mark 
as a pivot, scribe the desired curve on the 
panel, using the string as a compass. _ 

Lay the letters on a table just as they should 
appear on the panel, spacing them according 
to their size. Space 2” letters 14” apart—34" 
for 315" letters—1" for 5" letters and 114” 
for 615" letters. 

Start with the one or two letters nearest 
the center of the liné. If an odd number of 
letters exist place the middle one exactly on 
the center spot. If the letters are of even 
number put the two middle ones on, one each 
side of center. Proceed this way, first one 
side and then the other until the wording is 

completed. 
Lay the first létter on a newspaper, face 

down, and give the back a generous coating of 

cement. Immediately pick it up and place it 

in position on the panel, one end meeting the 

line. Press gently.in position and rub down. 

on the panel with the finger tips. , Do the same 

with the following letter and so on until the 

line is completed. 
Then carefully inspect and realign any 

letter not standing true. When all are prop- 

erly arranged lay sevéral thicknesses of 

newspaper over the letters and rub the latter 

firmly with the squeegee. This will further 

press the letters to the panel without wrin- 

kling them and will press out any air bubbles 

that may remain, If some are left, rub them 

out carefully by using cloth on a finger tip, 

rubbing to the edge. 
Allow the letters to remain untouched for 

half an hour or more when the cement will 

set hard. Clean off any surplus cement 
around the letters with a bit of cloth moistened 

in gasoline or alcohol. 
If placed inside the glass the backs should 

then be burnished off by rubbing with a dry 
cloth around the finger tip. Then apply a 
coat of spar varnish to the back of each letter 
and about 1⁄7 beyond. This acts as protection 
when the panelis washed. But—allow at least 
a week before washing. 

SOLVE ALL YOUR RADIO PROBLEMS 
quickly, easily, accurately with 
the aid of the detailed data 
and practice given in this book 

JUST OUT—NEW 3rd EDITION 

RADIO 
ENGINEERING HANDBOOK 
The radio engineering profession’s own | 
handbook. Presents a great deal of con- 

Prepared by 
28 radio 

stantly needed reference material covering specialists 
all fields and aspects of radio engineering K. HENNEY 
and applications—conelse, dependable, ar- Editor-in-Chief 
ranged in easy-to-get-at form, Emphasis is. 945 pages, 
on design data, with tables, charts, equa- 836 illus., 
tions, formulas and diagrams, rather than over 100 tables 
descriptive matter subject to change. Brings 
vou new data on erystal control cireuits, 
ultra-high frequency apparatus, modulation $5.00 
Systems, audio-frequency transformer. de- 
sign, vibrator power supply, long-line oscillators, aircraft radio, 
television, loud speakers, facsimile, oscillators, etc. 

FOR 10 DAYS' FREE EXAMINATION 
qeoocsscesecececeees Jall this COUPON :eecccccevoccccscceo 

McGraw-Hill Book Co., Inc., 330 W. 42nd St., N. Y. 
H 
H 

Send me Henney's Radio pepe Serine: Handbook for 10 days’ s 
examination on approval. In 10 d 1 will send you $5,00 elas d 

: 
. 
. 

few cents postage or return book "bostpaid. (We pay postage on 
orders accompanied by SONA t) 

PEDO ao sss 

Address __ 

City and State... 

Position 

000s009000000002000099090, 

PROTECT YOUR INVENTION 
` WITH A U. S. PATENT 

Take first step to protect your rights to your Invention— 
without cost. Mail coupon today for Free 
“Record of Invention" form and complete 
instruetions for making legal disclosure of 
invention and establishing date. We also 
send 48 page Free Book, “Patent Guide for 
the Inventor" telling impor- 
tance of prompt action; how to 
sell and market your invention; 
how to make Application ‘for 
Patent; examples of successful 
Inventions, Also details of how 
a Patent protects you; our 
reasonable charges for prepar- 
ing applications including 
official drawings and technical specifica- 
tions confidential search service to be 
reasonably. certain Invention is patentable; 
prompt service; strict secrecy; plan for you to pay 
in small payments as application Drogresses; other 
facts you want to know about Patent Protection. 
Mail coupon for Free Book and Record of Invention 
form today, 

HERE IS 
WHAT You 
MUST 

KNOW J 

Clarence A. O’Brien, Registered Patent Attorney 
Dept. 1H99, Adams Building, Washington, D. C. 
Please send me your 48-Page Patent Guide and your specially 
prepared “Record of Invention" form FREE. This request 
does not obligate me. 
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(Please write or print plainly) 
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: LOUD 
SPEAKER 

1942 Madel 

"ALL- 

ELECTRIC 
THREE” 

HIS new receiver is an up-to-date version 
of the popular “All-Electric” short-wave 

set which ran in MkcHANIX ILLUSTRATED 

(MopERN MECHANIX) several years ago. The 

1942 model has all of the features of the old 
set: built-in a.c.-d.c. power supply, high 
sensitivity at reasonable cost, and a straight- 

forward, simple circuit. And the new re- 
ceiver, thanks to the use of two dual-purpose 

tubes—giving five-tube performance with 
three tubes—has sufficient output to operate 
a full-sized speaker with easé. . 
The “All-Electric Three” uses four plug-in 

coils to cover a range of 15-225 meters—all of 

the popular short wave bands. Band-spread 
tuning, spreading small portions of the short- 
wave bands across the full scale on the vernier 
dial, makes the set easy to tune. This feature 

is especially valuable in tuning foreign broad- 
casting stations or picking up the signals of 
amateurs. The radio fan who hopes some day 
to become a “ham” and have his own short- 
wave transmitting station will find the set is 
just “what the doctor ordered” for tuning in 

amateur and commercial stations for code 

practice. 
‘The first step in building the set is to drill 

and punch the 7x9-inch chassis and the 7x10- 
inch aluminum panel. Once this job is done, 
bolt the chassis to the panel and you are ready 
to mount the parts. 

The tube layout is rather unusual, so per- 
haps some explanation is due. As will be 
seen, the 6K7 r.f. amplifier is mounted be- 
tween the 6F7 detector and the 25A7GT. This 
was done to keep pick-up hum at a minimum. 
The filter incorporated in the set is sufficient 
to keep the hum well below the noise level. 
but in this set, as in any regenerative a.c.-d.c. 
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Here is an inexpensive, easily- 

made A. C.-D. C. short-wave re- 

ceiver that brings in amateur, 

airplane, police, ship and 

foreign broadcasting stations. 

set, care must be taken to prevent the detector 
from picking up stray hum from the wiring. 
The unorthodox arrangement shown keeps 
the hum at a satisfactory level. 

The tube sockets are the first parts to mount. 
Then mount the audio coupling choke T1, 
filter choke T2, filter capacitors, two variable 
capacitors, and two volume controls. 

Wiring the set is not at all difficult. Since 
this is an a.c.-d.c. set, it is a good idea to keep 
all wiring off the chassis, not using the chassis 
for the B minus return as is commonly done. 
Keeping the B minus "above ground" is easy 
enough to do, providing sufficient mounting 
strips are provided to mount the various parts 
and to carry the B minus leads. 

In the original set, only the two variable 
capacitors C4 and C5 were grounded to the 
panel. (Volume controls come with. the 
shafts insulated from the resistance strip.) 
Grounding the variable capacitors to the 
panel is convenient, but has one serious 
drawback: the 110-volt circuit is thus carried 
to the chassis and the chassis and panel are 
“hot.” This is not as serious as it seems. 
However, some builders may want to play 
safe and make the chassis dead. This can be 
accomplished easily by insulating the variable 
capacitors with fiber or Bakelite washers. If 
this is done, it is a good idea to connect a .1 
mí. paper capacitor between the B minus 
wiring and the cassis. 

Almost every builder has his own ideas as 
to how a set should be wired. One standard— 
and easy—way is to first wire in the a.c.-d.c. 

[Continued on page 144] 



"2-4" Receiver 
[Continued from page 139] 

connections while the set is “on,” as they are 
alive because of their presence in the plate 
circuit of the 12A7 tube. 

The set is shown in bare chassis form. Of 
course, it is a simple matter to mount it in a 

homemade wooden cabinet or box, which 
should have a hinged cover. 

The operation on 110-volt direct current 

circuits is the same as before, except that the 
polarity of the line plug is important. 

The tubes have a long life. However, please 

note that because their filaments are con- 
nected in series, the burnout of one will cause 
the other to go dead, apparently. 

Bolt Makes Circle Cutter 

A 52” or 34” bolt about 394" long makes 
: a simple but effective circle cutter for 
aluminum, thin steel, ete., as used in radio 

construction. 

‘Drill a hole 
through the 
center to take 
a regular 45" 
drill which 
will act as the 
pilotdrill 
This is held 
securely in 
place by 
means of a nut 
run up against 

it. On the 
other end of 
‘the bolt, saw 
out a slot 
about jq" 

wide and 115" in from the outer end; this’ 
slot is parallel with the hole for the center 
drill The cutting tool, which is ground from 
a short piece of a broken rat-tail file, fits up- 
right in the opening, and is clamped in any 
desired position by means of a nut on either 
side. 

This cutter will make holes from %” to 3” 
in diameter, for tube sockets, meters, ete, If 
larger openings are to be made, drill another 
hole for the center drill near the end of the 
bolt. The tool should be used in a brace, and 
turned slowly with firm, even pressure. The 
work should be placed on a piece of scrap 
wood, into which the center drill enters. 

—Luscombe Silvaire Master 

[E YOU have any interest in aviation at all—as 
sport, hobby or career—you can't afford to be 

without the new edition of FLYING MANUAL. 
This handsome, inexpensive book (only 50 

cents, post paid) is crammed with fascinating 
features and articles, all designed to increase your 
knowledge and enjoyment of aviation in all its 
phases. Readable, non-technical and ‘superbly 
illustrated, FLYING MANUAL No. 7 makes 
thrilling reading for anyone with the aviation itch. 

You won't want to miss: “I Flew My First 
Time Up,” the amazing story of how a man who 
had never before been in a plane, took off 
and landed during his first flight! “I Wanted to 
Fly—And I Did!” a first-person story of how an 
office worker achieved his ambition to solo. 
“Know Your Flying Weather,” offers simple but 
extremely valuable information on meteorology. 

These are only a few of more than thirty arti- 
cles, features and aircraft kinks in the big, new 
FLYING MANUAL No. 7. 

Order your copy today! Only 50 cents. 

CUT OUT AND MAIL TODAY! 
K< w ma mm u uz um mm ma ma ma wa eg 

B Fawcett Publications, Inc, RM H 
W Greenwich, Conn. 1 
W Please send me postpaid, a Copy of FLYING MANUAL No. 7. E 
I Enclosed find 50 cents in check, money order, or stamps, i 

1 
(| SVO oncocooooncoobonooócolnooeocooDoo0ocO00066000 0600060060 1 
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[BU HE S8tate....:....... ' 
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© ANT. POST SPEAKER, 

Schematic Diagram and Parts List For 

"ALL-ELECTRIC THREE” 

R-1— 20,000 ohm, 12 watt resistor (IRC) 

R-2—-500 ohm, l2 watt resistor (IRC) 

R-:3— 800. ohm, l5 watt resistor (IRC) 

R-4, R-4-A—250,000 ohm, l2 watt A 

R-5—0-100,000 volume control (used as regeneration control) 

R-6—100,000 ohm, % watt (IRC) 

R-7—.5 meg., l5 watt (IRC) 

R-8—100,000 ohm, 14 watt 

R-9—0-500,000 ohm volume control, with built-in on-off 

switch, SW 

R-10—-5,000 ohm, 1 watt resistor 

R-11—800 ohm, 1 watt resistor. 

R-12-—250 ohm resistor (built-in to a.c.-d.c. line cord) 

C-1—.1 mf., 200 volt paper (Knight) capacitor 

C-2-——.01 mf., 200 volt paper (Knight) capacitor 

C-3—.00025 mf., mica capacitor 

C-4—.000015 mf. (15 mmf.) 

spread capacitor) T 

C-5—.00014 mf. (140 mmf.), midget variable (main tun- 

ing capacitor) 

C-6—.5 mf., 200 volt paper (Knight) capacitor 

C-7—.001 mf. mica fixed capacitor (Solar) 

C-8—.0002 mf., mica fixed capacitor (Solar) 

QC-9—.1 mf., paper (solar) capacitor 

C-10—.1 mf., paper (Solar) capacitor 

C-11—.5 mf., paper (Solar), 200 volt capacitor 

C-12—40 mf., 150 volt electrolytic (Knight) capacitor 

C-13—16 míf., 200 volt electrolytic capacitor 

midget variable (band 

[Continued from page 142] 
power cord and the heater wiring. Then 
make the various B minus leads, such as by-, 

pass eapacitors and cathode resistors. Finally 
wire in the radio frequency leads and the 
audio leads. This procedure is suggested 
simply for convenience; the important thing 
is to keep leads short (especially r.f. amplifier 
and detector leads) and to make good, solid 
connections with a hot, clean soldering iron 

144 

C-14—12 mf., 200 volt electrolytic capacitor 

C-15—20 mf., 35 volt electrolytic (two 10 mf. paralleled) 

capacitor 

C-13, C-15, C-14 all in one filter block. 

L-1, L-2, L-3: 6 prong, 3 winding set of plug-in coils. In 
the diagram above, L-1 is the primary, L-2 the tickler, and 
L-3 the secondary. Important: If the set does not regenerate 
properly, try reversing the connections to L-2. 

6-inch Magnetic Speaker, Utah Orthovox (or Wright Decoster 
Hyflux, 7,000 ohm) 

WV—Wave trap, optional 

RFC—25 mh., r.f. choke 

T-1—Plate coupling choke (Thordarson, T29C27) 

T-2—Filter choke, 15 henrys, 40 ma. rating 

'Tubes--6K7 metal, 6F7, 25A7GT 

Sockets——2 octal, 1 small 7 prong 

Chassis——Cadmium plated steel, 7x9x2 inches 

Front panel —Aluminum, 7x10x7; inches 

Line cord—With built-in 250-ohm resistor (marked R-12 
in diagram). The three wites of this cord are colored 
brown, red and black, as marked in the diagram. 

Knobs for C5, R5 and R9. Vernier dial for C4. Small feed- 
through insulator for antenna post. Small double tip jack 
strip for loud speaker cord. Shields for 6F7 and 25A7GT. 
Small grid caps for 6K7 and 6F7. 

In schematic diagram above, BOTTOM views of sockets 
are shown to facilitate wiring. Octal sockets for the 6K7 
and the 25A7GT have key between terminals 1 and 8. 
Socket for 6F7 has small button between heater terminals to 
make identification positive. 

and rosin core solder of good grade. 
The loud speaker for the set is a 6-inch 

magnetic. This was chosen over a permanent 

magnet dynamic small enough to mount on 
the panel after testing it against one of the 

small speakers. The big speaker had no- 
ticeably better tone and output. And a 6- 
inch speaker of the type shown costs no more 

than one of the small ones since it requires no 
[Continued om page 146] 



Be Nice To Your Radio! 
[Continued from page 93] 

A common point of trouble is the lead-in 
strip, that flat piece of flexible metal wedged 
under the window to connect the outside 
aerial to the radio set. After the window has 
been slammed shut a few dozen times, the 
thin brass inside the insulating cover breaks 
off, either completely or partially. The result 
is irregular reception, or noticeably reduced 
volume. 
The replacement of a dial light is quite an 

operation in some sets because the dial can- 
not be reached from the back. It is then 

necessary to remove the chassis from the 

cabinet. The usual fasteners are four short 
bolts passing through the bottom of the box 
into threaded holes in the corners of the 
chassis. These are easily removed, but don't 
forget the knobs on the front of the panel. In 
older types of sets, these have headless set 
screws, which are readily loosened by means 
of a small serewdriver. If you can't find any 
such screws, simply grasp each knob firmly 
and pull it straight back. You'll see that the 
end of the shaft is flattened and that a very 
small piece of spring metal inside the knob 
presses against this section. If the loud 
speaker is not part of the chassis, you'll find: 
that it is connected to the latter by a bunched 
cord of wires. Don't remove the speaker and 

don't poke any tools into it. The sound- 
producing part is only a paper cone and is 
easily damaged. The dial light itself is of the 

flashlight type, and a replacement costs only 
a few cents. Of course, if you remove the 
set from its cabinet for this purpose, by all 
means blow it out at the same time. 

Radio tubes have a very long life under 
ordinary circumstances. In fact, in many in- 

expensive “midget” sets they outlast certain 
critical condensers and resistors. If your re- 

ceiver goes dead completely or seems to have 

lost its pep, remove the tubes and have them 
tested in your presence at a radio store whose 
proprietor has a good local reputation. 

Advice given by experienced trouble- 

shooters for the utilities companies: “Keep 
a flashlight somewhere around the house 
where you can find it easily. Most electrical 

short circuits in the house do nothing more 
than blow the fuses; the real damage usually 

results from matches, candles and cigarette 

lighters used for temporary illumination. 
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[Continued from page 144] 
output transformer, a heavy item in any set. 

The speaker is mounted in a simple frame, 
made up as shown. Tempered Masonite may 
be used instead of the crackle-finished 
Lamtex panel shown. An ordinary rubber 
covered electric light cord, fitted with phone 

tips, serves as the speaker cord. 
The coils used with the set will require 

some. modification, especially the tickler 
windings, which may be too small in manu- 
factured coils. The tickler windings on the 
coils—the windings marked L2, which go to 
the plate and r.f. choke in the detector circuit 
—should be removed and new  windings 
substituted. Beginning with the smallest 
coil, the ticklers should be 7, 14, 21, and 
30 turns, all ticklers wound with number 30 
enameled wire. This change is necessary 
in order to insure smooth re- 

generation. 
The receiver should be tested 

with a good antenna, one 40-100 
feet long. First connect the 
speaker and antenna to the set. 
Then. plug in the power plug. 
Wait until the set warms up. If 
hum level seems excessive, try 
reversing the plug in the 
electric light socket. 

The set is tuned like any re- - 
generative set, Advance the 
regeneration control R5 far 
enough so that stations are 
pieked up as high-pitched 
whistles as the capacitor C5 
is rotated. Then retard the 
control until the whistle stops 
and the station is intelligible. 
For code, the regeneration con- 
trol is set just past the point 

= 

=== 

where regeneration begins—code signals are 
received as whistles. The volume R9 is useful 
in reducing volume to a comfortable level 
particularly on code reception. 

This receiver, like any simple set with only. 
one tuned circuit, may be interfered with by 
a powerful local broadcasting station, espe- 
cially when the largest coil is used. The 
interfering station can be silenced by con- 
necting a wave trap WV in series with the 
antenna (as indicated by the dotted lines in 
the schematic diagram) and tuning it to the 
station. A wave trap consists simply of a 
coil and a variable capacitor (or trimmer) 
which will tune the broadcast band. Manu- 
factured wave traps are available for less than 
$1.00. Tuning the trap to the broadcasting 
station frequency silences it without affecting 
short-wave reception. 

Above: Placement of the 
parts on the underside of 
the chassis. Exact dimensions 
are not given because these 
will vary with different makes 
of parts, and slight varia- 
tions are not important. The 
various small parts that ap- 
pear to be hanging in midair 
are actually supported by 
theit own connecting wites. 
Left: Back view of the “AIl- 
Electric Three." Note that 
aluminum shields are used 
on the 25A7GT and the 
6F7. The flexible wites to 
the grid caps on the 6K7 and 
the 6F7 are run through 
holes in the chassis. Make 
sure these are clean and free 
of burrs, to prevent the 
possibility of short circuits. 
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Left: Armored radio scout car in 
action during training maneuvers 
at Fort Meyer, Va. The radio 
equipment is mounted on the bulk- 
head just behind -the driver, and 
can be operated either by the offi- 
cer in front (holding the. micro- 
phone) or by the soldier behind 
the driver. Note the antenna, on 
the extreme fight. Operating a 
radio set in a jouncing vehicle. 
like this one calls for steady nerves 
and lots of concentration. Inci- 
dentally, the radio operators must 
also be competent drivers and ma- 
chine gunners, so that they can 
take each other's places if the oc- 

casion demands. 

Below: Even the lowly motorcycle 
can be equipped with radio. 
small battery-powered “tran s- 
ceiver" is stowed in the front part 
of the sidecar, and is operated by 
a “push to talk" button on the 
hand mictophone held by the ob- 
server, The flexible antenna is tied 
down at an angle to prevent’ it 
from tangling with low-hanging 

Below: Concealing their ve- 
hicle is part of the job of 
these radio operators of the 
1st Cavalry Division, shown 
here at recent maneuvers at 
Toyahvale, Texas. This is 
crude camouflage, but it does 
help to break the outline of 
the truck and to make its de- 
tection from the air difficult. 

m 

Above, left: Easily concealed, quickly set up or taken down, this loop-aerial equipped radio receiver and transmitter is a 
favorite in the Army for medium distance communication. Above, right: This trailer is a veritable communications office 
on wheels. It contains four all-wave receivers and four teletype machines, generates all its own power, is gas-proof, and has 

special black-out window. Below, right: Inside view of the trailer, showing the receiving position. 

tion of several hundred to several thousand, 
but the same high standards prevail and every 
student is assured close attention. 
The pictures shown on these two pages 

were all taken by the Signal Corps during 
actual field activities. They illustrate the 

different kinds of radio sets used by the 
service and the conditions under which they 
are used. 

Radio-equipped command reconnaissance car, used as mobile radio station for a commanding officer in the field. A piece 
of plywood serves as a writing surface and also as a base for the operator's telegraph key. 



Corps 
Formation of Bell P-39 single-seater fighter planes. Radio is an essential part of their equipment. 

NLY a short while ago the Army Air 
Corps was a small organization. Today 

it is many times its former size, is continuing 
its growth and, as world conditions demand, 
will become much larger. 

Because the Air Corps is highly technical 
it requires that a large percentage of its per- 
sonnel be trained in some essential specialty. 
One of the most important of these special- 
ties is communications, without which it 
would be impossible to conduct operations 
either in peace or war. Dependable radio 
communication i$ an essential adjunct to suc- 

cessful aerial operations, and with the expan- 
sion of the Air Corps the demand for large 
numbers of trained communications personnel 
is tremendous. 

The Air Corps Technical School has care- 
fully planned courses to provide the kind of 
training necessary for Army Air Corps com- 
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munication systems such as teletype, point- 
to-point radio communication, airport 

control, and two-way radiotelegraph and 
radiotelephone communications between air- 
craft in flight and ground radio stations. Air 
Corps personnel are trained to send and re- 
ceive the International Morse Code at an aver- 
age speed of twenty words per minute, to 
operate typewriters (touch system) at an 
average speed of thirty-five words per min- 
ute, to enunciate clearly over a microphone, 
to handle communications traffic over tele- 
phone or radio systems employing Army and 
Navy procedure, to send with vibroplex keys, 
to operate teletype machines and tape per- 
forators, and to perform operating adjust- 
ments and maintenance inspections on modern 
specialized equipment employed by the Air 
Corps in aircraft and in its ground systems 
of communication. 

by Major General 

Henry H. Arnold 
Chief of the Army Air Forces 

Ç l 
The old Army gag about swivel-chair fliers 

doesn’t apply to General Arnold or to any of 
the other fine staff officers who are helping 
him to build up the U. S. Army Air Corps. 
He is one of America's pioneer aviators, and 
he has long since lost count of his flying time 
on every type of ship from the ancient Wright 
pushers to the latest four-engined monsters. 
His intimate, first-hand knowledge of every 
phase of aviation, literally “from the ground 
up," makes him the No. 1 man in America's 
rapidly expanding defense program. 

Radio amateurs, experimenters and tech- 
nicians of military age can best serve their 
country and broaden their own knowledge of 
communications by enlisting now in the Army 
Air. Corps with a view toward being 
trained in aeronautical communications at 
the Air Corps Technical School with subse- 
quent duty in one of the tactical organizations, 

Students at Scott Field, Ill., are taught radio operating in a 
huge hangar, with airplanes in the background to put them 

in the appropriate frame of mind. 
(All photos with this article courtesy U. S. Army Air Corps.) 



All the radio work in the Air Corps isn't done aloft, The control tower operator, who is a sort of traffic cop of the air, has 
a mighty important job, even if he can relax in an easy chair. This is the control tower at Bolling Field, just outside of 

Washington, D. C. 

many of which are now being formed. 
The question of communications, from an 

Air Corps standpoint, is one of great magni- 
tude. It involves the operation and mainte- 
nance of equipment installed on aircraft, 
includes a complete ground system closely 
paralleling the one in operation and super- 
vised by the Civil Aeronautics Bureau, and 

innumerable sets of mobile equipment used 
for tactical purposes. An average bombard- 
ment type of airplane carries a command set 
for pilot use in following radio beacons, talk- 
ing to other airplanes in flight, and in con- 
tacting airports; a liaison set for operator use 
in making position reports, obtaining weather: 
reports enroute, etc.; and a radio compass for 
taking bearings, by either pilot, navigator or 
radio operator. At airports the usual installa- 
tion consists of stations for airport control, 
point-te-point and simultaneous range and 
beacon communications for which are used 
the most modern equipment available. 

Instruction for the training of Squadron 
Communications Officers and enlisted Radio 
Operator-Mechanics is conducted at the Scott 

Field branch of the Air Corps Technical 
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Schools located at Belleville, Illinois, while 
teletype specialists are trained at the Chanute 
Field branch located at Rantoul, Illinois. 

The applicatory method of instruction is 
used throughout the Air Corps Technical 
Schools. A.proper balance is maintained be- 
tween classroom lectures and recitations, and 
shop and laboratory work. Practical jobs and 
exercises, representative of situations likely 
to be encountered in the service, are assigned 

to each student, who is encouraged to develop 
proper habits of work and to master all de- 
tails of technique in accomplishing each job. 
Lectures are presented with the aid of physical 
and graphical demonstrations whenever such 
teaching devices may be used to advantage. 

Each applicant must have certain specific 
qualifications for entering any particular 
course. By the use of intelligence tests, study 
of records and a personal interview, the gen- 
eral qualifications of each applicant are de- 
termined. This, together with his interest, 
desire, age, alertness, and his potential qual- 
ifications, form the basis upon which he is 
recommended for training. 

One of the first classes the embryo "com- 

municator” attends is 
typewriting. Typewriters 

having Western Union 

keyboards are used and 

the minimum requirement 
is twenty words per minute, 

using the touch system. 
Those students who are al- 
ready proficient in the use 
of the typewriter when 
they enter school are ex- 

cused from typing and 
attend code classes. 

After. the student has 
qualified in typing he at- 

tends code instruction 
twice daily for the duration 
of his course. The code 
room is equipped with au- 
tomatic code machines of 
modern design, low and 
high frequency radio re- 

ceivers, and Ediphone re- 
corders for checking student transmitting 
ability, and an “ink recorder" for making 

permanent records on paper tape of each stu- 
dent's accuracy in forming code characters 

L : E jen Sg E 

This is the "radio shack” of a big bomber, and a mighty 
busy spot it is for the operator. The receiver is on the 

table, along with the required controls; the transmitter is 
mounted on the floor. 

Students at the Air Corps’ big school at Scott Field, Ill., get preliminary instructions 
before their first flight. Note that every man wears a parachute. 

with the standard hand telegraph key and the 
semi-automatic key. 
When the average student has obtained a 

code speed of approximately sixteen words 
per minute he is ready for the subcourse called 
Radio Procedure; this subject includes all 
phases of operating technique, aside from the 
actual use of radio equipment, which the air- 
craft radio operator must know. Each stu- 
dent is required to develop an operating 
knowledge of the Joint Army and Navy Radio 
Procedure and the procedure in communi- 
cating with Department of Commerce radio 
facilities. After learning the principles of 
“message handling," the student applies them 
in practical exercises throughout the remain- 
der of the course. 
A brief but comprehensive course in elec- 

irical and radio fundamentals is given in the 

subcourse entitled Principles of Radio Com- 
munication. While theoretical in nature, this 
subject has been made highly practical 
through the careful selection of demonstra- 
tion and individual laboratory experiments. 
For example, students undergoing instruc- 
tion on radio transmitters perform experi- 

ments which demonstrate the principles 
involved in the command and liaison set trans- 
mitters; particular attention is devoted to the 
proper tuning and adjustment of the circuits 

and correct interpretation of meter indica- 
tions, since experience has shown that these 

“theoretical” factors are of considerable im- 

portance in the practical use of the actual 

13 



Edwin H. Armstrong is unquestionably the outstanding 
+ jnventor in the radio field. He was only 22 years old and 

a student at Columbia when he startled the world with his 
invention of the regenerative circuit in 1913. He followed 
this with the famous superheterodyne in 1917, the super- 
regenerative circuit in 1922, and now frequency-modula- 
tion broadcasting. The latter is revolutionizing radio. 

Goo y t Radio Static 
by M. L. Muhleman 

HEN station W2XMN, at Alpine, New 
Jersey, first went on the air in 1937, the 

millions of listeners in metropolitan New 
York were totallp unaware that something 
spectacular in the way of broadcasting was 
taking place right under their noses—ob- 
livious to it because the peculiar radio waves 
hurled into space from horizontal rods on a 
tower high above the Palisades brought no 
response in convéntional home receivers. 

But to the few radio engineers with special 
receivers designed to intercept and make 
sense out of the transmissions, came a thrill as 
keen as a first high dive. What they heard was 
broadcasting with a new voice, minus the frog 
in its throat and adenoids in its nose—a voice 
so natural, so realistic as to be almost unbe- 
lievable. And a voice as free of incidental 
.background noise as a whisper in a tomb! 
It was radio with a quality of definition never 
before dreamed of; with sound reproduction 
so lifelike that it created the illusion of origi- 
nating in the room with the listener. It 
was nothing less than a front seat in the 

studio. 
Radio engineers call the new system “fre- 

quency modulation." The word-slingers of 
the press have dubbed it "staticless radio," 
which it is. But it is far more than this, for 

aside from side-stepping 
distortion, natüral and man- 
made static and station inter- 
ference—the three thorns in 
the side of our present system 
of broadcasting—it has a tone 
and volume range far beyond 
that of the conventional radio 
station. 

It would seem that any- 
thing quite so revolutionary 
as frequency modulation 

would have met with over- 
night success. Actually, the 
system has practically gone 
begging for five years, partly 

Frequency-modulation receivers look like 
any other radio sets, except that they 
have better sound reproducing systems. 
Here is the newest General Electric 
model, which is capable of picking up 
regular broadcasting as well as F.M 

stations. 

The new and revolu- 
tionary system of "ífre- 

quency modulation" 

broadcasting has 
shoved television into a 

back seat and is des- 
tined to out-mode our 
present radio setup. 

because it was first intro- 
duced when television was 
just getting under way, and 
partly due to its being too 
good! Television, after all, 
could be set up as a sub- 
sidiary service without dis- 
rupting the conventional 
system of broadcasting, and 
television seemed to be the 
very lift that the radio in- 
dustry sorely needed. But 
frequency modulation would 
represent a direct frontal attack on the 

existing system of broadcasting and its huge 
investments. Or so it appeared. It would be 
better to let it rest until television was estab- 
lished, or let it die out altogether, rather than 
upset the status quo. And it might have died 
out were it not for the courage and deter- 
mination of its inventor. 

You'll know him if you know the name of 
the man who invented the regenerative 
vacuum tube radio circuit which made 

This queer-looking rig is the “turnstile” antenna of Armsttong's sfation 
W2XMN, at Alpine, N. J., pioneer frequency-modulation transmitter. Tt is 
located on the edge of the Hudson River, just across from New York City. 

broadcasting possible in the first place; 
who invented the universally used super- 
heterodyne radio receiver and, later, the 
superregenerative receiver which is used 
commercially. In case you don't, his name is 
Edwin Howard Armstrong, major in the 
A.E.F. during the first World, War and now 
Professor of Electrical Engineering at Colum- 
bia University. He belongs at the top of the 
heap of important names in radio—the Mar- 
coni of our time. 

Comparison of tone coverage of ordinary and frequency-modulation radio receivers. 

RANGE OF AUDIBLE FREQUENCIES IN CYCLES PER SECOND 

“RANGE OF MUSICAL INSTRUMENTS 

RANGE OF FREQUENCY MODULATION "RECEIVER 
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Professor Armstrong set out to do the 
impossible. Almost as a body, radio engi- 
neers said that static interference could not 
be eliminated. It was part and parcel of 
received signals and the two could not be 
separated. It could be demonstrated mathe- 
matically that static was with us and we were 
stuck with it, like taxes, so why waste effort 
trying to eliminate it? Armstrong’s reply 
today may be that these engineers did not say 
“positively.” 
Oddly enough, the very first thing Arm- 

strong set out to do was to prove to his own 
satisfaction that, the elimination of static in- 

terference was impossible as the problem was 
related to the present system of radio trans- 
mission and reception. Then he set out to 
elude static altogether by devising a radio 
wave that was so different in character from 
natural and man-made static that the two 
could be separated in a receiver. 

He found what he wanted in frequency 
modulation, which engineers avoid like a 
plague, for it is a sort of ague that takes hold 
of a radio wave of the conventional type if it 
isn't treated properly, and gives it the shakes. 
The result is nothing less than a tonal catas- 
trophe. But Armstrong was after a wave 
with the shakes—a wave that would wobble 
when modulated, rather than one that would 
alter its energy level or amplitude as a con- 
ventional radio wave does. He wanted a 
wave that altered its frequency but not its 
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Location of Frequency-Modula- 

tion Stations 

ALREADY ON THE AIR 

Alpine, N. J. Albany, N. Y. 
Rochester, N.Y. Meriden, Conn. 
Schenectady, N. Y. Paxton, Mass. 
East Springfield, Mass. New York, N. Y. 
Yonkers, N. Georgetown, D. 
Boston, Mass. 

APPLICATIONS FOR LICENSES 

Marshall, N. Y. Cincinnati, Ohio 
Sargents Purchase, Portland, Maine 

N. Atlanta, Ga. 
Los Angeles, Calif. 
Allison Park, Pa. 
Boston, Mass. 
Greensboro, N. C. 

H. 
Philadelphia, Pa. 

_ Syracuse, N. 
Kansas City, Mo. 
No. Dayton, Ohio 
Binghamton, N. Y. St. Louis, Mo. 
Providence, R. I. Addison, Ill. 
Chicago, Ill. Columbus, Ga. 
Detroit, Mich. New York, N. Y. 

CONSTRUCTION PERMITS 
Alpine, N. J. New York, N. Y.* 
Superior, Wis. Avon, Conn. 
New York, N. Y.* Milwaukee, Wis. 
Hartford, Conn. New York, N. Y.* 
Holden, Mass. Boston, Mass. 
Los Angeles. Calif. Whippany, N. J. 
Bethesda, Md. Superior, Wis. 
Columbus, Ohio Carteret, N. J. 
* (Three different stations.) 

amplitude, a wave wherein the extent of fre- 

quency shift would represent the volume of 

the sound and the rapidity of the change of its 
pitch. If he could do this, and then devise a 
receiver that would not respond to amplitude 
variations as an ordinary receiver does, but 
respond only to changes in frequency, he could 
make the system sidestep natural and man- 
made static; for these electrical disturbances, 
like a conventional radio wave, change in 
amplitude but not in frequency. 

This is exactly what Professor Armstrong 
has done; and, no doubt, many of the engi- 
neers who have held that the elimination of 
static was impossible, have since said, “Well, 
after all, if you do it that way...” 

The beauty of the Armstrong system lies 
in the fact that a station having ónly a fraction 
of the power used by our big broadcasters to 
over-ride local background noise will provide 
staticless reception in an equalarea. Possibly 
more to the point is that a frequency -modula- 
tion station provides noiseless reception in 
the ultra-short-wave bands where man-made 
noise, such as that from auto ignition systems, 

household electrical appliances, etc., is preva- 
lent. Stations in the standard broadcast band 
are packed in so close. together that tonal 
range, which makes for naturalness in repro- 
duction, is severely limited. But there is 
plenty of space in the ultra-short-wave bands 
for wide station channels, and it is in these 
bands that frequency modulation has made its 

Wis 

home. The channels used are 
200 kilocycles wide as com- 

pared to the 10-kilocycle chan- 
nels in the standard broadcast 

band! 
It is the utilization of a wide 

transmission channel that 
gives frequency modulation 
broadcasting most of its 
realism. The average home 
radio receiver has a tone range 

of approximately 150 to 3,000 
cycles, less than the.complete 
range covered by musical in- 

struments. A good console 
receiver does a bit better than 
this, but falls far short of re- 

producing the higher overtones 
of sound and music which 
make for naturalness. The 
conventional broadcast station 
of top quality has an approxi- 

mate range of 30 to 7,500 cycles, 
with all tones above 5,000 cycles 
or so made practically useless 
at the receiving end because of noise. Buta 
frequency modulation station and the re- 
ceivers designed for this service run clear out 
to 15,000 cycles—practically the entire audible 
range of frequencies! 

But that is not all Volume range, 
as well as tonal range, has an important 
bearing on the naturalness of sound. The 
volume range of a standard broadcast station 
is limited by the noise level at one end 
and overloading or overmodulation (which 

specially: 
made Radio -E 
neering HOUSE 
receiverintended only 

= for au yoq ty 
lation reception, 
front Husum 
(right) is a little out. 

. ef the ordin: 
the inside 
(left) resemble those 
of conventional sets. 
The sound unit (be- 
low) is decidedly un- 
"usual. proe 
speaker handles the 
hish musical notes. 
The large one handles 

the low notes. 

ary, but 

ngi- 

works 

causes distortion) at the other end. It is 
necessary, therefore, to “compress” the 
volume range þy raising the volume of soft 
musical passages (so that they are not lost 
in the noise) and lowering the volume of 
loud passages to prevent distortion. The re- 
sult of this compression is to rob music of 
its tonal balance. In Armstrong’s frequency 
modulation system, soft musical passages need 
not be raised above their original level since 

[Continued on page 27] 
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OW the convenience of a wireless record 
player can be had in conjunction with 

any frequency-modulation receiver, with the 
added advantage of a range and degree of 
musical reproduction not obtainable from the 
ordinary type of wireless record player 
operated through a standard broadcast re- 
ceiver. j 
The unit to be described is designed to 

reproduce the full frequency range of 50 to 
7500 cycles used in modern commercial re- 
cording, and to handle the wide dynamic or 
volume range of the present-day records 
without overload or distortion. 

Physically, the unit is small enough to fit 
into most any record-player case or cabinet. 
Moreover, it has sufficient power to be 
operated at a considerable distance from the 
receiver, thus permitting it to be located in a 
closet or at some other remote point where 
the record turntable may be installed. 
Mounted in a portable record player, as the 
writer's unit is, the case can be placed on the 
floor in front of a comfortable. chair, and 
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ireless 

by M. L. 

Muhleman 

Enjoy the rich quality 

and volume of modern 

recordings with this 

new unit, which gives 

you all the advantages 

of frequency-modula- 

tion transmission. 

The complete unit is easily car- 
tied to any convenient position 
in the room and is used without 
any direct connection with the 

radio receiver itself. 

records changed with speed and ease. 
Like the usual type of wireless record 

player, the FM Player is a miniature radio 
transmitter requiring no direct connection to 

the receiver with which it is used. It departs 
from the usual type in that it radiates a modu- 
lated radio wave which varies in frequency 
rather than in amplitude. The radiated power 
remains constant at all times.. Hence, the 
tubes are not subject to overload on volume 
peaks. 
The FM Wireless Record player employs 

three tubes, as shown in the accompanying 
photos and diagram. Referring to diagram 1, 
on page 30, the 6AB7 tube, VI, is the modu- 
lator, the 6SK7 tube, V2, is the ultra-high- 
frequency oscillator, and the 6X5G tube, V3, 
is the full-wave rectifier in the power supply. 

In operation, the 6SK7 tube, V2, generates 
oscillations that fall within the 40- to 50- 
megacycle band occupied by f.m. broadeast 
stations. The frequency of the oscillations 
generated may be varied by an adjustment of 
the variable air capacitor Cx connected across 

Record Player 
the oscillator coil L. This adjustment permits 
the unit to be set at a wavelength or frequency 

that is free on the receiver dial Once this 
capacitor is set for a frequency that does not 
interfere with an f.m. broadcast station on the 

receiver dial it need not be touched again. 
The 6AB7 tube, VI, functions as a “react- 

ance-tube modulator.” The audio’ voltage 
generated by the crystal pickup XT is fed to 
the grid of the modulator tube VI through 
the volume-control potentiometer R1. The 
tube VI is so connected that it represents a 

capacitance across the oscillator coil L. The 
audio voltage on the grid of VI serves to alter 
this apparent capacitance, the rapidity and 
extent of alteration depending upon the fre- 
quency and the volume of the audio voltage 

generated in the crystal pickup. Since the 

apparent capacitance of the modulator tube 

V1 is in shunt with the oscillator coil L, a 

variation of this apparent capacitance due to 
changes in audio voltage serves to tune the 

coil to radio frequencies other than that de- 

termined by the adjustment of capacitor Cx. 

Therefore the oscillations generated by the 
oscillator tube V2 are frequency modulated. 

It should be noted that no aerial is used in 
the circuit; the radia- 
tion from coil L is 

The "transmitter" of the FM Player is only a handful of 
equipment. You can build it in several evenings. 

capacitance capacitor C10. The latter is im- 

portant, as it serves to bypass radio-frequency 
currents from the oscillator circuit which 

might otherwise reach the house wiring. 

Electrolytic capacitors are not effective at 

such high frequencies as are involved in this 

unit; hence the necessity for including C10. 

The remaining bypass capacitors C1 through 
CT, are of the low-capacitance mica type and 
are the only ones satisfactory for bypassing 
or coupling purposes at the very high radio 

frequencies generated in the circuit. 

sufficient for all pur- 
poses. 
Two toggle switches, 

$2 and S3, are used in 
the a.c. line circuit, S2 
for turning on and off 
the unit and $3 for 
turning on and off the 
phonograph motor. 
The fixed capacitors 
C11 and C12 across the 
primary of the power 
transformer T bypass 
line disturbances 
which might otherwise 
appear as noise in the 

radiated wave. 
The power-supply 

filter circuit consists of 
the choke Ch, the dual 
electrolytic capacitor 
C8-C9, and the low- 

CUT-OUT 
FORT 

| 

The chassis work is very simple. | 
A piece of steel, bent U- | 
shaped, supparts all the parts 1 
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by Ralph T. Moore 

Here are the plans and general dimensions 

of a combination cabinet for radio and record 

player arrangement for the home. The same 

plan can be adapted to accommodate practi- 

cally any of the standard radios and turntables. 

"HE return to popularity of record playing 

has again changed the design of radios 
almost overnight. Since the new: record 

players. utilize the crystal pickup playing 
through the radio, either wired;or wireless, 
the problem of getting the two combined 
attractively and practically is one which the 
fellow who likes to build things can easily 
accomplish. Given a good radio, an excellent 

record playing unit may be 
purchased at a very nominal 
sum. One of the difficulties 
connected with the separate 
unit is in the fact that the 
needle noise is distracting. 

The photos at the left show the fin- 
ished cabinet and slide panel details. 

The record player must be carefully 
aligned when the installation is made. 
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Phonograph Cabin 
Right: Diagram showing construction details, ] 

Since most of this is mechanical 
much more enjoyment may be 
obtained by enclosing the unit 
to muffle the needle noise. Then 
too, with separate units good 
shielding is difficult and further 
noise enters. 

This home constructed unit 
combines the separate units into 
one cabinet with a record player 
that is quickly closed by means 
of sliding doors. This design is 
only a suggested one which you 
may change to suit your radio or 
taste. | 

The first thing to do is to ex- | 
amine your radio for space re- 
quirements in a new cabinet. In 
the case shown the radio was 
isolated from the speaker. This 
may not be necessary or you may | | 
have one of the table models. In 
that case the radio may merely 
be affixed to the top shelf. In any event the The general assembly drawing shows how 
fact is that you do not need to be a radio man the cabinet is constructed. The radio is on 
to adapt your radio to the player. the top shelf, below it is the record player, 

then the speaker and space for record 
Below: Drawing showing slide panel design and panel details. storage. This design will en- 

compass a great majority of cases 

but specific dimensions are 
virtually impossible. The size of 
the records is fixed so we will 
design the unit for 12” records. 

The wood used is 12” wide maple 
of nominal 1” thickness. First 
make the outside frame round- 
ing all edges and rabbeting out 
the back edges to receive the 14” 
plywood back. The shelves are 
then added, affixing them to the 

SST sp sides as shown. The two curved 
T shelves are built up by adding a 

+| ^"^^. | 3" wide piece at the back of the 
3E. 12" pieces. 
T4] screws The front edges of these two 

svo.) M tacks | shelves are curved and rounded 
as indicated. The lower one is 
grooved using a gouge after lay- 
ing out the contour. This groove 
need only be large enough to 

[Continued on next page] 
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ERE’S a new amplifier designed especially 

for musical instruments. With it, the 
thin, weak tones of an ordinary violin acquire 

the depth and power of a Stradivarius; the 

guitar, mandolin and ukulele swell forth with 

startling brilliance and tone richness; the tiny 

spinet produces the volume of a concert 

grand! Even tap dancers can now put their 
stuff over in a big way. 

The entire apparatus is light, portable and 

completely self-contained. It may be used 
any time, anywhere and on any musical in- 
strument. It is simple to build and can be 
assembled by the average experimenter for 

less than twenty-five dollars, including tubes, 
microphone and cabinet. And, by simply 

plugging in a different microphone, the appa- 
ratus becomes an excellent public-address 
system with plenty of power for the average 
hall. Any high-impedance pickup can be 
used, adapting the outfit to phonograph record 
reproduction. 

Musicians have had difficulty in using ordi- 
nary public-address systems for amplifying 
musical instruments in most public places. 
The microphone would pick up not only the 
music but also background noises which often 
destroyed the effect. Further, considerable 
care was necessary in the placement of the 

speaker or the sound would bounce back into 
the microphone and create a howl. These 
troubles are avoided in this outfit by the use 
of a special microphone which is completely 
sealed and is sensitive only to sound vibra- 
tions picked up from the instrument with 
which it is placed in contact. This microphone 
is a tiny affair, only an inch wide and a half- 
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The MI Music B 
Left—Soft voiced instruments 

such as violins and guitars are 

particularly suited for use with 
the amplifier. As shown in the 
photograph, the microphone is 
not easily.noticeable when placed 

in position: on. the instrument. 

Below—A front view of the com- 

pleted amplifier. The volume 

control and microphone jack are 

located on the right side of the 

carrying case. Á wire grille in 

front of the speaker cone pro- 

tects it against accidental damage. 

inch high, molded in a soft rubber case so 

it may be tucked under a violin tail-piece or 
fastened with rubber bands or rubber cement 
to any other instrument without damaging 
the surface of the instrument in any way. 

The natural tone of the instrument is not 
changed; the response of the. microphone is 
rated flat within 1 db from 60 to 6,000 cycles— 
from an octave above the lowest note on the 
piano to nearly an octave above the highest 
note. i 

The input tube is a 6N7, which contains two 
medium high-mu triodes in a single envelope. 
These are cascaded to give two stages of 
amplifieation in a single tube. The measured 
gain is 30 per stage, so we get far more gain 

from this arrangement than can be had with 
a single pentode or any two ordinary triodes. 

[Continued on page 52] 

Parts List 

C1—Aerovox electrolytic capacitor, 25 mf., 25 v., type PB25 

C2, C3—Aerovox electrolytic capacitor, 8-8 mf., 450 v., 
type 2GLS (both in one can) 

C4—Aerovox mica capacitor, .01 mf., 1,000 v., type 1,450 
C5—Aerovox mica capacitor, .02 mf., 1,000 v., type 1,450 
C6. C7—Aerovox electrolytic capacitor 8-8 mf. 450 v., 

type 2GL (both in one can) 

R1—Carbon resistor, 500,000 ohms, 1 watt 
R2—Carbon resistor, 2,500 ohms, 1 watt 

R3— Volume control with switch, audio grip taper, 500,000 

ohms 

R4— Carbon resistor, 200,000 ohms, 1 watt 
R5— Carbon resistor, 50,000 ohms, 1 watt 
R6—Carbon resistor, 250,000 ohms, 1 watt 

R7—Wire-wound resistor, 40,000 ohms, 10 watts 
T1—Power transformer, primary 110 v., 60 cycles; sec. 700 

to 750 v., c.t, @ 70 to 90 ma.; 5v. 3a.; 6.3 v. 
3a., c.t. 

T2—Output transformer (supplied with speaker) 

Wright-DeCoster 10-inch dynamic loudspeaker, type EIOKU, 

with tapped field coil and universal output trans- 

former 

Amperite Kontak microphone, type SKH, complete with 20- 

foot shielded cable s 

Acratone speaker carrying case, 15x15x10, type no. 13789, 
for single speaker 

1— jack, single circuit, for microphene 
1—phone plug 

l—mounting base for amplifier, wood or metal, 14V4x4 

inches 

1—piece Celotex for speaker, 12x12x3⁄ inches 

3 tubes (1-80, 1-6B5, 1-6N7) 

3 sockets (1-octal, 1-6 prong, 1-4 prong) 

Push-back wire, wood and machine screws and nuts 

ca 
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“The Magic 
NQUESTIONABLY the capacitance- 
operated relay is one of the most fascinat- 

ing and useful instruments an experimenter 
can build. Magical in operation, it is adaptable 
to an almost endless variety of applications. 
As a burglar alarm, in advertising displays, 
to open doors of. garages, and in factories for 
counting packages and controlling safety and 
other devices, it works silently and effectively. 
In beauty parlors, it has been employed to 
switch on à light when a customer approaches 
a mirror to adjust her hat! It is easily made 
of ordinary radio parts. 

This device consists essentially of an oscil- 
lator so designed and adjusted that any slight 
change in capacitance from grid to ground will 
cause a large change in the power the tube 
generates. If a long, insulated wire is con- 
nected to the grid of the oscillator, it. forms 
one electrode of a capacitor which has ca- 
pacitance to all surrounding grounded objects. 
If a person or any other conducting object 
comes near this wire, its capacitance to ground 

is increased and this change reacts on the 

oscillator, causing its plate current to in- 
crease. If a yery sensitive relay were con- 

nected directly in the plate circuit of the 
oscillator tube, its contacts would then close, 
switching on power to actuate any desired 
device, such as a bell, motor or light. 

Far greater sensitivity is obtained, how- 
ever, by using two tubes. In addition, by 
making the output tube a power type, suffi- 
cient current is obtained to operate a less 
sensitive, and consequently less expensive 

relay. In the device to be described, two 

Novel capacitance relay 

operates electrical circuit 

if person comes near it. 

metal tubes are employed which have 
characteristies of outstanding value in 
this type of circuit. 
As shown in the diagram, the input tube is 

a type 6R7 duo-diode triode. The triode sec- 
tion forms the oscillator, in conjunction with 

the coil L1 which is center-tapped to the 
cathode. When the triode section is oscillat- 
ing, the r.f. voltage developed from cathode 
to ground is impressed on the diode section, 
causing current to flow through R2 and mak- 
ing the diode plates negative with respect to 
ground. The control grid of the 25L6 power 
tube is connected to the diode plates of the 

6R and consequently a negative bias is placed 
on the grid which reduces its plate current 
to a very low value. As soon as the triode 
ceases to oscillate, there is no longer any r.f. 
voltage applied to the diodes, the voltage 
drops and the 25L6 draws high plate current, 
causing the relay to operate. 

It will be noted that no rectifier tube or 
filter circuit is required in this design, yet the 

A 

Left—The outfit 
set up so that the 
wire is around an 
open window, 
thereby awakening 
the sleeping person 
if anyone attempts 
to enter the room. 
It can also be used 
in a gas station to 
notify the attendant 
when a car pulls in. 

instrument functions on either a.c. or d.c. On 
a.c, the 6R7 oscillates and the 25L6 draws 
plate eurrent only on the positive half-cycles. 
This principle effects a considerable saving in 
construction cost and in the size of the in- 
strument. 

After the parts required have been ob- 
tained, the first step in building the unit is 
to make the chassis, which consists simply 
of a piece of 16-gauge aluminum or steel bent 
and drilled in aecordance with the plan shown. 
The front panel, which is included with the 
standard 6 by 6 by 6 cabinet, is drilled and 
a hole and grommet are placed in the rear 
panel The oscillator coil is made by winding 
100 turns of No. 28 d.c.c. wire on a one-inch 
bakelite tube 3% inches long. A tap: is 
brought out at the center of the winding. 
When the winding has been completed, the 
entire coil is dipped in a hot half-and-half 

The diagram of the capacitance operated relay 
shows the simplicity of wiring. Only two tubes are 
used. The length of the pickup wire is not critical. 

5,000 OHMS. 
IO w. 

10,000 
OHMS,IO W| 

—~— R3 
280 OHMS (IN CORD) 



GOOD multimeter is undeniably the 
most useful of all test instruments for 

anyone who works with electrical appara- 
tus. Yet the high cost of the more elaborate 
commercial instruments has prevented many 
from purchasing such a device. Though the 
Mecuanrx ILLUSTRATED “Testmaster” to be 
described is inexpensive and simple to build, 
it has been carefully engineered to give the 
utmost in ease and accuracy of operation and 
a wider range of application than many of the 
more expensive factory-built in- 

clue to the cause by testing the line voltage. 
The Testmaster’s varied voltage scales—for 
both a.c. and d.c.—may show that the voltage 
is too high. The ohmmeter scale will settle 
problems in which a piece of electrical equip- 
ment is suspected of being burned out. 

The heart of this instrument is the highly- 
sensitive but rugged bakelite-cased meter, 
which gives a full-scale deflection for 400 
microamperes and has an internal resistance 
of 250 ohms. A knife-edge pointer enables 
readings to be made with precision over the 
various ohm and volt scales which are printed 
in red and black upon the dial By the use 
of multipliers and shunts, five voltage ranges, 
from 15 to 3,000 volts, are secured. Switching 
in a copper-oxide rectifier adapts the meter 
to a.c. measurements over the same number 

of ranges. All ranges, both a.c. and d.c., are 
covered at 1,000 ohms per volt. 
Two ohmmeter ranges are provided. The 

“Low” scale is calibrated from 2 ohms to 
15,000 ohms, while the “High” scale covers 
from 200 ohms to 15 megohms. The full 
sensitivity of the meter is employed on both 
these ranges, so no large external batteries 
are required and the instrument is com- 
pletely self-contained. A carefully-designed 
compensating circuit provides for accurate 

zero adjustment and keeps the instrument 

Above left—The completed Testmaster ready for use. 
It can be placed in a box for use on the workbench, 
or mounted in a panel above the table. Below—The 
wiring diagram. The a. c. rectifier with its parts are 
contained in a single unit, These parts are en- 
closed by a circle in the schematic diagram. 

struments now on the market. It is 
compact—scarcely more than a 
handful—yet.it combines in a single 
unit the advantages of twelve indi- 
vidual instruments.of equally high 
grade, And the total cost for all 
components is well under fifteen 
dollars. It won’t become obsolete; 
a volt is always a volt, likewise 
ohms remain ohms as the years roll 

by. This instrument measures both 
volts and ohms over an unusually 

wide range and with ordinary care 
should last a lifetime. ' 

Not only will the radio and elec- 

trical experimenter find countless 
uses for the "Testmaster," but every 
person faced with any electrical c 
problems will find it invaluable. 
Anyone troubled with too frequent 
light-bulb burnouts may find the 
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METER 
400 MICRO-AMPS 

250 OHMS 

RESISTORS 
BOTTOM VIEW 

IN CASE 

the M I TESTMASTER 
accurate, even when the batteries drop in 
voltage. 

The voltage ranges provided are 15, 75, 150, 
750 and 3,000 volts. These ranges provide a 
good overlap so all readings will appear well 

up on the scale. 
Referring to the schematic diagram, it is 

seen that the meter is connected for either 
[Continued on page 66] 

Above right—A photograph of the completed unit showing 
the parts. The rectifier is at the right, plugged into a 4-prong 
socket. Below—The panel layout showing locations of all 
holes to be drilled. The overall dimensions and positions 
of the parts can be varied to meet individual conditions, 

by Harry Canning 

Parts List 

Ri—Trutest wire-wound resistors 
1— 20,000 ohm and 1—2,000 ohm in series 

R2—Midget potentiometer, wire-wound, 500 ohms 
R3—Trutest wite-wound resistors 

1—3,000 and 1—400 ohm in series 

R4—Trustest wire-wound resistors 
1—400 and 1—600 ohm in parallel 

R5—Trustest wire-wound resistors 
1—1,000 and 1—200 ohm in parallel 

R6—Trutest wire-wound resistors 15,000 ohms 
R7—Trutest wite-wound resistors 

1—-20,000 and 1—40,600 in series 
R8—Continental Carbon semi-precision multi- se 

vee] 

(iau. CREE 
15732" > 

DRILL 9/32" 

plier resistor, 75,000 ohms 

ier = R9—Continental Carbon semi-precision multi- 
plier resistor, 600,000 ohms 

R10—Continental Carbon semi-precision multi- 
plier resistor, 3—750,000 ohms in series 

C1Tubular capacitor, .05 mf., 200 volt 
SWi—Single-pole, double-throw toggle switch, 

¥ inch shank 

SW2—Double-pole, double-throw toggle switch 
(included in meter kit) 

Triplett Model 321 a.c.d.c. Universal Meter, 
complete with — copper-oxide rectifier, 
socket for same, and double-pole, double- 
throw toggle switch (SW2) 

10—Bakelite Insulated ICA tip jacks (7-—red, 
3—black) 

" l—piece black Bakelite, 51x6/2x14 inches 
ep (for front panel) 

l—piece black Bakelite, 5x6xYys inches (for 
sub-panel) 

2—Eveready type 781 4V5-volt “C” batteries 

1—Eveready type 950 11⁄-volt flashlight battery 

1—pair ICA pencil-type test leads, No. 373 
Brass tubing or rod, 1⁄4 inch, 8 inches long, for 

four mounting posts 
Brass strip, 1⁄2 inch wide, j; inch thick, about 

one foot long, for brackets 
Oval head and round head nickel plated brass 

screws, 6/32 with nuts 

Push-back wire, assorted colors 



Prince William, Rappahan- 
nock, Shenandoah and War- 
ren of the State of Virginia; 
and the counties of Kent and 
Sussex of the State of Dela- 
ware, FORT McHENRY, 

BALTIMORE, MD. 
No. 5. The State of Vir- 

ginia except that part lying in 
District 4, and the State of 
North Carolina except that 

part lying in District 6. 402 
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Deep concentration is written all over the faces of these applicants for amateur licenses. The tests are not difficult 
and require only a fair amount of preliminary study. 

HE amateur radio license issued by the 
United States Government is a very 

unique document. It entitles the holder to 
operate a wide variety of radio transmitters 
on nine different frequency channels. He 
may use continuous wave (“c.w.”) telegraphy 

on all of these bands, and a voice on seven 
of them. The "ticket" doesn't cost a cent, 
and neither does its renewal. Any citizen of 
the United States can get one by passing a 
simple examination. Age, sex, and. color are 
immaterial. A boy of eleven and a girl of 
thirteen established the record for young 
“hams,” and they converse over the air with 
men and women old enough to be their great 
grandfathers. 
How does a prospective “ham” go about 

getting his ticket? Other amateurs in the 
neighborhood will be glad to help him, but 
the best source of information is the nearest 
office of the Federal Communications Com- 
mission. 

You have to write there anyway. for the 
application forms. Following is a complete 
list of the radio districts., Address letters in 
all cases to “Radio Inspector in Charge,” at 
the addresses given. 
No. 1. The States of Connecticut, Maine, 
Massachusetts, New Hampshire, Rhode Island 
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and Vermont. CUSTOMHOUSE, BOSTON, 
MASS. 

No. 2. The counties of Albany, Bronx, 
Columbia, Delaware, Dutchess, Greene, 
Kings, Nassau, New York, Orange, Putnam, 
Queens, Rensselaer, Richmond, Rockland, 

Schenectady, Suffolk, Sullivan, Ulster and 
Westchester of the State of New York; and 
the counties of Bergen, Essex, Hudson, Hun- 
terdon, Mercer, Middlesex, Monmouth, Mor- 
ris, Passaic, Somerset, Sussex, Union and 
Warren of the State of New Jersey. FEDERAL 
BUILDING, 641 WASHINGTON ST., NEW 
YORK, N. Y. 

No. 3. The counties of Adams, Berks, 
Bucks, Carbon, Chester, Cumberland, Dau- 
phin, Delaware, Lancaster, Lebanon, Lehigh, 
Monroe, Montgomery, Northampton, Perry, 
Philadelphia, Schuylkill and York of: the 
State of Pennsylvania; and the counties of 
Atlantic, Burlington, Camden, Cape May, 
Cumberland, Gloucester, Ocean and Salem of 
the State .of New Jersey; and the county of. 

Newcastle of the State of Delaware. ROOM 
1200, U. S. CUSTOMHOUSE, SECOND AND 
CHESTNUT STS., PHILADELPHIA, PA. 

No.4. The State of Maryland; the District 
of Columbia; the counties of Arlington, Clark, 
Fairfax, Fauquier, Frederick, Loudoun, Page, 

NORFOLK, VA. 
No. 6. The States of Ala- 

FEDERAL COMMUNICATIONS COMMISSIO 
T, J, Slowie, Secrtary: 

bama, Georgia, South Caro- 

lina, and Tennessee; and 
the countiės of Ashe, Avery, 

Buncombe, Burke, Caldwell, 
Cherokee, Clay, Cleveland, 
Graham, Haywood, Hender- 
son, Jackson, McDowell, Ma- 
con, Madison, Mitchell, Polk, 
Rutherford, Swain, Transyl- 
vania, Watąuga and Yancey of 
the State of North Carolina. , 
411 FEDERAL ANNEX, AT- 
LANTA, GA. 

No. 7. The State of Florida. 
312 FEDERAL BLDG., 
MIAMI, FLA. 

No. 8. The States of Ar- 
kansas, Louisiana and 

Mississippi; and the city of 
Texarkana in the. State of 
Texas.: 326 CUSTOMHOUSE, 
NEW ORLEANS, LA. 

No. 9. The counties of Ar- 
kansas, Brazoria, Brooks, Cal- 
houn, Cameron, Chambers, 
Fort Bend, Galveston, Goliad, 
Harris, Hidalgo, Jackson, Jefferson, Jim Wells, 
Kenedy, Kleberg, Matagorda, Nueces, Re- 
fugio, San Patricio, Victoria, Wharton and 
Willacy of the State of Texas. 404-406 
FEDERAL BLDG., GALVESTON, TEX. 

No. 10. The State of Texas except that part 
lying in District 9 and in the city of Texar- 
kana; and the States of Oklahoma and New 
Mexico. 302 U. S. TERMINAL ANNEX 

BLDG., DALLAS, TEX. 
No. ll. The State of Arizona; the county 

of Clarke in the. State of Nevada; and the 
counties of Imperial, Inyo, Kern, Los Angeles, 

, Date of issuance: FEDesAL NUNCA 
10-10-99 =- 

tons that sei to sme A MUNICATIONS COMMISSION, 
Y Licensee and P. O, address: 

Robert Edward Hertzberg, 

2512 — 84th St., 

JERICA NOT 
STATES OEA COMMISSION TRANSFERABLE 
[ASHINGION 

FEDERAL CO! 7. J. Slowie, Secretary. 

The actual “ticket” is two licenses in one. These pictures show the two 
sides of W2DJJ's license. 

Orange, Riverside, San Bernardino, San 
Diego, San Luis Obispo, Santa Barbara 
and Ventura of the State of California. 
1105 RIVES-STRONG BUILDING, LOS 
ANGELES, CALIF. 

No. 12. The State of California except that 
part lying in District 11; the State of Nevada 
except the county of Clarke. 328 CUSTOM- 
HOUSE, SAN FRANCISCO, CALIF. 

No. 13. The State of Oregon; and the State 
of Idabo except that part lying in District 14. 
207 NEW U. S. COURTHOUSE BLDG., 
PORTLAND, ORE. 
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Radio Diagrams Made Easy 

— on =L VARIABLE CAPACITORS = = DOUBLE UNIT 
d INDICATES ROTOR / .//4— INDICATES COMMON ROTOR 

Four common styles of variable capacitors (or condensers). A, B and C are single, double and triple gang units, respec- 
tively, with air spating between the plates. D is a small "trimmer" type, with the plates separated by mica or some other 

solid "dielectric" material. 

IRCUIT diagrams, usually called “sche- 
matics,” are a simple, convenient way of 

showing how the various parts of a radio set 
are connected together. In addition, they 
give a radio man a quick picture of the design 
and capabilities of the particular receiver, 
transmitter, amplifier, etc. "They are really 
much easier to follow than so-called "picture 
diagrams," except, oddly enough, in the case 
of very simple sets. This is so because the 
picture diagrams must show the relative 
positions of the parts as well as their connec- 
tions, and the whole thing becomés very com- 
plicated. 

The schematic symbols for the various parts 
used in radio construction are shorthand pic- 
tures of them. For instance, capacitors (also 
called condensers) consist of two sets of metal 
plates separated by air or some other non- 
conductor of electricity; hence the symbol 
consists of two parallellines. If the capacitor 
is variable an arrow runs through it. 
Similarly, inductors, which consist of turns of 
wire, are represented by a series of little 
eurleyeues. If two coils are wound near or 
over each other, to form a transformer, the 
two series of curleycues are drawn next to 
each other. If the core material (the inside 
of the transformer) is iron, a few straight lines 
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are inserted between the rows of curleycues. 
Since resistors retard the flow of electricity, 

they are represented by zigzag lines An 
arrow indicates a movable contact. 

After a little experience with diagrams and 
sets, a constructor can look at a schematic 
diagram and visualize in a few minutes every 
exact connection in it. 

Vacuum tubes are identified according to 
the number of "elements" inside the evacuated 
glass or metal container, which is called the 
“envelope.” The basic type is the diode, con- 
taining a plate and a filament; *di-ode" means 
two electrodes. If the filament heats another 
electrode, the cathode (which does the actual 
emitting of electrons), the cathode and not 
the filament is considered the active element, 
and the tube remains a diode. 
Adding one or more open-wire "grids" be- 

tween the cathode and the plate results in a 
large variety of tubes. One grid makes a 
total of three elements, so such a tube is a 
"triode"; two grids make a "tetrode"; three 
grids, a “pentode,” ete. A tube with five grids 
is particularly useful in certain types of 
circuits, and is called a “pentagrid converter." 
One or more of the grids may function as 
plates or “anodes.” 

[Continued on page 81] 

FIXED CAPACITORS 

- SINGLE UNIT 

Es —— 

TRIPLE UNIT 

Fixed capacitors (also called 
condensers) take many forms, 
but all are represented as 
above. A is a small elec- 
trolytic unit. B is a paper 
dielectric type. C is a large 
double-section electrolytic. 
The bottom row shows mica 
types; D, with pig tail leads; 
E, eyelet type lugs; F, screw 

connections. 

RADIO-FREQUENCY 
TRANSFORMER 

E ! 
1 

POWDERED 
TRANSFORMER, IRON CORE 
AIR CORE 

tut 
TYPICAL INTERMEDIATE- 
FREQUENCY TRANSFORMER 
WITH TUNED PRIMARY 
AND SECONDARY 

Any two coils wound on the 
same form, with air or very 
thin powdered iron as the 
core, comprise a radio-fre- 
quency transformer. À shows 
a popular short-wave plug-in 
type. B is an oscillator unit 
baving two closely intet- 
wound coils. C is an inter- 
mediate-frequency trans- 
former, with tiny tuning 
capacitors under the coils 
themselves. The can on the 
left is the shield into which 
the whole assembly fits. 

RADIO-FREQUENCY 
INDUCTORS CcoiLs) 

ANY SINGLE 
WINDING INDUCTOR 

Usual forms of single-wind- 
ing radio-frequency induc- 
tors (coils). A, large unit 
used in transmitter oscillator 
circuits. B, small plug-in coil 
for very high frequencies. C 
and D, multiple section 
radio-frequency “chokes.” E, 
small single layer choke for 

very high frequencies. 

n 
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T INDICATES IRON CORE 

AUDIO. AND POWER UNITS 

ANY SINGLE ANY IRON-CORE 
WINDING TRANSFORMER 
INDUCTOR 

E 
TYPICAL POWER. 
TRANSFORMER 

formers are easily recog- 
nized because they con- 
tain iron cores and are 
heavy. À and B, typical 
single inductors, or 
“chokes.” C, stall fila- 
ment-lighting .trans- 
former. D, typical multi- 

J winding power trans- 

| Audio and power trans- 

A, heavy-duty, wire-wouhd rheostat. B, common high-resistance type potentiometer. 
C, potentiometer with switch. D, double potentiometer. 

former. 

FIXED 
RESISTORS 

ALL TYPES 

Popular styles of fixed re- 
sistors. A, heavy-duty wire- 
wound type, ceramic form. 
B, medium size carbon type. 
C, small wire-wound types. 

D, small carbon types. 

VARIABLE 
RESISTORS 

PLATE PLATE) VACUUM PLATE PLATE 

TUBES 

GRID GRID 

FILAMENT 

“ENVELOPE 

FILAMENT CATHODE |] THEATER CATHODE {THEATER 
DIODE DIODE TRIODE TRIODE 

i FILAMENT TYPE HEATED CATHODE TYPE FILAMENT TYPE | HEATED CATHODE TYPE 

PLATE PLATE PLATE — PLATE 
NO.2 GRID NO.3 GRID NO.5 GRID NO.4 GRID 

=a NO: 2 GRID NO.3 GRID — Í SCREEN 
NO.! GRID\ ̀  NO. 1 GRID NO.1 GRID —| NO.2 GRID —GRID 

A DIODE PLATES 

CATHODE N THEATER CATHODE O heater CATHODE EATER HEATERf—YATHODE 
TETRODE PENTODE PENTAGRID DUPLEX-DIODE 

HEATED CATHODE TYPE HEATED CATHODE TYPE CONVERTER PENTODE 

" POTENTIOMETER" 
TYPE 

"RHEOSTAT" 
TYPE 

[Continued from page 78] 
Many odd types of tubes, consisting of com- 

` binations of cathode, grid and plate elements, 
are constantly appearing. A comparatively 
.simple example is the duplex-diode pentode 
pictured above. This uses a common cathode, 
with two diode plates forming a complete 
double diode, and with three grids and an- 
other plate forming a complete pentode. 
Many different styles of bases and sockets 

are used for vacuum tubes. It is highly ad- 
visable to obtain manufacturers’ data books, 
which show the exact connections in detail. 
However, the fundamental symbols shown 
above apply to all tubes, regardless of size, 
applied voltages, etc. 

An excellent way to familiarize yourself 
with the wiring of a new set is to make a com- 
plete copy of its schematic diagram. Do this 
systematically. First draw in all the tube 
symbols, then the power-supply units, the 
heater circuits and the primary power circuit. 
Proceed with the r. f. units beginning with 
the antenna and working successively through 
stages until you reach the loud speaker. 
Sometimes it is helpful to use colored pencils 
to distinguish the various circuits; for in- 

stance, red for all positive plate connections, 
green for grids, black for heater wires, etc. 
When you have finished such a diagram, you 

will almost be able to wire the set without 
looking at the schematic. 
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PIEZO— 
ELECTRIC = 
CRYSTALS SE 

Typical quartz crystals 
in three different kinds 
of holders. These crys- 
tals are used as oscil- 
lators in transmitters 
and as filters in re- 

ceivers. 

eee 

BATTERIES 
== 

OR 

A= 

The above symbols rep- 
resent batteries of all 
types. The typical bat- 
teries at the right are 
widely used and are 

Above: Parts of the earphone. A, magnet windings; readily recognized. 
EAR PHONES B, diaphragm; C, cap. On the loud speaker, D is the 

$ output aE connected to the final amplifier eee 

tube of the receiver. 

LOUD SPEAKERS 
METERS 

—®©—_ 

AMMETER 

—&— 

VOLTMETER 

Meters of all kinds 
are shown by a circle 
or a square, with the 
letter A inside for am- 
meters and V. for volt- 
meters. On the right 

Typical switches. A, single-pole, single-throw mo- are two typical 
==> SWILTCHEST mentary contact type. B, triple-pole, double-throw mounted meters. 

ay Sr: knife switch. C, double-pole, single-throw rotary type. 
e Come. i tee Cu D, popular toggle type, available in variety of contact eee 
— — S-P.S.T. + > combinations. 
RADYE D.P.S.T. 

TRANSMIT TING PLUGS & JACKS 

KEYS oc 
—— i Below: A, automatic key, usually called a “side-swiper.” B, standard straight key. coupes PE 

SPRING FRAME 
US a 

— 
== | tyre 

Plugs have either two 
or three contacts. Jacks 
may have half or dozen 
or more contactsprings, 
for operating compli- 

cated circuits. 

Symbols for other cir- 
cuit elements. A z 
ground symbol appear- — 
i ber of times 
pate dapan nalii AERIAL GROUND CRYSTAL MICROPHONE 
dictates connections to DETECTOR 
the chassis of a set. 
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Close-up of the upper chassis deck, viewed from the transmitter side. Although everything looks jumbled, the parts fit 
readily into place in their natural circuit positions. 

additions, however, for this set. An arm of 
Amphenol 912 is mounted on the armature by 
cutting a slot in the bakelite portion just above 
the metal piece. The relay must, of course, 
be disassembled to do this. If the arm is made. 
a tight fit, only a single screw at the rear of 
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the armature is necessary to fasten it. The 
arm should be 3"x!4"xY&" and a single %” 
hole is drilled at the forward end. In this 
are mounted the moving contacts. These 
may be obtained from a variety of sources, 
such as old relays, phone jacks, pin-ball 

Close-up from the receiver side. Study the pictures on these two pages very closely before undertaking any of the con- 
struction work on this set. 

machines, telephone-type switches, etc. They 

should be very thin, about 1/64" thick, and 
should be filed down if over this. Two con- 
tacts mount on the moving arm as shown, 
while the stationary contacts are held on an- 
other strip of “912” which is 2"x36"x1&" and 

is fastened 98" above the chassis on a bushing 
at the center. Holes at either end provide 
for mounting of two more contact strips. 

The antenna coupling coils mount on “L” 
shaped pieces of “912” fastened to the outer 
ends of Bud panel shafts; 6/32 holes are 
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Top view of the upper chassis deck. 

tapped in the ends of the latter for this 

purpose. 
T1 fits beneath the meter while T2 (the 

secondary of which is not used) is mounted 
under the chassis. 

The top edge of the upper chassis is 734” 
above the same edge of the lower. The rear 
corners of the.two are held together by angles 
made of a Bud 1"x3$" channel sawed down 
the center. One of the pieces is left full length 
to support the mike battery while the other 
is cut off flush with the chassis top. 

The two chassis should be wired as much 
as possible before being fastened to the panel. 
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The various parts are marked to correspond with the schematic diagram. 

It is best to use rubber grommets at all points 
where leads pass through the chassis surface. 

The insulator which supports the base of 
the antenna is of the jack style; a very flexible 
lead runs from the jack to the contacts on the 
added relay arm. Flexible wire also connects 
one end of each coupling coil to the chassis 
and tlie other end to the proper relay contact. 

The inductors L2 and L4 are alike, both con- 
sisting of 334 turns of No. 14 bare wire 34” 
outside diameter and 34" long. The tap on 
L2 is one turn from the plate end; on L4 it is 
one turn from the grid end. These coils are 
soldered directly to their respective tuning 

condensers, C1 and C8, and 
are self-supporting. C1 has 
one of its 3 plates removed. 
L1 and L3 are each 1 turn 
of insulated hook-up wire, 
also 34" diameter. 

The antenna is an auto- 
type, three-piece telescopic 
"fishpole" with a banana 
plug fitted to the bottom. 
A 2" square of “912” sup- 
ports the antenna where it 
passes through the top of 
the case. It should have a 
maximum length of about 

6 feet and is used as a 3⁄4 
wave current-fed radiator. 

It is also possible to use 
a % wave antenna in 
crowded quarters, as this 
will have a length of only 
about 20", but the longer 
antenna is preferred. 

The set should be tried 
out on alternating current 

first. A steady hiss from 
the speaker shows that the 
receiver is operating prop- 

erly. A bit of tuning should 

enable pick-up of several 
215 meter signals and after 
a short time it will be pos- 
sible to ascertain whether 

the proper band can be 
covered. If it is found that 
the tuning range should be 
shifted a bit on the dial, 

this can be accomplished 

by squeezing or lengthen- 
ing L2. 

The transmitter should 
be put on the air only 

after its frequency is 
checked by a fellow ama- 
teur. The band limits 
should be marked on the 
dial so that there will be 
no chance of passing the 
edges. 
The antenna should al- 

ways be resonant at the 
transmitter frequency. To secure this res- 
onance, vary the transmitter dial until a 
rather sharp rise is noted on the plate current 
meter. Turn the dial until the meter rises 
highest, then reduce the antenna coupling by 
moving L3 away from L4 until the plate meter 

-.6-VOLT 
SOCKET. 

IIQ-VOLT 
SOCKET 

Back view of the completed set. Note that the 6-volt and 
110-voltsockets are sunk behind the edge of the bottom chassis. 

reads 20 ma. Never run the tube at a higher 

. current or it will be damaged. 
"This transmitter has a power input of about 

6 watts and has been found to put out a good 
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The 
"MIGHTY 
MITE” 

Do you want to “go on the 

air” as a radio amateur with 

a transmitter of your own? 

Here is a simple, easily-built 

tig that will work the first 

time you turn on the juice! 

IMPLICITY is the keynote of the “Mighty 
Mite”; in fact, this compact transmitter 

is so simple that at first glance several neces- 
sities appear to have been omitted from the 
circuit diagram. (See page 100.) Such is not 
the case, however, and the little rig illustrated 
will put out a clean, husky short-wave signal 
that should enable a beginner to snare a good 
deal of local and DX contacts on the popular 
amateur bands, The “Mighty Mite” was de- 
signed especially to meet the demands of 
many readers who are interested in “getting 
on the air" and communicating with other 
amateur operators. It is the very simplest 

short-wave transmitter that can possibly be 
built, yet it is rugged and reliable in all re- 
spects. After its owner has gained some 

operating experience, and wants to enlarge 

his station, the “Mighty Mite" can be used 
without change as an “exciter” unit for a 
higher-powered rig. 

Since this was worked out a beginner's 
unit, safety was kept paramount. For this 
reason the output circuit is of the so-called 
parallel feed style, with the plate inductor 
L1 and the tuning capacitor C1 isolated from 
high voltage D.C. With the exception of the 
terminals on the meter, which should be 
taped, it is impossible to get a “jolt” from 
anything above the chassis. Thus, if the 
newcomer, in a burst of excitement at hear- 
ing some hot DX, should reach into the case 

to change coils with the power on, even if 
the key were closed, he could not possibly be 
shocked. At most, an r.f. burn would result, 
but it would not knock the operator flat, as 
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CRYSTAL Jf 

Simpler in construction and appearance than most receivers, 
the "Mighty Mite" is an attractive addition to any radio fan's 
“shack.” The front panel measures only 7x8 inches and 
has all the controls conveniently arranged for quick tuning. 
The parts are marked to correspond with the schematic dia- 

gram-on page 100. 

might be the case were the simpler series 
feed used. 

While the features of safety and simplicity 
make the “Mighty Mite" of great interest to 
the beginner, it is also handy for the experi- 
.enced ham as well, since it is ideal for a 
portable transmitter to take along on a trip 
or vacation. 

While all bands from 160 to 10 meters may 
be covered, the transmitter is designed for . 
optimum results on 80, 40, and 20 meters. On 
10 meters, the efficiency of the parallel feed 
plate circuit is poor, and series feed must be 
used to get good results. 

The plate coils L1 are plug-in, and are of 
commercial make, although the coil chart on 
page 100 gives details for those who wish to 
make their own. The coils used come with a 
link winding of several turns. This is in- 
sufficient for most antenna coupling needs, 
however, since the link is designed: for in- 
terstage coupling in multi-tube transmitters. 
While they: do no harm if left on, the link 
windings were clipped off the coils shown. 

The-center tap is also unnecessary and may 
be removed. Due to rather high stray circuit 
capacitances, the 20 meter coil would not 
quite reach the band in its original state, so 
two turns were removed. Allother coils may 

be used as purchased. 
Antenna coupling is a subject upon which 

reams may be written. — Simple pro- 

visions were provided in the trans- 
mitter for antenna coupling to some . 

types of antennas, notably the single- 
wire feed. For such use, the feeder is 
run to terminal 2 on the front of the 
set, and 1 is not used. A small clip 
bent out of thin spring brass connects 
to one side of capacitor C2, and is 
fastened on the various coils so that 
proper loading is achieved. I 

For connection to tuned or un- 
tuned 2-wire feeders, a coupling coil, 
L2, must be made and slipped over 
the outside of L1 so that it can be 
slid back and forth to vary the loading. 
C2 may be used either in parallel or in 
series with L2, when connected to a 
“Zepp? antenna. For untuned feed 
lines, L2 is connected direct to posts. 
'1 and 2, the connections shown on 
these posts being first removed. Since 
L2 wil vary in size for each coil, it 
may be made an integral part of each, 
'and connected to the former fixed link 
pins in the base. Pushback wire is 
quite satisfactory for L2. 

Construction is begun by marking 
out the chassis and cutting all holes as 
indicated on page 100. Next, mark the 

panel and drill it out; a red pencil will 
facilitate the latter work. Be sure to 
mount the filter capacitor, C7, as 
shown, since there is plenty of room 
for it there. Assemble the parts on 
the chassis, then fasten the panel and 
its components. Capacitor Cl is 
mounted directly on the metal chassis. 

C2, however, must be insulated from 
the panel It is held in place by a 
piece of Victron (or other good in- 
sulating material) 134"x94"xY&", 
which is held about 1⁄4” away from the 
front panel by means of spacers. 

Although ceramic sockets are used 
for the 6L6G tube and the coil, plain 
bakelite wafer types suffice for the 
5T4 and the crystal, although special 
2-prong holders for the latter may be 
used if on hand. 

The bulb P1 is mounted in its socket 
so that the glass projects through the 
panel. A rubber grommet protects it. 
The lug connecting to the outer shell 
of the socket is soldered directly to 
the chassis top. 

Wiring is done with pushback 
throughout. Connect all a.c, leads first, 

Above: This back view shows the essential placement of the parts 
of the "Mighty Mite.” Note that variable capacitor C2 is mounted 
on a small insulating strip to isolate it from the panel, which is 
grounded. The socket for the crystal holder is partially hidden by the 
meter M. The socket for the plug-in coil L1 is mounted about 34” 
above the chassis by means of brass collars through which the mounting 
screws pass. . 

Below: The underside of the chassis, with the parts in position but 
not connected. The units that appear to be hanging in mid-air are 
supported by their own connecting wires. Note that a clearance hole 
is provided under the socket for the plug-in coil L1, to pass the wires 
without touching the chassis. 



Complete Amateur Statian 
by Stanley Johnson 

RECEIVING 
ANTENNA — 

POST 

SENDING q @ 
ANTENNA @ 

POST 

HE ability of simple short-wave sets to 
provide communication when all other 

means are wiped out has time and again 
proved of priceless value to isolated com- 
munities. Yet too often, emergency equip- 

ment independent of power lines is not built 
up until a sleet storm has left communication 
wires an icy tangle or flood water is begin- 
ning to trickle across the living room floor. 

This receiving and transmitting unit— 
actually a complete amateur station—may be 
operated entirely from a single storage 
battery, making it an ideal emergency- 
portable unit for any amateur and of even 
greater value to the rural amateur who lives 
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rear view of the combin 
receiver and transmitter sho 
ihe manner in which various 
parts are arranged on chassis. 

Wiring of the receiver 
and transmitter com- 
ponents can be made 
extremely simple by re- 
ferring to this pictorial 
plan. It is identical to 

=6 ,-250 VOLTS 

+250 VOLTS 

+6 VOLTS the schematic circuit 
shown on page 112. 

far from power lines. Although it measures 
only ten inches wide, seven inches high, and 
seven inches deep, it is capable of surprising 
output at low plate voltage. The unit shown 
in the photographs was used in a recent na- 
tional amateur “Field Day Contest,” and dur- 
ing sixteen hours of operation provided 
contact with 22 stations in a dozen states, 
including widely separated California, New 
York, Minnesota and Texas. Input to the 
transmitter was 10.5 watts, obtained from a 
small genemotor. 

The unit uses three metal tubes, a 6L6; a 
6J7, and a 6C5. The 6L6 serves as a crystal 
oscillator in a new transmitting circuit which 
allows clean keying on the fundamental fre- 
quency, good output when doubling, and 
simplified antenna matching—all with only 
two tuning condensers and a single coil. The 
6J7 and the 6C5 provide for reception in an 

improved electron coupled detector 
—resistance coupled audio receiving 
circuit. 

All of the tubes used are of the 
six-volt variety which may be 

lighted by a storage battery. The 
same battery can drive a 6-250 volt, 
50 milliampere genemotor to supply 
the plate voltage. Five or six heavy 
duty “B” batteries may be substi- 
tuted for the genemotor, but vi- 
brator power supplies of the type used in 
automobile radios are not recommended be- 
cause of poor regulation and the difficulty of 
filtering them enough to allow their use with 
short-wave receivers. 
The use of a black crackle finished pressed 

wood material for the base panel makes the 
transmitter-receiver easy to build. Holes 

may be drilled with ordinary wood tools. 
Small wood cleats support the base panel in 
order to allow space underneath for the wir- 
ing and small parts. The front panel is a 
7 x 10-inch sheet of a zinc alloy material 
similar in appearance to aluminum but 
cheaper and easier to work. Alltuning con- 

trols—the "send-listen" switch which shifts 
the “B” voltage from the receiver to trans- 
mitter, the jack for the plate current milliam- 
meter and the two antenna insulators—are all 
on the panel. 

The receiver portion of the unit requires 
the most wiring so it is best to wire it first. 
All radio-frequency "grounds" are made to 
a group of soldering lugs between the two 
receiver tube sockets. Short leads and well- 
soldered connections are important. Looking 
at the set from the bottom, receiver wiring 
is separated from transmitter wiring by the 

four wire power cable. 
The detector circuit of the receiver fea- 

tures an improved version of the electron 
coupled oscillator. Notice that the cathode 
“tickler” coil is wound in the opposite direc- 
tion from the “grid” coil and unlike the older 
circuit, only the grid coil is tuned. A very 

small variable capacitor, made by removing 
two plates from a five-plate midget variable, 
is used for tuning in order to spread the 
amateur bands over a good portion of the 

E ie 
The unusual compactness of the combination 
transmitter and receiver permits it to be set 
up for emergency operation indoors or out. 

dial. The builder must be careful in winding 
coils, however, or the narrow bands will be 
missed entirely. Some adjustment of the 

antenna coupling capacitor may be neces- 
sary in order that the amateur bands fall in 
the center of the dial. 

Once the receiver is completed and work- 
ing properly, you are ready to begin on the 

transmitter. The circuit is one of the several 
new regenerative crystal circuits. Regenera- 

tion, obtained from the radio frequency choke 
and capacitor in the cathode circuit, in- 

creases the output and allows keying of the 

transmitter at the crystal frequency under 

considerable antenna load. This particular 
method of securing regeneration is generally 

credited to Frank C. Jones, veteran short- 

wave experimenter. Thanks to the high 
mutual conductance of the 6L6, excellent 

When the set is not in operation, be sure the 
changeover switch is either in the off position, 
or on “transmitter.” When the switch is in "re- 
ceiver” position, the potentiometer and dropping 
resistor are connected across the "B" battery. 
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‘pee-wee 
_PORTABLE 

"So light a child can carry it” is no idle boast in the case of the MI “pee-wee” portable radio. Set it anywhere and it brings 
in plenty of broadcast stations. 

by L. J. Kurland 

HE tremendous popularity achieved by 
small battery-operated portable receivers 

has been one of the major phenomena 
of recent radio history, and this popularity 

appears certain to be far surpassed. Users 

of these receivers have found that they are 

not only outdoor or vacation-time outfits, but 
are extremely handy for all sorts of purposes 
the year round. 

Since the first of these receivers was 
brought out, there have been several major 
developments tending to make possible even 

more compact,equipment. Among the most 
interesting of these are the new miniature 

receiving tubes and a compact layer-built 
“B” battery of very high efficiency. Very few 
sets, if any, have thus far been marketed with 
these new parts, so it was decided to see what 
could be done in the way of a really small 
and lightweight outfit which anyone with 
reasonable radio. experience could build. 

The result is the MI “pee-wee” portable, 
which weighs only 834 lbs, and measures 
1014"x8"x412": this is smaller than the ma- 
jority of commercial sets. Furthermore, full- 
size. standard batteries are used, assuring 
operating life as good as most larger sets. It 
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is of course impossible to give more than the 

roughest approximation of this life, but in 
general a set of batteries should give at least 
150 hours of service, and in most cases much 

more, 
There are no tricks whatever to construc- 

tion or operation of the "pee-wee," so the 
reader need not be a radio expert to tackle 
the job. 

The case is the first requirement and may 
be obtained from most luggage stores. It is 
a type known in the trade as a make-up bag. 
The one used here is covered with genuine 

leather and costs about $5.00; those covered 
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Although the chassis is small, there is comfortable space 
for all the parts. Compare this layout with the photo of 

the actual chassis at the top of the next pege. 

with cloth can be purchased 

from 79c up. The inside di- 
mensions should be no less than 
934"x' 134" x4Y4", but of course 
may be more. A case could be 
made at home from ordinary 
14" plywood if desired. 

The cloth lining of the case 
is removed and the mirror in 
the lid is also taken out. The 
inside is then smoothed off and 
given a coat of paint for neat 
appearance. 

The shelf upon which the 
chassis rests is of 4%” plywood, 
glued in place. Strips of wood 
are also glued in to keep the 
batteries from sliding about. 

The aluminum chassis is bent from a sheet 
915"x5"xj" thick, to give a finished base as 
shown in the drawings. The two front cor- 

ners were soldered with Alumaweld to give 
added strength. This takes a great deal of 
heat and many builders may not wish to try 
it, in which case simple bolted angles will do 
very well. The chassis must be strengthened, 
however. 

The chassis layout is given in simplified 
form, that is, only the approximate positions 

The parts 
are marked to correspond with the schematic diagram below. 
The complete chassis of the ''pee-wee" portable. 

of the parts are shown, without all the mount- 
ing holes. This layout should be followed 
as closely as possible. If any alterations are 
made, try to keep all parts as far toward the 
front edge of the chassis as possible. The 
reason for this is that metal parts near the 
loop must be kept to a minimum; this is the 
reason the back of the chassis is left open. 
The speaker with output transformer 

mounted was a bit too high for the case used, 
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65 mmf. dual capacitor (Meissner 21-5214) 
5 mmf. trimmer capacitor (Meissner 21-5174) 

C3—175-500 mmf. padding capacitor (Meissner 22-7005) 
C4, C8—50 mmf, mica capacitor (Solar MO1410) 
C5—.05 mf. paper capacitor (Solar MP4145) 
C6, C13—.1 mf. paper capacitor (Solar MP4157) 
C7, C9, C11—.01 mf. paper capacitor (Solar MP4141) 
C10—.25 mf. paper capacitor (Solar MP4162) 
C12—.004 mf. mica capacitor (Solas MW 1237) 
C14— 8 mf. 100 V. electrolytic capacitor (Solar M108) 
R1, R2—50,000 ohm YA Watt resistor (IRC BT 1⁄2) 
R3, R9—2 meg. ohm 44 watt resistor (IRC BT 12) 
R4-—20,000 ohm 1⁄2 Watt resistor (IRC BT 1⁄4) 
R5—1 meg. ohm variable resistor (IRC D13-137) 
R6—10 meg. ohm 1 Watt resistor (IRC BT V4) 

R7—3 meg. ohm 1% Watt resistor (IRC BT 14) 
R8—1 meg. ohm 1⁄2 Watt resistor (IRC BT 14) 
R10—500 ohm 14 Watt resistor (IRC BT 14) 
SW1—DPST switch to fit on R5 (IRC No. 42) 
Pops aen ántenna (Miller 703 A) 

nput I. F. transformer (Meissner 16-6658) 
L3—Output I. F. transformer (Meissner 16-6660) 
L4—Speaker output transformer (Oxford 21J75) 
SPK—4” permanent magnet dynamic speaker 

4ZMP) 
Sockets—Four 7-pin button type (Cinch 2557) 
“A” battery plug—(Cinch 2744) 
“B” battery plug—(Cinch 2731) 
Vernier attachment for C1— (Crowe 599) 
3 knobs— (Crowe 6126) 
“A” battery—114 volts (Eveready 741) 
“B” battery—45 volts (Eveready 482) 
Case—See text for dimensions 

(Oxford 
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so it was necessary to cut a slot on the top of 
the chassis and set it down in about 38". Ifa 
case of the size specified is used, however, this 
is not necessary and the speaker may be mounted 
directly on the top of the chassis. Two screws 
in front and a bracket at the rear hold the 
speaker securely. 

'The only tricky part of construction. came in 
the dial and vernier drive arrangement. A so- 
called planetary drive unit was cut short and 

sweated on to the capacitor shaft. The dial 
was removed from an old midget receiver. As 
a matter of fact, a vernier drive is really not 
necessary, as tuning is not too sharp. A simple 

dial glued to or drawn on the face of the case, 
with direct drive, will be very satisfactory and 
save a great deal of “fussing.” 
Mounting of.parts is quite simple and wiring 

is the final chore. When finished, it should be 

TC 

There isn't much empty space inside the "pee-wee" portable! When the cover 
is closed, the sponge rubber pads press against the “A” and "B" batteries 

and keep them securely in place. 
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Above: The openings in the front of the 
case for the loud speaker and the tuning 
dial are readily cut with a sharp knife. 

checked with the greatest care. 

Flexible leads are used for all 
battery connections and for 
leads to the loop antenna. The 
former terminates in plugs that 
fit in corresponding sockets on 
the batteries, making battery 
changing a matter of a minute 
or so. 

Alignment is best accom- 
plished with a service oscilla- 
tor, although, if a powerful 
broadcast station is nearby, it 
may usually be used. At any 
rate, the first step is to set all 

four trimmers on top of the 
if. transformers, (L2, L3) to 
the point giving maximum sig- 
nal The i.f. is 465 kc. 

The loop antenna should 
have four turns removed from 
its outside edge before it is in- 
stalled. Place the receiver, 
batteries, and loop on the bench 
in the same relative positions 
they will occupy in the case, 
then proceed with alignment of 
the oscillator trimmer on the 
gang condenser. The trimmer 

for the detector section should 
be left wide open, and the front 

of panel antenna trimmer, C2, 
set about one-half open. With 
the main tuning condenser wide 
open, the set should operate at 

about 1,600 ke., and a definite point of reso- 
nance must be had with C2. Next, fully close 
the gang capacitor, and adjust. the padding 
capacitor to resonance. 

The above operations are entirely standard 
procedure, and if the builder has not the 
equipment or experience to do them properly, 
a service man will perform the job for 
very little. The main point to remember 
is that all the parts must be in the same 
positions they occupy in the case. This is 
especially: important in the case of the loop 
antenna. 

The antenna trimmer, C2, is a luxury not 
found on commercial sets. For ordinary local 
reception it need not be touched, as it may be 
left in the same position no matter where C1 
is set. However, for distance work it is in- 
valuable, and it is also useful when an antenna 

and ground are used with the set. 
A slot 212"x114" is cut in the lower rear 

of the case, with a small terminal strip across 
one end for antenna and ground connections. 
The rest of the slot is left open for a speaker 
rear vent. š 

Incidentally, it should be noted that the 
normal bottom of the make-up case is used 
as the front of the finished receiver, while the 
original case top becomes the receiver rear. 
This makes it very easy to get into the case 
for battery or tube changes. 

Holes for the dial and speaker are cut in 
the case and the latter covered with’ grill 
cloth. It was found adequate to hold the 
chassis in place by two nuts, one over the 

934" 

SPEAKER 
OPENING 

REAR VIEW 
OF CASE 

(BACK OPEN) 

Above: Appearance of the inside of the case of the ‘tpee-wee”’ 
with the chassis and the batteries removed to show the shelf 
arrangement. The black ribbon on the left prevents the 
cover from dropping open too fat. Below: Chassis and case 
dimensions. The latter are subject to some variations, de- 
pending on the size of the particular case that is used for the 

teceiver. 

BACK LEFT 
OPEN 

bushing of C2 and one over the front 
of the earphone jack. 

The loop is simply glued into the cover 
of the case. Blocks of sponge rubber 
fastened inside the cover with rubber 
cement hold the batteries firmly in place 
and prevent shifting. 

After this outfit has been in use we 
feel sure the reader will agree that it 
is outstanding in performance. 
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The completed set in use. The binding post at the left is for the 
antenna connection. All batteries are in the cabinet. 

HEN warm weather brings the urge to 
spend more time outdoors, some radio 

fans hesitate to build a portable receiver be- 
cause of the cost and trouble of construction. 
However, with this set, neither of these prob- 
lems is of large proportion. The cost of parts 
is sufficiently low so that almost any experi- 
menter will find that the pocketbook is not 
strained very much. When the junk box is 
brought out and examined for possible parts 
that can be used, usually the final cost will 
be reduced to a very few dollars. The actual 
construction is simple enough so that a single 
weekend of work will result in a completed 
set, ready for use wherever its owner wishes 
to take it. 

There is nothing tricky or odd about this 
receiver. It uses new tubes, but these are 
really “old tubes" with a different type of 
filament. These tubes are designed for bat- 
tery service and operate on 1.5 volts, thus 
permitting the use of a single “A” battery. 
The space thus conserved means that the set 
is much more compact and weighs cónsider- 
ably less than previous types of portables. 
The complete set, including everything but 
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FRONT VIEW 

If the parts specified are used, the layout 
above should be followed. This view is 
of the front of the all-metal cabinet. 

" 
„CHASSIS iS 5 T 
Yo ALUMINUM - The positions for the 

C3 holes to be drilled 
through the metal base 

are shown above. 

i BRACKETS FOR MOUNTING CONDENSERS 

T. he antenna capacitor and the regeneration 
control capacitor are mounted to the under side 
of the base. The bracket for C2 must be insulated 
from the chassis by means of fibre washers top 
and bottom, Metal washers should be used with 
the bracket for C3 so that the chassis rests level. 

the earphones, is contained in a split metal 

case 634 inches high, 5 inches wide and 834 
inches deep. This case is available at most 
radio supply stores. The builder may want 

to use some: other type of construction, 

whereby the earphones.can be housed in a 
small compartment; he will find many other 

sizes and types of cases available, or he may 

even go so far as to construct his own case of 
wood. If so, a metal panel is recommended 

| three-tube per- 
| formancein — 

| this easily con- 
structed porta- 

ble receiver. 

underside o! 

to reduce “hand-capacity” effects. A piece 
of Ye” aluminum 5"x412" is used for the sub- 
panel The midget capacitors C2 and C3 are 
mounted underneath this aluminum plate. 
When they are fastened to the front of the 
case, they serve as a support for one end of 
the chassis. This makes a very convenient 
arrangement and it is necessary to employ 
only a long screw to support the rear of the 
base plate. The entire r.f. and audio portion 
is built on this small base. 

The antenna capacitor C2 and the regener- 
ation capacitor C3 are mounted on the under 

side of the base; so are the two tube sockets. 
The coil socket is mounted on top. This ar- 
rangement is absolutely necessary because 
the three sockets are so close together that 
they would interfere with each other if they 
were all mounted on the top of the chassis. 
Place small washers between the under- 
side of the chassis and the tops of the tube 
sockets, to prevent the rivets on the latter 
from “shorting” against the aluminum. Raise 
the coil socket about 34" above the chassis by 
small collars or piles of washers. 

The circuit of this receiver is not the least 
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