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Look the name 
on the carton 

Insist on Cunningham Radio Tubes -there is no higher Quality 
HE primary purpose of a trade name is to 
identify a product or firm in the mind of 

the buyer. Ask the next Radio enthusiast you 
meet to state one of the best known names 
identified with Radio and he will say: 
"Cunningham." 

The presence of the word "Cunningham" on 
Radio Tubes tells the character and quality 
of this product -the ideals, engineering skill 
and service given to the Radio field since the 
year 1915 by E.T. Cunningham, Inc. It is the 
radio tube that has made possible the broad 
and far reaching application of radio tele- 
phony,and that plays the most importantpart 

in the operation of your Radio Receiving Set. 
Cunningham Radio Tubes, standard for all 
makes of receiving sets, built by one of the 
world's largest manufacturers with unlimited 
resources, are the product of years of manu- 
facturing experience and the creative genius 
of the engineers of the great scientific organ- 
ization, the research Laboratory of the 
General Electric Co. 

Patent Notices Cunningham tubes ar, 
covered by patents dated 

2-18 -08 and others issued and pending. 
Licensed for amateur, experimental and en- 
tertainment use in radio communication. 
Any other use will be an infringement. 

The care and operation of each model of 
Receiving Tube is fully explained in our 
new 40 -page "Radio Tube Data Book." 
Copies may be obtained by sending ten 
cents to our San Franco office. 

New Prices on 
CUNNINGHAM TUBES 

Now in Effect 
C- 301A -5 Volts 1- 4Ampere 
filament. $5.00 
C -Q99 -3 Volts .06 Amp. 
Dry Battery Det. and Amp. 

$5.00 
C -300 -5 Volts Gas Content 
Detector . . $5.00 
C- 11 -1.1 Volts .25 amp. 
Dry Battery Det. and Amp. 
Special Base ... $5.00 
C -12- Similar to C -11 with 
standard base $5.00 

HOME OFFICE 
182 Second Street 154 W. Lake Street 

SAN FRANCISCO CHICAGO 
30 Church Street 

NEW YORK 
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An Easy Way 
to Cut Out 
Interference 

Add _a Ferbend 
WaveTrap 
to Your Set 

WHY LISTEN TO THREE 
STATIONS AT A TIME ? 

Why rebuild and enlarge your set to 
the last pitch of refinement just to get 
better selectivity, when you can get a 
Wave Trap which, connected by two 
wires to your old set, will TRAP OUT 
the powerful waves from the interfer- 
ing station, and leave the voice you 
want to hear just as "clear as a bell"? 
The Ferbend is the Original Wave Trap, designed 
and manufactured complete by us, after years of 
careful experimenting. Do not confuse it with 
imitations, hastily assembled from ordinary radio 
parts. 

e FERBEND 

* The 
Orig'jnat 
wave 

Filter Fi1ter 

PATENT APPLIED 

GUARANTEE 
Every FERBEND WAVE TRAP is warranted to ,/"/ 1, *(v,.4,4° C,,<" 
be of best materials, designed and manufac- 0 ,5\rQo` rZoo+ 
tuned complete by the Ferbend Electric Co. / G ti ra. 4 4, 
(not assembled from stock radio parts). / 'tiG ,¢4vß ,c Qa 1 
When connected to any workable radio /' 44'tß o %- ß , 

receiving set, and properly adjusted, ,/ o .0 o e e°caoo 
according to directions, we guarantee / .' o.6 

,,,-\ '1, co,w .say 
a4 

g6 
that any interfering broadcasting station o 5"..s `SaQ1 ¿c AP 
can be tuned out, while the station / ofi a ò S e + 
desired continues to be heard as /" ,Sy JF a s * G4bO0 

THIS MAN TAKES HIS 
CHOICE WHY DON'T YO U? 
FERBEND ELECTRIC CO. 

19 E. South Water St., 
Chicago 

I have installed the WAVE TRAP I pur- 
chased from you sometime ago and given it a 
thorough tryout. There are five broadcasting 
stations in this city, four of them I can trap out 
by moving dial ten points, the other, KFI, the 
most powerful one, I can silence by changing 
the dial twenty points. This station is heard 
on the Atlantic coast and Hawaiian Islands. 

JOHN F. PARSONS 
I09 N. Avenue 19, 

Los Angeles, Calif. // 
// 
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here's a Radiola 
for every mew and Revolutionary 

Radio Achievements 
in the new Radcolas 

Radiola III, an improved 
two tube receiver of antenna 
type, sensitive and selective. 
Complete with two WD -11 
Radiotrons and headphones 
(everything except batteries 
and antenna) . . . $35. 

Radiola III -a, 
which is Radiola 
III and its bal- 
anced amplifier 
complete in one 
cabinet; includ- 
ing four WD -11 
Radiotrons, headphones, and Radiola 
Loudspeaker (either type FH or UZ 
1320.) Everything except antenna and 
batteries $100 

Radiola X- 
selective and 
non -radiating. 
Remarkable for 
distance recep- 
tion. Built -in 
type loudspeak- 
er. Complete 
with four WD -11 
Radiotrons- 
everything ex- 
cept batteries 
and antenna. 

$245. 

This symbol of 
quality is your 

protection. 

Radio Corporation of 
233 Broadway 

New York 

Sales Offices 
10 So. LaSalle Street 

Chicago, Illinois 

Racliola Super -VIII 
-an improvedSuper- 
Heterodyne. Selec- 
tive and non- radiat- 
ing. With no antenna, 
and no ground con- 
nection, it receives 
far distant stations, 
even while local ones 
are operating. Loud - 
speakerbuilt in.Com- 
plete with six UV -199 
Radiotrons - every- 
thing except batter- 
ies . . . . $425. 

Radiola f 
S uper- Hetero- 
dyne, same 
as Super 
VIII but/ 
semi -port- /- 
able in mahogany finished cabinet, with 
Radiola Loudspeaker.With six UV 199 Radio- 
trons, but without batteries . . . . $286. 
Same as above, but without Radiotrons or 
Loudspeaker . $220. 

RadiolaRegenofiex, a modifiedRadi- 
ola X. With four WD -11 Radiotrons 
and Radiola 

i; 

Loudspeak- y 
er but less & 
batteries 
and anten- 
na . $206. 
Same as 
above, but i without 
Radiotrons ' 

and Loud- 
speaker$150 

America 
433 California Street 

San Francisco, California 

REG. U.5 PAT OFF. 

Send this coupon for an illustrated 
booklet that tells the story completely, 
with detailed description of every set. 

RADIO CORPORATION OF AMERICA 
Dept. 34 (Address office nearest you.) 
Please send me your free Radio Booklet. 

Name 

Street Address 

City State 
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The Story of the First Sea Rescue by Radio as Told by Jack Binns Who 
Became a Radio Hero in the Old Days when Radio Was Wireless and a 
Ten -Inch Spark Coil and a Magnetic Detector Was the Ultimate in Apparatus 

By ALFRED M. CADDELL 

Serious accidents on passenger liners at sea are rare enough these days. Just stop for a moment and see 
if ou can remember when the last great disaster at sea occurred. The war years should not be counted, for 
the sinking of the Lusitania, for example, was not due to faulty navigation or the luck o' the sea. 

The fact is that radio has so aided navigation that real accidents simply don't happen. Every big 
vessel is in constant touch with both shores of the ocean during the entire passage, the ship's chronometers 
are corrected twice daily by radio time signals, and the radio compass guides the big ships in time of fog or 
heavy weather. The shore radio compass is available on almost every coast for every ship, small or large. 

We have grown to take radio almost for granted, as far as its use in marine telegraphy goes. The public 
expects great things of the radio now -and isn't disappointed. But it was not so long ago that the radio 
waves had to prove their usefulness. Then, even the big ships boasted but one operator who could be at his 
set only a part of the day. Sets would not send very far, and the apparatus was not too dependable. The 
public, if it gave much consideration to radio at all, was somewhat skeptical. 

But when radio saved the lives of thousands at sea in January, 1909, when Jack Binns at the key of the 
Republic, sent out distress calls which gave him the aid of the land station nearest him and the many ships 
around the scene of the disaster, Americans began to feel that maybe this radio thing had something to it 
after all. 

Jack Binns has given me this fascinating story of the Republic himself, exactly as it happened. -A. M. C. 

T WAS four o'clock Saturday' morning, 
January 23, 1909. The steamship Republic, 
in command of Captain Inman Sealbv, had 
left New York for Liverpool at five o'clock 
the evening before, with 1,60o passengers on 

board. Jack Binnswas the onewireless operator 
on the ship. Almost immediately upon clearing 
Sandy Hook the ship had run into a thick fog 
bank, and the automatic fog -horn was set 
going. Binns was kept busy at the key until 
midnight, sending and receiving commercial 
messages, and exchanging "location" reports 
with other ships and stations on shore. And 
then he turned into his bunk for the night. 

Like all ship operators Binns went to sleep 
with a more or less alert mind. All went well 
until eight bells, and then 

Awakened by the sudden change in the fog 
signals, Binns sat upright on the edge of his 
bunk, and listened. One second, two seconds, 
three 

A tremor ran throughout the ship. There 
was terrific crashing. Rushing from his bunk 
into the operating room which was situated on 
the aft -port side of the ship, he peered out 
through the darkness. 

Crumpled up like the bellows of a con- 
certina, the lower part of the colliding ship's 
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bow had hit the Republic full and square in her 
engine room compartment while the upper part, 
plowing its way through the cabins on the 
deck, hung over it, a menacing mountain of 
twisted steel. The roof of the wireless cabin 
collapsed; part of the' cabin itself was wrenched 
away. 

A strong current was running, swinging the 
colliding ship and the Republic around and 
twisting her davits, stanchions and beams. 
The telep hone between the wireless cabin and 
the bridge was destroyed. At a glance -it all 
happened at once, it seemed -Binns took in 
the situation. He was standing between life 
and death. Unlike many others on the ship 
his intelligence was not numbed. He got into 
action. 

Was his wireless set in working order? Was 
the antenna intact? 

" The system we used at that time enabled 
me to find out very quickly," said Mr. Binns, 
when the writer interviewed him in his office at 
the New York Tribune. " I had a transmitting 
apparatus consisting of a ten -inch spark coil 
which was run from the ship's lighting mains 
and could be used either for untuned sending at 

the natural period of the aerial or with a tuned 
circuit which was an inductance and condenser 
of Leyden jars. On the other hand, my re- 
ceiving equipment consisted of a magnetic 
detector with a Franklin tuner which was one 
of the new pieces of apparatus of that das'. 
But, judged from present standards, that tuner 
was very crude. 

" We were transmitting with what is known 
as plain antenna, and unless the antenna was 
up and thoroughly insulated, it was impossible 
to get a spark. I had just time enough to work 
the key and find out that the antenna was still 
up when the lights went out. All the ma- 
chinery of the ship, including the generators, 
had been almost immediately put out of corn- 
mission. 

" I had jumped to the key immediately- 
I think that not more than three seconds had 
elapsed since the vessel had struck us. Al- 
though I had a vague idea what had happened, 
1 didn't know the exact details. What I did 
know was enough. As the vessels were swung 
around by the current I saw my cabin being 
ripped away. 

" When the ship's lighting current went off, 
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THE "REPUBLIC" 
Which was the scene of the radio drama in which Jack Binns was the chief actor one exciting day in January, 1909 



I changed over to our storage batteries for 
transmission power. We carried these bat- 
teries as an emergency reserve, When we 
used the batteries to operate the spark coils, 
our range was limited to approximately sixty 
miles. I t was still dark and foggy. The air 
was biting cold. I put on as many clothes 
as I could find, bundled an overcoat around 
me, and began sending out COD, which at 
that time was the distress call. 

C Q D 

HERE: was little on the air at that time 
of the night. We were, as 1 found out 

later, about sixty miles away rom the Siascon- 
sett station on Nantucket Island, just on the 
verge of communication with the shore and 
that was all. lt seems that Jack Irwin, the 
man on watch at Siasconsett, had had a very 
quiet night and had dozed off to sleep. As a 
result his fire had died down and presently he 

COD 47 

JACK BINNS 
Photographed in 1008 in his uniform 
of an English Marconi ship operator 

WHAT HAPPENED TO THE "FLORIDA" 
This is all that remained.of her bow after the collision. 
This photograph was taken in a Brooklyn dock 

began to feel uncomfortably cold. He woke 
up with a start so suddenly, in fact, that he 
became wide awake. He was just in the act of 
putting on more coal when he heard my call. 
He dropped the coal, jumped over to the key 
and replied instantly. I told him we were in 
distress, that two vessels were in distress, that 
1 did not know at that moment where we were, 
nor the extent of the damage to either one of 
us, but told him I would get the information 
from the bridge as rapidly as possible, and 
asked him to keep everybody off the air until 
1 could get the information through. How- 
ever, 1 had no sooner sent this message, than 
I received word from Captain Sealby, giving 
the damage done by the collision and the 
position of the ship. When 1 conveyed this 
message to Siasconsett, 1 min immediately 
sent out a general distress call. The steam- 
ship Baltic of the White Star Line was the 
first to answer the call. 

" During this time we were drifting. The 
captain had absolutely no control of the ship. 
`We had found the vessel which struck us, 
and learned that it was the Italian steam- 
ship Florida with immigrants bound for New 
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THE "BALTIC" 
Which aided in the first radio rescue 

York. She had not suffered as much as the 
Republic, and it was decided to put all of our 
passengers and crew on , board her. Her 
engines were undamaged and the ship was 
controllable. But transferring the passengers 
from the Republic was not an easy task, for the 
Florida was a very small ship and had nearly 
2,000 passengers on board, the majority of them 
being refugees from the earthquake at Messina, 
in Italy. The captain of the l talian ship, a 
young man by name of Ruspini, handled the 
situation from his end with a surprising degree 
of coolness. 

"About noon of that day -which was Satur- 
day -the Baltic was within ten miles of the 
Republic. 1 could tell by the strength of her 
signals, although at that time we had no means 
of knowing definitely how far away any parti- 
cular station or ship was, and 1 had to rely on 
the sensitiveness of my ears to arrive at that 
conclusion. 

EIGHTEEN HOURS CONSTANT DUTY AT THE KEY 

rr H E fog had, if anything, grown worse than 
it was at 4.00 o'clock that morning -and of 

course the Baltic had to reduce speed for fear 
of running into us before she could check her 
speed. From twelve o'clock until six in the 
afternoon I remained constantly at the key 
trying, in conjunction with the officers of both 
ships, to get the Baltic alongside. To ac- 
complish this we exploded detonating bombs 

t.... ... 

and fired sky rockets. When one ship ex- 
ploded bombs, the officers on the other would 
try to learn approximately the direction from 
which the sound came. We were doing this 
all afternoon on both ships, but although we 
were within an approximate radius of ten miles 
of each other, none of the explosions had been 
heard. 

" Six o'clock came and it was still foggy and 
dark. Presently we had reduced the number 
of our bombs to where each of us had only one 
left. According to our soundings, we were 
aware that the Republic had been sinking 
steadily at a rate of about one foot an hour. J 

Unlike the sound of the voice or other noise, 
wireless of course was not directional, and.inas- 
much as we had no electrical means of de- 
termining the exact location of each other we 
might just as well have been a thousand miles 
apart. 

"At this point we checked up, carefully with 
each other the time on our chronometers. Each 
ship carried three chronometers, the mean aver- 
age of which was taken as the accurate time. 
As soon as we had checked up on that it was 
decided that the Republic should fire her last 
bomb at a certain precise second, and they 
would listen very attentively to hear it. That 
second arrived, and Boom! went the bomb. 
But it proved in vain -they did not hear it. 
1 t looked like a forlorn hope. The Republic 
was gradually sinking, night had come upon 
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us, the Florida was floating somewhere in 
the neighorhood fearfully crowded with four 
thousand passengers and crew aboard that 
small ship. What were we to do? 

" We made arrangements for the Baltic to 
explode her last bomb, and then 1 went for- 
ward on the bridge. By this time there were 
only eight on board the Republic. We had 
plenty of time, so seven of us formed ourselves 
in a circle with our faces outward while the 
quartermaster stood by the chronometer. He 
was to indicate to us by moving his arm up- 
ward the exact second the explosion of the last 
Baltic bomb was to take place. He raised his 
arm and -we listened. 

"An operator's sense of hearing undoubtedly 
becomes more acute than another person's 
because of his constant training in straining his 
ears for faint code signals. Somehow or 
other, within about five seconds after the 
quartermaster had raised his arm, 1 heard very 
faintly what 1 thought might be the sound of a 
bomb. 1 turned to the third officer who stood 
next to me and he said he thought he had heard 
it too, although he wasn't exactly sure. lt had 
been prearranged that none of us were to move 
in case we heard the sound, this in order that 
we could check the direction and 
get our bearings on the Baltic. 
Consequently, the officers took a 
bearing on the direction the sound 
came from, according to the third 
officer's and my own sense of 
hearing, and then 1 went back to 
the operating cabin to transmit steering direc- 
tions to the Baltic, based on those bearings. 
We cautioned them to come very slowly be- 
cause of our helplessness. 

" Had we really heard the Baltic's last bomb? 
Were the steering directions I had just trans- 
mitted going to bring her alongside? Those 
were tense moments. 

" In about fifteen minutes we heard the fog 
horn of the Baltic. The last bomb really had 
been heard beyond all doubt. 

" `You are proceeding on the right course,' 
was the message that 1 then sent the Baltic. 
`We can now hear your fog horn. Come very 
cautiously as we have no lights.' 

"And then, fifteen minutes later 1 heard a 
tremendous cheer. 1 knew of course that it 
couldn't come from the members on our own 
ship, as there were only eight of us. I looked 
out of the cabin. There was the Baltic coming 
up right alongside of us. Her passengers had 
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lined the decks to keep a sharp lookout for us. 
" I t was then a little after seven o'clock 

Saturday evening. l t had taken fifteen hours 
of the most trying and intensive work to bring 
the Baltic alongside during the dense dark fog, 
and considering the crude apparatus we had 
at that time 1 have always considered it a 
great achievement, for a more difficult set 
of circumstances could hardly be imagined. 

"After our officers conferred with Captain 
Ransom of the Baltic, she proceeded to where 
the Florida lay, as Captain Sealby felt very 
anxious about the safety of his passengers, 
especially since the Florida was badly damaged 
and excessively overloaded. 

" _Just about this time the fog suddenly lifted 
and the . weather turned into a nasty driving 
rain. The Baltic found the Florida and the 
combined crews of the ships immediately set 
about transferring all the Republic's and 
Florida's passengers to her own decks. 
Throughout the night in the cold, drenching 
rain these crews labored transferring 4,000 
passengers through a dangerous long rolling 
swell. Thus within the short space of twenty - 
four hours there had been two major transfers 
of passengers at sea, and all accomplished 

without loss of human life. 
And when daylight broke the 

next morning. Sunday, there 
was one of the greatest con- 
courses of ships ever seen on 
the seas. Everywhere, as far as 
the eye could see were ships. 

Every liner and every cargo boat equipped with 
wireless that happened to be within a three 
hundred mile radius of the disaster, overhear- 
ing the exchange of messages between the 
Baltic and Republic had gathered around and 
stood by ready to be of whatever assistance 
they could. l t was a fine testimonial to the 
value of wireless. Shortly after daybreak the 
Baltic proceeded to New York and the Florida 
also proceeded at slow speed, convoyed by 
two or three other ships that were standing 
by. And then relief ships cared for the badly 
damaged Republic. 

" During all this time, of course, the Republic, 
had been slowly sinking, and it was decided 
to tow her into the shallow waters off Nan- 
tucket. Two revenue cutters, the Gresham 
and Seneca, thereupon took line on the bow of 
the Republic in tandem fashion, and the An- 
chor Line Furnessia tied up on the stern to act 
as a rudder for the disabled ship. All available 
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means were taken to keep her afloat. The 
tow started at ten o'clock Sunday morning 
and continued until seven o'clock Sunday 
night, but no actual progress had been made, 
for although the revenue cutters pulled her 
forward, a cross current was running against 

them at practically 
the same speed, so 
that all four ships 
virtually stood still. 

"Finally theFur- 
nessia cast off, for 
the stern of the 
Republic was un- 
deär water. The 

water was already beginning to creep into my 
cabin and while I was wondering whether 1 

should go forward or wait until the captain sent 
for me, the third officer came aft and said the 
captain had issued orders to gét ready to aban- 
don the ship and that I was to come forward. 
I didn't hesitate about that. 'The rest of the 
officers were there and we tried to -persuade 
Captain Sealby to abandon the ship- with us. 
But he refused to do so. Instead he asked for 
a volunteer to stay with him. Everyone 
volunteered. Captain Sealbv then chose Se- 
cond Officer Williams on account of his being 
the senior unmarried man in the group and also 
because Williams knew the Morse code and 
could signal with a lantern. 

"At this time the Republic was attached to 
the Gresham by a steel hawser. As soon as we 
put off in the Captain's gig we pulled over to 
the Gresham, told the captain of that ship the 
condition of the Republic, and asked him to pay 
out a nine -inch rope hawser and stand by, 
ready to cut the rope hawser as soon as he got a 
signal from the bridge of the Republic that the 
ship was about to go under. It had been 
previously agreed that Captain Sealby was to 
flash a blue Coston light when that moment 
did arrive. This the captain of the Gres- 
ham did. He stationed a man with an ax 
over the hawser, with instructions to cut it 
the moment he saw the blue light. We stayed 
off in the life boat waiting for developments and 
holding ourselves ready to go to the rescue of 
Sealby and Williams the moment the ship 
went down. 

" Fortunately there were four or five other 
ships in the vicinity watching the proceedings. 
Each one played its searchlight on the Republic. 
By the aid of the many searchlights the two 
lone figures could be seen pacing to and fro on 

the uptilted bridge. And then came the sig- 
nal of the blue light. Then we saw one of the 
men jump on to the rat -lines of the foremast, 
climb up to the top of the mast and wait. The 
other man ran forward, climbed up on the rail, 
and taking one last long look at the little cabin 
on the bridge turned and dove forty feet into 
the sea. 

" For one minute more the bow of the Re- 
public trembled above the waves and then sank. 

"We rowed over to the spot where it went 
down. The light of each observing ship was 
trained upon the spot. Fortunately a quiet 
sea was running at the time, but even so it was 
most difficult to see very far from the open 
boat as the lights, intercepted by the crests of 
the waves, threw darkened shadows over most 
of the surrounding waters. We grew very 
anxious about Captain Sealby and Mr. Wil- 
liams, for certainly no man could long survive 
the cold of those wintry waters. 

" For twenty minutes we rowed around, 
earnestly but yet aimlessly, for we did not know 
where to go. On all sides we saw the glaring 
searchlights -but now, here could we discern 
any sign of life in the sea. 1 don't think any 
more sorrowful moment ever came into the 
lives of the men in that open boat, not to men- 
tion those on the nearby ships, for Captain 
Sealby and Second Officer Williams had nobly 
upheld the tradition of the sea. But the length 
of time did not diminish our hopes. 

" This collision at sea had indeed brought 
forth a series of climaxes. First the wireless 
apparatus, crude as it was, had brought Sias - 
consett to our aid; the very last bomb that the 
Baltic had came within an ace of being in 
vain, and now 

" Suddenly, to our right, from out the murky 
blackness of the waters of the sea, a revolver 
shot rang out. We pulled over in that direc- 
tion immediately, and there we found Captain 
Sealby hanging on to a floating crate, so nearly 
exhausted that he 
had had just suffi- 
cient strength to 
pull the trigger of 
his revolver. `Wil- 
liams over there', 
he said, `Get him.' 
But we pulled the captain in then and there, 
and then rowed in the direction he had in- 
dicated. And sure enough we found Williams 
too, clinging to a hatch cover that had floated 
off the Republic when she went down." 

7 1 
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It was fitting denouement to one of the great- 
est near -tragedies of the sea. And a tragedy in- 
deed it would have been had it not been for 
wireless and an operator who had initiative, 
skill, and the fortitude to stick to his post for 
48 hours without eating or sleeping. 

Jack Binns was born in Lincolnshire, Eng- 
land, in 1884. Early in his teens, he became 
interested in the elec- 
trical sciences and at- 
tended the technical 
school of the Great 
Eastern Railway, 
where he obtained a 
thorough grounding in 
electricity and learned 
the Morse telegraphic 
code. About that 
time Marconi, having 
made his bow to the 
scientific world, was 
developing a company 
over in England. 
Binns made applica- 
tion for a position as 
operator and was 
quickly accepted. He 
became connected 
with the Belgian Mar- 
coni Company and 
was sent to sea on a 
German ship. 

At that time there 
was competition between the Marconi system 
and the Slabv -Arco system, a German system 
in use on German ships, but the Marconi organ- 
ization was better developed and they won out. 
About twenty operators were picked for service 
on German ships, Binns among them, and dur- 
ing his connection with that company he did 
considerable experimental work, chiefly in long 
distance reception from the so- called high power 
stations at that time -the l'oldhu and Cape Cod 
stations. This experimental work took him 
not only across the Atlantic but up around 
Spitzbergen in the Arctic Ocean and down 
in the tropics on this side of the Atlantic, 
through the Caribbean Sea and along the 
northern coast of South America. all of which 
work was in addition to regular trips made as 
operator on German ships. 
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About 1907 there was a great deal of 
agitation in Germany over the presence of 
foreign operators on board German vessels, 
who included not only Englishmen but Ameri- 
cans, Italians, Belgians, Danes, and even one 
Icelander. Consequently, in June, 1908, the 
German Government notified La Compagnie 
de Télégraphie Sans Fil (Belgian Marconi Com- 

pany) that all foreign 
operators would have 
to be replaced with 
German operators by 
the end of July that 
year. In August of 
that year, the German 
Government precipi- 
tated the second Mo- 
rocco crisis. In its 
order, the German 
Government bluntly 
stated that in the 
event of war with 
Great Britain or any 
other European power 
the foreign operator 
on board a German 
ship would undoubt- 
edly refuse to notify 
the commander of the 
fact that war had 
broken out and conse- 
quently those ships 
would be captured by 

enemy cruisers. Therefore, Binns was among 
the operators replaced, and after one or 
two shifts to various positions with the Mar- 
coni company, was assigned to the steam- 
ship Republic which post he had held for a 
period of three months. 

During the war years, he became so profi- 
cient in flying that he was engaged as instructor 
in the Canadian Flying Corps, and made his 
headquarters at Toronto. Here he taught not 
only piloting, but instructed aviators in 
radio and the code. Radio indeed has been 
the outstanding feature of his life's work. 
He was one of the first to prove its 
value in an emergency at sea. He was one 
of the organizers of the New York News- 
paper Club, and is now the Radio Editor of 
The New York Tribune. 

LT. MAYNARD, JACK BINNS, AND DANIEL 
FROHMAN 

In 1920, ready to bombard New York 
with "broadsides' on the Actor's Fund 



FRONT VIEW OF THE COMPLETED SET 
I his outfit can be built for less than $'5o, uses a 201-A and UV - +99 
tube, is surprisingly efficient in operation and easy to build 

A Knock -Out Two -Tube Set 
Combining the Advantages of Tuned Radio -Frequency Amplification, 
Audio- Frequency Amplification, the Neutrodyne Principle, Regenera- 
tion, and Reflexing and Loud Speaker Operation -All Without Radiation 

By WALTER VAN B. ROBERTS 

The set described costs less than $50 for parts, including tubes and batteries; is 
fairly easy to make, and as Mr. Roberts says, will equal the performance of far more 
elaborate and expensive sets. This set is another of the series built under the direction 
of RADIO BROADCAST, the first of which was the " Knock -Out One -Tube Reflex," de- 
scribed in our November, 1923, number which we are printing on page 496 of this issue. 

If the reader has the parts and has built the one -tube set described last November, 
it will cost him about $ I o more for the additional parts necessary for this set. 

We are rushing the information on this set to our readers, and that explains why 
we do not show a panel lay-out. Next month, we will publish a complete "how - 
to- make -it" article on this new receiver. -THE EDITOR. 

T1-1 E circuit to be described is only 
one of many possible applications of 
the method which is used to obtain 
radio -frequency amplification with- 
out any tendency toward regenera- 

tion. This method is closely related to the 
ordinary neutrodyning system. but has the 
advantage that the coupling between primary 
and secondary of the radio -frequency trans- 
former may be varied, thus allowing the 
maximum possible amplification over a large 
range of wavelengths. 

The method employed by the writer for 
overcoming oscillation in the radio -frequency 
amplifier consists in winding the primary with 
a pair of wires, thus forming two separate win- 
dings coupled as tightly together as is physically 
possible. One of these windings is used as the' 
primary in the ordinary fashion. The other one 
is used only to prevent regeneration. Fig. I 

shows the arrangement schematically. S is the 
secondary, P the primary, and N the neutraliz- 
ing winding. The capacity C should be ex- 
actly equal to the capacity between the grid 
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and plate of the tube together with the socket 
and leads. Whatever alternating voltage ex- 
ists on the plate must be due to alternating 
magnetic flux linking P. But the same flux 
also links the similar winding N, which is con- 
nected the other way around, and hence, acting 
through C, produces an effect on the grid 
which is equal and opposite to that produced 
by P acting through the grid -plate capacity of 
the tube. Thus the net "feed back" or ten- 
dency to regenerate is completely neutralized 
(the coils P and S be- 
ing of course set at 
such an angle with 
the coils in the grid 
circuit that there is no 
magnetic feed back) 
whatever sort of second - 
ary is used, however 
loosely it is coupled, 
and however it is tuned . 

If a transformer has 
a tuned secondary of 
low resistance, the 
coupling between pri- 
mary and secondary should be varied with the 
wavelength in order to keep the amplification 
at its maximum value. Practically, however, it 
will be found sufficient to have two or three 
different degrees of coupling -for instance, 
primary and secondary as close together as 
possible for the long wave range, and about 
one inch apart for the short wave range. 
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Fig. 3 shows a simplification which is very 
satisfactory for strong signals, especially if 
great selectivity is not needed. Regeneration 
is omitted in the simplified circuit and all 
couplings are left fixed at a good average value 
so that only the two variable condensers are 
used in operating the receiver. Different 
methods of connecting the antenna to the set 
are shown in Figs. 2 and 3. The method of 
Fig. 3 is simpler but a slight hum is likely to be 
heard if there is alternating current supply in 

the house. 

The outstanding features of this circuit: 
I. I t will run an hour or so a day for several 

months on four dry cells. 
2. lt will operate a loud speaker well 

enough for all ordinary purposes. 
3 . I t does not radiate and cause squeals in 

the neighbors' receiving sets. 
4. It offers a better combination of sensi- 

tivity, selectivity, and quality for the 
total cost than any other circuit the writer 
has ever used. 

USING REGENERATION INTELLIGENTLY 

I F A transformer has a tuned secondary, the 
lower the resistance of the secondary is, the 

greater the voltage amplification will be, and 
the looser the best value of coupling. The 
easiest way to obtain a very low effective re- 
sistance is to employ regeneration in the tube to 
which the secondary is connected. The use of 
regeneration in this way will help most when 
the secondary is loosely coupled to its primary, 
and the set is then much more selective. By 
making this tube oscillate, signals are easily 
picked up by the squeals -the reason that the 
set is non -radiating is that if the capacity C 
of Fig. I is adjusted just right and there is no 
magnetic feed -back to the antenna, then no 
oscillations can get back from the oscillating 
tube through the amplifying tube to the an- 
tenna. The neighbors, bless 'em, won't hear 
any squeals. 

Fig. 2 shows the complete circuit, while 

LOW COST AND HIGH 
COMPARATIVE PER- 

FORMANCE 

THIS total cost is 
very little com- 

pared to what most 
sets giving compara- 
ble results would come 
to after all batteries 
and tubes are in- 
cluded. To keep down 
the cost and to make 

it easier to build, the set is laid out on a flat 
board 2 feet by I foot. There is room for 
interesting experimental work in arranging 
this set behind a panel, and making the lay- 
out very compact. Results were more im- 
portant at first than symmetry of construction. 

WINDING THE COILS 

COILS A, S, N, P, and T (the tickler) are 
all wound on the same size cardboard 

spiderweb coil forms. These are 5 inches outer 
diameter and have 13 teeth each I- a inches 
long. Coils A, S, and T are all wound with 
No. 22 wire, going over two teeth, then under 
two, etc. There are 3o turns on A, a small loop 
being twisted in the wire at every fifth turn. 

C 

J IIIICC N 

FIG. I 

Fundamental circuit of the method of winding the radio - 
frequency transformer for this set. N is the primary 
neutralizing winding and C the neutralizing capacity to 
balance the effect of the capacity between the grid and 

plate of the tube 
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FIG. 2 

The complete circuit of the Knock -Out Two Tube Set. This circuit 
is recommended over the simplified arrangement shown in Fig. 3 

The insulation is scraped off these loops and 
contact is made by a voltmeter clip. S has 45 
turns. Both of the coils " S" should be con- 
nected so that the lead from the inner turn goes 
to the grid. T should have 20 turns, or even 
less if oscillations occur too easily. 

The tickler must of course be connected the 
right way around to get oscillations at all, 
and this is most easily discovered by experi- 
ment. Windings N and P are wound simul- 
taneously on the same spider web form by wind- 
ing with a pair of No. 26 wires, treating the 
pair exactly like one wire. In this case wind 
over one tooth, then under one tooth etc., going 
around 22 times, There are then two separate 
windings each of 22 turns. Connect the outer 
terminal of one of these windings to the inner 
terminal of the other. 

The remaining pair of terminals go to the 
plate and to the capacity C and it makes no 
difference which goes to which. This self 
balancing primary of the three winding trans- 
former is the novel feature of the receiver and 
to it is undoubtedly due the improvement over 
similar reflex circuits using other types of 
radio frequency transformers. The photo- 
graph shows how magnetic coupling between 
coils A and S at one end of the board and coils 
N, P, S, and T at the other end is avoided 
by setting them at right angles. The tickler 
is mounted on the end of a strip of wood that 
can be slid in and out between a pair of narrow 
guide strips. The coil containing windings 
N and P is not arranged to slide, but by loosen- 

ing up the single screw that fixes its position, 
it can be set up close to coil S or backed away 
about an inch and a half. The same arrange- 
ment is used for coil A. Both of the coils S 

are fixed in position. 

USING THE NEUTRALIZER 

HE capacity C shown in the photograph 
consists of two pieces of copper about the 

size of a penny separated by a sheet of mica. 
A piece of paper would do just as well, as the 
only purpose of the material between the pieces 
of copper is to prevent their touching, which 
would short circuit the B battery. Adjust- 
ment can then be made by sliding one piece of 
copper sideways. Another way of getting the 
capacity C is to have a couple of inches of bus 
bar stick out from the grid terminal, and slide a 
piece of spaghetti over it, the spaghetti being 
wrapped around on the outside with the wire 
coming from the neutralizing winding. The 
best way, however, to obtain the capacity C 
is to buy a little one -plate variable condenser, 
the plate being about I or 2 inches in diame- 
ter. 

The capacity C has to be considerably greater 
than in the usual neutrodyne arrangement. 
The adjustment of this capacity to exactly the 
correct value is of great importance for two 
reasons. First, to make the set non -radiating, 
and secondly, to make the operation of the two 
tuning condensers completely independent of 
each other. The ordinary way of getting the 
proper balance with the filament of the first 
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tube unlighted is impossible because the phones 
are in its plate circuit. 

A simpler way is to make the second tube 
oscillate by pushing the tickler coil up, then 
pick up the carrier wave of some transmitting 
station by the squeal, and then adjust the 
capacity C. When the correct adjustment is 
obtained, it will be found that varying the 
setting of the antenna circuit condenser will not 
affect the pitch of the squeal from the carrier 
wave, but only its intensity. This proves that 
the antenna circuit is not coupled in any way to 
the oscillating circuit, and hence no oscillations 
can be produced in the antenna. 

if the non -regenerative circuit of Fig. 3 is 
used, the adjustment of capacity C is even 
simpler -it is merely varied until a value is 
found such that the set cannot be made to 
squeal by any combination of settings of the 
two tuning condensers. l t should be noted 
that too much neutralizing capacity will cause 
regeneration just as readily as too little. 

GENERAL NOTES 

N ANY given set, it is advisable for the user 
I to try connecting the grid return of the de- 
tector tube to the + side of the filament. This 
sometimes gives better results. Also, the 
best value of the voltage fdr the B " -battery 
should be found by experiment, although 224- 
volts will usually do about as well as any. 

Two -Tube Set 

A NEUTRALIZING CONDENSER 
Which may be used in place of the two 
penny -size pieces of copper suggested for 
the neutralizing capacity for the first tube 

A good long antenna of low resistance is (_T 

much more importance in this set than in an 
ordinary regenerative set. because the resis- 
tance of the antenna circuit is not wiped out 
regeneration. The ground lead should be 
firmly clamped or well soldered, and the an- 
tenna wire made of copper. 

WHAT THIS SET HAS DONE 

A FTER the set is working at its best. the 
results should be noticeably better than 

can be had from a first class single circuit regen- 
erative receiver with one stage of audio ampli- 

THE LABORATORY MODEL 
Worked out by Mr. Roberts. With this simple layout, he was able to tune -in Havana on a loud speaker while 
Newark was operating, and \VJ. \Z while WJZ was on the air. His experiments were conducted at Princeton, N. J. 
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FIG. 3 

A simplified circuit which may be used. The number of tuning controls is reduced to the 
two variable condensers. But the results obtained from the circuit shown in Fig. 2 are far 
superior to those secured from this circuit, although its adjustment is not quite so simple 

fication. The selectivity should be better than 
that of a three -circuit regenerative receiver, 
and the tuning easier and less critical. The 
outfit shown in the photograph has been tried 
out against two well known makes of neu- 
trodyne and gives about the sane results 
(only one stage of audio being used in the 
neutrodyne sets, of course.) Using a single 
wire antenna 15o ft. long and about 20 ft. high 

located in Princeton, N. J., WJAZ in Chicago 
was heard on a Western Electric I o D loud 
speaker without any interference from WJZ. 
PWX, Havana, was heard on the loud speaker 
while WOR, about 35 miles away, was working. 
These stations are too close together in wave- 
length to be separated completely, but the 
selectivity of the set was such that PWX was 
only slightly less loud than WOR. 

The parts that have to be bought and the approximate list prices are as follows: 
Two General Radio .0005 mfd. geared condensers ( "table mounting ") (or other 

good condensers) . . . . . . $12.00 
One Amertran audio frequency transformer . 7.00 
One UV 201 -A or C -3oI -A or DV -2 vacuum tube and socket 575 
One 6 -ohm rheostat. . . . . . . . . I.00 
One UV -199 or C -299 or DV -i vacuum tube and socket 575 
One 6o -ohm rheostat (or two 3o ohm rheostats in series) 1.00 
Two .0025 Micadon condensers . . . . . . . .70 
One .00025 Ailicadon condenser with clips for grid leak 45 
One 2- megohm grid leak . 75 
One 41 -volt flashlight battery .5o 
Four dry cells . . I.6o 
90 volts B battery . . 7.00 
Five 5 and 1 o Cent Store spider web coil forms (these may be made at home with- 

out difficulty) . . . . 

Screws, wire, wood, etc., about . 

Total . . 

(Loud Speaker is not listed due to wide variation in prices) 

.25 
I.5o 

$45.25 



Man-Made Static 
What Causes Interference to Radio Receivers -Some Easy Meth- 
ods of Locating the Cause of the Trouble -and How to Stop it 

By A. F. VAN DYCK 
Engineer, Technical Division, Radio Corporation of America 

11E term " static " has been used, 
more and more commonly, to name 
the cause of many noises which are 
heard in radio receivers, and which 
sound like 

scratching, frying, 
clicking, or grinding. 
The word static is 
short for " static elec- 
tricity." Real static 
electricity, or electri- 
cal charges deposited 
on the antenna, cause 
a very small part of 
thewhole disturbance, 
and radio experts label 
all the causes of such 
interference as `' at- 
mospherics." How- 
ever " static" seems to 

electrical disturbances due to man's own 
agencies. I t is the purpose of th s article to 

point out and describe examples of one kind 
of interference which is very common in broad- 

cast reception, and 
which is quite myster- 

"What I s that Scratching Noise?" 

Well, if you are morally certain it doesn't 
come from your receiver itself, you have 
every right to be suspicious of almost every- 
thing electrical about you which might 
possibly be out of order. 

Mr. Van Dyck shows that in actual prac- 
tise, the interference comes from a few sources 
and that, by the exercise of a little intelli- 
gence, the trouble may be eliminated, and all 
be made again serene on the radio horizon. 

-THI: EDITOR. 

be a more usable and 
popular word, perhaps because it sounds so 
much like the short, sharp, vicious thing it 
stands for. 

Now there is static and static -static caused 
by phenomena of nature, and that caused by 

ious in many of its 
manifestations. This 
form is often called 
"inductive i n t e rf e r- 
ence." There are a 
great many industrial 
and other applications 
of electricity in use, 
and everyone of them 
can, under certain 
conditions, become a 
radio transmitter in 
effect, and send out 
radio waves which will 
cause interference 

with the signals from radio broadcasting sta- 
tions. Since the noise produced by such sources 
sounds very much like static, and yet is caused 
by human agencies, it is often called "man- 
made" static. 

LITTLE BURSTS OF STATIC 
Are often caused when the trolley of this surface car makes sparks in following the 
wire. "Static" of this sort is not particularly bothersome, because of its short 

duration 
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WHERE THE TROUBLE COMES FROM 

I N MANY localities, man -made static causes 
far worse interference than does nature's 

own static. Fortunately, man -made static can 
always be eliminated, while nature's cannot 
by any means now known. The most difficult 
part of the process of elimination of man -made 
static is locating its source. 

Some causes of " Man-made Static " : 

Class i. Power Circuits 
(a) Lines 
(b) Insulators 
(c) Lightning arrestors (on power lines). 
(d) Trañsformers 
(e) Generators and motors 

Class 2. Industrial Applications 
(a) Arc lights 
(b) Telephone and telegraph lines 
(c) Telephone ringers 
(d) Street cars and electric railroads 
(e) Factory motors 
(f) Store, motors and barber shop appliances 
(g) Smoke abd dust precipitators 
(h) Electric flashing signs 

Class 3. Household Appliances 
(a) Door bells 
(b) Light switching 
(c) Sewing machines 
(d) Vacuum cleaners 
(e) Flat irons 
(f) Electric refrigerators 
(g) Dish washing machines 
(h) Kitchen mixers 
(i) Violet Ray outfits 
(j) Heater pads. 

Class 4. Miscellaneous 
(a) 
bj 
(d) 
(e) 

X -Ray machines 
Storage battery chargers 
Electric elevators 
Annunciator systems 
Automobiles 

PASSING ELECTRIC TRAINS 
Often annoy the broadcast listener who blames radio 
in general for the resulting "scratchy" noise in his re- 
ceiver. A faulty contact -shoe on one car of a train can 

cause considerable, although not serious, trouble 

(f) Stationary gas engines 
(g) Tickers 
(h) Dentists' motors 

The list given above contains only devices 
which actually have been reported as causing 
interference. Many other similar ones, al- 
though not mentioned in this list, may cause 
interference in other cases. Of course, some 
of these causes are more frequent offenders 
than others. Certain ones in the list have 
been reported hundreds of times, others but a 
few times, and a few but once. 

If all electrical circuits and devices were al- 
ways kept in perfect order, radio receivers 
would have but little interference. The follow- 
ing devices are exceptions, that is, these devices 
cause interference even when they are in per- 
fect order. 

Class 

Class 

I. Lightning arrestors on power lines. 

2. Telephone ringers 
Street cars 
Motors (of some types). 
Smoke and Dust Precipitators 

Class 3. Door bells 
Light switching 
Various motor driven devices 
Violet Ray outfits 

X -Ray machines 
Storage battery chargers 
Electric elevators 
Annunciator systems 
Gas engines with electric ignition 

The devices which appear in the first list and 
not in the second, cause interference only when 
they are not in perfect condition. I t is there- 
fore possible to eliminate the interference from 
such devices merely by putting them in perfect 
condition. 

It is also possible to eliminate in part the in- 
terference caused by devices mentioned in the 
second list, but it is usually difficult and re- 
quires study by an expert, or someone who has 
had previous experiences with that form of in- 
terference. 

Class 4. 

THINGS WHICH MAY CAUSE INTERFERENCE IF 
OUT OF ORDER 

ET us consider now those appliances which 
cause interference to radio because they are 

not in perfect order. First on the list are 
power lines, together with the insulators on 
the lines. 1 t can be said, as a general proposi- 
tion, that power lines are the cause of most 
" interference" in radio reception. This is 
not remarkable if one considers the great power 
of the energy which is transmitted over most 
electrical lines, and the very tiny power which 
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is required to operate sensitive radio receivers. 
An electric power line needs to radiate only a 
ridiculously small part of its power to create 
very strong interference with radio. 

How does the electricity carried by power 
lines differ from that which operates radio 
receivers? An understanding of this difference 
is essential before one can intelligently try to 
locate any case of interference. 

The power carried by electric transmission 
lines is either direct current, flowing always in 
the same direction around its circuit, or it is 
alternating current of low frequency, " alter- 
nating" in direction around its circuit twenty - 
five or sixty times each second (called 25 or 
6o cycle power). Both of these two forms of 
electricity are harmless to radio, provided the 
antenna and receiver are at least fifteen or 
twenty feet away from the power wires, and 
provided the power lines and all of the elec- 
trical devices connected to the lines are in 
normal condition, and none of the devices 
are of Class 2, as listed above. 

WHEN AND WHY A POWER LINE INTERFERES 

O OPERATE a radio receiver at a dis- 
tance, we must have electrical alternations 

of very high frequency, thousands of cycles per 
second at least, because electricity operating 
at such frequencies sets up waves which can 
travel without wires. Therefore, to cause 
waves of the same nature as radio waves, and 
thereby cause interference with real radio 
signals, the electrical power on transmission 
lines at low frequency must be changed to high 
frequency. Here is how that happens. 

Whenever an electric circuit makes a spark, 
either by a bad contact between any two parts 
of the circuit, or by the use of a voltage high 
enough to jump a gap between two parts (like 
the ignition spark plug), high frequency cur- 
rents are generated. ln fact, this method of 
generating high frequency currents (a spark 
caused by high voltage of the ordinary sort) 
was the one used in all the early radio trans- 
mitters, and is still used in some, although 
better ways are now known. So whenever 
any electric circuit causes a spark, radio waves 
are generated. The wavelength, or frequency, 
of these waves depends upon the electrical 
characteristics of the circuit. The wiring of 
the circuit forms an antenna and the distance 
over which the disturbance can be heard there- 
fore depends upon the size and form of the 
wiring of the circuit. 

-03 

A POOR CONNECTION 
Inside the metal case of this lighting transformer could 
make broadcasting reception in this neighborhood very 
difficult. And if one of these power wires were scraping 
its insultation bare against a tree, or if there were a leaky 
insulator on this pole cross -arm, unpleasant local inter- 

ference would also be set up 

The electric power line itself does not produce 
interference with radio, unless in some part of 
it there develops a bad contact or other 
means of creating a spark. The spark may 
be so small as to be invisible to the eye, and 
yet create disturbance. And whenever there 
is interference from this source, it can be re- 
moved by locating the spark and either re- 
moving it, or in some way preventing the spark 
from sending out radio waves. 

Sparking can develop on power lines in 
many ways. The most common way is 
through " leaky" insulators, that is, ones which 
do not give perfect insulation, and allow the 
power to creep off in tiny jumps. Troublesome 
radio interference is often due to power wires 
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LARGE MOTORS AND GENERATORS 
Frequently set up interference for the broadcast listener. Sparking 
commutators on motors and collector rings on generators are responsible. 
This difficult' is not usually hard for the power house to remedy. The 
operator with the loop receiver is verifying the cause of the trouble 

touching tree brandies. Also many cases 
have been traced to the distributing trans- 
formers, which are usually mounted on poles 
in the center of the neighborhood they serve. 
These unfaithful transformers develop de- 
fective internal insulation, poor contact at 
their terminals, etc. 

HOW TO FIND THE INTERFERENCE 

T 1S often difficult to locate the exact spot 
of such power line interference, because the 

antenna formed by the lines is extensive and 
the interference therefore heard over a large 
area. To locate the trouble, that section where 
it is worst can be found by listening to it on 
ordinary receivers at various locations, and 
when the area has been localized to a par- 
ticular section, a direction finding set with 
loop aerial must be employed. This set should 
not be too sensitive, as the increase in loud- 
ness as one gets nearer to the trouble (which 
is more apparent on an insensitive receiver). 
is also a useful indication, in addition to the 
direction. Power companies are usually glad 
to coöperate in removing such interference, 
particularly since it is an indication of a fault 
on their system which is wasting power, and 
which may grow worse until it finally results 
in interruption of the power service. Thy 

radio receiver, in fact, can be made 
use of by power companies as an 
effective method for locating line 
faults. 

Generators and motors are some - 
what different from power lines in 
that they may give interference 
while operating in a condition which 
is satisfactory from the mechanical 
and commercial point of view. Or- 
dinarily, interference from machines 
is due to their commutators or slip 
rings, because sparks occur at these 
points. The sparks, just as described 
before, generate radio frequency 
currents, and the wiring to the ma- 
chine acts as an antenna system 
radiating the waves. Obviously, the 
first step in eliminating this inter- 
ference is to stop the sparking on the 
machine, or at least to reduce it as 
much as possible. I t can not be 
stopped completely in all cases, as a 
certain small amount of sparking 
can not be avoided in most ma- 
chines. However, the commutator 

should be clean and smooth, the brushes 
in good condition and properly set, and the 
machine not overloaded. In extreme cases 
with direct current machinery, and where 
the expense may be justified, the interference 
can be stopped by putting large " choke " 
coils in the wires connecting the machine with 
the power line. These must be put right at 
the machine terminals and must, of course, be 
capable of carrying the full current of the ma- 
chine. The low voltage winding of a proper 
size transformer will often make a suitable 
" choke". In some cases, connecting large 
condensers (having a few microfarads capacity) 
directly across the terminals of the machine 
alleviates interference, but this method is not 
always effective. When condensers are thus 
used, they should be insulated to stand at 
least twice the voltage of the line. The use 
of choke coils has been successful in many 
cases of interference from small motors, such as 
dentists' motors, and those used in dictaphones, 
cash registers, household appliances, etc. With 
small motors, the choke coils may consist of 
" honeycomb " type coils. The size of coil 
must be chosen to suit the particular case, and 
is usually a size between 50o and 1500 turns. 
The larger the coil the better it is for reduc- 
tion of interference, but if the supply line is 



Man -Made Static 

FARM CHARGING OUTFITS 
Can make trouble for the broadcast listener. The 
usual cause is badly sparking brushes on the dynamo 

alternating current, it can not be too large or 
it keeps too much line voltage away from the 
motor, thereby causing the motor to run 
slowly, or otherwise affecting its operation. 

ONE CASE IN POINT 

OCAT I NG interference of the sort which 
has been described above, becomes a 

good deal of a sporting proposition, with 
plenty of opportunity for clever detective 
work and systematic experimenting. 1 n one 
instance which has been reported, a broad- 
cast listener who had good reception con- 
ditions for over a year, returned from his 
summer vacation to find that reception was 
quite impossible on account of terrific " inter- 
ference." This noise was continuous and ap- 
peared to be from a power line. Whenever 
an interference is on continuously day and 
night, it is fairly safe deduction that it is due to 
some power line itself, because devices fed from 
a line are switched off and on at least occasion- 
ally. So this listener concentrated on the 
power lines in his neighborhood, and first asked 
all his neighbors if any changes had been made 
during his absence. One neighbor recalled 
having seen linemen at work upon a certain 
transformer. Inasmuch as the interference was 
loudest near this transformer, it seemed logical 
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to suspect this device. Inquiries to the power 
company revealed that the wood pole upon 
which the transformer was mounted, had 
needed replacement, and the transformer had 
therefore been taken from the old pole and 
mounted on the new one. This made the trail 
seen warmer, and the radio listener asked the 
power company to make examination of the 
transformer. The inspection was made, and 
in fact a second one, when it was found that 
one connection on the internal terminal block. 
of the transformer had not been soldered. 
As soon as this was soldered the interference 
ceased completely. 

THE STRANGE CASE OF THE HEATING PAD 

RADIO dealer installed a very good radio 
receiver in a certain home, and it per- 

formed properly with satisfactory service for 
a period of several weeks. One day, however, 
the dealer received complaint of trouble. He 
investigated and found a bad case of inter- 
ference which, after several days' observation, 
was noticed to be continuous except for an oc- 
casional short " silent " period. The quiet pe- 
riods were erratic in time of occurrence although 
always in daytime, usually morning. The dealer 

;' WASHING MACHINE MOTOR 

Such as the one shown here may produce enough "static" 
in radio receiver installed in the same house or very near by 
to spoil the incoming concerts. Remedy: clean the motor 
commutator and clean and adjust the motor brushes 
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looked for the source of the trouble and finally 
found it, but his success came only after a week 
of careful and logical work. The first tests, 
made with the coöperation of the power corn - 
pany, and by cutting off power in one section 
at a time, showed that the trouble originated 
in one certain small section. Further tests of 
the same sort showed that it carne only when 
a certain transformer in this section was con- 
nected. Now it had been noticed every time 
the voltage was removed from the line during 
these tests that not only did the interference 
stop, but it did not start again until almost 
exactly ten minutes time after the power was 
turned on. l t seemed quite reasonable to 
believe, therefore, as soon as the source had 
been narrowed down to one transformer, that 
this transformer became defective in some way 
after the power had been on long enough to 
heat it up to a certain temperature. So the 
power company went to the trouble of re- 
placing the transformer with a new one. But, 
ten minutes after the new transformer was 
turned on, the interference came on as strong 
as ever. This was conclusive evidence that 
the trouble was not in the transformer but was 
somewhere on the lines going from the trans- 
former, which as is usual, fed quite a number of 
houses in the neighborhood. When he tried 
a radio receiver with a loop antenna, he soon 
localized the trouble as coming from one par- 
ticular house which was several hundred feet 
from the nearest radio receiver. When the 
main switch in this house was opened the in- 

terference stopped all over the section. Fur- 
ther systematic search in this house seemed to 
indicate that the porch light was the guilty 
device and so it was taken apart and examined - 
but the noise continued even when the porch 
light wiring was disconnected. Then a mem- 
ber of the household remembered that there 
was a baseboard outlet in a front room on the 
second floor which was probably connected to 
the porch light wiring. Examination of this 
outlet revealed that it was used practically con- 
tinuously for an electric heater pad in the bed 
of an invalid. When this heater pad was discon- 
nected, the noise stopped. Ten minutes after 
this heater was plugged in, the noise would 
start. A variable contact in the heater element 
of the pad partially opened the electric circuit 
and therefore caused sparking, when it became 
hot. I t took ten minutes for the pad to heat up 
to the temperature which caused the sparking. 

IT ISN'T HARD TO FIND THE TROUBLE 

HE incident just given has been described 
in detail because it shows the sort of detec- 

tive work which is usually necessary in order to 
locate inductive interference. Expert radio 
knowledge is an advantage, and familiarity 
with electrical practice a still greater benefit 
in "shooting trouble," but the chief requisites 
to successful locating of inductive interference 
are common sense and the ability to see what 
experiments are most likely to give useful 
information, and second, to interpret the re- 
sults of the experiments. 

A Power Company Cuts Out "Static" 
One Lineman with a Loop Receiver Replaces Many Men and Saves 
Repair Costs, Current, and the Temper of the Broadcast Listener 

By EARL C. MCCAIN 

N THE 66,000 volt Arkansas 
Valley power transmission line 
of the Southern Colorado Power 
Company between Pueblo and 
La junta, Colorado, there are 

28,530 insulators. And each insulator has to 
be inspected frequently so that the high tension 
current will not stray from its copper path. 

No doubt you are asking yourself what this 
has to do with radio. Well, it has just this to 
do with those who nightly listen to the voice of 
the broadcaster. Large power lines which 

" leak" current are certain to produce static 
in every radio receiver in the vicinity. The 
sound will almost always be continuous, and if 
the leak is bad enough, and your receiver is 
near enough the source of the trouble, you are 
going to have a pretty hard time of it. Distant 
stations simply can't be "pulled in" through 
the local artificial " static," and the more 
amplification you use, the louder it will come in. 

Those who live in cities and those who don't, 
often encounter receiving trouble from this 
source. All that is necessary is for you to be 



near a leaky power 
line. 

The power compa- 
nies don't like leaky 
lines any better than 
an irate broadcast lis- 
tener does, for if the 
leak is sizeable, they 
are going to lose cur- 
rent, and in losing cur- 
rent, money. 

George W. I-lammill, 
superintendent of the 
Arkansas Valley trans- 
mission lines of the Southern Colorado Power 
Company, has had great success using a radio 
receiving set equipped with a loop antenna to 
detect faulty insulators and leaks of greater or 
less magnitude on the lines under his control. 

A fairly sensitive loop receiver is quite 
directional, and the Power Company trouble 
shooters go out with their Ford and loop re- 
ceiver, skim along the road and can note down 
each and every pole where there is trouble, 
without even leaving the car. I t is perfectly 
possible for a lineman to inspect the line at a 
speed of sixty miles an hour, as far as the accu- 
racy of the test is concerned. The loop re- 
ceiving tester set has never shown a leakage 
without closer inspection revealing a broken 
insulator, and it has never passed a broken 
insulator without revealing it by sound. 
The officials of the Southern Colorado Power 
Company say they are very well satisfied with 
this method of testing and will use it on all 
their lines. 

Insulators are subject to damage or failure 
from three sources: mechanical stresses, such 
as being struck by bullets or stones; electrical 
stresses, such as lightning or other excess volt- 
age surges, and atmospheric stresses, due to 
sudden variations in the temperature. Any of 
these causes break the insulators and permit 
leakage of current, often sufficient to interfere 
with service and compel a shutting off of the 
power until the fault can be repaired. 

In most cases, this trouble occurs at the top 
of the insulator, where it cannot be seen even 
when a lineman has climbed the pole. The 
use of field glasses sometimes helps to detect 
insulator breaks, yet even the glasses often 
fail to show the smaller breaks. In such 
cases, the only solution is to determine the 
approximate location of the leak, install a re- 
lay contrivance to carry the current past a 

How a Power Company Cuts Out Static 

Radio Clubs Can Help 

We do not see why local radio clubs can't 
have a trouble squad equipped with a loop 
receiver to do electrical detective work on 
"power -line static" in the way described in 
this article. 

By proper coöperation between the radio 
club amateurs, the broadcast listener, and the 
power companies, it would seem that radio life 
could be made more liveable for everybody. 
-THE EDITOR. 
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certain point, and care- 
fully go over all the 
poles in that area. 

E. F. Stone, super- 
intendent of power 
lines for the Southern 
Colorado Power Com- 
pany, says: " While 
many experiments 
have been made to 
determine means of 
locating insulator 
leakage, this is the 
most satisfactory of 

all. I believe this method is infallible, and power 
companies throughout the United States in 
the very near future will undoubtedly adopt 
this means of testing their lines." 

TESTING A TRANSFORMER 
One lineman with this car and loop receiving set can 
inspect a 66,000 volt power line with 28,530 insulators 
where it took many linemen at a total cost of S6,000 for 

salaries and replacements under the old system 
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A RADIO EQUIPPED CAR 
Ready for a transcontinental trip these four men plan. Camping and cooking gear 
and the dog are stowed neatly on the side of the car. The receiving set will help 
them while away many a dull evening when they are camped along the roadside 

The March of Radio 
Real Information on the Size of Radio Audiences 

4 H R E E well known Chicago stations 
récently called on their audience to 
send in votes as to the type of pro - 
gram they wanted, and the number of 
letters received furnishes some clue to 

the size of the radio audience of to -day. We are J 

told that one station alone received 170,699 let- 
ters, a truly remarkable figure. Starting with 
this known quantity, the statisticians of the 
stations, ever enthusiastic and optimistic, calcu- 
lated the audience of this station as 8,534,95o 
"some audience," as we say in our crude modern 
parlance. 

Now how did they arrive at this astounding 
figure? Our guess is something like this. 
Let us say that accurate statistics show that 
of all the children born,. 5o per cent. of them 
reach the age of twenty. Therefore, we say, 
as a mother codfish lays 9,000,000 eggs, 
4,500,000 mature cod will be the offspring of 
each effort the codfish makes to perpetuate her 
species. Naturally the question is asked - 
what has the mortality among children got to 
do with codfish and the obvious answer is- 
nothing. By such logic however do our broad- 
cast managers reach their fearful and wonder- 
ful results. 

If a business man sends out circular letters, 
he receives a certain number of replies; by 
considering enough of such cases we arrive at 
the conclusion that in answer to circular letters 
perhaps 2 per cent. of replies may be expected. 
For other types of circularization perhaps a 
different return may be expected. For exam- 
ple, in the annual election of officers for our na- 
tional engineering societies (carried out by mail) 
about one member out of four takes the trouble 
to send in a vote. From consideration of cases 
of this sort, the managers of the broadcast 
stations came to the conclusion that for every 
letter they got from the unseen audience there 
were at least fifty listening. On this basis 
the number of letters received, multiplied by 
fifty, gives the size of the audience. 

This is a most flagrant example of mis- 
applied methods. The number of replies re- 
ceived bears no more relation to the known 
figures of letter circularization than does the 
mortality of humans to that of codfish. From 
what we know of the appreciation of radio pro- 
grams from the high class stations, we imagine 
that not only one out of fifty would answer such 
an inquiry as the Chicago stations sent out, but 
probably more likely one out of five. Using 
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the one to five proportion gives a radio audience 
of about 800,000 for one station. Even this 
figure, arrived at by reasonably conservative 
calculation, is enough to stagger any one used 
to treating figures with more respect than do 
the radio publicity men. 

Radio Maps for New York City and 
Washington 

HE radio surveyors of whom we have 
spoken several times lately have just 
finished maps of New York and Wash- 

ington, and their surrounding 
country. Their signal- measuring 
apparatus, mounted in an auto- 
mobile, has made hundreds of 
measurements which, properly 
plotted on a map of the district, 
enables them to draw a radio map 
looking much like the relief maps 
of our physical geography days. 
By drawing lines through the 
points of equal signal strength, 
a map is obtained which re- 
sembles exactly the topographic 
maps put out by the geological 
department of the government. 
Instead of signifying points of 
equal height however, these 
radio contour maps show points 
of equal signal strength. 

With the aid of one of these 
radio maps, our imagination, if 
at all active, can follow very 
closely the radio waves as they 
tumble and twist their way over 
the earth's broken surface. Be- 
hind mountain ranges we find but little sig- 
nal, it having been absorbed by the hills; along 
sandy, moist country the signals travel straight, 
with the regular motion of rollers hundreds 
of miles out at sea; over the cities the prog- 
ress of the waves resembles that of the ocean 
rollers as they approach a rocky shelving shore. 
Here theirdirection of travel changes and twists, 
the waves reflected from rocks and shore meet 
head on at some places producing extra tur- 
bulence while at others, perhaps behind a 
projecting rocky ledge, the water is still. No 
waves at all penetrate here -it is a dead region 
in so far as wave motion is concerned. 

But perhaps further behind this rocky ledge, 
the waves which have been climbing shoreward 
twist around and meet, thus destroying the 
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wave shadow" the ledge has set up. So it is 
with radio waves; absorbed as they travel 
over the cities' squares, piled high with steel 
structures which absorb the waves' energy, 
radio dead spots are found. But farther along 
the same course, in the same direction from the 
station, the waves from the two sides of the 
city pour some of their energy into the shadow 
space to such an extent that the signals actually 
get louder with increasing distance from the 
station. So it would be with water waves 
dashing against a small island ; a boat resting 
in the lee of the island would find no wave 

With a special loop 
ments the operator 
at various points. 

g;; u;:s .. 

0. .: 

MAKING A RADIO MAP 
receiver equipped to make particularly accurate measure - 
measures very carefully the signal strength of the station 
The radio map we printed in March of New York, was an 

equipment of this kind 

motion, at all, but if allowed to drift with the 
wind, away from the protecting shore, the 
ocean soon becomes rough and turbulent due 
mostly to the waves which have passed around 
the island on either side; they spread into the 
waveless region to destroy its calm. 

You should get a radio map of your city as 
soon as you can; it may well be that the com- 
paratively poor reception you are able to get 
is due to the fact that you are in a dead zone; 
your friend a short distance away, who boasts 
of the superiority of his reception, may have 
unknowingly picked out a very active radio 
spot for his residence. Perhaps in the future 
the landlords will talk of the radio features of 
their location as well as the exposure and other 
things we now hear about. 
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Is the Radio Corporation a Bad Trust? 

N OUR last issue we gave a résumé of the 
Federal Trade Commission's report on the 
situation in the radio industry. The findings 

showed conclusively that a stringent monopoly 
existed in the radio field. ln the report no 
recommendations were made as to how the 

WHERE THE "SHENANDOAH" GOT HELP 
A corner in the office of Naval communications, Washing- 
ton. These naval radio operators control NAA, Arlington, 
and NAL, Washington Navy Yard. When the Navy dirigi- 
ble Shenandoah recently broke away from her mooring mast 
at Lakehurst, N. J., and fought high winds for nine hours, 
these two operators were in close touch with the runaway 

airship 

situation should be remedied because the report 
requested by Congress was to give the facts 
only. But soon after the, report was issued, the 
Trade Commission started court action to 
have the Corporation expose its alleged monop- 
olistic workings. 

The complaint specifies certain acts of the 
members of the Corporation which, in its opin- 
ion, were carried out "for the purpose of, and 
with the effect of, restraining competition and 
creating a monopoly in the manufacture, 
purchase, and sale in interstate commerce, of 
radio devices and apparatus, and other elec- 
trical devices and apparatus, as in domestic 
and transoceanic radio communication and 
broadcasting." The acts referred to are 
grouped under five headings. 

The Corporation : 

I. Acquired collectively patents covering all 
devices used in all branches of radio, and pooled 
their rights to manufacture, use, and sell, radio 
devices and then allotted certain of the rights ex- 
clusively to certain respondents. 

2. Granted to the Radio Corporation of America 
the exclusive right to sell the devices controlled, 
and required the Radio Corporation to restrict 
its purchases to certain respondents. 

3. Restricted the competition of certain respon- 
dents in the fields occupied by other respondents. 

4. Attempted to restrict the use of apparatus in 
the radio art manufactured and sold under patents 
controlled by the respondents. 

5. Acquired existing essential equipment for 
transoceanic communication and refused to supply 
to others necessary equipment for such communica- 
tion and also excluded others from the transoceanic 
field by preferential contracts. 

Now from what we know of radio it seems 
quite likely that the Radio Corporation has 
done practically all these things. Whether 
the actions have been carried out in such a 
manner as to warrant legal steps to dissolve 
the Corporation is not so certain. Government 
officials were present when the plans of incor- 
poration and program of activities were made 
up and, undoubtedly, high legal talent has 
passed upon the legality of the plans of the 
radio trust which apparently comes dangerously 
near an infringement of law. Since the Fed- 
eral Trade Commission has been so unsuc- 
cessful in many of its previous suits, the Radio 
Corporation is probably not much disturbed 
by their attempt to use the big stick. 

Should the Corporation be haled into court 
and made to bring in books showing its activi- 
ties, its financial schemes, its manufacturing 
and selling campaigns, etc., with costs of pro- 
duction and sales, the radio public would get 
much interesting information on the vacuum 
tube situation. What is the manufacturing 
cost of an ordinary triode, and what is the 
proper selling cost when reasonable profits and 
development charges have been cared for? In 
the old days of the De Forest audion, when hand 
work was the rule and tubes were turned out 
by the dozen, we can see that the proper selling 
price might have been the five or six dollars 
we had. to pay even then for the audion. But 
now when tubes are machine made, and almost 
four million a year produced, can the reason- 
able cost to the public be the same as it was in 
the early audion days? We know of course 
about " development costs," the research 
laboratories must be well repaid for the time 
and material spent in developing the present 
tubes and for research into future improve- 
ments. We also know that patents have been 
well paid for in certain instances, and we know 
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that a high depreciation must be charged off 
on machinery and auxiliary apparatus used in 
making types of tubes which may be superseded 
to- morrow. 

Granting this, should the public be obliged 
to pay five dollars for a triode whose actual 
manufacturing cost we venture to guess, does 
not exceed fifty cents at the outside? How 
much does the Radio Corporation take for its 
share, since the tubes nominally go through its 
channels? How much may the dealer keep 
for storing the tubes on his shelves a day or two 
and then passing them out over the counter? 
This information would be a very welcome 
outcome of any possible court action arising 
from the Trade Commission's complaint against 
the Radio Corporation. 

Is there a monopoly in the manufacture of 
triodes? The answer is -Yes. Is this an 
illegal situation, one which warrants govern- 
ment interference with threats of prosecution 
if the trust is not dissolved at once? No- 
certainly not. The reason is because the gov- 
ernment itself grants the monopoly. This 
point must be borne in mind by those who, 
disgusted with high prices, would give un- 
licensed manufacturers the right to manu- 
facture triodes in spite of the patent situ- 
ation. 

A patent is an out -and -out monopoly granted 
to the inventor for seventeen years, as a reward 
for those diligent labors which have brought 
into being a new and useful device. Theoreti- 
cally he can hold up the public for any price he 
decides to charge and he is doing nothing il- 
legal. And if some company buys the in- 
vention the monopoly becomes theirs, legally, 
and they legally have the right to charge 
any price the traffic will bear. So that this 
"trust" situation, in so far as it affects the 
average listener -in, has no illegal aspects at 
all. 

It frequently seems that this patent law 
itself is eminently unfair to inventors and 
prospective inventors, but it is not evident 
that any change would relieve the situation. 
This invention game has no second and third 
prizes; no matter how much such prizes may 
seem to be deserved. 

We will say that A discovers, accidentally, 
how to make the audion oscillate, at ten o'clock 
on a Monday morning. He gets his idea certi- 
fied by a notary so as to have an authentic 
record and in time files a patent application. 
On the same day, in another part of the coun- 
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try, B finishes a series of carefully planned 
experiments and succeeds, at eleven o'clock 
on the same Monday morning that his years' 
work is rewarded -the audion will oscillate. 
So he files a patent application and soon finds 
himself in interference with A. When the case 
is heard, A of course is decided to be the inven- 
tor and B gets nothing, although he is really a 
much cleverer and more capable experimenter 
than A. Such situations, apparently unfair, 
probably exist in most of the pathways along 
which striving man progresses. 

Argentina's New Station 

LCENTLY there was opened a high power 
radio telegraph station at Monte Grande 
near Buenos Aires, Argentina. Messages 

of greeting were sent from the station to the 
rulers in The United States, Great Britain, 
France and Germany, the reason for the inter- 
national greeting being the fact that the station 
is owned and operated jointly by the radio 
companies of these four countries. Although 
ownership is nominally vested in an Argentine 
corporation, the Transradio 1 nternacional, 
this company is owned by the Radio Corpora- 
tion of America, the Marconi Company, the 
Compagnie Générale de Télégraphie sans Fils 

"BEHIND THE SCENES AT A 

STATION" 
Eight young artists resting after their juvenile program re- 
cently broadcast from WOR, Newark. The microphone 

was not on the air during the ice cream eating 
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and the Telefunken Company. Separate sta- 
tions had been begun by the German and 
American companies when it was decided to 
pool interests and let in the other two radio 
concerns. 

The station will communicate directly with 
the United States and Europe with probably 
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the same reliability as the Radio Corporation's 
present transatlantic links have shown. The 
cost of this station is about five million dollars, 
according to the report, so it is evident that a 
considerable radio traffic with South America 
must be built up if the station is to prove a 
profitable venture. This is another commer- 
cial bond south of the equator. 

New Standard Wavelength Stations 

IN ADDITION to the stations we have re- 
cently cited, the Bureau of Standards now 
feels that the following stations have been 

holding to their specified wavelength with suffi- 
cient constancy to warrant mention as second- 
ary standards of frequency. WW at 58o kilo- 
cycles has a greatest deviation of 0.2 per cent. 
and an average deviation of o. i per cent. ; 

WCAP at 640 kc with a greatest deviation of 
0.3 per cent. and an average of o. i per cent. ; 

WOS at 68o kc with a maximum deviation of 
0.2 per cent. and an average deviation of 
o per cent.; WSB at boo kc has a greatest de- 
viation of o.3 per cent. and an average deviation 
of 0.2 per cent. These are in addition to WGY 
at 790 kc and KDKA at 920 kc. 

With a few more stations well distributed 
throughout the broadcasting band, the accurate 
calibration of a receiving set will soon be a very 
simple matter. 

Keeping Close to Employees 

IN A transcontinental railways system it is 
evident that those responsible for the de- 
tailed operation and maintenance of the 

equipment cannot but feel very far away from 
the executive officers, whom they perhaps 
never see, and hear of only occasionally through 
company bulletins. Feeling that a closer 
connection between the President of the road, 
and the men who do the work, will be beneficial 
to employees and road alike, Sir Henry Thorn- 
ton, for some years a railway executive in the 
United States, but now President of the 
Canadian National Railways, has announced 
his intention to make it possible for a radio re- 
ceiving set to be in the home of every one of his 
employees. The sets are not to be given away,' 
hut are to be purchased by the railway and sold 
to the employees at cost, with long time pay- 
ments allowed. 

lt is his idea to broadcast from some central 
station (or several if necessary) his ideas re- 
garding improvements in the operation of the 
roads as well as in the working and living 
conditions of the employees. l t seems quite 
likely that information about the road and its 
aims and prospects, delivered by word of mouth 
of the President, will prove of much more in- 
terest to the operatives than the printed bulle- 
tins, often thrown away before being read. 

And of course the fact that the 
receiving sets are perfectly good for 

© Underwood & Underwood 

LADY TERRINGTON, ANOTHER WOMAN MEMBER OF 
PARLIAMENT 

Who was recently elected for Wycombe, Bucks, listen- 
ing to what must be quite entrancing radio signals 

bringing in entertainment of various 
kinds, as well as the talks of the 
road's President, will make him try 
to say something of real interest to 
his listeners- otherwise his voice 
will be dissipated over Canada's 
waste spaces without reaching the 
ears of a single employee. 

The scheme has received quite 
favorable comment from the press 
and its results will be awaited with 
interest by other enterprises which 
are organized along the same line 
as is the railroad. 

Down to the Deeps with Sets 

TWO or three items appearing 
recently add to our knowl- 
edge of the laws by which 

radio waves travel. At Bisbee, 
Arizona, a group of radio enthusiasts 
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descended 1,40o feet in the Junction mine with 
radio receiving sets "to see what they could see." 

A radio wave does not stop at the surface 
of the earth, but penetrates into the surface 
according to a law well known to radio engi- 
neers. The penetration of the radiation into 
the earth is very much the same as the penetra- 
tion of a beam of light into a fog, or the pene- 
tration of "cold" into the earth as the winter 
comes on. How far does a light penetrate 
into a fog? Evidently no definite distance. 
I t gradually gets weaker and weaker as the 
distance into the fog increases. Furthermore 
the beam will surely penetrate much farther 
into one of our fogs, than if it has to force its 
way through one of London's "black" fogs. 
Similarly, the radio waves penetrate better into 
a dry non -conducting earth than they would 
into moist earth, or earth containing coal veins, 
or veins of conducting ores. 

At the same time the experimenters in 
Arizona were getting signals 1,40o feet in the 
earth, others in a tunnel under the Hudson 
River were elated because they got signals 
loo feet below the river's surface. This was 
perhaps a more remarkable example of radio's 
travel than the other because the river is salt 
Neater (a comparatively good conductor) and 
the waves had to penetrate the cast iron casing 
of the tunnel besides. 

of Radio 

Neither of these occurrences violate 
known principles of radio transmission, 
rather confirm them. If one listens to 
radio signal received in a submarine as 
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RADIO CRAFTSMEN IN SCHOOL 
Boys of Public School No. 6, New York, 
with radio sets they built themselves 

submerges, antenna and all, and gradually 
goes lower the intensity of signal falls off just 
about as the beam from an arc lamp falls off as 
we penetrate a dense fog. 

No Political Broadcasting in England 

ONE of the ancient customs of the Eng- 
lish Government was called to our at- 
tention by recent press dispatches an- 

nouncing that the King's speech to Parliament 
was not to be broadcast. This 
speech is prepared not at all by the 
King, but by the party to which the 
Government's affairs are temporarily 
entrusted; the King is however al- 
lowed to read it as though it were 
one of his own composition. How 
many boys in school wish that this 
King's privilege of using some one 
else's ideas might be extended 
throughout our democratic school 
system! 

Now, as the speech has nothing 
to do with the King himself, but is 
really political propaganda for the 
party in power, the Cabinet, which 
had previously ruled that the broad- 
casting of political speeches in Eng- 
land was not to be allowed, decided 
that the King's speech might not 
be broadcast. Surely no one needs J 

to fear the power of the King in this 
labor- controlled, democratic, mon- 
archy; his officials even deny him 
the privilege of broadcasting the 

BOY SCOUTS CONTROLLED WJZ FOR A DAY 
ln their campaign for one thousand new Scout leaders in Greater New 
York. The boys announced and managed the station themselves. 
The group is examining the oscillograph, the instrument which enables 
the control operator to "see" what the station is sending, and so to check 

the quality of the broadcasting 
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speech which they themselves have written 
for him. 

Spark Interference 
IF THERE is one sourcè of annoyance more 

disturbing than another in broadcast recep- 
tion it is that due to spark stations sending 

code. Of all the irritating and exasperating ex- 
periences we shave suffered, the hoarse, rasping 
dots and dashes caused by the ordinarily 
musical note of the spark station interfering 
with the carrier wave of the broadcast concert 
is the worst. And many times it seems as 
though the spark operator must be actually 
asleep on his key. Again we can almost hear 
his sardonic laughter as he pictures to himself 
the hundreds of thousands of broadcast listen- 
ers, each of whom would like nothing better 
at the moment than to drop him to the floor of 
his cabin with a gleefully administered tap from 
a black jack. 

Now these spark signals really shouldn't 
beso disturbing because a 50o kilocycle signal 
(boo meters) is far enough away from most 

At a recent meeting of radio experts in New 
York representing the U. S. Department of 
Commerce, the Canadian Government, and 
the commercial radio companies, it was agreed 
that spark transmission should be done away 
with as soon as practicable (perhaps within a 
year) and that the 666 kilocycle frequency 
should not be used at all by ships in American 
waters. This is a most admirable achievement, 
and we are sure the radio public is much 
indebted to those responsible for the inaugura- 
tion of this change in ship radio traffic. 

Radio Cures Tubercular Patients 

WE HAVE heard of cases of the deaf 
being made to hear by radio -we 
have heard of radio being used in the 

delivery room of a hospital, in place of anaes- 
thesia successfully to dull the pain Nature in- 
flicts, but even then, we were astonished to read 
a report from a reputable physician that radio 
was curing his tubercular patients. Was it short 
waves or long waves? Were they applied inter- 

nally or externally, or what 
was the scheme? we asked 
ourselves. Well, it all turns 
out to be very simple. The 
greatest enemy to the health 
of the tubercular patient is 
nervousness and worry. He 
of equable temperament can 
rest quietly and let Nature 
mend the destroyed tissues, 
but the nervous and irrita- 
ble patient has practically 
no chance wbhatsoever. 
Now, lying in a hospital 24 
hours a day, seven days a 
week, waiting to get better 
is not conducive to the 
elimination of worry. 

The wise doctor has 
found that the radio concerts are so much 
appreciated by his patients, are so much an- 
ticipated and looked forward to, that tu- 
berculosis is forgotten. Quiet untroubled 
rest follows and then Nature steps in to 
do her share in the reconstruction task. 
We cannot contradict this doctor's report 
that here radio is actually curing tubercu- 
losis. 

THE NEW YORK CONFERENCE 
Which recently met at the call of Arthur Batcheller, Supervisor of Radio, second 
district, to decide how to reduce interference to broadcast listeners from ships and 
coastal radio stations. It was decided to eliminate the use of 450 meters, a wave- 
length in the very middle of the broadcast band, for ship and shore communication. 

Four representatives from Canada attended the conference 

broadcast frequencies so that but little inter- 
ference should be experienced except by those 
who are very near the spark station. But most 
of the trouble doesn't come from this spark 
signal frequency. For slime reason better 
known to others than to us, many spark sets 
near New York Harbor are operated on a fre- 
quency of 666 kilocycles (45o meters), right in 
the middle of the broadcast band. 



THE DETROIT NEWS ORCHESTRA 
Every week day from 3:0o to 3:30 P. ai. you can hear, via radio, a concert by this orchestra of eight men from the Detroit 
Symphony Orchestra. Every man is a virtuoso on his instrument. From left to right they are: Otto E. Krueger, flute 
and conductor; William Herrick, clarinet; \Talbert Coffey, piano and viola; Eugene Braunsdorf, sousaphone; Maurice 

Warner, Herman Goldstein and Roy Hancock, violins, and Frederick Broeder, 'cellist 

WHEN this 
prodigy 
they call 

" Broadcast Music" 
first came into exis- 
tence, it was adopted 
by a thousand foster 
parents, nursed by 
millions of eager ad- 
mirers. Now, a f t e r 
but three years, some 
of these foster parents 
have cast the prodigy 
aside as too expensive 
a protégé. Others, 
and their name is le- 
gion, have so spoiled 
the youngster, permit- 
ting him to perform 

By Way of Introduction 
The impulse that leads one to brush up on 

his Shakespeare before going to see a Sothern 
and Marlowe or a Jane Cowl interpretation of 
one of Shakespeare's plays; or that creates 
sale for librettos before an opera, is at one with 
the impulse that has prompted this new de- 
partment. As the ranks of those who listen to 
symphony orchestras, operas, and all the 
varied forms of musical entertainment have 
increased a thousandfold overnight, as it 
were, so, we believe. there will be a similar 
increase of interest among our readers in 
whatever this department may have to tell of 
the best in broadcast music. Miss Mix has been 
writing interestingly and authoritatively, in 
newspapers and magazines, about music for 
mans years. -THE EDITOR. 

his tricks for anybody 
and everybody regard- 
less of the company 
into which it throws 
him, that many who 
were once his friends 
NNW no longer have 
anything to do with 
him. They fail to see 
that his shortcomings 
and defects are due to 
wrong guidance rather 
than to himself. 

Have you ever 
stopped to think of 
that, you who are 
daily sending out mu- 
sic through the radio 
to millions of listeners? 



476 Radio Broadcast 

All the influence ever exerted by all the mu- 
sicians who have ever lived, and by all their 
interpreters, is as nothing when placed against 
the influence exerted by broadcast music since 
it carne into existence some three and a half 
years ago as a regular means of entertainment 
for the public. 

And no one seems to know exactly what to 
do with it. Every hour of every day it is 

serving as a medium 
through which is dis- 
seminated an incredi- 
ble amount of trash, 
even a small portion 
of which is enough to 
vitiate public taste. 
On the other hand, 
during this short exis- 
tence, it has brought 
good music, sometimes 
even the greatest mu- 
sic, to hundreds of 
thousands, yes, mil- 
lions, who otherwise 
could never hear such 
music at all. 

What is to be the 
future of this musical 
giant that can pene- 
trate in an instant to 
every nook and corner 
of the earth? This is 
a question so far from 
solution at the present 
time that to attempt 
an answer would be 
but a waste of words. 

But to watch devel- 
opments-to do what 
can be done to regulate this force for the pleasure 
and enlightenment of those brought into touch 
with it, and to make of it a constructive force 
-this is going to be to all who try it, one of the 
most interesting and fascinating experiences 
among the thousand and one interesting and 
fascinating experiences constantly available in 
this life. 

have been such that she knows that many lis- 
teners all over the country not only were 
interested in what she had to say but under- 
stood what she was aiming to make clear to 
them. 

"Of course, I do not think that one can de- 
velop a pupil into a singer through radio les- 
sons," she said, when asked at her New York 
studio to talk about her broadcasting exper- 

rience. " But there 
are certain laws," she 
went on, " governing 
the correct production 
of the singing voice 
that can be explained 
by radio to those who 
are anxious to learn 
these fundamental 
principles. 

" 1 talked to these 
unseen students about 
the correct action of 
the breath and illus- 
trated this point by 
explaining many in- 
correct ways of using 
it as taught to -day. 
Then I told them 
about the right ad- 
justment of the palate 
and tongue and lips, 
how to get this ad- / justment and what 
happens to the tone 
when the opposite ac- 
tion is used. ln mak- 
ing such points as 
these I could not but 
wonder how I was 

` getting it across,' to drop into the vernacular. 
1 confess 1 was astonished, when the letters 
began to pour in, to find that my radio listeners 
had listened with greater intentness to what 
I had to say and had comprehended it more 
fully than the majority of studio students. 

"The reason for this must be that only a 
person definitely interested in the production 
of the singing voice would have the patience 
to listen to instruction on this subject from a 
teacher who is invisible, and distant from one 
mile to three thousand or more. As for me, 
1 never thought, once 1 began to talk, of dis- 
tance between my listeners and myself. On 
the contrary, the complete silence gave me an 
unconscious impression of an intent audience; 

ELEANOR MCLELLAN 
The first one to give instruction over the radio 
regarding the production of the singing voice 

Can Voice Lessons Be Given Over the 
Radio ? 

LEANOR McLellan, the first person ever 
to try it, says, " Yes." 

She has given a number of such lessons 
through the broadcasting station, WJZ, Aeo- 
lian Hall, New York. The returns in letters 
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I should judge from my own experience that all 
one needs in talking over the radio to get rid 
of a feeling that no one is listening, is the use 
of imagination. 

" Yes, I am unqualifiedly in favor of 
radio as a means of bringing the best 
to every section of 
the country. I am 
not at all in sym- 
pathy with the idea 
entertained by some 
that if an artist is 
heard over the radio 
he will not he in 
demand for appear- 
ances in person in 
these same localities. 
To me there is about 
as much sense in say - 
ing that if an artist 
has sung once in a 
town, no matter how 
well he is liked, he 
will never get a 
chance to sing there 
again. And then, too. 
there is the universal 
human quality of 
wanting to see what 
one has heard some- 
thing about. 

" Even more, there 
is the benefit to the 
artist in the encour- 
agement and inspira- 
tion that come to him 
from the response by 
letter after he has 
been heard by a 
radio audience. 
And let me assure 
you that every ar- 
tist, no matter how 
great, always feels the need of appreciative 
recognition. I t heartens flagging enthusiasm, 
turns discouragement into ambition. The art- 
ist who sings or plays for radio listeners will 
realize as he never could realize otherwise, 
that the people capable of appreciating his 
art are in numbers far beyond what he had 
before thought possible." 

A further proof that there are plenty of 
radio listeners who want to learn as well as 
be entertained is found in the fact that Miss 

_ McLellan has received many letters asking that 

using the 
in music 
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she read for her radio audiences portion of her 
book, Voice Education, published by Harper 
and Brothers and now being translated into 
French. The object of the requests is that 
while she reads she should stop when the op- 
portunity occurs and give illustrations of the 

points brought out. 

What a Negro 
Spiritual Really I s 

T GOES without 
saying that those 
who made a spe- 

cial effort to hear the 
program of Negro 
spirituals recently 
put on by K D KA as 
a dinner hour enter- 
tainment will be 
shocked to learn 
that, according to 
_john Powell, they 
are not Negro spirit- 
uals at all. 

Many, in addition 
to being shocked, 
will be resentful at 
this bald contradic- 
tion by Powell of a 
long-cherished belief. 
But as this composer - 
pianist, whose fame 
is international, is 
considered the lead - 
ing authority in this 
country on Negro 
music it is well to 
give some heed to 
what he has to say 
about it. 

He tells us that 
Negro music is sel- 
dom heard by the 

white man, and that these spirituals with 
which we are all so familiar and which the 
Negroes themselves sing for us with such fervor, 
are simply old hymn tunes modified and dis- 
torted by Negro rhythms. This is even true 
of the Stephen Foster melodies which are 
much nearer kin to German folk song than to 
Negro music. 

As he was born and raised in " old Virginny," 
and still lives there when not on concert tours, 
Powell knows well what he is talking about. 
Three years ago when he toured Europe and 

WALTER DAMROSCH 

Are there enough people in this country interested in good 
music to justify broadcasting it Ask Mr. Damrosch. His 
reply will be in the affirmative. His recent talks with illus- 
trations at the piano on the Beethoven Symphonies, given at 
Carnegie Hall, N. Y. before subscribers to the Beethoven 
Cycle of concerts by the New York. Symphony orchestra of 

which he is director, were broadcast from station \ \'EAF 
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England as soloist with Walter Damrosch and 
his New York Symphony orchestra, Mr. Powell 
created what was no less than a sensation with 
performances of his "Negro Rhapsodie" for 
piano and orchestra. This " Rhapsodie" is 
generally conceded to be a remarkable inter- 
pretation of Negro moods in addition to being 
mighty good music just as music. 

Perhaps sometime Mr. Powell will "tell the 
world" via radio something more as to why 
Negro spirituals are not Negro spirituals. He 
ought to, considering the fact that he has shot 
a hole straight through a cherished popular 
belief. All those who listened to that KDKA 
program should demand that he explain his 
position to them fully. 

How about it, John Powell? Come, it's up 
to you. 

PEAKING of 
famed equal- 

ly as orchestra 
conductor and 
pianist, said a 
few days ago: 

" 1 seem to be 
the only man 
living who has 
never `listened 
in.' Always 
when I tried to 
something inter- 
fered. Either 
that thing you 
call static got in 
my way, or I 

had to get away 
to that place 
you call station. 
Yes, 1 know that 
eight men of my 
orchestra, the 
Detroit Sym- 
phony, play a 
daily program 
for radio, and 
that the concerts 
we give for chil- 
dren are broad- 
cast . But I- 
alas! Yet wait! 
I'll listen in soon, 
then I'll tell you 
how it impressed 

Medlies 

radio, Ossip Gabrilowitsch, 

me -this broadcasting of music -and you can 
tell the readers of your magazine." 

To which the "Listener's Point of View" 
conductor replied: " lt you really do want to 
` listen in' 1 won't have to wait long. You 
look like a man who can do what he wants 
when he wants to." 

Expecting the announcer at a broadcasting 
station to get all the titles of the program right 
is probably asking more than any tongue can 
tell. 

Names of authors, books, titles of lectures. 
Scientific terms, musical names and terms - 

Which reminds us. 
There's an announcer at a certain well 

known broadcasting station whose mind must 
dwell more on the delights of fishing than the 
delights of music. Whenever a soloist is a 
bass he pronounces the word in a way to 
make the listener want to ask : 

"Black or 
striped ?" 

JOHN POWELL 
Composer -Pianist. Ask this noted American musician what he thinks 
about Negro spirituals, and he will very likely reply in that charming 
Southern drawl of his and with that characteristic twinkle in his eyes: 
"Are you talkin' about the Negro spirituals what am, or the Negro 
spirituals what ain't? I t must be the ones what ain't for I reckon you've 

never heard the ones what am." 

The word 
" bass" -not the 
fishing variety - 
again reminds 
us. 

Because the 
tones of the 
double basses in 
an orchestra 
cannot be heard 
by radio owing 
to the low rate 
of vibrations, 
the parts written 
for this instru- 
ment are played 
by many broad- 
casting orches- 
tras on the 
sousaphone. 

A sousaphone, 
be it explained, 
is a huge brass 
horn which was 
made for and 
first used by 
John Philip 
Sousa in order 
that the founda- 
tion tones of his 
band might be 



deeper and more 
evenly balanced. lt 
is said that the idea 
of the instrument 
originated with him. 

While the sousa- 
phone cannot, of 
course, pro- 
duce a tone 
resembling 
the instru- 
ment it re- 
places in 
b roadcasting, 
it serves an in- 
valuable pur- 
pose, so say 
those who use 
it, by filling in 
the harmony 
as nearly as 
possible as originally written 
for the double bass, and it 
keeps the tone of the orchestra 
better adjusted than could 
otherwise be the case with 
these important stringed in- 
struments out of commission. 

After having seen a sousa- 
phone, one cannot but wonder 
how any man can find breath J 

enough to keep it going, or 
how, once it gets to going, it 
can be kept from drowning 
out all the other instruments 
with which it is associated. 

Who Will Pay For 
Broadcasting? 
AMBITIOUS ex- 

periment is being 
conducted in New 

York to see if the listener 
is not, after all, willing to 
pay for the very best mu- 
sical talent in broadcasting. 
The " Radio Music Fund Committee, " as they 
have called themselves, was formed with Clar- 
ence H. Mackay, Felix M. Warburg, Frederick A. 
Juillard, and A. D. Wilt, Jr. as members, and the 
Central Union Trust Company, 8o Broadway, 
New York City as depositary for the funds. 

The plan, as announced; is to appeal to radio 
listeners to send in contributions, direct to the 
bank, of Si or more, to allow the Committee 
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to engage the best musical talent - 
symphony orchestras and individual 
artists -to broadcast. The Commit- 
tee announce that all of the funds 
received will go directly to pay the 
artists and that none of the contri- 
butions will be used to pay for ad- 
ministration expenses. 

Station WEAF of the American 
Telephone and Telegraph Company, 

195 Broad- 
way, N e w 
York City, 
was selected 
by this com- 
mittee for the 
experiment, 
because, the 
Committee 
announced, 
"of the su- 
perior quality 
of their broad- 
casting." 

There is some doubt 
whether the artists the ra- 
dio public is eager to hear 
can be secured for broad- 
casting, since most of them 
are recording phonograph 
artists, and there is a clause 

in many contracts, made by 
phonograph companies which pro- 
hibits these artists from broadcasting. 

The plan, at present, is by no means 
national in scope, and we are in some 
doubt whether it is wise to restrict 
the application of this fund to pay 
for the services of artists from one 
station alone. What are the mana- 
gers of. stations in Illinois, Texas, 
Nebraska, and California going to 
say to this? 

We are b\- no means sure that 
now is the time to start a pro- 
gram of payment for broadcasting, 

because it will mean an additional burden on 
the broadcasters and many stations are already 
wondering where the money for them to con- 
tinue is to be raised. The difficulty is a na- 
tional one, and decidedly not local. Since 
contributions to this fund are invited. nation- 
ally, how are listeners at great distances from 
New York going to feel about the extreme 
localization of the disbursing of their money? 

OSSIP GABRILOWITSCH 
Those of you who have not heard 
him conduct the Detroit Symphony 
Orchestra have probably heard him 
in recital. For he is equally famous 
as conductor and pianist. When it 
comes to the radio, however he's - 
well -see what he has to say about 
it elsewhere in this department 



Why You Should Have a Wavemeter 
And How You May Build it from a Few Parts, Easily Secured and Assembled as Well 
as Directions for its Use as a Wave Trap and a Tuned Radio -Frequency Amplifier 

By GEORGE J. ELTZ, JR. 
Manager, Radio Department, Manhattan Electrical Supply Company 

T I IAS been wisely stated that the develop- 
ment of a science can be gauged by the 
accuracy with which the quantities used 
in the science can be measured. Practi- 
cally, the advance of the science, and the 

accuracy of its physical measurements go hand 
in hand, one reacting directly upon the other. 
I n no particular branch of science has this been 
more strongly borne out than in radio. 

Probably the first instrument developed and 
one which has been but slightly modified since 
its inception was the wavemeter. Although 
radio has advanced most rapidly, the operation 
of the wavemeter is, perhaps, the most valuable 
of the radio engineeer's measuring instruments. 

Every radio set, whether it be a transmit- 
ting set or a receiving set, consists essentially 
of a combination of inductances and capacities 
so arranged that by their combined action, re- 
sonant circuits are created. These circuits 
are acted on by the incoming signal in the case 
of the receiving set and fix the frequency of 
transmission in the case of the transmitting set. 
The wavemeter also consists of an inductance 
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Typical wavemeter circuit for detection. The tube 
used may be either UV -too, IJV- 2o1 -A, \VD -i i or -12, 
or UV -i99 and corresponding Cunningham types. A 
\VD -12 or UV -i99 tube is most convenient as it permits 
dry battery use throughout. In the latter case, however, 

the A voltage should be increased to 3 

and capacity suitably combined to resonate or 
tune over a band of wavelengths, which may 
be altered at will. 

TWO TYPES OF WAVEMETERS 

WAVEMETERS may, in general, be 
divided into two classes. First there is 

the precision wavemeter, designed and con- 
structed to give extremely accurate readings 
which can be duplicated any number of times. 
Second, wavemeters giving readings of fair 
accuracy whose calibration change slightly in 
use. The construction of the precision wave - 
meter is difficult and expensive to undertake. 
The condensers and :oils used must be made 
with great care and must be mounted in such a 
manner that their physical dimensions will not 
change with temperature or use over long 
periods of time. They must also be con- 
structed so that there will be no variation in 
the electrical characteristics with temperature. 
Precision wavemeters are of interest only to the 
scientific investigator who has considerable 
means at his disposal and who is interested in 
extremely accurate measurements. 

THE CONDENSER 

OR general measurement work, the or- 
dinary wavemeter constructed of good 

standard parts is entirely satisfactory. Practi- 
cally any good variable condenser of approxi- 
mately .001 mfd. capacity is suitable for use 
in a wavemeter. The one requirement, which 
the condenser must meet is that it be one 
which will not change its capacity with use. 
This means that the mechanical supports and 
the construction of the plates must be rigid, so 
that there will be no shifting of the plates if the 
condenser is accidentally dropped or otherwise 
abused. Any number of condensers can be 
bought which meet this requirement. In 
addition, it is advisable, although not abso- 
lutely necessary, that the resistance of the con- 
denser be low at the frequencies at which 
it is to be used. If this requirement is met, 
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the wavemeter will give more sharply defined 
resonant points than would otherwise be the 
case. Condensers provided with a movable 
plate vernier or other means of fine adjustment 
utilizing an extra plate, are not recommended 
for this service as they require two readings 
for each wavelength setting. If a vernier ad- 
justment is desired, and sometimes this is 
desirable, the vernier should take the form of a 
small vernier knob attached to the dial of the 
condenser. 

THE COILS 

HE coils used in the wavemeter should 
be strongly constructed, and should not 

change their size or shape with temperature 
or with use. Coils either of the form wound 
type (duo- lateral coils) or coils wound on hard 
wood or bakelite forms are suitable for wave- 
meter construction. Perhaps the most con- 
venient type of construction for the amateur is 
that employing the form wound coils, such as 
duo -lateral, De Forest, Remler or Curkoid 
coils. This type of construction is particularly 
good since it permits the easy construction of 
a wavemeter covering a wide wavelength or fre- 
quency range. The manufacturers of these coils 
have constructed a number of coils which are 
designed to cover the entire wavelength band 
when used in combination with a .00 I mfd. va- 
riable condenser. If the coils are mounted on 
plugs, it is a simple matter to cover any parti- 
cular wavelength band with great convenience. 

MEASURING THE WAVE OF A TRANSMITTER 

I N FIG. I is shown the circuit of a wavemeter 
I designed to measure the wavelength of trans- 
mitting or receiving sets. This wavemeter 
consists of one duo -lateral coil suitably fitted 
with a plug shunted directly by the .001 mfd. 
variable condenser. Connected as shown in 
the diagram is a vacuum tube. This vacuum 
tube serves as an indicator to show when the 
wavemeter is in resonance or tune with trans- 
mitting or receiving set. In the case of a 
transmitting set, resonance is indicated by a 
deflection of the meter from the position at 
which it would rest if the transmitter were not 
operating. The wavemeter should be placed a 
considerable distance from the transmitter 
when the measurement is taken in order to 
permit of accurate measurement. When a 
wavemeter of this character is connected as 
shown in Fig. 3, it can also be used to indicate 
the wavelength at which any regenerative or 
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FIG. 
Typical wavemeter circuit for the generation of oscilla- 
tions. The use of a UV -2o1 -A or WE -216 -A tube is 
recommended although dry battery tubes will work 

radio -frequency receiver is operating. 1 n the 
case of a regenerative receiver the receiving set 
must be placed in an oscillating condition be- 
fore any indication will be received on the 
wavemeter. The same oscillating condition 
must be obtained with the radio frequency 
receiver. The condition of oscillation of a 
radio -frequency receiver can, of course, be 
easily obtained by the manipulation of the 
potentiometer. 

. In Fig. 2 is shown the circuit connections for 
a wavemeter designed to create oscillations of 
a known frequency. This wavemeter utilizes 
the same coils and condensers used in the 
wavemeter of Fig. I. Two coils are added - 
one a feed -back coil -the other a pick -up coil 
for use in transferring the energy from the 
wavemeter over to the circuit where it is 
desired. Coil C, together with the variable 
condenser, determines the frequency at which 
the wavemeter will oscillate. Coil B, the 
feed -back coil, serves to create the oscillation, 
the frequency of which is determined by coil C 
and the variable condenser. Coil A, which 
can be of the size of coil B, must be varied for 
best results as the frequency is changed. The 
same size coil will cover quite a wavelength 
band; but as the wavelength increases it is 
necessary to increase the size of coil A if any 
appreciable amount of energy is required for 
the measurement. 

In constructing either of the wavemeters 
shown, dry battery or storage battery vacuum 
tubes can be used. The wavemeter in Fig. I 

will operate satisfactorily with any type 
vacuum tube. The wavemeter shown in Fig. 
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2 will operate satisfactorily with all tubes ex- 
cept soft detector tubes, such as the UV -20o; 
but will work best with UV -2o 1 -A or Western 
Electric 216 -A tubes. The use of WD -I2 tubes 
in the wavemeter shown in Fig. I and a small 
size B battery permits the construction of a 
very neat self -contained wavemeter of small 
dimensions. The milliammeter used should 
have a range of from o to 5 milliamperes. 

SIMPLE METHODS OF CALIB RATION 

OST experimenters and amateurs, who are 
sufficiently interested to construct a 

wavemeter, understand its general principles 
of construction and use, but are puzzled to find a 
suitable means of calibration. The establish- 
ment of broadcasting stations and the accuracy 
with which the wavelength or frequency of the 
broadcasting station is set, has solved this 
problem. The accurate calibration of a wave - 
meter from a reading obtained on even one 
broadcasting station is now possible, provided, 
of course, that the broadcasting station chosen 
is one of the larger size broadcasting stations, 
which has had its frequency or wavelength 
carefully fixed. 

Any 
Regenerative 

or 
Radio Frequency 

Receiker 

Before going into the methcd of calibration 
it may be advisable to explain briefly the re- 
lation between frequency and wavelength. 
The electro- magnetic disturbance in the ether 
travels through the ether at the same speed as 
light, namely, 300,000,000 meters per second. 
The frequency of oscillation does not affect the 
speed at which the disturbance travels through 
the ether, so that all waves, regardless of length, 
travel the same distance in the same time. 
This being the case the amount of space trans - 
versed by a single cycle of the electrical dis- 
turbance can be obtained by dividing the 
number of cycles per second into the distance 
traveled per second. if a radio set transmits 
at a frequency of 50,000 cycles, or as it is now 
more commonly called 5o kilocycles, the dis- 
tance traveled by one cycle will be 50,000 
divided into 300,000,000 or 6,000 meters. Con- 
versely, if the wavelength of a station is given, 
by dividing the wavelength in meters into 
300,000,000 the frequency of the electrical 
disturbance can be determined. The wave- 
length and frequency are, therefore, dependent 
entirely on one another. 

With the facts above in mind, consider what 
means there are available for cali- 
bration using frequencies or wave- 

- lengths known to be associated 
with the various broadcasting 
stations. Take for example, sta- 
tion WEAF of the American Tele- 
phone & Telegraph Company, 
located in New York City and 
operated on a wavelength of 492 
meters or 6 i o kilocvcles. Assume 

FIG. 3 

Method of connection for calibration of receiving set using circuit of 
Fig. t. Also method of calibration of wavemeter circuit. Here the 

wavemeter is shown within the dotted lines 

we desire to calibrate the meter 
shown in Fig. I. Couple the 
wavemeter circuit as shown in Fig. 
3 to a regenerative receiving set. 
Tune the receiving set to station 
WEAF very carefully. This is 
best accomplished by causing the 
receiver to oscillate strongly and 
then adjusting to the exact point 
where the howl between the fre- 
quency of the broadcasting station 
and the frequency of the receiver 
disappears. This is commonly 
known as the point of zero -beat. 
Allow the receiver to oscillate 
strongly on this adjustment, tune 
carefully with the condenser on the 
wavemeter until a deflection of 
the milliammeter is obtained. 
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Make a note of the reading of the dial at 
which this deflection is obtained, marking 
the reading as corresponding to 492 meters. 
Repeat this same process with other Class B 

broadcasting stations until a half a dozen 
different readings are obtained covering nearly 
the entire dial. A curve can now be plotted 
between these readings and the corresponding 
wavelengths, and the calibration of the wave- 
meter for intermediate wavelengths obtained 
from the curve. 

If it is impossible to obtain more than one or 
two good readings on broadcasting stations 
whose wavelengths are known, use this method. 
We may use station WEAF, as an example 
again. Tune the receiving set as before. 
Carefully determine as before the point at 
which WEAF is obtained. This point will be 
around 8o degrees on the condenser dial. De- 
crease the capacity of the condenser in the 
wavemeter by turning the dial toward zero 
until a reading of the order of 20 is obtained. 
At this point, another deflection will be ob- 
tained which will be very slight and which 
will correspond to the second harmonic of 
492 meters or 246 meters. Now, keeping 
the wavemeter set ' on 246 meters, increase 
the wavelength of the receiver still keep- 
ing it oscillating. At a point on the re- 
ceiver dials corresponding to a wavelength 
of 738 meters, another deflection of the milli - 
ammeter will be obtained. The wavelength 
set on the wavemeter (246 meters) is then the 
third harmonic of the frequency of the receiver. 
We now have determined a new fundamental 
frequency (738 meters) to which the wave, 
meter may be tuned and also by making use of 
the second harmonic of 738 meters can obtain 
a wavemeter reading for 369 meters. By the 
single reading taken at 492 meters we have, 
therefore, obtained the following readings: 
738, 492, 369, 246. These four readings alone 
are almost sufficient to give a good curve. 
The same process can be repeated for 
every broadcasting station obtained on the 
upper numerals of the condenser dial. So 
the complete calibration of the wavemeter 
is obtained. This method of calibration is 
very satisfactory when the setting on the 
original frequency is accurately made and when 
the frequency of the broadcasting station may 
be relied on. This is not in general as good a 
method to follow as that of choosing a number 
of different broadcasting stations. The liability 
of error by this latter means is not as great. 
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HG. 4 
How to calibrate any receiver using oscillator coil A of 
the wavemeter shown in Fig. 2 after the wavemeter curve 

has been made 

If a neutrodyne receiver is used, it is not 
possible to use this method. of calibration, and 
the wavemeter shown in Fig. 2 should be used. 
For broadcasting wavelengths, the coils should 
have the following values: 

A, 25 turn duo -lateral 
B, 25 
C, 35 

This wavemeter is, in effect, a small trans- 
mitting station and should be calibrated in the 
following manner. Adjust the receiving set 
accurately to the wavelength of the broad- 
casting station, turn on the vacuum tube in the 
wavemeter, and adjust the wavemeter until a 
squeal is heard indicating that the wavemeter 
is coming in resonance with the receiving set. 
Carefully adjust until zero -beat condition is 
obtained, at which point the oscillator will be 
exactly in resonance with the receiving set and 
in turn in resonance with the broadcasting 
station. Mark down this setting and the 
wavelength corresponding. Adjust until a 
sufficient number of readings are obtained to 
make a good calibration curve. 

The manner in which the wavemeter should 
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FIG. 5 

This is the most convenient form of wavemeter oscillator or calibrated oscillator. This instrument covers a wave band of 
from 200 -20,000 meters. The output may be as great as one or two watts depending on the frequency. The condenser 

shown is a large laboratory condenser, but any good condenser may he used 

be constructed is a question of personal taste. 
The leads from the coils to the condenser should 
preferably be as short as possible; but there is 
no great objection to having the leads long if it 
is absolutely necessary. Where long leads are 
used, always use the same wires. IDuo- lateral 
coils may be mounted directly on the condenser 
or may be mounted on a panel with the con- 
denser underneath the panel. Three wave - 
meters are illustrated, showing satisfactory 
types of construction. The wavemeters shown 
using duo -lateral coils are the ones recom- 
mended, as they are most easily constructed 
and as all the parts necessary for their con- 
struction may be obtained from practically 
any good electrical or radio supply house. The 
manufacturers of duo -lateral coils have com- 
piled a table showing the wavelength range 
covered by each coil when used as shown in 
either Fig. I or 2. A copy of this table is 
given. A wavemeter, such as that shown in 
Fig. 6, when once built up can be used to cover 
the entire wavelength range with good ac- 
curacy at a minimum expense. 

MAKING YOUR WAVEMETER MODERN 

AGREAT many wavemeters have been 
described in different periodicals showing 

a crystal detector and a telephone headset as an 
indication of the resonance point. A great 

many other meters have been shown with a 
high frequency buzzer as a driver or source of 
energy. The first wavemeter corresponds to 
that shown in Fig. I and the second to that 
shown in Fig. 2. Present day radio does not 
permit this rather crude method of detection 
and generation. It is recommended that by all 
means a vacuum tube be used in either of the 
manners described. 

For the owner of a regenerative receiver and 
transmitting set the wavemeter described in 
Fig. 1, will perhaps, be the most useful. For 
the owner of a receiving set only, the wavemeter 
shown in Fig. 2 will be the best. Either or 
both of these two instruments will be of great 
value t0 the owner of a modern receiving or 
transmitting station, as they permit him to 
know definitely how his receiving set is operat- 
ing and what wavelength he is transmitting on. 

Modern amateur communication is carried 
on at wavelengths from 15o to 220 meters. 
Very few standard wavemeters are supplied to 
operate at these short wavelengths, particularly 
if they are also intended for use at higher waves. 
The method of calibration by means of har- 
monics outlined above is of particular value in 
the calibration of wavemeters designed for 
short wave use. The amateur and operator 
of a transmitting station will find this method 
the best he can use to calibrate his wavemeter. 
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A PERFECT WAVETRAP 

N ADDITION to using the wavemeter of 
Fig. I as illustrated, the instrument may be 

used as a wavetrap for the elimination of an 
interfering station. A wavetrap consists of 
a combination of inductance or inductances 
and capacities so arranged that the combina- 
tion opposes the passage of any given fre- 
quency. To use the wavemeter shown in Fig. 
I as a wavetrap connect it as shown in Fig. 8 
and in Fig. 9. Fig. 8 shows the connection to 
be made in the case of a receiver connected to 
an antenna. Fig. 9 shows the connection 
where a loop receiver is used. "IThe operation 
in either case is the same. Set the condenser 
of the wavemeter at maximum capacity and 
tune the receiver in the regular manner. 
When the desired station is received and in- 
terference is present vary the condenser of 
the wavemeter and readjust the receiver. A 
setting will be obtained where the interference 
will be entirely eliminated. Sometimes in 
tuning it is advisable to short circuit the con- 
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denser of the .wavemeter. A test will readily 
determine if this is necessary. Be sure in 

FIG. 6 
Wavemeter constructed of form wound duo -lateral or simi- 
lar coil and variable condenser. This wavemeter will cover 
any range by changing the size of the coils. The proper 

size coil to use is shown in the table given below 

WAVELENGTH RANGE OF VARIOUS DUO -LATERAL COILS 

No. 200A 
3 PLATE 

No. 200B 
5 PLATE 

No. 200C 
I I PLATE 

No. 2ooD 
21 PLATE 

No. 200E 
43 PLATE 

CAPACITY RANGE OF 

CONDENSER IN 

MICRO -MICRO 
FARADS 

MAX. 

MIN. 

49 91 208 418 877 

7 8 IO 13 21 

COIL NUMBERS 

WAVE 
LENGTHS IN 

M ETERS 

WAVE 
LENGTHS IN 

M ETERS 

WAVE 
LENGTH IN 

METERS 

WAVE 
LENGTH IN 

M ETERS 

WAVE 
LENGTH IN 

M ETERS 

Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. 

USorMS 25. 75 105 75 130 75 180 120 245 120 355 
U S or M S 35. 105 145 105 175 105 245 160 335 160 48o 
USorMS 5o. 145 205 145 250 150 355 220 485 220 690 
U S or M S 75. 195 290 200 365 210 52o 340 715 340 I020 
U SorMS wo. 250 38o 255 475 26o 675 430 93o 430 1330 
USorMS 150. 335 550 340 705 355 1020 68o 1410 68o 2060 
USorMS 200. 435 730 445 935 465 1359 900 188o 900 2700 
USorMS 249. 535 910 56o 1170 575 1700 1100 2370 1100 3410 
U S or M S 300 . 68o 1120 690 1430 720 2140 1400 2870 1400 4120 
USorMS 400. 83o 1450 870 1880 890 2750 1800 383o 1800 5500 
USorMS 500. 1050 184o 108o 2390 1120 3430 2300 4870 2300 7000 
U S or M S 600. 1270 2200 1300 2840 1360 4130 2800 570o 2800 820o 
USorMS 750. 1600 2760 1680 3570 1710 5 too 3500 720o 3500 10400 
USorMSmoo. 2090 366o 2140 4750 2240 6900 4700 9600 4700 13800 
U S or M S 1250. 2570 4670 2640 6000 2770 8900 6000 I2500 6000 1800o 
U S or M S 1500. 3320 5800 340o 7500 3570 110oo 7700 15400 7500 22100 

NOTE -In making calculations of the 21- and 43 -plate condensers a minimum capacity of too 
micro farads has been assumed which includes the capacity of accessories in the circuit 

micro- 
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FIG. 6A 

Rear view of Fig. 6 

searching for new stations that the wavemeter. 
when used as a wave trap is not tuned in such a 
manner that it interferes with the reception 
(4 that station. 

A STAGE OF TUNED R. F. 

I N ADDITION to the use 
of Fig. I as a wave trap, 

as a stage of tuned radio 
frequency amplification in 
front of the receiver. "I'he 
connections to accomplish 
this vary slightly with 
each receiving set, but in 
genera 1, if the circuit 
shown in Fig. io is fol- 
lowed, good results will 
be obtained. When using 
the wavemeter as a stage 
of tuned radio frequency 
use only amplifier tubes 
and omit the grid con- 
denser and leak. The 
use of a potentiometer on 
the grid return of the 
wavemeter is not always 
necessary, but is shown to 
make the set complete. 

The output coil is 
shown in Fig. 9 as a 35 
turn duo -lateral or similar 
coil. The input coil is 
variable between 25 and 
5o turns, the exact value 
of this coil cannot be 

of the wavemeter, 
it may also be used 

given as it will vary with 
the receiver. The small 
fixed condenser shown in 
series with this coil may 
be omitted if the receiver 
is of the three -circuit re- 
generative type and has a 
variable condenser already 
in series with the coupler 
primary. In general, the 
coupling between the out- 
put and input coils is very 
loose. As a matter of fact 
the input coil may be en- 
tirely eliminated and the 
primary of the coupler 
used instead. Long leads 
may also be used in the 
output coil, and coupling 
obtained directly with the 

set by placing the coil near the inductance 
in the grid circuit of the receiver. For this 
purpose the use of 11 volt or 3 volt dry bat- 
tery tubes is recommended as well as the 
use of individual A and B batteries for the 
radio frequency amplifier, thus making any 
changes in the wiring of your regular receiver 
unnecessary. 

balk 

FIG. 
. Experimental type of wavemeter oscillator. The large coil is used as an oscillator, 

the smaller coil is a modulator creating an audible note. This type is not as con - 
venient to construct as that shown in Figs. 5 and 6. This oscillator is made for use 

on a measuring bridge. It covers a wavelength band of 200 to 600 meters 
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FIG. 8 
Connection of wavemeter circuit of Fig. i as a wavetrap. 
The meter vacuum tube circuit is omitted in this case 
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Connection of wavemeter circuit in Fig. i as wave trap in loop receiver. 
The vacuum tube circuit is omitted as indicated by the dotted lines 

OEM 

35 tvrn 
Dvo-/ale/'al Coi/1 

_ oR 

Receiver .--00 

t .óóazs 
- - --I- 25 fiof0 duo-lateral coil 

+ depending on set 

FIG. IO 
By the addition of the units shown here the wavemeter of Fig. i may be used as one stage of tuned radio -frequency 
amplification with any receiver. The .00025 condenser may be variable, as shown by the dotted arrow 
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The "lab" department has been inaugurated by RADIO BROADCAST in order that its readers may 
benefit from the many experiments which are necessarily carried on by the makers of this magazine in 
their endeavor to publish only "fact articles" backed by their personal observations. 

ERRATA 

The following diagrams have appeared in recent issues of RADIO BROADCAST, with slight errors 
in the indicated connections. 

January: Page 260, Single -tube reflex plus one stage of audio: A connection should be made be- 
tween the ground and negative side of the A battery. 

February: Page 305, "The Best Inverse Duplex Circuit We Have Yet Seen." The telephone 
receivers, or loud speaker should be connected in the plate lead of the second tube, just below the 
connection of the .00i condenser. 

February: Page 326, "The Fundamental Circuit." A connection should be made between the 
ground and the negative of the A battery. 

THE SODION TUBE AND OUR "KNOCK -OUT" REFLEX 

NO CIRCUIT ever published by 
RADIO BROADCAST has aroused 
such interest among its readers as 
the one -tube reflex set originally 
described in the November num- 

ber. Stimulated by suggestions from the hun- 
dreds of readers who have written to us 
concerning this circuit, and by our own enthusi- 
asm for this remarkable little set, this depart- 
ment has not given it up as devoid of further 
improvement and research. The use of the 
B.allantine Varioformer, in place of the home - 
wound T2, described in the January Lab, and 
the reflex plus two stages of audio amplification, 
in our February number, are the result of our 
continued investigation. And now we have 
some more good news. 

DETECTION AND REFLEX CIRCUITS 

HE problem of detection in reflex circuits 
is one of the most serious involved in the 

design of such apparatus. As we have had 
occasion to state before, the three -element 
vacuum tube with its oscillating proclivities, 
complicates a reflex circuit to such an extent 
as to render this form of detection undesirable. 
This has left the crystal as the most satisfactory 
detecting medium, and the one which has been 
used, almost altogether, in commercial types 
of reflex apparatus. 

The Sodion tube, however, being a stable and 
non -oscillating detector, will immediately sug- 
gest itself to the reflex experimenter as a de- 
tector. The R. B. Lab experienced little 
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difficulty in adapting this new tube to the erst- 
while single -tube reflex. 

The Sodion detecting circuit is a simple one, 
and it was illustrated fundamentally in the 
Lab department for last month. The input 
and output circuits are similar to those of the 
standard tube, and Fig. I shows the manner 
in which the Sodion bulb is substituted for the 
crystal detector. 

The output of the R.F. tube is impressed, 
through the transformer T2, on to the col- 
lector circuit (C), (analogous to a grid circuit 
in a regulär tube), of the Sodion tube. The out- 
put of the Sodion tube, like that of the usual 
audion, is a varying plate current, and this is 
sent through the primary of the reflex audio 
transformer. The final amplified output, 
through the telephone receivers, is taken, as 
usual, from the plate circuit of the first and 
conventional bulb. 

Ti and T2 are wound on 2 inch tubes, the 
secondaries being wound first, with the primar- 
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ies on top of them, an insulating layer of 
paper being placed between. The secondary 
of T I consists of sixty turns of wire, and that of 
T2, of forty turns. The primary of Ti has 
sixteen turns, and that of T2 thirty -six turns. 
C I is a 17-plate variable condenser, and C2 a 

43 -plate condenser. T3 is any good make of 
audio amplifying transformer with a ratio of 
about four or five to one -such as the Pacent 
or Amertran. 

The critical reader will observe that the 
specifications for T2 and C2 differ somewhat 
from those described in the November RADIO 
BROADCAST for the original crystal set. These 
changes have been made in consideration of 
certain characteristics of the Sodion tube (as 
outlined in this department last month). The 
Sodion tube works best, and is most selective. 
when the input has comparatively few turns of 
wire, the required wave range being secured by 
boosting with a high capacity condenser. For 
this reason, the Sodion detecting circuit is not 

OD 
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FIG. I 

The "knock -out" reflex circuit with the Sodion tube for detector 
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FIG. 2 

"Hie original reflex set plus the Sodion tube. Note the two 
small knobs, rheostat, and potentiometer, in the upper center 

well adapted to the reflex set with the Ballan- 
tine Varioformer (where no C2 capacity is used 
at all) as described in the ,January RADIO 
BROADCAST. lt will, how- 
ever, work sufficiently well 
with the windings and ca- 
pacity described in Novem- 
ber, to justify the change 
from crystal to the Sodion 
tube, if the experimenter 
cares to alter slightly his set 
already made. Directions 
for doing this will be given 
a little later on. 

Returning to Fig. I : R 
and R2 may be a single re- 
sistance, a standard poten- 
tiometer of about three 
hundred and fifty ohms. 
But, as the required varia- 
tion of resistance is gen- 
erally confined to a com- 
paratively small ohmage on 
the negative side of the 
potentiometer, the Connec- 
ticut Telephone and Elec- 
tric Company, Meriden, 
Connecticut, has designed 
two resistances, a variable 
and a fixed one, respectively 
R I and R2. The variable 

resistance costs $I.00, and the fixed 
unit $.3O. 

R3 and R4 are rheostats, and, if 
the set is made up especially for the 
Sodion tube, it is suggested that they 
be of thirty ohms resistance each. 
This will make possible the correct 
filament voltages, on each tube, from a 
common filament source. 

The plate potential for the Sodion 
Tube is 22.5 volts. 

The Sodion tube can, of course, be 
applied to any reflex circuit as de- 
scribed above. The principle of the low 
input impedance should merely be 
carried in mind, and some form of a 
variocoupler, with a variable condenser 
across the secondary, substituted for 
the final output R. F. transformer. 

ADDING THE SODION TUBE TO THE OLD 

CRYSTAL REFLEX SET 

F YOU have built up a set according 
I to original description which ap- 

peared in November, the Sodion tube detector 
may be added to it in accordance with the cir- 
cuit of Fig. I, and as shown in Figs. 2, and 3, 

FIG. 3 
Showing the back of panel work necessary to 
adapt the Sodion tube to the single tube reflex 
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In this case. the reader is advised to buy not 
merely the Connecticut Company's potentiome- 
ter units but also their Sodion filament rheostat. 
These resistances are most easily mounted in 
the remaining free space on the panel, and they 
are uniform in appearance. The socket of the 
Sodion tube is mounted on the shelf holding the 
standard tube, placing it close up to the panel. 

The only necessary circuit changes are those 
connections to the secondary of T2 and to the 
primary of T3. An additional binding post 
may be added for the 22.5 -volt tap for the 
Sodion tube. The crystal detector is, of 
course, completely eliminated from the circuit. 

FIXED CRYSTALS AND THE ONE- TUBE REFLEX 

frr H E use of the Sodion tube, as described in 
the preceding article, by no means makes 

' )bsolete the crystal detector in this circuit. 
There are many to whom the simplicity and 
economy of crystal detection will continue to 
appeal, in fact we use it with great regularity 
and satisfaction. Readers in this category, 
who may at present be experiencing difficulty 
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with crystal detection, should not resort to the 
Sodion tube before thoroughly examining the 
possibilities of their present system. 

Ninety per cent. of the troubles which have 
bothered the comparatively few interested 
enthusiasts who have not been able to make 
this set function properly, have been due to 
faulty crystal detection. The symptoms of 
such troubles are as follows: 

Oscillation, as evidenced by the reception of 
a variable beat -note of the transmitting radio- 
phone. 

Squealing. 
Equal of better detection when the cat - 

whisker of the detector is lifted from the crys- 
tal. 

These difficulties may be instantly and per- 
manently remedied by the use of an efficient 
fixed crystal, such as the Erla. manufactured 
by the Electrical Research Laboratories, 2515 
Michigan Avenue, Chicago, 111.. and the 
Pyratek, made by the Erisman Laboratories, 
Washington Heights Building, New York City. 
These fixed crystals will be supplied by the 

FIG. 4 
The ideal automobile radio equipment 
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FIG. 5 

Two methods of compensating for 
the sway of tree antenna moorings 

manufacturers, if the reader is unable to obtain 
them from a local dealer, for Si .00 and $1.2.5 
respectively. 

THE PORTABLE SET AND THE 
AUTOMOBILE 

Photos by C. H. BROWN 

WI TH the coming of spring, and all that 
this season means to the motorist, the 

portable set, in its adaptation to the automo- 
bile, takes on considerable significance. But, 
as in all things (particularly in radio!) there is a 
right and wrong way of combining these two 
interests. 

The wrong way is to throw the old set, with 
the necessary additional equipment (excepting 
those parts you forget) into the tonneau, cramp 
yourself by operating it on the running board 
or rear seat, and finally returning home minus a 
pair of 'phones, or a bulb -left a monument to 
inefficiency and lack of system -at your 
temporary location. 

Fig. 4 tells the other story -how to derive 
unadulterated enjoyment from the orderly 
combination of two enthusiasms. 

The set, in the first place, should be con- 

structed purposely for automobile use. I t is 
preferably a simple installation, sturdily built, 
with the fewest number of parts to shake loose 
and give rise to difficulties. For this reason, 
the single tube reflex is ideal. Certainly, if the 
enthusiast is one of these genuine motorists, 
who scorn the state -roads and suburban boule- 
vards, a plurality of tubes is to be frowned 
upon. 

A carrying case should be provided for the 
set, partitioned so as to hold the receiver firmly, 
and leave sufficient room for 'phones, aerial and 
connection wire, B and A batteries. This last 
may be dispensed with if it is desired to utilize 
the automobile storage battery. 

The carrying case should not be bought to fit 
the set, but rather the set built to fit whatever 
size and shape case the experimenter may have 
on hand or can easily procure. The set and 
the parts should fit it snugly, and it is a good 
idea to cushion, with quilting, the top and sides. 
Fig. 4 shows the ideal portable equipment. 

The antenna may be strung from the car to 
the branch of a tree, while either a nearby wire 
fence, all wires bridged, or a single long bare 
copper wire laid on the ground beneath the 
antenna, makes a fairly good ground. With 
some sets, the frame of the car makes an ex- 
cellent counterpoise (ground substitute). 

HANGING YOUR ANTENNA TO TREES 
By S. OLIVER 

HAV I NG one end of my antenna fastened to 
the top of a large tree, I found that when- 

ever the wind blew very hard, the tree would 
sway and often break the antenna. 

To remedy this, I obtained three ordinary 
screen door springs (any similar springs will do) 
and fastened them, end to end. One end of the 
springs was fastened to my antenna insulator, 
and the other to a rope which ran through a 
small pulley in the tree -top and then down to 
the ground. The pulley makes it possible to 
adjust the tension of the aerial from the ground. 
The springs are strong enough so that 1 may 
pull the antenna wire quite taut, while still 
leaving sufficient elasticity for stretching with 
the movement of the tree in the wind. This 
arrangement is shown in Fig. 5A. 

(Another idea, in some respects superior to 
that suggested by Mr. Oliver, has been em- 
ployed by the editor of this department, not 
only to compensate for the swinging of tree 
moorings, but as a general convenience for 
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automatically regulating the tautness of the 
antenna, regardless of rope shrinkage, ex- 
pansion, etc. Figure 5 B, explains this system, 
which merely consists of running the rope or 
mooring end of the aerial through a pulley to a 
weight, which the writer found most conveni- 
ently made up of two or three sash -weights 
from a window An antenna, moored in this 
manner, may be left for months without even 
so slight an inspection as an anxious glance.) 

MAKING TRANSFORMERS FOR THE 
SUPER -HETERODYNE 

I N THE development of the super -heterodyne, 
several designers deemed it expedient to get 

away from the long wave transformers designed 
to cover a wide band of frequencies in favor of 
another type for which certain advantages are 
claimed. This type requires no iron in its 
core nor does it require tuning. Its funda- 
mental frequency is comparatively high, and 
it will not permit audio -frequency disturbances 
to pass through the radio stages. 

A wooden spool 22 " in diameter with two 
slots 131" wide separated by s" and with a 
base diameter of 4" is the winding form used 
for the windings. In the interstage trans- 
formers the primaries are wound with 800 turns 
of No. 32 DSC wire, and the secondaries with 
1,000 turns of the same wire. The input trans- 
former differs only in having its primary wind- 
ing reduced to 300 turns so that with the .0005 
condenser across this winding it resonates at 
approximately 2,400 meters. 

The outside primary lead is run to the plate, 
the outside secondary to the grid. The inside 
primary goes to the B battery and the inside 
secondary to the stabilizer arm. The input 
transformer is used to feed from the first de- 
tector into the first R. F. tube. 

THE MEASUREMENT OF RADIO FRE- 
QUENCY VOLTAGE AND TESTING OF 
RADIO FREQUENCY TRANSFORMERS 

By W. VAN B. ROBERTS 

AWELL known method of measuring the 
alternating voltage (at any frequency) 

applied to the grid of a vacuum tube is shown 
in Fig. 7. In the absence of any A. C. input 
it will be found that the plate current can be 
reduced practically to zero by sliding the poten- 
tiometer contact sufficiently far over to the 
negative side. The voltmeter then reads the 

,I 'hi-- 

FIG. G 

Working drawing for the home- 
made super -heterodyne transformer 

40 3 

value of the negative grid potential that is 
just sufficient to shut off all plate current. 
Call this value V,. (V, is approximately equal 
to the plate battery voltage divided by the 
amplification constant of the tube). lf, how- 
ever, alternating voltage is applied to the grid 
in addition to the direct voltage of the poten- 
tiometer, the mil -ammeter in the plate circuit 
will show some current. This is because one 
half of the A. C. voltage cycle reduces the in- 
stantaneous value of the grid potential below 
the value V, that was found necessary to shut 
off the plate current. By increasing the volt- 
meter reading by sliding the potentiometer 
contact farther to the left, the grid potential 
may be made so negative that the alternating 
voltage is at no time sufficient to bring the 
instantaneous value below the critical value 
VI. Call V2 the voltmeter reading that is 
just sufficient to shut off the plate current in 
spite of the alternating voltage. Then V,- 
V, is the maximum instantaneous value of 
the alternating voltage applied to the grid, 
or the peak value, or the amplitude, as it is 
variously called. 

Fig. 8 shows a complete circuit for measur- 
ing the voltage amplification per stage of an 
amplifier coupled by means of the transformer 
T. The oscillator supplies the radio fre- 
quency voltage to the first tube. This supply 
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can be shut off by closing switch S,. The 
double pole double throw switch S_ is arranged 
so that when thrown to the right the mil - 
ammeter measures the current in the plate 
circuit of the first tube, and vice versa. The 
procedure is as follows: 

Close S, and throw S. to the right and put 
the plug in the left hand jack. Adjust the 
voltage of the flashlight battery F and the 
potentiometer P until the mil- ammeter read- 

-MO + 
FIG. 7 

Circuit showing method for measuring the al- 
ternating voltage applied to the grid of a tube 

ing is just reduced to zero., or práctically zero: 
Count the number of cells of F that are re- 
quired and reckon 1.5 volts per cell and add to 
this the voltmeter reading. The result is V,. 
Then open switch S, and make the coupling 
between coils I__, and L3 sufficient so that 
the voltage V, required to shut off the plate cur- 
rent is a couple of volts greater than V,. The 
difference, V, -VI is the A. C. voltage applied 
to the grid of tube No. 1. 

Next, throw S to the left and put the plug 
in the right hand jack and measure the grid 

potentials required to shut off the plate cur- 
rent of tube No. 2 with switch S, closed and 
then with it open. The difference is the A. C. 
voltage on the grid of tube No. 2. This. 
divided by the A. C. voltage applied to tube 
No 1. gives the voltage amplification per 
stage at the frequency and B and C battery 
voltages used. 

The curve showing the amplification at 
various frequencies can be made by going 
through this whole process a number of times 
at different frequencies. 

If the transformer is for use at the frequencies 
employed in broadcasting, the oscillator fre- 
quency can be calibrated by putting a pair 
of phones in its plate circuit and using it as a 
receiving set loosely. coupled to an antenna 
and noting the condenser readings for various 
stations of known frequency. If the trans - 
former is for lower frequencies, honeycomb 
coils can be used in the oscillator, which are of 
known inductance, the approximate number 
of mil -henries is usually marked on the label. 
If a General Radio Co. variable condenser is 
used, the approximate number of micro- micro- 
farads is marked on the dial, and the fre- 
quency can be calculated approximately 
from the formula frequency (in kilocycles) = 

S,00u 

JNo. of milhenries x No. of micro-microfarads. 

In using this measuring circuit great care 
must be taken never to have switch S2 closed 
unless it is certain that there is plenty of nega- 
tive potential on the grid to keep the plate cur - 
rent down to a value low enough not to harm 
the mil -ammeter. A mil- ammeter that shows 
a large deflection on one mil -ampere is neces- 
sary. ln particular, remember to open switch 

FIG. ó 
Complete circuit showing how to measure the voltage amplication per stage of an amplifier coupled by the transformer T 
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S2 when changing taps on the battery F. 
Coil L3 needs only to be big enough to pick up 
a couple of volts from the oscillator. For broad- 
cast frequencies, a DL 5o will do, but for lower 
frequencies a larger coil should be used. The 
reason the battery F is not put across the po- 
tentiometer so that the voltmeter could read 
the hole voltage directly is that the resis- 
tance of the potentiometer is so low that too 
much current would be drawn from the flash- 
light cells for their good. A few six inch 
dry cells form the potentiometer battery and 
the potentiometer is only necessary to give 
a continuous variation of voltage between 
taps on F. The 2 mfd. condenser is a radio 
frequency by -pass. 

BUILDING YOUR OWN LAB 

RADIO BROADCAST'S suggestion for this 
month's addition to the growing labora- 

tory, is an electric soldering iron. Such a tool, 
really indispensable to fine radio- craftsman- 
ship, will cost from $2.5o to $6.00, depending 
on the quality. We strongly advise against a 
compromise with price when buying tools. 
Cheap electric soldering irons, more often than 
not, have serious faults such as slow heating 
and over -heating, and after use develop 
additional troubles, burning out, short - 
circuiting, etc. An excellent iron, such as that 
illustrated in Fig. 9 can be bought for about 
four dollars. A small iron is generally pref- 
ferable to a larger one. 

The electric iron is so vastly superior to the 
old fashioned externally heated type, that the 
experimenter who is still racing back and forth 
between his work bench and the gas stove, is 
still driving a prairie schooner in these days 
of airplanes and motor -cars. A good electric 
soldering iron gives a constant heat of the 
correct soldering temperature, insuring a per- 
fect flow of metal and weld at every joint. The 
electric iron permits soldering in cramped places 
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inaccessible to the ordinary iron because of its 
bulk, made necessary for the retention of heat. 

FIG. 9 
An excellent electric soldering 
iron costing about four dollars 

. Only the owner of an electric iron can truly 
appreciate the actual handicap under which he 
labored with the old style, inefficient and sooty 
tool 

HOW TO USE THE 
SUPER -HETERODYNE ON loo METERS 

HE super- heterodyne which was described 
in RADIO BROADCAST in January may be 

used for 100 -meter reception by a change of the 
oscillator coupler and loop. 

The grid winding of the oscillator coupler 
should be decreased to I o turns and the plate 
winding cut down to 15 turns. It will then be 
necessary to tune the oscillator with the con- 
denser in shunt with the grid coil only; instead 
of in shunt with the grid and plate coils as is 
shown in the original diagram for 200 to boo 
meter work. The coupling coil would remain 
about 15 turns, while the loop would probably 
have to be decreased to between 4 to 6 turns 
for operation to get down to 1 oo meters. 

Then, too, it is possible to receive on 100 
meters without making any changes whatever 
in the receiver itself. By using a two or three 
turn loop the capacity of the loop tuning con- 
denser will be found low enough to function 
satisfactorily well below 100 meters. lt is then 
but necessary to tune the oscillator to a har- 
monic of the incoming signal. Reception by 
this method is very satisfactory and for waves 
below 100 meters both the loop and heterodyne 
dials will be set somewhere between zero and 
fifteen. 

"How to Build a Resistance -Coupled Audio -Frequency Amplifier" will be 
one of the articles in the May number which you will want to read. Besides 
being a very quiet amplifier, the resistance -coupled type is quite inexpen- 
sive to build. The article will be complete with diagrams and specifications 



,. b- .-.. 

A=..t.Y.......,.Ì ., sH;j' .:' "y Ç a" 1 

rÇ 

5 y ; '9p5// "n'r a r 
pn i/ i i. H/'>',ü 

THE COMPLETE OUTFIT 
Everything including the A and B batteries may be placed in an attractive cabinet. 
Some idea of the simplicity of operation may be had from a glance at the panel 

How to _Make a One-tube Reflex Set 
That's a "Knock -Out" 

Described in a Most Comprehensive Manner, with Complete 
Instructions for Building and Operating It. It Should Operate 
a Loud -Speaker over a Crystal Range and It Is not a "Blooper" 

By Kenneth Harkness 

This article first saw the light of day in our November, 1 923, number. Since that time we have designed 
and described various modifications of this fundamental circuit and several new developments are in the 
fire. As soon as the results we obtain are satisfactory these sets will be described. In this number there 
are two modifications of the receiver described below. Both are improvements. By confining our efforts 
to a single fundamental idea it is possible to provide our readers with the most reliable data on receivers 
without making it necessary to discard any material previously purchased. 

We have had so many letters from enthusiastic supporters of this receiver and so many requests for extra 
copies of the November number that we feel that its reprinting will fill a rapidly growing need. The boiled - 
down digest of our readers' comment shows very plainly that the receiver really is what we have called it- 
a knock-out. -THE EDITOR. 

VVE HAVE often heard of one - 
tube receivers that will ac- 
tuate a loud speaker, but 
seldom do we have the ex- 
perience of listening to such 

a performance; and in radio -hearing is be- 
lieving-so we are justly skeptical of these 

wonder sets." 
Indeed, the super- regenerative "flivver" 

receiver was the first loud- speaking one -tube 
set* we had occasion to witness in actual op- 
eration, and although it made a remarkable 
showing in reproducing local stations, distant 

*See "Operating a Loud Speaker on One Tube Without 
Batteries" in RADIO BROADCAST for June, 1923. 

reception appeared impossible and some rather 
complicated knob and dial juggling was re- 
quired in the process of tuning. 

Immediately after the super- regenerative 
craze died down, we were deluged with hashed - 
up versions of revivified and rejuvenated but 
nevertheless ancient reflex circuits; but until re- 
cently we were still looking for a demonstration 
of a one -tube set that would make a loud 
speaker " percolate." 

For this reason we spent many days and 
nights in an effort to produce such a single -tube 
receiver. Our work has resulted in an outfit 
that is simple and inexpensive to build, easy to 
install and operate as well as being compact 
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and portable. It will function with any kind 
of receiving tube now on the market and will 
operate a loud speaker over distances about 
equal to those it is possible to hear with the 
telephones on an ordinary crystal receiver. 
When used with a headset it is capable of very 
long distance reception, extremely sharp tun- 
ing, and exceptionally clear reproduction of 
speech and music. 

The receiver is essentially a one -tube reflex 
outfit, but involves certain modifications that 
make for efficiency, sensitivity, volume, clarity. 
and ease of control. I t is: 

Efficient- because the one tube is made to do 
double duty and because an improved circuit 
with correct constants is employed. 

Sensitive- because a stage of tuned radio - 
frequency amplification is provided before the 
tuned detector circuit. 

Volume- because a stage of audio -frequency 
amplification is used to amplify the rectified 
impulses and because both the radio -frequency 
amplifying and rectifying circuits are tuned - 
giving maximum amplification with corres- 
ponding selectivity. 

Clear- because a crystal is used for rectifica- 
tion: and because, when properly adjusted, 
the vacuum tube does not oscillate and the 

FIG. I 

The one -tube reflex circuit, which 
gives a stage of R. F., detector, 
and a stage of A. F. amplification 

howling and squealing so noticeable in regener- 
ative receivers is totally absent. 

So far, not so bad, eh? 

METHOD OF PREVENTING SELF -OSCILLATION 

ORIDINARILY in a reflex circuit the ten - 
dency toward self -oscillation is so great 

that a potentiometer or similar device must be 
employed to impress a positive charge on the 
grid so that the resultant grid current will 
prevent self -oscillation.* In a plain radio - 
frequency amplifier this would be quite satis- 
factory, but when it is desired to use the same 
tube for audio -frequency amplification it is ne- 
cessary to operate the grid at a negative poten- 
tial or else the A. F. amplification will be nil! It 
is evident then that reflex systems utilizing a 
potentiometer stabilizer are out of the question. 

We could employ reversed inductive or 
capacitive feed -back to balance the self- oscilla- 
tions, but each of these systems has certain 
disadvantages; especially in a circuit having a 
variable resistance element such as a mineral 
rectifier.t The adjustment would necessarily 
be tricky and unstable. 

*See "Radio- Frequency Amplification Without Distor- 
tion or Reradiation," RADIO BROIDC.\ST for July, 1923, 
page 214. 

tSeveral fixed crystals, such as the Erla and Pyratek 
have been used in the R. IL Lab with great satisfaction. 
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The method of preventing self- oscillation in 
the receiver to be described is not new, but, to 
the best of our knowledge, its application and 
dual functioning are original. 

Briefly, if the grid and plate circuits of a 
vacuum tube are adjusted to the same fre- 
quency, even though they are not in inductive 
relation, the inter -element capacity of the 
vacuum tube is large enough to feed back 
sufficient energy to produce self -oscillation. 
If a third and independent circuit is closely 
coupled to either the plate or grid circuit and 
this independent circuit is tuned, it will cause a 
reduction in the amplitude of the local oscilla- 
tions, and if the initial amplitude is not too 
great, the reduction will be effective in preven- 
ting self -oscillation. Further, the energy in 
the independent third circuit may be fed into 
a rectifying device, the damping effect of which 
will still further aid in preventing undesirable 
self- oscillation. 

The practical application of this system may 
be noted in Fig. I. The primary coil of trans- 
former T2 is in close inductive relation to the 
tuned.secondary circuit -which latter functions 

in the dual rôle of the independent third circuit 
and the tuned detector input. 

The rest of the circuit is standard, but every 
endeavor has been made to reduce the number 
of controls without decreasing efficiency. Thus, 
the antenna circuit is made slightly aperiodic 
(i.e., requires no tuning over the range covered 
by the secondary) ; the filament circuit is 
made" or "broken" by the automatic filament 

control jack, and a ballast resistance is used 
in place of an adjustable rheostat; the plate 
winding of T2 is sufficient to allow good trans-. 
formation without direct tuning of the plate 
circuit; the grid and detector inductances are 
fairly widely separated and at right angles 
to each other so there is a minimum of induc- 
tive feed -back. 

SIMPLE DESIGN AFFORDS EASY CONSTRUCTION 

AN AMATEUR should have little difficulty 
in constructing a receiver of this type 

as the photographs afford constructional de- 
tails which may be readily understood, even 
by the newcomer in the radio game. 

In the top view, Fig. 2, the disposition of 

FIG. 2 

This is how the receiver looks from above. Note that the two transformers 
(Ti at the left, T2 at the right) are mounted at right angles to each other 
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parts is clearly shown. The transformer 
mounted behind the left hand condenser consti- 
tutes, with the condenser, the tuned antenna, 
grid, radio- frequency transformer unit Ti ; at 
the right hand side is mounted the plate- detec- 
tor, audio -frequency transformer unit (T2). 

An "Amperite" or other fixed resistance is 
mounted at the right side and battery termi- 
nals in the rear of the socket strip. 

In the front view, on page 496, may be seen 
the controlling knob of a mechanical crystal 
detector illustrated in Fig. 3. This detector 
has proved its excellence as to ease and 
stability of adjustment, two factors of prime 
importance which should be looked for in 
selecting this item: but any good crystal de- 
tector may be used. 

The entire set is mounted within a special 
cabinet with provision for separate battery com- 
partments. The top and center panels of the cab- 
inet are hinged to allow access to the tubes and 
tuning controls. When closed, the instrument 
is completely protected from dust and injury. 

Close study should be given the photograph 
of the empty cabinet, Fig. 4, which shows the 
proper measurements. It is advisable to secure 
all the material necessary before starting the 
actual assembly of this receiver. 

LIST OF M.\TERIALS REQUIRED 

I Audio- frequency transformer, 41 to 1 ratio 
I Panel -mounting crystal detector, mechanical adjustment 

preferred 
2 Special tuned radio -frequency transformers, utilizing - 

2 .0004 mfd. variable condensers 
2 1-16" Formica forms, 2" long and 2 " dia. 
1 Ib. No. 28 cotton and silk insulated wire 
2 8" strips of 1" cambric cloth 

FIG. 3 

\ small French crystal detector which is gaining popularity 
in this country. Few are available at present, but they are 
to be marketed in quantities shortly. The cat -whisker and 
crystal are completely enclosed. Adjustment is accom- 
plished by rotating the small knob shown at the right 
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8 Switch points and 8 hexagon brass s`._ nuts for 
terminals 

4 4" mounting pillars and 4 1" ,round head ma- 
chine screws for attaching the transformers to the 
condensers 

2 dials to fit condenser shafts 
I Front panel 71" high, 9" long and ;s" thick 
I Sub -panel with spun -in socket 32" x 5" x 1;6" 
I I" Brass angle 3l" long, 6" stock 
I Automatic filament- control jack. Micarta insulation 
5 Binding posts, 3z screws 
2 Spring mountings for Amperite or fixed resistance 
4 Feet of bus bar 
2 Feet of No. 23 bare copper wire 
2 Feet of small flexible cambric tubing 
8 r 3z round head machine screws 
8 8 "A' flat head machine screws 
I Vacuum tube, preferably a UV -2o1 A or C -301 -A 
I 47- or 90 -volt B battery 
I A battery of 6 volts, either storage battery or dry cells 
I Headset or loud speaker 

ANTENNA EQUIPMENT 

Either I light -socket antenna attachment or 
200 Feet No. 12 rubber -covered copper wire 

3 5" glazed porcelain corrugated insulators 
I Lead -in insulator 

I Lightning arrester (not necessary when antenna attach- 
ment is used.) 

CABINET MATERIAL 

4 pieces 72" 82" Z" 
I Base 91"x 18 "x2" 
I Top piece 22" X 18" x 1 
I Cover 7" x 18" x 1" 
2 Doors 1" 1" 

z 
" x 1 

4z 7z 
2 Front pieces 71" x 41" x 

THE TUNED R. F. TRANSFORMER UNITS 

SPECIAL care should be observed in con- 
structing, or purchasing (if you do not care 

to build them), the tuned radio -frequency 
transformer units, as successful operation 
is greatly dependent upon them. For this 
reason exact specifications are given, and it 
would be well to employ similar material, 
follow the same constructional lines, and 
make all connections in accordance with in- 
structions if duplication of the results men- 
tioned above is expected. 

Procure s -lb. of number 28 single cotton 
(under) and single silk (upper) insulated soft - 
drawn copper wire and two formica forms Tl,; 

inch thick, 2 inches long and 2 5 inches in 
diameter. 

Number 28, S.C.S.S. wire is chosen because 
it combines highest efficiency with exception- 
ally neat appearance. The double covering 
provides good spacing between the metallic 
conductors. The white cotton protective layer 
affords good insulation, while the silk layer is 
pleasing in appearance and does not allow the 
shellac to gather and harden between turns. The 
usual effect of increased distributed capacity 
resulting from the use of shellac or other dope 
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The receiver slides into the middle compartment, the side sections being provided 
for the A and 13 batteries. I f the constructor of the set prefers not to make the 

cabinet, it may be bought for a reasonable sum 

on ordinary cotton covered wire is thus reduced. 
lt is interesting to note that when coils, especi- 
ally cotton covered, are not treated with some 
form of moisture- resisting material, a relatively 
great amount of moisture will be absorbed, the 
insulation between turns is materially reduced, 
and this fairly low -resistance shunt across the 
coil is extremely detrimental to sharp tuning. 

The particular size wire is chosen because 
with it a relatively small length of wire is re- 
quired for any given inductance and in addition 
the value of capacity between turns and there- 
fore the total value of distributed capacity is 
lower than would be the case with heavier wire. 

MAKING TRANSFORMER TI 

ONE of the two Formica forms (see list 
of materials) should be provided with 

four terminals and two mounting screw holes, 
made with a No. 27 drill. The terminals are 
situated 3," apart, 4" from one edge. The 
mounting holes are 4" from each edge on a 
line parallel to the axis and between the two 
center terminals. The terminals may consist of 
switch points with the heads outside and 
hexagon brass nuts clamping them to the form 

end of the coil is 
a point opposite 
terminal. 

The entire form may be given a light coat of 
thin shellac, collodion or airplane "dope" 
leaving only the terminal heads untouched 
for soldering. When throughly dry the 
transformer is mounted on its condenser - 
one method of accomplishing this is shown in 
Fig. 2. Two holes 12" apart may be drilled and 
tapped for thread in the end plate of the 
variable condenser. Two -31'2 machine screws 
and small brass pillars are used to support the 
transformer away from the condenser. The 
arrangement should be similiar to the illustra- 
tion in order to retain short leads. 

inside. The projecting pieces 
of the screws are cut off and 
solder flowed over the nut to 
prevent loosening. Small 
holes to pass the wire should 
be drilled near terminals 1 

and 3 (Fig. 1.). 

The secondary coil is 
wound on the form first; 
starting at terminal No. 3 to 
which the wire is soldered, 6o 
turns are placed evenly and 
tightly; the end of the wire is 
brought through the form at 
a point opposite terminal 
No. 4 and soldered to that 
terminal. 

A one -inch strip of cam- 
bric cloth or other flexible 
sheet insulating material is 
wrapped over the secondary 
and held in place with glue. 

The primary, of 15 turns, 
is wound on the insulating 
material, spaced in the center 
and in the same direction as 
the secondary. 

The beginning is soldered 
to terminal No. i and the 
brought through the form at 
No. 2 and soldered to that 

MAKING TRANSFORMER T2 

1 S transformer is constructed in a man- 
ner similiar to Ti with the difference that 

the primary (top coil) has 35 turns. 
Referring to the diagram, Fig. 1, it will be 

seen that there are five connections to T2; the 
fifth connection is a center tap on the second- 
ary and should be used only if the receiver is to 
be operated in the vicinity of an interfering 
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station. Otherwise this 
tap should not be pro- 
vided as it reduces 
signal strength, al- 
thoughlatithe same time 
increasing selectivity 
because the damping 
effect of the crystal rec- 
tifier is effective over 
only half the induc- 
tance; if a vacuum tube 
detector were used, the 
value of this connection 
would be nil, the grid - 
filament resistance be- 
ing so high. Although 
the volume would be diminished, selectivity 
would be neither greater or less. 

In most cases the lead from the positive B 

terminal of the primary of T3 will be con- 
nected to terminal No. 4 of T2 rather than to 
the tap. 

Only a very light coat of dope or shellac 
should be placed on the primary of No. 2 as 
it is desired to keep the distributed capacity 
very low. 

In mounting, T2 should be placed on its 
condenser at right angles to that of T i . Fig. 5 

shows the correct arrangement which should 
be followed. 

The photographs of the back of the complete 
receiver (Figs. 2 and 6) indicate that the 
variable condensers face each other; this is not 
good practice because the dials must then be 
of different types, one reading left hand and 
one right hand. Therefore, in the panel lay- 
out, Fig. 7, and in the photograph of T i and 
T2 (Fig. 5) corrections have been made so 
that both condensers are mounted in the same 
manner and both dials may be of the same 
type. All stated dimensions have been checked 
and corrected so that the drawings may be 
followed with perfect assurance that every- 
thing will fit. 

These special transformer units, both T i and 
T2, may be purchased if the constructor wishes 
to save time and labor. They are priced at 
about $6.00 each. 

One -tube Reflex Set That's a " Knock -out " 501 

FIG. 5 
The tuning units T2 and T (left to right 

THE VACUUM TUBE STRIP 

H E vacuum tube socket is " spun" into a 
sub -panel 3 f" x 5" x TV on which are 

located the filament resistance. mounting clips, 
binding posts, audio- frequency transformer and 
mounting bracket, but single sockets made for 

panel mounting may be purchased for about 
$1.5o and the assembly of the sub -panel will 
then be up to the ingenuity of the constructor 
himself. Figs. io, I I, and 12 will help to show 
the proper a -rangement of parts. 

I n assembling, care should be taken that the 
audio -frequency transformer is placed with its 
grid terminal adjacent to T I ; the plate terminal 
will then be close to T2 so all leads may be 
made very short. 

Four binding posts are located on this sub - 
panel as indicated in the drawing Fig. 8. 
This is the correct method in contrast to the 
photographs which show a receiver with a 
slightly different wiring system. 

Special attention should be given the springs 
of the tube socket as "dead" tension will in 
time cause a great deal of difficulty, chiefly char- 
acterized by noisy and spasmodic operation. 

THE FRONT PANEL 

ffiFilS should be of Bakelite, Formica, or Ra- 
dion, 9" long, 7r high and ,3 to 4" 

thick. Bakelite or Formica should be sanded 
or grained on both sides, but Radion should 
retain its original finish. The panel is drilled 
in accordance with the front panel layout, Fig. 
7, but the position of holes may be changed 
to suit any condensers. 

ASSEMBLY 

T ABOUT this stage in the manufacture 
of a home made receiver, the amateur 

workshop, whether it be a real shop, the 
kitchen, parlor, or attic, has assumed an air of 
congested indecisiveness that hardly bespeaks 
the usually tidy habits of the constructor; 
coils, tools, condensers, dirt, sockets, wire, 
binding posts, solder, and some more dirt and 


