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Coming In

• King SparkKing Spark
• CW

C t l D t t• Crystal Detectors
• Audion



Marconi

British Patent 7777 – 26 APRIL 1900



Damped Waves

The Problem With Spark
Damped Waves:
• Produced by spark‐gap transmitters. 
• Each spark discharge causes the RF tuned circuit to ring like a bell or plucked string.
• Each pulse dies away.p y
• The carrier wave is inherently amplitude‐modulated at the spark frequency.
• At the receiver, detection in easily accomplished with a simple rectifier.

Time Domain >Time Domain ->
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The Problem With Spark

10 KHz 100 KHz 500 KHz 1 MHz 10 MHz

Frequency Domain ->
V id b d idth

10 KHz 100 KHz 500 KHz 1 MHz 10 MHz

Very wide bandwidth

5/8/2017 Al Klase – N3FRQ ‐ 2016



Fessenden’s Fix
Continuous Waves:
• Greater efficiency due to narrow bandwidth.
• Produced by:y

• High‐Frequency rotating machinery, e.g.the Alexanderson Alternator
• Poulsen Arc Converter
• Vacuum‐Tube or Solid‐State Oscillators

Time Domain -> Frequency Domain ->
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Alexanderson Alternator Continuous-Wave Transmitter

AC Motor (left) turns high‐frequency alternator (center) producing 200 
KW i h f f 15 30 KH
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KW in the frequency range of 15 – 30 KHz.



Poulsen Arc Continuous-Wave Transmitter

Vladimir Poulsen with small arc 
converter.

350 KW Federal Telegraph Co. 
Arc Transmitter - 1919
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The DC arc has negative resistance 
causing the LC circuit to oscillate.



CW Opens the Door to RT

• Telefunken arc transmitter 
from 1906. 

• The carrier wave is generated 
b 6 l t i i thby 6 electric arcs in the 
vertical tubes, connected to a 
tuned circuit. 

• Modulation is done by the 
large carbon microphone 
(cone shape) in the antenna(cone shape) in the antenna 
lead



“An Act to Regulate Radio Communication”
13 AUGUST 1912

• All stations to be licensed.
• Ships to maintain 24 hour radio watch• Ships to maintain 24-hour radio watch.
• 600-200 Meters (500-1500 KHz)
• Or more than 1600 Meters (Less the 187.5 KHz)Or more than 1600 Meters (Less the 187.5 KHz)
• Amateurs:  “200 Meters and Down” (above 1500KHz)
• The Navy retained the prime real-estate between 600 

and 1600 Meters









Vacuum-Tube Development
• AT&T Long-Distance – Harold Arnold

– 20 Oct 1912:  de Forest demo to AT&T
– Late 1912:  start work on high vacuum
– 1913 oxide‐coated filament
– 18 Oct 1913 ‐ New York to Washington18 Oct 1913  New York to Washington
– 15 Jan 1915 – NY to San Francisco

• General Electric – Irving Langmuir
AMModulation of Alexanderson Alternator– AM Modulation of Alexanderson Alternator

– 1913 ‐ high‐vacuum “Audion”

• High-Vacuum Technology
• Greater Reliability
• Improved Manufacturing Techniques• Improved Manufacturing Techniques



Alexander Meissner
Description Deutsch:Meissner Oszillator
PatentschriftPatentschrift
Date 10 April 1913 Source Deutsches Patent 
291604 vom 10.Apr.1913 Author 
Telefunken, Alexander Meissner Remarks 
D h Ab l f P h ifDeutsch: Abgelaufene Patentschrift



Meissner - 1913

One of the first vacuum tube AM radio 
transmitters, built by Meissner in 1913 with 
an early triode tube by Robert von Lieben. 
H d it i hi t i 36 k (24 i) iHe used it in a historic 36 km (24 mi) voice 
transmission from Berlin to Nauen, 
Germany. 

From Wikipedia AM



Military Electronics 1914

Spark transmitters and crystal sets



Gustave-Auguste Ferrié
• French radio pioneer
• Ferrié headed the French 

Radiotelegraphie MilitaireRadiotelegraphie Militaire
(Signal Corps) 



Paul Pichon
(A Spy Story)

Mata‐Hari
• Year Book of the Institute of Radio Engineers – 1914
• Pichon, Paul,  Patent Expert and Oberingenieur, Telefunken Co., 

Berlin Germany

Mata Hari

Berlin, Germany
• Held a German patent for a crystal detector



Paul Pichon
• Pichon was a Frenchman, but he had deserted from the French 

Army in 1900 and, emigrating to Germany, he earned his living 
teaching French. 

• Among his pupils were the children of Count von Arco, one of the 
founders of the Telefunken Company, by whom he was 
subsequently recruited as a technical representative.

• During the summer of 1914, he was touring the USA on an 
assignment from the Telefunken Company of Germany, to gather 
samples of all the latest wireless equipment he could find and to 
return to Germany with his samples for assessment. 

• In the course of his tour he visited the Western Electric Company, 
and was given samples of the latest high-vacuum Audions together 
with full information on their use.  

• Also visited General Electric, and received Pliotron samples



Paul Pichon
• On his way back to Germany at the end of his American tour he 

travelled by Atlantic liner to Southampton and he found himself in 
L d 3 A t 1914 th d hi h GLondon on 3 August 1914, the very day upon which Germany 
declared war on France. 

• The poor chap was in a fix, a French deserter yet an alien in 
G h t h t d ?Germany; what was he to do?  

• In his hesitation, he called on Godfrey Isaacs, the managing director 
of Marconi's, to seek his advice.  

• He explained that he was still a French subject, but that he would 
face immediate arrest if he returned to France.  Whether or not 
Isaacs regarded him as a 'hot potato' is not clear; what is certain is 
th t I f il d t i t th i t f th lthat Isaacs failed to appreciate the importance of the samples 
Pichon carried in his baggage, and which thus lay virtually within his 
grasp. 
H d i d Pi h t t t F d ff hi i t th• He advised Pichon to return to France, and offer his services to the 
French authorities.



Paul Pichon
• Pichon crossed to Calais where he was promptly arrested.  
• Protesting that he had brought back vital samples and information 

f A i h d d th th iti t i t ith thfrom America, he persuaded the authorities to communicate with the 
commandant of the French Military Telegraphic Service, Colonel 
Gustav Ferrié.
F ié d d th t Pi h b i di t l b ht b f hi ith• Ferrié ordered that Pichon be immediately brought before him with 
all his baggage and papers.



Paul Pichon
• Convinced of the reliability of Pichon's information, Colonel Ferrié

immediately submitted the samples to a panel of eminent physicistsimmediately submitted the samples to a panel of eminent physicists 
for further assessment.

• Simultaneously, he ordered arrangements to be put in hand for 
manufacture at the works of Messrs E. C. & A. Grammont at Lyons.manufacture at the works of Messrs E. C. & A. Grammont at Lyons.  

• The design was substantially modified by French engineers, Michel 
Peri and Jacques Biguet, but within 12 months valve production was 
in full swing at the Grammont works.in full swing at the Grammont works.  

• Known as the Type TM in France, samples were sent by the French 
to the Admiralty in London and to the Royal Naval Signal School at 
Portsmouth early in 1916, and it very quickly became evident that o ts out ea y 9 6, a d t e y qu c y beca e e de t t at
these French valves were vastly superior in every way to the soft-
vacuum Round valves and the earlier model Audions in use hitherto. 



French TM Valve
“Télégraphe Militaire”  - 1915

• The First Mass Produced Vacuum Tube• The First Mass-Produced Vacuum Tube.
• “Hard-Vacuum” Triode Amplifier Tube
• Based on General Electric Co. (US) “Pliotron” 

t h ltechnology
• Total WWI production more than 100,000 Units.
• 50,000 by Moorhead in California
• Many more produced by the British as the “R” 

Valve

• High Vacuum
• “Bright Emitter” – Straight Tungsten Filament
• Un-Gettered• Un-Gettered



Amplificateur 3TER

(Amplifier Type 3 3)(Amplifier Type 3.3)
• One of the earliest applications of the TM valve, 1916.
• Used as an audio amplifier for “earth telegraphy” and as a detector 

and amplifier in radio receivers.



French Equipmentq p



E 10BIS - CW Transmitter Receiver



E 10BIS - CW Transmitter Receiver



Meanwhile, Back at the Ranch…



The Phone Company

The President’s Analyst Staring James Coburn Paramount Pictures 1967The President s Analyst  Staring James Coburn – Paramount Pictures – 1967
“The Cerebrum Communicator”



TPC
• AT&T Long-Distance

– 20 Oct 1912:  de Forest demo to AT&T0 Oct 9 : de Forest demo to AT&T
– Late 1912:  start work on high vacuum
– 1913 oxide‐coated filament1913 oxide coated filament
– 18 Oct 1913 ‐ New York to Washington
– Early 1914 – Armstrong Demo and Disclosure– Early 1914 – Armstrong Demo and Disclosure
– 15 Jan 1915 – NY to San Francisco

1915 Arlington AM transmitter– 1915 Arlington AM transmitter



TPC 2
• Dramatis Personae

– John J. Carty, Chief EngineerJohn J. Carty, Chief ngineer
• Ralph Hartley
• Edwin H. Colpitts
• Raymond A. Heising

• Working in Comparative Secrecy



John J. Carty

• Chief Engineer, At&t (1907)g , ( )
• Armstrong receiver demo (Early 1914)
• 1st Transcontinental Long-Distance (24 January 1915)
• 1st Trans-Atlantic radio telephone (1915)1 Trans Atlantic radio telephone (1915)
• Becomes Major U.S. Army (1915). Ultimately Chief Signal Officer
• 4525 Bell System employees into the Signal Corps  (1917)



Radio Station NAA - Arlington



Arlington



Arlington

• Type-S, 204A used in Modulator

T W 204B d i RF A• Type-W, 204B used in RF power Amp



Arlington



Arlington



U.S. Army Signal Corpsy g p



Division Radio Network

BATTALION  REGIMENT  BRIGADE  DIVISION 



U. S. Army – 1917-1918
Division of Research and Inspection

The Signal Corps “Dream Team” in Paris France

• Organized by Colonel J. J. Carty – Recruited personnel from industry and the academic community.
• Officer in Charge Major E. H. Shreeve ‐ Executive Officer, Research Department, Western Electric
• Research Section ‐ Major O. E. Buckley ‐ Physicist from Cornell University

• Researcher at AT&T – Developed the Arlington Radio‐Telephone Transmitter ‐ 1915
• Inspection Section ‐ Major Maurice K. McGrath – AT&T



$100,000 in laboratory equipment as shipped to Paris in crates$100,000 in laboratory equipment as shipped to Paris in crates 
designed to be made into work benches.



Division of Research and Inspection
The Functions of the Division
(a) The gathering of information on all signaling apparatus, allied as well 

as enemyas enemy.
(b) The dissemination of this information through channels among the 

Signal Corps units.
( )(c) The application to existing and proposed Signal Corps practice of 

devices which had already been tested out by the various armies and 
found satisfactory.

(d) h l l l d d l f(d) Research along original lines and development of new apparatus.
(e) The inspection of all Signal Corps apparatus arriving from the United 

States or purchased. in Europe to insure its reaching the combatant 
i i bl di itroops in serviceable condition.

(f) Constructive criticism of all apparatus used by the Signal Corps.



Division of Research and Inspection

Just a few, of many, accomplishments:

1. Tank radio set.
2. Two‐watt radio loop set.
3 Listening station equipment3. Listening‐station equipment.
4. High‐frequency amplifier. (Armstrong Superhet)
5. Two‐way T. P. S. (Earth Telegraph) set.
6. Mobile telephone and telegraph offices
7. Telephone sets for artillery fire control.
8. Telephone sets for balloon service.8. Telephone sets for balloon service.



Edwin Howard Armstrong - 1918 
THE SUPERSONIC-HETERODYNE THE SUPERSONIC-HETERODYNE 

RECEIVER
(Supersonic i e ultrasonic)(Supersonic, i.e. ultrasonic)

• Improved performance at high 
frequenciesfrequencies

• Uses heterodyne frequency conversion 
to move the signal to another, usually 
lower, frequency where amplification 
and filtering are easier to accomplish..

• The basis for most modern radio 
receivers

Captain E. H. Armstrong
U S Army Signal CorpsU.S. Army Signal Corps

1917‐1918



Paul Godley’s circuit 1920 for the Transatlantic test

Heterodyne Frequency Converter

• Input tuned to 1000 KHz

Intermediate – Frequency Amplifier and Detector

• Amplifies and detects signal at 100 KHz• Input tuned to 1000 KHz
• Oscillator tuned to 900 KHz

• Amplifies and detects signal at 100 KHz

Early Armstrong equipment in the FT. Monmouth Museum – Note the French TM Valves in the IF.



EARLY U.S. MILITARY VACUUM TUBES

VT-1
Western Electric 

VT-2
Western Electric 

205B203A
General Purpose

205B
“5-Watter”

VT 4VT-4
Western Electric 211

“50-Watter”



Navy Equipment at Belmar 1918
(Howeth)

Two Audion control boxesTwo Audion control boxes
Receiver

2-stage audio amplifier



BC-32A 
CW T itt R iCW Transmitter - Receiver



CW-936

RADIO-TELEPHONE SYSTEM

”THE SUBCHASER SET”

• Designed by Western Electric
• First commercially produced 
radio-telephone system

• Mic and loudspeaker on the bridge for quick
communicationscommunications

• 2-tube AM transmitter
• 3-tube receiver
• Five preset frequencies 870-1270 KHz

3 t b di lifi• 3-tube audio amplifier
• “Loud-speaking telephone”





SCR-68



SCR-68



SCR-68



SCR-68



Established 17 OCT 1919





Asbury Park – Summer 1920



8XK/KDKA  - 2 NOV 1920

Warren G. Harding vs. James M. Cox




