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Electro‐Magnetic Waves



Electromagnetic Waves
Carry Energy through Space
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THE RADIO SPECTRUM

Each higher‐frequency band can carry ten times
more information than the one to its left!
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Antennas
L h d I t t R di WLaunch and Intercept Radio Waves

SPARK GAP TRANSMITTERHeinrich Hertz
HALF‐WAVE DIPOLE
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Guglielmo Marconi
QUARTER WAVE VERTICALQUARTER‐WAVE VERTICAL

40 meters40 meters

English Channel station at 
the Haven Hotel, UK in 
August 1908 with the 
original 120ft mast .
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ANTENNAS INSIDE MODERN MOBILE 
DEVICESDEVICES

Higher frequency allows shorter more manageable antennas.

WiFi Dipole
2.5 GHz

Half‐Wave = 62.5 mm

Cellphone Antenna 
42 mm = 1.7”Antenna Frequencies:

Wifi/Bluetooth 2400 Mhz
UMTS 2100 MHz

5/12/2016

UMTS 2100 MHz
GSM 850/900/1800/1900 MHz



Wireless TelegraphyWireless Telegraphy



Wireless Station ca. 1900
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Gap
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Guglielmo Marconi at the key.
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A SIMPLE RADIO SYSTEM

ANTENNA ANTENNA

ELECTRO-MAGNETIC WAVES
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Spark Transmitter



Simple Receiver

RF amplification and AVC in “Magic Box” make this work well for the inexperienced 
operator.



Marconi Transmitter, Poldhu, Wales - ca. 1906

Antenna Loading CoilOscillation Transformer

25 KW 
Alt tAlternator

Capacitors Rotary Gap inRotary Gap in 
Soundproof Box

Rotary Gap
In Action
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50 KW Synchronous-Gap Spark Transmitter
Societe Francaise Radioelectrique5/12/2016 Al Klase – N3FRQ ‐ 2016



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.



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.



Early Semiconductors



Early Vacuum Tubes







Armstrong and the 
Dawn of the Electronic AgeDawn of the Electronic Age







Discovery of Regemeration
( )(Live Demo)MCC

(Marconi Cape Cod)
Simulated Spark Transmitter

Sending 1912 press



Virtual Ether
Stations Heard by Armstrong and Sarnoff at Belmar 31 Jan 1914

(Live Demo)



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

Time Domain -> Frequency Domain ->
Very wide bandwidth

10 KHz 100 KHz 500 KHz 1 MHz 10 MHz

y
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Continuous Waves:
• Greater efficiency due to narrow bandwidth.
P d d b• Produced by:

• 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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Amplitude Modulation:
• Produced by modulating a continuous‐wave 
(CW) source:

• High‐Frequency rotating machinery, 
e.g. the Alexanderson Alternator

• Poulsen Arc ConverterPoulsen Arc Converter
• Vacuum‐Tube or Solid‐State Oscillators

Frequency Domain ->
500KHz modulated by 4KHz

Time Domain ->
60KHz modulated by 4KHz

Detection:
• Bottom half of the waveform has been clipped off by
detector diode, a rectifier.

• Recovered audio, after audio filtering, shown in blue.
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Military Electronics 1914

Spark transmitters and crystal sets



Navy Equipment at Belmar 1918
(Howeth)

Two audion control boxesTwo audion control boxes
Receiver

2‐stage audio amplifier



Navy Equipment at Belmar 2016Navy Equipment at Belmar 2016



U.S. Navy SE-143 (CN-208)
Radio Receiver

• Designed ca. 1917
• Washington Navy Yard and National Electric Supply Co.

• Connections for external crystal detector or audion
(vacuum tube) to comprise a complete radio receiver.g y pp y

• A double-tuned receiving transformer with variable
coupling

• Frequency range: 100-1200 KHz Early U.S. Navy Audion Control Box
(Likely Model SE‐838)

• Connects to tuner to form a regenerative receiver
O i i ll d CW 186 b (W El i 201A )

( ) p p
• “Tickler” feedback connection to implement Armstrong 

regenerative detector.
• Capable of receiving continuous-wave (CW) telegraphy

in the autodyne (oscillating) mode..

• Originally used CW‐186 tube (Western Electric 201A )





Military Electronics 1918Military Electronics 1918
• Portable Continuous‐Wave Transmitter‐Receivers
• Radio Telephone Systems
• Long‐Range Radio Telephone Transmitters
• Based on mass‐produced vacuum tubes



BC‐32A CW Radio



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”



EARLY U.S. MILITARY
VACUUM TUBESVACUUM TUBES



Early Broadcasting Demos

1921 Westinghouse RC and Aeriola Junior



Early Broadcasting Demos

1924 Atwater Kent Model 20C



Operating Demos at RTM
• Morse Telegraph – Two Stations w/poles and insulators
• Code‐practice sets – Titanic Spark,  Modern CW
• Candle‐stick  dial telephone
• Spark Transmitter
• Tuning‐in DemoTuning in Demo
• “Original” Armstrong Regen
• Virtual Ether

W ti h RC• Westinghouse RC
• Atwater Kent Model 20 C
• 1930’s Philco Console
• Hammarlund SP‐600
• R‐390A with modulation‐monitor scope



Operating Demos at RTM
• Edison Gramophone
• Victrola
• Edison Diamond Disk machine
• Several 45’s  (Phil wrote the book.)
• Mono Hi‐Fi – Fisher Tuner & Preamp Heathkit Williamson amp AltecMono Hi Fi Fisher Tuner & Preamp, Heathkit Williamson amp, Altec

Duplex speaker in Klipsch corner cabinet
• RCA 630 TV
• Dumont 21” TV 1948• Dumont 21  TV – 1948
• ADSB Virtual Radar
• 1939 Philco console w/ Mystery Control (wireless remote)
• EE‐8 field phones via BD‐71 switchboard
• BC‐348 receiver
• WWII Navy moral receivery



“Cable Radio” at RTM

BROADBAND
LF-MF-HF
ANTENNA

75-OHM COAX75 OHM COAX
TO DISPLAYS

WRTM
TRANSMITTER

(GOLDEN OLDIES)
DISTRIBUTION AMPLIFIER


