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RADIO NOISE TRANSMITTER, 

Robert H. Dicke, Cambridge, Mass., assignor, by 
mesne assignments, to the United States of 
America as represented by the Secretary of War 

Application August 30, 1945, Serial No. 613,610 
(C. 250-17) 4 Claims. 

This invention relates to high frequency gen 
erators and particularly to an electrical appara 
tus for generating and modulating radio fre 
quency energy in the microwave region. 
An object of the present invention is to pro 

vide a simple and highly efficient microwave gen 
erator. 
Another object is to provide a modulated micro 

Wave transmitter which requires extremely low 
power for its operation. 
Other objects and advantages will become ap 

parent from the following description when read 
in connection with the drawing, in which: 

Fig. 1 is a longitudinal cross-section of an 
ultra-high-frequency rectifying crystal; 

Fig. 2 is a typical current-voltage characteris 
tic curve of a silicon-tungsten crystal; 

Fig. 3 is a typical noise characteristic curve of 
a Silicon-tungsten crystal; and 

Fig. 4 is an embodiment of a transmitter appa 
ratus in accordance With the present invention. 
The illustrated embodiment of the invention 

includes a crystal rectifier which here functions 
in novel manner as a radio frequency generator. 
The term “crystal' or “crystal rectifier' as used 
in the art refers to a combination of two dissimi 
lar crystals in contact, or a crystal in contact 
with a metal point. For example, a crystal unit 
may include a tungsten “whisker' in contact with 
a Smooth silicon surface. Such crystal units have 
unilateral or asymmetrical conductivity and are 
Ordinarily utilized for radio frequency detection 
purpoSeS. 
A cartridge-type Silicon-tungsten crystal suit 

able for use at ultra-high-frequencies is illus 
trated in Fig. 1, in which the silicon crystal 4 and 
tungsten whisker 5 are shown contained within 
an internally threaded shell 6. Shell 6 may be 
made of ceramic or other insulation material, 
and all other parts of the crystal cartridge here 
shown are of metal to provide electrical con 
tinuity to the silicon crystal and tungsten whisker. 
A portion of Silicon crystal 4 is embedded in one 
end of a post 7, slidably mounted in an aperture 
of internal Wall 8 as shown. The other end of 
the post is journaled against an externally 
threaded plug 9 which engages with shell 6. 
The tungsten Whisker is secured to the inner 
face of a similar plug which is threaded into 
the opposite end of insulating shell 6. Plugs 9 
and thus serve for adjustment of the crystal 
unit. 
The operation of the crystal unit as a detector 

is generally with a relatively small biasing or 
polarizing voltage applied to the crystal in a “for 
ward' direction, placing it at an operating point 
as indicated at in Fig. 2. In the illustrated 
embodiment of the present invention, however, 
a biasing potential is applied to the crystal in an 
opposite or "backward' direction, as indicated by 
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an operating point 2, to Secure best action as 
a radio frequency generator. 

It has been found that “noise' voltage is de 
veloped at the terminals of a crystal unit. The 
noise Voltage is characterized by a wide distribu 
tion in frequency including the very high radio 
frequencies, and the corresponding noise power 
is more or less uniformly distributed over the 
entire frequency band. The magnitude of the 
noise voltage is dependent upon the conditions of 
operation of the crystal. In particular, when no 
polarizing or radio frequency potentials are ap 
plied to the crystal, the noise voltage developed 
is relatively small and due solely to thermal agi 
tation effects. When a polarizing potential is 
applied in a forward direction, the noise voltage 
is little greater and again is due principally to 
thermal agitation. The noise voltage produced is 
relatively large in magnitude, however, when a 
polarizing potential is applied to the crystal in 
a backward direction, and may be due principally 
to Schottky and other effects. 

Noise may be produced by many other elec 
tronic components, for example in resistors as a 
result of thermal agitation, and such resistor 
noise forms a convenient basis of comparison. 
The noise power available from a resistor is pro 
portional to the absolute temperature (Kelvin), 
and to the band Width of the frequencies in 
Wolved. The output noise ratio N of a crystal is 
then defined as the ratio of the output noise 
power of the Crystal to that of an equivalent re 
Sistor at a standard temperature here taken as 
300 K., absolute. N may also be termed the 
"noise temperature,' for it is equal to the ratio 
of the absolute temperature (Kelvin) at which 
an equivalent resistance Would generate just as 
much noise as the crystal, to the standard tem 
perature given above. The noise ratio or tem 
perature may, under suitable conditions, reach 
large values for the type of crystal shown in Fig. 
1. The manner in Which the output noise ratio 
or noise temperature of a crystal varies as a 
function of the Crystal polarizing voltage is illus 
trated in Fig. 3. As there shown, a relatively 
Small Voltage applied to the crystal in a backward 
direction greatly increases the noise output of 
the Crystal over that available when the biasing 
potential is in a forward direction, 

In accordance with the present invention, a 
band of frequencies in the ultra-high-frequency 
region is Selected from the crystal noise, and the 
corresponding energy is concentrated into a nar 
rOW beam by a Wave guide and reflector struc 
ture. The apparatus is shown schematically in 
lig. 4, in which reference numeral 2 designates 
a crystal connected to and mounted upon probe 
elements 22, 23 within one end of a relatively 
short length of hollow wave guide 24. The crys 
tal and probe elements act as exciting means for 
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the wave guide, and a proper impedance match 
is secured by conventional means including end 
plate 25. Other means than that illust'ated 
may, of course, be utilized for coupling the CryS 
tall to the wave guide for excitation purpoSeS. 
Probe elements 22, 23 communicate With a polar 
izing and modulating circuit as shown. A micro 
phone 25, connected in series with a potential 
Source 2 and the primary 28 of a linicrophone 
transformer 29, is adapted to produce alternat 
ing voltages at voice frequencies acroSS Secoindary 
winding 36 in response to voice energy impinging 
on the microphone. A capacitance 3 of rela 
tively low impedance completes the alternating 
current circuit between secondary winding 3 
and crystal 2 . Secondary Wiinding 30 is also 
included in a direct, current polarizing circuit 
for the crystal, being connected in series with 
the potential source 2F, crystal 23, and a resist 
ance 38 adapted to imit the crystal voltage to 
the value in ecessary for proper operation. 

ihe polarizing pote:tiai applied to the crystal 
in the enbogiineiat here cascribed is of Suitable 
value to secure operation Cin the Sustaintially 
Straight line polition of the back Ward gharacter 
istic. This condition of operation is illustrated 
in fig. 3, in which aii operating point, 3 is 
located at about the center cf the straight, ine 
portion of the noise characteristic curve. A 
voice nodulation Voltage SWing desigrated W will 
then cause the out:ut noise level to vary through 
a range M., and the time curve of inoise level will 
jear a, Substantially linea)" relation to the tigase 
curve of the modulating voltage. The hoise level 
corresponding to operating point i n)ay thuis 
be linearly modulated in accordance with a siginal 
voltage impressed upon the biasing voltage, 2.S 
by the circuit inheats showin in Fig. 4. 
Refering agaii to the Wave guide aid radia:- 

ing structure of Fig. 4, a pair of antenna, rods 
33, 3 is protrude through the Vijails of the radiating 
end of Wave glide 23, aid this end of the Wave 
guide is closed by a reflector late and plug struc 
ture 35. The tistances between the inner Wai 
of the plug aid the antenna rods, and between 
the reflector plate and the antenna rods, are 
Suitably chosen to provide proper impedance 
Inatching over the operating frequency band. 
if desired, filter 12healis adapted to pass a fire 
quency and of Selected width iYay ee included 
ii), the WiaWe glide 
crystal 2 and antenna, rods 33, 33. Noise voit 
ages present, at the terminals of crystal 2, and 
and at its connecting pi'oibe elements 22 and 23, 
eXcite tricio Waves which are guided toward sin 
tenna, rods 33, 35. A parabolic refiector 36, 
mounted upon the wave guide as shown, coacts 
With the anterna rods and refector plate to fo 
cus Ol' concentrate the wave energy into a narrow 
bearin, So that highly efficient, train Sinission in the 
direction indicated by arrow. 3 inay be secured. 
A microwave receiver for detection of the sig 

nais may be of the conventional Superheterodyne 
type, except for the band Width of the inter 
mediate frequency amplifier. It is desirable that 
the Said balind width be large, for the signal to 
noise ratio as seen at the receiver output is pro 
portional to the Square root of the band width. 
The band Width of the microwaves beamed to 
Ward the receiver by the present invention is 
determined by the characteristics of the wave 
guide and aSSociated structure of the transmitter 
apparatus, and is Sufficiently broad to insure 
Sufficient Wave energy for Satisfactory signal 
communication. 

in Sirissis line setween the 
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The entire apparatus may be physically com 

pact when designed for operation at the eX 
tremely high radio frequencies. Other forms of 
noise generators may be utilized, but a crystal 
as here described is the preferred embodiment 
because of its compactness, light weight, and 
large noise capabilities. The actual range of 
transmission of the illustrated embodia ent of the 
invention is in large part dependent upon the 
noise temperature of the crystal over the oper 
ating frequency band, and upon the diameter Ol' 
aperture of the parabolic reflector. The Various 
electronic cornponents may be variable, as iS 
common in electronic apparatus for adjustment 
purposes to Secure optinuin performance. 

it will he understood that the specific enbodi 
inent of the invention shown and described is but 
illistiative, and that various modifications inay 
be race therein without departing from the 
Scope and Spirit of the invention. 
What is clained is: 
1. in a System for radio firequency electro 

Yagnetic Wave t'ai Sinission, apparatus for gen 
erating raidio frequency noise signals compris 
iing a crystal and a potential source biasing said 
crystal in the less conductive direction so that 
Said c3 ystal generates indise signals, said crystal 
having a naise Signal energy output character 
istic which is Substantially linear Within a cer 
tain range of said biasing potential, and neans 
fei' annplitude modulating said noise signals to 
calise said noise Signal output level to vary with 
in S&id range. 

2. In a microwave transmission system, a wave 
guide, a Crystai and a potential source biasing 
Saii Crystal in the leSS conductive direction So 
that Said crystal functions as a source of radio 
frequency noise signals, said crystal mounted 
Within Said Wave guide, and an antenna, coupled 
to Said Wave guide for transmitting said radio 
frequeicy noise signals. 

3. In a Very high frequency electromagnetic 
Wave transnitter, a crystal and a potential source 
biasing Said Crystal in the less conductive direc 
tion. So that said crystal generates very high fre 
quency hoise Siginals, means for modulating said 
in OiS3 Sig)aals and a high frequency transmission 
device for trains: litting a band of said nodulated 
noise signals. 

4. A noise Source comprising a crystal lectifie 
ald a potential Solice biasing said crystal rec 
tifier in the less conductive direction so that 
Said crystal generates radio frequency noise sig 
inals, a coupling device, an antenna connected 
to Said crystal by Said coupling device for radiat 
ig Said noise signals. 
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