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v Claim_s.
1
“This invention relates to transmission systems,
apparatus, and methods -and ;particularly to those
eoncerning :the. conversion :of transmission energy
fromone freguency:toanother,

Objects of the invention are ‘to effect a sub- .

stantial -reduction in-the noise :energy resulting
from “the conversion ‘process; 1o -obtain 2 :more
favorable relation between :the signal :and hoise
energy in :the -output :circuits; to increase the
efficiency ‘of the translating -elements 'used -in
conversion -and--other systems; -to improve the
structure of conversion apparatus, and in:other
respects -to effect -improvements in syst;ems and
-apparatus of :this ;general character. .

“In .conversion ‘systems for wave -energy ‘in cthe
ultra-high frequency range it is the-practice to
use 4 rectifying -device of the erystal type for
translating the high-freguency -waves into waves
of -some -convenient ‘intermediate frequency.
This ‘device «consists of -a -crystal element of some
suitable material, -such-as silicon, and -a fine wire
arranged to make :a point-contact with :the-crys-
tal surface, -Although manufactured -under uni-

form conditions, it is found thatsubstantial num- -

bers of these rectifier units when used in cconver-
sion systems, and particularly:for converting mi-
-crowaves (order ‘of 10 centimeters), are produc-
‘tive of noise currents in the output circuits. It
s ‘believed ‘that these objectionable noise .cur-
rents:are:caused:by the presenceof parasitic volt-
‘ages present-at or hear.the rectifying surface of
‘the crystal which :are-probably the.result-of vari-
‘ations in:the small contact-area between the:con-
tact-wire:and the crystalisurface..

With -these .considerations .in :mind applicant
-has:discovered that these:noise:currents substan-
tially -disappear from .the output «cireuits.iof :the
-converter. if -a-small -direct voltage of the proper
magnitude -and-polarity -is -applied ‘to the termi-
nals-of the rectifier unit. He has:alse:discovered
that this controlling voltage is quite critical with
‘respect to polarity and magnitude. More specifi-
-cally in a converter of .the kind above discussed
-employing rectiflers with silicon crystals-the-con-
trolling potential applied to the erystal should be
_positive and should have g critical. value -which
was found to be a fractional part of a voit. -If
the polarity -is negative, the .noise current in-
.creases .and the :signal -output decreases for -all
values of controlling-potential applied-to the erys-
tal. The signal output may be restored by .an
Anerease in-the beating oscillater supply, but the
Jinecreased neise currents remain., -On the other
-hand if the applied positive.potential is increased

-or-decreased from -its critical value, the result in -
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either-case is a progressive increase in the noise
current. .Any-.effort, therefore, -to improve the
relation: between signal .and noise by resorting to
the usual -methods -of applying ‘bias veltage .of
sufficient-magnitude to increase the signal out-

put-is generally .unproductive -of satisfactory re-

sults :in these microwave converter systems. If
2 Positive bias voltage large enough to affect the
signal appreciably is applied to the rectifier, the
disproportionate increase .in the noise current.re-
sults in an impairment rather than an improve-
ment.in the.signal-noise relation. Yet by taking
advantage of .applicant’s discovery -and -applying
a small direct positive contrelling potential .of

critical value to the rectifier crystal-it-is pessible
tosubstantially eliminate the noise currents with-

out producing any adverse .effect -on the .signal

currents.

It is also a characteristic of these frequency
conversion systems that the output-signal energy
of intermediate frequency increases proporiicn-
ately, in response to increasing energy supplied
to.the system by .the beat-frequency.source, un-

tila.given value is reached beyond which further

increase in the beat-frequency energy:dees not

cause any-appreciable gain in the output signal.

Also it is a further characteristic of these,sys-
tems that the noise-currents present in the :out-

but -circuits increase .in proportion :to the .in-
'c1ease of energy supplied by the beat- frequency

source.

-Ancther feature .of the invention, therefore, is
the method .of operating a conversion system for
optimum results-which consists in effecting -an
increase -in the .output signal by increasing the
‘beat-frequency energy supplied to the input of. the
system until a value .is reached beyond which

any further increase .does not produce 2. corre-

sponding increase in the signal, and applying 1o

the rectifying element of the system a.direct eon-
Z%rolling voltage of given polarity and of .2 magni~

tude sufficient to minimize the presence of -noise

currents-in the output circuit -but.insufficient to

affect said output signal adversely. This method

.makes it possible to.take advantage of-the fact

that a direct voltage of critical value, too small
to have an adverse effect.on the signal, when-ap-
plied to the rectifier is nevertheless capable .of
effecting a large reduction in the noise.currents
which .accompany increased signal power, .and
which would otherwise either have to be tolerated

or reduced at the expense .of signal power.

Another feature of.the invention is.a converter

;Structure .of hollow and concentric .conducting
-elements. comprising inlet. sections: for the high-
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frequency signaling and beat-frequency waves, a
main line or converting section with which said
inlet sections communicate, said converting sec-
tion having g fixture in one end thereof for the
insertion and easy replacement of the rectifying
element, an outlet section communicating with
said converting section and having an outlet for
the intermediate frequency waves, the length of
said outlet section bearing a definite relation to
the wave-length of said intermediate frequency
waves, by-passing means at the junction of the
said converting and outlet sections to prevent the
appearance of said high-frequency waves in the
outlet section, and by-passing means at the end
of said outlet section for enabling the applica-
tion of a direct voltage across the ferminals of
the rectifying element.

Another feature of the invention is a converter
in which the central conductor of the main line
is made in sections of two different sizes to pre-
sent an impedance to the rectifying element for
the purpose of enhancing the production of har-
monics of the beat-frequency wave, and in which
the character of the reactance of the main line is
chosen to obtain the desired phase relation be-
tween the fundamental and harmonic waves by
selecting the proper ratio between the lengths of
the sections of the inner conductor and the lump
The advantage of
this feature is that the harmonic waves may be
utilized -to control the shape and amplitude of
the resultant wave in such a manner that a gain
is realized in the relation between signal and
noise cutput power. o

The foregoing and other features of the inven-
tion will be discussed more fully in the following
detailed specification.

In the drawings actompanying the specifica-
tion:

Fig, 1 is a conventional illustration of the con-
verter system;

Fig. 2 is a detail of the converter;

Fig. 3 is a curve showing the relation between
noise output power and direct voltage applied to
the terminals of the rectifier;

Fig. 4 is an enlarged view of the crystal recti-
fier contact point;

Fig. 5 is a curve illustrating the effect of ap-
plied direct controlling voltage on. the alternat-
ing voltage of the contact at the terminals of
the rectifier; -

Fig, 6 is a curve illustrating the effect of beat-
frequency power on the output signal;

Fig. 7 is a curve illustrating the effect of beat-
frequency power on the noise power in the output
circuit; )

Fig. 8 is an assembly view partly in cross sec-
tion showing the details of the converter struc-
ture; '

PFigs. 9 and 10 are detail views, Fig. 10 being
considerably enlarged to illustrate the parts more
clearly; _

Fig, 11 is an enlarged view of the rectifier unit;
and

Fig. 12 is an alternative structure in which the
main line is capable of being tuned.

The converters disclosed herein are frequently
used in the first detection stage of microwave
receivers of the high-gain type. It is therefore
very important to achieve as high a value as
possible for the ratio of signal-to-noise power in
the output circuit of the rectifying element. Ac-
cordingly the structural and circuit features of
the converters disclosed herein are designed with
the purpose in view of improving this ratio by
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4
minimizing the noise power which normally
occurs in the output circuit of the rectifier and
at the same time by increasing the sighal power
in said output circuit.

Referring to the drawings, Fig. 1 discloses a
conversion system of the general type to which
the features of this invention are applicable. It
comprises a main line or converting section I, in-

‘cluding a hollow external conductor 2 and an

internal concentric conductor 3—4. The con-
centric conductor 3—4 is connected electrically
to the solid plug 29 in which the hollow con-
ductor 2 terminates, thus forming g short circuit
between these conductors at that end of the line.
Also at this end of the line an aperture § is
cub in the hollow conductor 2 in order that the
high-frequency signal waves may be admitied
and  impressed upon the inner conductor 3—14.
These high-frequency signal waves, which are
radiated from a source B, are collected by a suit-
able receiving horn T and guided through an
input chamber 8 to the aperture b.

The central conductor 3—4 is connected at the
other end of the main line | to the spring contact
8 of a crystal receiver, and the crystal element
{0 thereof is connected through a high-frequency
by-pass condenser 11 to the outer conductor 2.
The capacitance of the condenser 11 is such that
it offers a relatively low impedance to the high-
frequency signal and beating waves and a rela-
tively high impedance to the resulting waves of
intermediate frequency. Thus the circuit com-
prising the central conductor 3—4, the outer
conductor 2 and the condenser 11 serves to con-
fine the high-frequency currents to the main line
of the converter.

The waves from the beating oscillator (2 are
applied to the converting or main line section
through the input section 3, which comprises
the outer hollow conductor 14 and the inner con-
centric conductor 15. The inner conductor I5
terminates in a probe 16 by means of which the
coupling of the beating oscillator to the system
may be controlled.

The outlet section 17 for the intermediate fre-
quency waves is joined to the main line f near
the rectifier end thereof. It comprises the hol-
low conductor {8 and concentric conductor (9
which are electrically connected respectively to
the hollow conductor and to the concentric con~
ductor of the main line. The lower end of the
intermediate frequency section 7 is constructed
to form a condenser between the central and
outer conductors. This construction is seen more
clearly in Fig. 2, the condenser being formed by
the dielectric space 20 between the concentrie
metallic ring 21 and the inner concentric metal-
lic dise 22 and serving to present a relatively low
capacity to the intermediate frequency waves.
The purpose of this condenser 20 will be ex-
plained more fully hereinafter. The intermedi-
ate frequency waves are taken from the line 17
by means of an auxiliary or stub line 23 which
terminates in the succeeding circuit 24 of the
receiving system, '

Since the -noise produced by the crystal recti-
flers in these microwave converters is a limiting
factor in the gain that can be derived from the
receiver as a whole, much study has been made
with a view to determining the causes and to dis-
cover, if - possible, some means for minimizing
the detrimental noise currents appearing in the
output circuit -of the rectifier. Actual experi-
ments conducted as a part of this general study
have clearly demonstrated that the use of the
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conventionsal ‘negative direct ‘bias voltages on the
réctifying element afford no improvement ‘what-
ever-in-the signal-noise relation. As a matier of
fact the application of these conventional bias
voltages ‘were found to be distinctly detrimental.
For example, the -application of the usual nega~
tive direct ‘biasing voltage to these crystal recti-
flersiresults ina large increase in the noise-power
and a substantial decrease in the signal power.
Also the use of -direct biasing voltages of those
magnitudes which are customarily employed in
the art for biasing detectors and like devices was
found to inerease rather than to minimize the
noise power, And while it was possible, as before
noted, to restore the signal power by increasing
the beat-frequency supply, this expedient was
always productive of an increase in the noise
power. Notwithstanding the adverse results of
these experiments, which indicated. that no im-
provement could bhe expected from the use -of
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biasing voltages, applicant discovered on further

experimentation that when a direct voltage of
critical value is :applied to the crystal rectifier
unit the noise power in the output circuit .of the

converter is substantially eliminated. .And con- .

trary to what would be expected from past ex-

8

perience; it was found that this critical voltage

is positive in polarity and very :smail in magni-
tude, too small in fact to have any appreciable

effect on the signal power in the output -circuit -

of the rectifier. The location. of this critical volt-
age is shown on the characteristic curve of Fig. 3,
which is plotted between-noise -output power and
bias volts.. An examinsation of this characteristic

curve shows that the noise power rises very rap- ;
idly with the application of increased values of

negative voltage and that a similar result occurs
when g positive voltage of any substantial value
is -applied to the rectifier unit. However, there
is one critical value (usually between .20 and 40
volt positive) which has the effect of substan-
tially eliminating the presence of noise power in
the output circuit, )

It is believed that the critical effect-of this bias-
ing voltage will be understood more clearly from
a consideration of the nature of the converter
contact. The rectifier unit illustrated in Fig. 4,
many times enlarged, comprises 2 crystal 25 of
silicon :and a fine spring wire 26 making a point
contact with the surface of the crystal. The
spring wire 26, which is only about .005 inch in
diameter, is ground to a sharp point -and brought
into contact at the desired pressure with the sur-
face of the -crystal. The unit is then tapped
gently to upset or blunt the pointed end of the
wire to form a contact area of finite dimensions.
This area, if perfectly formed, constitutes a circle
having the diameter d, the entire area 'of the
circle making intimate contact with the surface
of the crystal 25. In practice, however, these
contact areas are often imperfectly formed, and
it may -be assumed that the region from q to b
represents the area of intimate contact between
the wire and the surface of the crystdl and that
the area from b to ¢ represents a separating gap
which may contain air or some other insulator.
According to- the theory .of contact rectifiers a
space charge is produced in the crystal which
acts -as-a potential barrier and accounts for the
rectifying properties of the contact. 'The bound-
ary of this potential barrieris schematically illus-
trated .in Fig, 4 by the dotted line. Assume now
that the voltage:drop to be expected across'a gap,
such -as :that ‘shown .in the figure, is represented
by the character Vi. At very low forward voltages
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and .all weverse voltages Vi will ‘be nearly egunl
tothe voltage Vi af ‘the terminals of the rectifier.
As 4he Torward woltage is increased, however, gn
appreciable current ‘will ‘begin to ‘Bow, and part
of the applied voltage will lie across the crystal
outsitle the potential barrier. It follows then
that ‘when & sinusoidal ‘voltage such as

Vt=Vo cosine 2»fT

is impressed -across ‘the rectifier -the resulting
junction voltage Vi will have the form illustrated
in Fig. 5, detidedly non-sinusoidal. ‘The negative
peak of the voltage wave across the gap in Fig. 4
will ‘be considerably greater than the :positive
pezak.

1t now o positive direct potential of the critical
value above discussed s applied to the crystal 25,
with respect to ‘the -contact wire 26, the negative
peak-of the wave isTeduced and the positive peak
is increased by amounts which equalize the mag-
nitudes of these peaks. The effect therefore of
the applied -critical -direct voltage is to compen-
sate forthe irregularityin the wave of the applied
voltage resulting from ‘the imperfections in the
contact surface of the rectifier. It has been es-
tablished -guite clearly that the noise currents
produced by these rectifiers -are correlated with
these -contact imperfections. The minute and
delicate -character of these units makes it difficult
to-eliminate ‘these imperfections in the manufac-
turing process and to guard -against their occur-
rence as a result of shock subsequent to manu-
facture. The discovery that a small controlling
direct voltage will tend to overcome the noise
resulting ‘from imperfections in manufacture
when ‘these units are used in microwave con-
verters-has the impoertant advantage that it-per-
mits the use -of ‘many units which would other-
wise be discarded. :

A further advantage realized from the use of
the proper value of the -controlling direct voltage
on the crystal units is that it permits a substan-
tial increase in the signal output power without
undue noise. Referring to Fig. 6:1t ‘will be noted
that the power of the signal in the output circuit
.of the rectifier increases rather sharply with an
increase in the beat-frequency power -until a
definite value of beat-frequency power is reached
beyond which further increases do not yield any
substantial increase in ‘the signal power. How-
ever, this:simple method of increasing the signal
power ‘has ‘the .disadvantage .of ‘correspondingly
increasing the noise power. ‘Fig. 7 indicates this
relation between beat-frequency power and noise
bower. The relations indicated in Figs. 6-and 7
are ‘in‘general those characterizing a crystal-con-
verter in which no direct controlling voltage is
applied tothe rectifying unit. The improvement
in’:signal :power :and the freedom from :signal
variation to be: realized by -an ‘increase in -the
beat-frequency power beyond the knee of the
curve in Fig. 6 are:much to be desired. However,
it ‘has only ‘been :possible heretofore to take -ad-
vantage of this relation by accepting :an undesir-
able .amount of noise power. .Having -discovered,
however, that-a small critical value of controlling
direct-voltage, too -small ‘to have :any :appreciable
effect on ‘the signal power, serves to reduce ma-

ferially the-output noise, it is now possible to ef-

fect @ marked reduction in the conversion loss
and to operate the system :at a much higher ef-
ficlency. More :specifically, the power supplied

_from the beat-frequency .oscillator is :increased

until the .output -signal power :approaches .its
maximum -value, and the predetermined critical
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value of positive potential is applied from battery
to the crystal of the rectifying unit to eliminate
substantially the noise power which would other-
wise appear in the intermediate frequency line.
The controliing voltage for the crystal rectifier
is applied by connecting the battery 27 to the con-
denser element at the extreme end of the inter-
mediate frequency line (1. By choosing the
proper value for the capacity of the condenser
21—22, it is possible to establish at this end of
the line an effective short circuit at the inter-
mediate frequency. If then the length of the
line 17 is chosen at an odd multiple of one quarter
of the wave-length of the intermediate frequency,
a nodal point in the voltage wave occurs at the
disc 22. The battery 27 may now be connected
at this nodal point without interference with the
system, and the circuit for applying the battery
voltage to the elements of the rectifier may be
traced from the positive pole of the battery
through the measuring instrument 28, disc 22,
central conductor 19, crystal 18, contact wire 9,
central conductor 3, outer conductor 2 to ground
and thence to the opposite pole of hattery 21.

In addition to the foregoing advantages, ap-
plicant has also discovered that an improvement
in signal power may be realized by a novel struc-
tural design of the central conductor in the main
line of the converter. As illustrated in Fig. 1 this
central conductor is made in two sections, the
left-hand section 3 having a larger diameter than
the right-hand section 4. Because of this dif-
ference in diameters, the central conductor pre-
sents an impedance to the rectifier which causes
the rectifier to support and thus produce har-
monics, notably the second harmonic of the beat-
frequency wave. By choosing a proper-ratio be-
tween the length of the section 3 and the length
of section 4 the line loading reactance of the line
may be controlled in such a manner as to bring
the harmonics into the desired phase relation with
the fundamental wave. - More specifically, by con-
trolling the phase in such a way that the maxi-
mum amplitudes of the second harmonic wave
are made to coincide with the corresponding am-
plitudes of the fundamental wave a peaking effect
is ‘obtained which results in a substantial im-
provement of signal power in the output circuits.
Tt should also be noted that other design fac-

tors in the converter structure, particularly those ;

involving discontinuities, such as.the ceramic
elements ‘which support and insulate the con-
ductors, may be employed for securing the desired
phase relationship. The ceramic elements con-
stitute a discontinuity in the capacity and, if
properly located, can be used to control the phase
relation,

The operation of the converter will now be ex-
plained briefly. The incoming signal wave, which
may have a frequency in the neighborhood of
3,000 megacycles, is received by the pick-up horn
7 and guided through the inlet chamber 8 and
aperture 5 where it is impressed upon the central
conductor 3—4. - At the same time the beat-fre-
quency- wave supplied by a suitable oscillator {2
ig applied through the input section 13 to the
main line 2. The frequency of the beating wave
is chosen with respect to that of the signal wave
to give the desired intermediate frequency. The
signal and beating waves are applied to the rec-
tifier 9—19, which serves to convert the modu-
lated signal wave into a modulated wave of the

intermediate frequency. Currents of the signal.

and beating frequency flowing in the output cir-
cult-of the réctifier are by-passed by the con-
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denser I{ and are thus confined to the main line
2.. The condenser {1, however, offers a high im-
pedance to the intermediate frequency currents,
and these currents are thus confined to the out-
lets i7 and 23 over which they are applied fo the
receiving circuit 24, which may be an interme-
diate frequency amplifier. While the converter
is thus in-operation a direct voltage of the prede-
termined critical value is applied from battery
217 through the meter 28 and across the terminals
Current from the
battery 27 is prevented from flowing into the out-
let section 23 by means of the condenser 30 which
offers a low impedance .to the intermediate fre-
quency waves. As above explained, the con-
denser 22 located in the end of the intermediate
frequency line 17 serves as an effective short
circuit across the line 17 to prevent curreni of
the intermediate frequency from entering the
battery circuit.

Referring now to Figs. 8, 9, 10 and 11, a de-
seription will be given of the structural details
of one form of converter in which the features
of this invention may be incorporated. The
main line of the converter, which is arranged
horizontally in the drawing, consists of a number
of parts assembled to form a high-frequency cir-
cuit of inner and outer concentric conductors
and includes a rectifying element for translating
the high-frequency waves. The block or frame
31, which serves as a supporting element for other
parts of the structure, contains a horizontal bore
therethrough for receiving the shell 32 in one end
and the hollow coupling 33 in the other end.
The shell 32 terminates in a solid block 34 con-
taining g central bore into which the holder 35
is tightly fitted. The holder 35 in turn contains
a longitudina) bore of smaller diameter through
which the concentrically located pin 36 extends.
The holder 35 is knurled to insure a tight fit in
the block 34, and the central rod 36 is held
firmly in place in the holder by means of the
spring tips 387 and 38. As an additional means
for securing the assembled holder and rod in
position, the end of the block 34 is countersunk
to receive a quantity of binding solder 39. A
saw slot 40 at the juncture of the shell 32 and
the integral block 34 provides an’ aperture
through which the high-frequency signal waves
are admitted.

The other end of the central rod -36 is sup-
ported in a chuck assembly comprising the metal-
lic chuck 41 and the ceramic insulating disc 42.
The disc 42, to which the metallic chuck 41 is
secured in any suitable manner, rests against a
shoulder in the hollow coupling 33 and is held
firmly in place by a threaded sleeve 43 which
serews into the tapped bore in the end of the
coupling. A small drill hole in the chuck 41 re-
ceives the end of the rod 36 where it may be
soldered to form a good electrical connection.

The purpose of the chuck 41 is to provide a
flexible jack connector for the rectifier unit 44.
The details of this unit are disclosed in Fig. 11
and will be described later. For the moment,
however, it is sufficient to note that the spring
contact wire 45 of the rectifier is electrically con-
nected to the plug 46 and that the crystal ele-
ment 471 is electrically connected to the metallic
base 48. The unit 44 is housed within and sup-
ported by the coupling block 49. The right-hand
end of the coupling 33 is externally threaded for

engagement with the internally threaded portion

of the block 439 thus securing the block 49 to the
remainder of the main line structure. ‘
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The rectifier unit 44 is supported: within the

block 49 hy means of a.chuck 50 having & number
of saw slots: therein to give it: the necessary re-
silience for gripping the metallic base 48 of the
rectifier unit. - ‘The:chuck 50is insulated from the
block 49 and from the other outer metallic: parts
of the structure by means of mica washers Bi
and is held firmly in position between these-wash-
ers by means of the pressure exerted thereon
when the coupling 33 is screwed into position.
The metallic hase of the rectifier unit 44 is cov-
ered by & rubber grommet 52 and the: open end
of the structure is sealed by a threaded cap 53.

10

The input line for the: beat-frequency source ‘

consists of an assembly including the outer shell

54, an adapter 55, an inner shell. 56 and: the
central conductor 57. The: adapter 55 fits into
a.bore in the lower section of the frame:3f. The
inner and outer shells 54 and 56 are secured: to

each other by a screw 58 and to the adapter 55

by a threaded section on the end. of the inner
shell §6. The central conductor 5T is supported
by insulating washers 59 and 60. The upper end
of the central conductor 5T terminates in. a probe
61 which serves to couple the central conductor
of the-beat-frequency line to the central condue-
tor of the main line of the converter.

The output or intermediate frequency line
joins the-main line at the coupling block 49. It
comprises the outer and inner shells 62 and 63,
held together by the screw 64, and a. threaded
section on the upper-end of the inner shell screws
into a threaded. bore in. the lower: side of the
block 49. The upper end of the central condue-
tor 65 is provided with a point 66, which is sol-
dered to the eyelet 67 carried by the insulating
washer 68, and which also extends through'a
small hole bored in the base of'the chuck 50. In
this manner the central conductor 65 of the in-
termediate frequency line  is. electrically con-
nected through the chuck 50; rectifier base 48 to
the rectifying crystal 41. The lower ends of the
central conductor 65 and inner shell: 63 termi-
nate in g jack by means of which the outgoing
circuit is connected to the intermediate frequency
line. As illustrated, the cap 69 serves as a guide

for the insertion of a connecting plug. However,.

it will be understood that the intermediate fre-
quency line may have any desired configuration
such as the one illustrated in Pig. 1.

In designing the converter structure the length
of the rod 236 is chosen such that the length of
the exposed part thereof relative to the length
of the holder 35 together with other design fac-
tors, such as the location of the insulator 42,
afford the necessary reactances for bringing the
harmonics of the beat-frequency waves into the
desired phase relation with the fundamental.
Having ‘thus determined the length of the rod

36 it is fixed in place by moving the coupling

33 into the block 31 until the end of the rod
fully engages the holder in the chuck 4f. The
screws T0 are then turned, causing the block 34
to seize and hold the coupling 38 in its adjusted
position. Similarly the adapter 55 of the beat-
frequency line is:moved into the block 31 until
the desired degree of coupling is attained, where-
upon the screws "T1-are tightened to seize and
hold said adapter. It will be noted that the
block 31 is provided with & saw slot 72 to permit
these adjustments. »

The by-pass condenser which confines the high
frequencies to the main line of the converter is
formed by the dielectric space T3 which occurs
between ‘the periphery of the shoulder of the
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chueck 80:and the inner cylindrical surface of-the
coupling block 49. This is more clearly seen in
the enlarged view of Fig. 10. The electrical cir-
cuit for the high-frequency currents may be-

- traced therefor from the central concentric con-

ductor 38—26 through the chuck 41, plug 46, rec-
tifier contact wire 45, crystal 47, metallic base 48,
chuck 50, high-frequency condenser T3 to the
outer concentric conductor of the line comprising
the block 48, coupling 33, block 3! and shell 32.
The. circuit for the intermediate frequency cur-
rent: may be traced from the central conductor 65,
point G6, chuck 58, metallic base 48, crystal 47,
contact wire 45, plug 46, central conductors 36—
35, shell 32, block 31 and thénce to the shell 62
constituting the outer concentric conductor of the
intermediate frequency line. ’

Altheugh not limited to any particular mate-
rial the major parts of this converter are pref-

. erably made of brass, and these are plated with'a

thin coating of gold or silver to insure the main-
tenance of low resistance electrical contacts where
joints occur between the several parts of the
structure.

The rectifier unit, which is shown more in de-
tail in Pig, 11, comprises a hollow internally
threaded insulating cylinder 91, preferably of ce-
ramic material, housing g silicon rectifying ele-
ment 47 and a fine contact wire 45, which makes
a point engagement with the surface of the sili-
con crystal. The crystal 47 is secured to a
threaded metallic plug 74 which is integral with
the metallic base member 4§8. The contact wire
45 is adjustably secured within a threaded metal-
lic plug 7% which in turn is integral with the me-~
tallic cap 16 and plug member 46. Although the
silicon element 4T iltustrated herein is preferably
electropositive, it should be understood that elec-
tronegative silicon elements may also be used.

An alternative form of the converter structure
is illustrated in Fig. 12. It consists of a frame or
block 1T which receives and holds an adjustable.
shell 18. The opposite end of the shell 78 termi-
nates in a housing block 92 which supports the
rectifier element 79 and also forms the outer shell
82 of the intermediate frequency line. 'The cen-
tral conductor 80 is supported within the shell 78
by an insulating disc 81. One end of the central
conductor 80 is connected to the contact wire of
the rectifier, and the crystal of the rectifier is
electrically connected to the central conductor 83
of the outlet or intermediate frequency line. A
thin layer of dielectric material 93 serves as a by-
pass condenser for confining the high-frequency
currents to the main line of the converter. The
opposite end of the central conductor 80 makes
an adjustable engagement with the larger central
conductor 84 by means of a central bore in the
latter conductor. The conductor 84 is in turn
adjustably supported by the block 85, which con-
stitutes a short circuit for the end of the main
line. The signal and beat-frequency waves are
admitted into the converter through the inlets 86
and' 87 respectively, the beat-frequency inlet be-
ing equipped with a probe 88 for adjusting the
coupling. Also the central conductor 89 which
is common to the signal and beat- -frequency
sources, terminates in a probe 86 for tuning and
coupling purposes,

It may be noted that the length of the main
line from the rectifier crystal to the short-cir-
cuited end 85 is capable of adjustment for bring-
ing the line into tune at a desired frequency. It
will also be noted that the sections 80 and 84 of
the inner conductor are of different diameters re-
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gulting in the presentation of the necessary im-
pedance to the rectifier for causing the generation
of harmonics.. Furthermore, the relative lengths
of these two sections of inner conductor may be
varied by the sliding adjustment of section 84
to control the phasing of the fundamental and
harmonic waves in the desired manner.

‘What is claimed is:

1. The combination in a translation system
having input and output circuits of a source of
signal waves, means for applying sald waves to
said input circuit, a translating device comprising
a crystal and associatﬂd contact element for
translating the signal waves in said input circuit
into signal waves in said output circuit, the
translation of said waves resulting in noise cur-
rents which appear in the output circuit, said
translating device having a characteristic rela-
tionship between values of direct voltage applied
thereto and said ocutput noise currents in which a
positive voltage of critical value of the order of

10

13

20

0.2 to 0.4 volt applied to said crystal with respect -

to said contact element reduces said noise cur-
rents to"a minimum whereas greater or smaller
values of applied voltage of said polarity and all
values of the opposite polarity cause an increase
in said noise currents, and circuit means for ap-
plying to the terminals of said translating device
a direct voltage of said crystal value and of said
polarity to substantially eliminate the noise cur-
rents in said output circuit,

2. The combination in a translation system
having input and output circuits of a source of
signal waves, means for applying said waves to
said input circuit, a rectifying device comprising
a crystal and associated contact element for
translating the signal waves in said input circuit
into signal waves in said output circuit, the
translation of said waves resulting in noise cur-
rents which appear in said output circuit, said
rectifying device having a characteristic rela-
tionship between values of direct voltage applied
across the terminals thereof and said output
noise currents in which a positive potential of
critical value applied to said crystal with respect
to said contact element reduces said noise cur-
rents to a minimum whereas other values of
positive potential and all values of negative
potential applied to said crystal with respect to
said contact element result in an increase in said
noise currents, the value of said critical poten-
tial being too low to affect the signal waves in
said output circuit, and circuit means for apply-
ing to the terminals of said rectifying device &
direct voltage of said critical value and of said
polarity for substantially eliminating the noise
currents from the output circuit. w1thout affect-
ing the signal waves therein,

3. The combination in a system for converting
signal waves of high-frequency into signal waves
of intermediate frequency of a converter com-
prising input sections, s converting section, and
an output section all physically joined to form =a
unitary structure, a source of high-frequency
signal waves, a source of beat-frequency waves,
means for connecting said sources to said input
sections,” a translating element. removably
attached to said converting -section, coupling
means for conducting the waves in said input
sections by way of the converting section to said
translating element, the length of said convert-
ing section being chosen to tune it to said high-
frequency waves, by-pass means near the junc-
tion- of the converting and output sections for

excluding the high-frequency waves from said:
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oufput’ section, the length of said output section
being chosen to bring the end thereof into coin-
cidence with the nodal point of the intermediate.
frequency waves therein, a source of direct volt-

" age, a circuit connecting said source to the nodal

point of said cutput section for applying the volt-
age thereof across said translating element, and
by-pass means at said nodal point for excluding
said intermediate frequency waves from the cir-
cuit to said voltage source. »

4, The combination in a system for converting
signal waves of high-frequency into signal waves
of intermediate frequency of a converter com-
prising input sections, a converting section, and
an output section, said sections formed of hollow
and concentric conductors and physically joined
to form a unitary structure a signal source of
microwaves, a source of bea.t-frequency waves,
means for connectmg said sources to said input
sections, acrystal rectifying element removably
attached to said converting section, coupling
means for conducting the waves in said input
sections by way of the converting section to said
rectifying element, means for adjusting the
length of said converting section to tune it to
the waves received from the input sections, by-
pass means for excluding the high-frequency
waves from said output section, the length of
said output section being chosen to bring the end
thereof into coincidence with the nodal point of
the intermediate frequency waves therein, a
source of direct voltage, circuit means for con-
necting said source of direct voltage to the nodal
point of said output section for applying the volt-
age thereof across said rectifying element, and
by-pass means for excluding said intermediate
frequency waves from said direct voltage source.

5. The combination in a frequency converter of
a main transmission line comprising an outer
hollow conductor arnd an_inner concentric con-
ductor, a source of high-frequency waves, means
for impressing the waves from said source upon
said line, a translating device in said line for
translating said high-frequency waves into waves
of a lower frequency, said inner conductor being
formed ‘in" sections of different thicknesses for
causing the production in said line of harmonics
of the fundamental frequency of said source, the’
relative lengths of the sections of said inner con-

.ductor being proportioned to control the phase

relation of the fundamental and harmonic waves
in said line, and an output line connected with
said first line for- recemng the Waves of trans-
lated frequency.

6. The combination in a frequency converter
of a main transmission line comprising an outer
hollow conductor and an inner concentric con-
ductor, a source of high-frequency waves, means
for impressing the waves from said source upon
said line, a translating device in said line for
translating said high-frequency waves into waves
of a lower frequency, said inner conductor hav-
ing two sections of different diameters for pre-
senting an impedance to said translating device
for - causing the latter to generate in said line
waves of a harmonic -frequency relative to the
fundamental frequency of said source, means for
varying the ratio of the lengths of said sections
of inner conductor to vary the phase relation
between the waves of fundamental frequency and
the waves of harmonic frequency in said line, and
an output line connected with said main line for
receiving the waves of translated frequency.

7. The combination in ‘a frequency converter
of a main transmission line comprising an outer
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hollow cofiductor, an inner concentric conductor

formed in sections of different diameters, a
source of energy of high-frequeney, means for
impressing energy from said source upon said
line, a translating device in said line for trans-
“lating the energy from said source into signal
energy of a lower frequency, and an output line
connected with said first line for receiving said
translated signal energy, the length of said sec-
tions of inner conductor being chosen to in-
crease the signal energy appearing in said out-

put line.
WILLIAM M. SHARPLESS.
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