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My invention relates to ultra'high frequency.

circuit elements and, in particular, relates to ar-
rangements for producing beat frequencies by
combining the effects of two higher frequencies
for purposes well known in the radio art, such as
the demodulation of modulated carrier waves.
Arrangements for this purpose are frequently
termed ‘“mixers.”

As is well known in the radxo art, it is fre-
quently desirable to transform-the power of a
high frequency carrier current to alternating
power of a lower frequency; and one expedient
for doing this is to provide a local source of al-
ternating currents which differs from the above-
mentioned carrier frequency by the frequency to
which it is desired to transform the power. Cir-
cuit elements are then provided on . which both
the carrier current and the locally~generated cur-
rent impress voltages, this step being referred to
as “mixing.” By now providing a circuit tuned
to the desired difference frequencies of the ecar-
rier and the locally-generated currents and em-
hodying a detector on which the resultant
“mixed” currents impress voltages, power of the
desired lower frequency will be derived.

In attempting to apply the foregoing expedient
to ultra high frequency carrier waves, the prac-
tice has been to provide a single tuned transmis-

sion line, acting as a resonant circuit, on which.
the carrier voltage and local oscillator voltage . :

were impressed; the tuned line being tuned to
the carrier frequency. I have found that when
this is done the fact that the tuned line is tuned
to a frequency other than that of the local oscil-
lator results in an inefficiency in power transfer
from the latter. The invention which I herein

describe greatly improves the efficiency of this .

power transfer,
One object of my mvention is, accordingly, to

provide a “mixer,” particularly adapted for ultra -

high frequency circuits.

Another object of my invention is to provide an
arrangement for efficiently transforming the fre-
quency of ultra high frequency power.

Still another object. of my invention is to pro-'

vide an arrangement embodying tuned resona-

tors of the concentric transmission line type in

which power of ultra high frequency may be
transformed in frequency.

Still another object of my invention is to pro-
vide an arrangement embodying electrical reso-
nators of the cavity type which will efficiently
transform the frequency of ultra high frequency
power.

Other obJects of my invention wxll become ap~:
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2
parent- upon- reading -the following description,
taken in connection with the drawings in which:

Figure 1 is-a d1agrammatic iltustration of an
arrangement embodying the principles of my in-
vention in a tunable concentric-line type of reso-
nator; and

Pig. 2 is a cross-sectional view of a resonator
of the cavity type adapted to be used in place of
the tunable. ccmcentric line in the Fig. 1 arrange-
ment:

Referring pa,rtlcularly to Fig. 1, there is dia-
grammatically shown an antenna I adapted to
receive ultra short radio waves. The antenna |
is connected through a suitable inleading con-
ductor. 2 to-a-loop: 3 disposed within the chamber
4 In the interior of a segment of a transmission
line of .the -concentric type. The transmission
line segment may suitably consist of a cylin-
drical sheath 5 of conducting. material having
an insulating passage for conductor 2 and divided
into two.chambers 4 and: b by a conducting par-
tition 1. . In the axis of the sheath 5 is positioned
a core § of conductmg material on which are
slidably mounted s pair of pistons 9 and i1 which
are capable of moving independently of each
other. The pistons 9 and 11 may make contact
with either or both the core 8 and the sheath 5
or may be separated from- either of these elements
by narrow insulating gaps. When the latter con-
struction is used, the pistons should have suf-
ficiently long pro_lectlng rims so that the narrow
annular space separating these rims from the
sheath 5 .or core 8 will constitute capacitors hav-
ing a negligibly. small reactance at-the frequency
of the-carrier wave-coming in over the antenna
i. The lead from the antenna 1 to the loop 2
constitutes In -itself a concentnc transmission
line, inasmuch-as it is- centrally positioned inside
a conducting sheath (2 which is connected to the
sheath 5 -at one end. The piston 9 is provided
with adjusting-means-(not. shown) by which the
chamber 4 may be tuned to the wave length of
the incoming.carriet wave. On the opposite side
of the partition 7-is provided a loop {3 from
which a conductor passes through an insulating
passage in sheath 5-into a sheath 14 projecting
from the sheath 5-and constituting a concentric
transmission line leadmg to a local source of elec-
trical oscillations diagrammatically illustrated at
5. The sheath 5 and one terminal of the oscil-
lator 15 are connected together, for example, by
ground connections 6. and- (1. The oscillator
i15.is preferably arranged so ‘that. its frequency
can be regulated at-will to differ from the fre-
quency. of the 1ncqming carrier waves incident
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3 :
upon the antenna 2 by the lower beat frequency
to which it is desired to transform power. The
piston 11 is provided with means by which it can
be moved to tune the chamber § substantially to
the frequency of the oscillator 5.

The partition 7 is provided with an aperture 18

adapted to insulatingly pass a conductor 19 which

has one end attached to the sheath 5 within the
chamber 6 in Such a way as to form a loop therein
and which forms another loop within the cham-~
ver 4 before it passes through an insulating pas=

10

sage in thesheath § to the work-circuit in which ..

it is desired to use the lower or.‘“mixed” Ire-
quency output. A conducting’ sheath 21, form=
ing with the conductor (8 a ¢ohcentrie line Tead-
ing to the load apparatus, prOJects from the
sheath 5.

The mode of operation of the above-described
arrangement is as follows: Carrier waves incident
upon the antenna | act' through the loop 3 to
set up resonant vibrations of their own frequency
within the chamber %, the lattér being tunéd to
resonate at that frequency. ‘Oscillations of the
frequenc,r of the local oscillator 15 react through
the loop i3 to prodiuce resehant vibrations within
the chamber 6, the piston (I being moved 50 as

to tune the chamber 6 t6-such frequency. The .

portion “of the cohdtietor 19 forming a 1éop in-
side the chamber § and the portion of that cons=
ductor forming a loop within the chamber 4 im&
press voltages of the éombined frequency of the
resonant ‘chamber 4 dnd the resonant chamber
§ on the load ‘appatatus. The latter may con-
veniently be prowded with ‘a ‘detector and cir-
cuit tuned to the ‘difference between the carrier
freguency and the frequéney of the oscillator- (5,
thereby aeriving power ot substantlal magiitide
at ‘such ‘difference frequency.” :

Referring to Fig, 2; tHe latter Shows a tesonator
of ‘the eavity type
the concentric transinission line type of resonator
descmbed m con‘nectlon Wlth Flg 1 Many of the

are szmllar to those ‘of Flg 1, and in such cases
they bedr the same Yeference nimeral.

-An ‘enclesiire ‘31 of conductmg material whrch
may, for e*:ample comprlse 2} rectangular paral-
elopiped has a central partition 1 which d1v1des
iy into two chambers 4 ‘and § analogous to the
chambets - 8 An ‘in-leading ‘con=
dietor passmg through thé condueting sheath 12
of & Conceditric transmission line leading froin
the source of ¢atrier fréquency forms ‘a Ioop '3
vwithin the chamber 4, ‘analogous to the loop 3
in Fig. 1. --A second 166p 13, @nalogous to the
loop 13 in ‘Fig. 1, Teads To The ‘eentral conductor
within 7 Sheéath 14, forming therewith a coh-
centric traasmission Tine analogous to: the trans-
mlssmn Tite 14+ 1n F1g 1 and thcn, l1ke the 1at=

Rvimetd A
conductor l9 havmg one end connected to ‘the
walls 6f the chamber 31 ‘and passing through an
insulating apertare Jin ‘the partition T leads to
the central ‘conductor - passmg throiigh ‘a sheath
21 and forming theréwith ‘a ‘Goheentric¢ transmis-
sion line leading %o tHe Joad circuit.” The con-
ductor 19 forris loops within 'the chambers 6 and
4, analogous to ‘the loops already described in
connection ‘with’ ‘the ‘condiictor 19 in PFig. 1. :

The resonaint chainbers 3 ahd 6 are arranged to
be tuned fo resonste YeSpectively at the ‘carrier
frequency and the local oscilldtor frequency by
two screws 32 and 23 which aie’thireaded in cen~
tral .positions ‘in t“he ehd %alls of tle chamber
31, "By ‘inwardly or ‘outwardly d1sp1acmg tnese

'hlch gy be ‘gubstituted for 4
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screws 32 and 33, the respective chambers 4 and
§ may be tuned to the frequency of the carrier
wave and of the local oscillator,

While I have described two specific embodi-
ments of my invention, it will be evident that the
principles thereof may be employed in many dif-
ferent ways which will be clear to those skllled
in-the art.

I elaif a8 Iy inventiont -

1. A mixer for deriving beat frequency currents
$rom two sources of alternating current having
B, frequency diffefence which comprises an en-
closure having conductive walls divided by a con-
ductive partition ifito two chambers, a transmis-
siof line is4ding from one of said sources and
forming g ¢losed ‘1o6p within one said chamber,
5 transmission Jiné leading ‘from the other said
source and forming a closed loop within the sec-
ond chamber; a third transmission line forming :
loops in both said chambers. and a detector and
cirenit timed to-said beat freqUency connected 1o
said third transmission -1ing, .

9. A mixer For deriving beat frequency cur—
reénts from two: soutces of alternating current
having- n freguency differciee whieh comiprises
an enclosure having ondictive walls ‘divided by

a eonductive Dartition intd two chuifibers, 4

transmission line leading from ofie said souice
and forming a closed 166p ithin one said ehain-
ber, a transm1ss1on Jine Teading fiom the other
said source and formifg a closed loop within the
second chamber, a third trahsmission line form=~
ing loops inh hoth §aid ‘chainbers, a debettor and
circuit tuned to said beat frequehey connected
to said third transmissich line, an reans in each
said chambper for tuning ft to resonance a,t a
desn‘ed frequency :
3 A m1xer for de

rwmg '*bes;t frefieney currents
¢ Tient having
a Treguency dlfferenoe whlch comprlses an ‘en=
clostire ‘having ‘coriductive swalls divided by a-con-
ductive partltlon ifite two ‘chanibers, 2 ‘trans-.
migsion tine leadihg from one waid souree whd
forming -a ¢losed Toop ‘within one said ‘chaniber,

3 transmissioh Ting qeading from the other ‘said
source and T Ea e hm ther
second chanibt :
nected to the wall- i
through an msulatmg pa5sage thmugh Haid parti-
mber and from ‘the latte;_

: eat frequency connect’ed o
said ‘third transmxssmn Fire, -
‘4. ‘A miser for ‘deriving beat Trequency emrents

from tiwo soirees -of alternating ctitrent h’avn’rr

a frequency difference which ‘comprises an €n=
closure haviig ‘eonduetive walls -divided by a ‘cons
ductive partition into two chambers, a trams-
mission linie Teading from -“one said source “dud
forming & closed loop within ‘one said” ‘chamiber; 2
conductor leading from the* her said ‘soifice and-
formitig % closed To0p ¥ fhie: secovd chamber -
a ‘third ‘condiictor havin 2 eni
the wall of said chaiber and 't 'asSmg through wn
insulatihg passage through waid partition itito
the other chamber =hd Troth -the latter to a
third transmission Jine, & ‘detector and ¢ix
tuned to sald beat freq {3 ales

the 5
frequency -of fhe second-mentioned source. .

: 5, In combination with an alternating-curyert-

inpit IIne traversed by a Arst atternating cuirent,

75
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a mixer comprising a eentral conductive core and
a conductive outer sheath, a conductive partition
interconnecting said sheath and core, a conduc-
tive piston movable along said core on one side
of said partition, a second piston movable along
said core on the other side of said partition, a
conductor connected to said input line and in-
sulatingly passing through the wall of said mixer
to form a loop on the first-mentioned side of
said partition, a second conductor insulatingly
passing through said wall and connected to an
alternating-current source of frequency different
from that of said first slternating current and
forming s lcop on the second-mentioned side
of said partition, and a third conductor having
one end connected to said sheath on one side
of said partition and insulatingly passing through
said partition to form loops on each side thereof,
and means for insulatingly passing said third
conductor through said sheath to a detector and
circuit tuned to the difference of the above-men-
tioned frequencies.
CYRIL E, McCLELLAN,
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