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My invention relates to radio receivers for re-
ceiving high frequency signals such as centimeter
wave signals. It relates particularly to a radio-
frequency amplifier, local oscillator and detector
unit for converting the incoming radioc-frequency
signals to intermediate-frequency signals.

The usual method of coupling the radio-fre-
quency amplifier and the local oscillator to the
detector or converter tube has been by using un-
tuned coaxial lines. This has the disadvantage
that radio-frequency signal energy is lost in both
of these coaxial lines, and oscillator energy is also
lost in both of the lines since both lines are cou-
pled to the converter tube,

An object of the present invention is to pro-
vide a frequency converter unit in which the
energy loss is a minimum. A further object of
the invention is to provide an improved super-

0

heterodyne converter unit for the reception of

ultra high frequencies.

In a preferred embodiment of the invention
the radio-frequency amplifier and the local os~
cillator are of the type having concentric line
plate circuits. These concentric line circuits are
positioned parallel to each other and the de-
tector or converter tube is located hetween them
and inside a box-like compartment of conduct-
ing material which bridges the two parallel lines.
Windows or openings are provided -in the outer
conductors of the two plate circuits: these win-
dows form openings in the brideing compart-
ment. Potential differences appear across the
conductor openings to circulate radio-frequency
and oscillator currents which excite the grid cir-
cuit of the detector tube.

The invention will be better understood from
the following description taken in connection with
the accompanying drawings in which

Figure 1 is a view of one embodiment of the
invention, the view being partly in section taken
on the line I—{ of Fig. 2,

Figure le is a view that is referred to in ex-
plaining the operation of the invention,

Figure 2 is a view taken on the line 2—2 of
Fig. 1,

qure 3 is a view taken on the line §—3 of
Fig. 2,

Pigure 4 is a view taken on the line 4—4 of
Fig. 3, and

Figure 5 is a circuit diagram showing the equiv-
alent circuit diagram for the unit illustrateq in
Figs. 1 to0 4.

In the several figures similar parts are indi-
cated by similar reference characters. -

Referring to the drawings, particularly to Figs.
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2

1 and 2, the radio-frequency amplifier tube 10,
the oscillator tube {1 and the detector tube {2
are triodes of the “light-house” type, RCA 446A
or General Electric type ZP 464, for example,
although it should be understood that the inven-
tion is not limited to this specific type of tube.
The grid and plate terminals of the tube 18
are the rings 13 and {4, respectively, which are
supported by glass sections of the tube. Corre-
sponding terminals for the tubes {I ang {2 are
shown at {8, IT and 18, {9, respectively. The
cathode terminals for the tubes {0, {{ and 12
are shown at 2l, 22 and 283, respectively. The
heater terminals for the cathodes of tubes 19, {{
and 12 are shown at 26, 27, at 28, 29 and at 3¢,
32, respectively. The various electrode terminals
are also indicated in the equivalent circuit dia-
gram of Flig, 5.

The R.-F. amplifier tube {8 has a tuned grid-
cathode circuit comprising an inner conductor
33 and an outer conductor 84 which form a con-
centric line. The connection from the cathode
of tube {6 to the end of the inner conductor
33 for the high frequency signal is through in-
ternal tube capacity between the cathode and
the outer metal shell 36 and through the metal
fingers 37 to conductor 33. This internal capacity
is indicated at Cl in Fig. 5. The connection from
the grid of tube i8 to the end of the outer con-
ductor 34 is from the grid terminal {3 to metal
fingers 38 which are conductively connected to the
end of conductor 34.

The grid-cathode line 38—34 is tuned by means
of a slidable shorting ring 89. In Fig. 5 the line
33—24 is represented by the lumped inductance
83’'—384’. Biasing is provided by means of a cath-
ode resistor 41. The received R.-F, signal is ap-
plied to the R.-F. amplifier through a concentric
line 42 which has its inner conductor capaci-
tively coupled to the tube shell 36 by means of
2 small capacitor plate 43.

The tuned plate circuit is 5 concentric line com-
prising an inner conductor 46 having one end
connected to the plate terminal {4 and an outer
conductor 47 having one end connected to the
grid terminal 13 through the fingers 28. The
line 46—47 is tuned by means of a plug 48 which
may be moved longitudinally by rotating a thread-
ed insulating rod 48 to change the capacity C2
at one end of the line. Qperating voltage is ap-
plied to the plate terminal {4 through an R.-J,
choke coil- 5{. In Fig. 5 the tuned line 486—47
is represented by the lumped inductor 46'—47°.

A narrow window or opening 52 in one side of the
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outer conductor 47T is provided for coupling into
the detector tube 12 as explained hereinafter.

The oscillator tube i1 preferably is connected
to operate as an oscillator of the grounded grid
type as described and claimed in my copending
application Serial No. 428,665, filed January 29,
1942, and entitled Oscillator,

The oscillator has a tiined cathodé-grid circuit
comprising an inner conductor 53 and a concen-

tric outer conductor 54 which form a concentric

line. This line is tuned by means of 4 shisrting
ring 58. The connection from the inner conduc-
tor 53 to the cathode of tube If is throush the
fingers 57 and through internal tube capacity, the

latter being indicated at C4 in Fig. 5. The tuned :

line §3-—54 is represented by the limped inductoi
§3'—-54’ in Fig. 5. A suitable cathode bias re-
sistor 95 is connected between cathode tefmitigl
22 and ground.

In this oscillator design,; the coriniéction be-
tween the grouridéd otifer ¢onduietor 54 aiid the
grid terniinal I8, instéad of being 4 diréet cur-
rent corinection, is throuigh a cdbacittr connec-
tien which is formed by Providing & mica ring
or washer 53 that spdcés the fingef siipporting
ring 59 ficm the furred-in portien 544 of the
cuter conductor 54, this eapdditor beifig indicated
at C5 in Fig, 5. The primafy piirpose of this ca-
pagitor is to prévide the platesto-éathdde dou-
pling for oseillatér feed-back. A grid=leak re-
sistor is shown at 69. i

The tuned anode-grid circuit comprises an in-
ner conductor 54 and aii ctter coriduétor 62 which
form a céricentrié line thaf is tunéd by a ca-

pacity changing plug €3, just as descfibed in 5

conhection with thé R.-F. amplifief. The capac-
ity that is changed by plug 62 is indicatéd at C8.
The tuned line 61—82 is indicatied in Fig. b as a
lumped indudter 61'—-§2°. The eoupling from
ths oscillator t6 the first detéctor is through a
window or opeting 68 iri thée outer corductor 62
as will be explained beélow. A dover or casing 67
may bé provided for the R.-F. amplifier, the os-
cillator and the detéctor portions of the unit.

- Referring now to tlie detector or éonverter tube
{2 and to the method of coupling into it, a box-
like compartment 68 of conducting maferial
bridges the oufer conductois 47 and 62 of the
R.-P, amplifier and osecillator plate circuits, re-
spectively. 'The detéctor tube 2 is seb into the
compartment 68 in inverted position in this par-
ticular example as shownd more clearly in Figs.
2 and 3, the view in Fig. 3 beirig taken at right
angles to the one in Fig. 2.

The compartment 68 comprisés end portions
m and n and top and bottom portions o and .
respectively, The sides of the compartment 68
are formed by the surface portions of the plate
cireuit conductors 47 and 62 containing the nar-
row vertical slif-like opening 52 and the horizon-
tal rectangular opening 66, respectively.

The connections to the three electrodes of the
tube 12 are made as follows: The thimble portion
19¢ of the atniode terminal fits into a ¢lip TI which
is supported by an insulating shéet 12 of mica of
the like. Anode voltage is supplied to the clip
7t and to the anede terminal {9« through a con-
ductor 73. As shown in Figs. 3 and 5, the anode
circuit includes an intermediate frequency trans-
former T4. The cathode biasing connection is
through o bias resistor 16 (Figs. 2 and 53,

The cathode connection for the R.-F. signal
-and the osciliator signal is from the t6p portion
o of the compartment 68, through flexibie fingers
18 (Fig. 3) to the metal shell of the tube 12, and
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through internal tube capacity (represented by
capacitor CT in Fig. 5) to the cathode of tube 12.
The grid connection is through a metal tab 81 set
in one corner of the compartment 63 and hav-
ing flexible fingers 82 in contact with grid termi-
najl 8.

The coubling into the grid-cathode circuit of
detector tube 12 for the R.-F. signal is obtained
with the above-described connections because of

3 ¢ireulating currents induced by the presence of

the window or opening 52 which causes the cur-
rent to flow around the opening as indicated by
the brcken lines in Fig. la. Thus the R.-F. cur-
reht hag g transverse component represented by
the arrow ¥ which produces a potential drop be-
tween the cathode and grid connecting tabs 18
and 82, respectively. Also, there is a circulating
current which flows through the tab 8! to the
grid of tube 12 and through the internal grid-
cathode capacity to the cathode of the upper side
of conductor &7, thus producing g corresponding
voltage drop along the tab 81. At these ulira
high frequencies the paths traversed by the cur-
rents présent inductive resctances. Therefore,
the coupling from the tuned anode circuit §6—47
into the detector tube (2 may be represented as
in Fig. 5 wheére the portion 6f conductor 47 along
the cpening 52 and common to the R.-F. ampli-
fier and detector circuits is represented by an
inductor 84’ which is inductively coupled to the
R.-F. amplifier plate circuit.

An adjustable arm 83 of springy material may
be connected to the outer plate conductor 47 on
one side of the opening 52 and positioned in ca-
pacitivé relation to the grid terminal ring {8 at
& poinit diametrically opposite the tab 8i. The
eapacity between the arm 82 and the terminal
ring {8, which is represented in Fig. 5 by capaci-
tor C8, may be adjusted by means of a rotatable
threaded rod 84 (Fig. 3) which moves a flat
spring 86 and a pin 87 of insulating material in
or out. The pin 87 engages the spring arm 83
to make it move in or out with the pin 87 and
thus vary the value of capacity C8 for tuning the
input ecircuit of the tube 12. In some designs it
may be found that the arm 83 can just as well be
omitted.

The coupling of the oseillator to the grid-
eathode circuit of the detector tube may be due
te the fact that the opening 68 is large enough
to permnit leakage of sufficient electromagnetic
and electrostatic field from the tuned line §i—582
for producing sufficient coupling. It will be noted,
for example, that if electromagnetic lines of force
cut the tab 81, a potential difference between the
erid and the cathode of tube {2 will be induced.
Judging from the operation of the apparatus,
however, the coupling appears to be conductive,
that is, it appears to be the same kind of counling
as that between the R.-F. amplifier and the
detector tube.

It has been found desirable fo provide a series
resonant cireuit 88’, 89’ (Fig. 5) across the plate
circuit of the tube 12, the resonant circuit being
tuned to the R.-F. signal frequency. This in-
creases the conversion efficiency and provides con-
siderable tuning of the converter grid circuis
through anode reaction. The mechanical con-
struction for the series-resonant circuit 88'—89’
is best shown in Fig. 8 where an adjustable plate
portion 88 is spaced from the clip 71 by the mica
sheet 72 to provide the capacity 88’. The plate
portion 88 is adjustably supported by a spring arm
89 which constitutes the inductor 88’. The ca-
pacity 88’ may be adjusted by means of a rotat-
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able screw-threaded rod 91, the end of which acts
as a stop for a lug 92 fastened to the plate por-
tion 88.

From the foregoing description it will be appar-
ent that I have avoided the use of coupling lines
and have avoided the losses associated therewith.
Among the essential features of the invention are
the compartment which bridges the tuned anode
circuits and which has the converter tube seb
therein, and the openings in the tuned anode con-
ductors for providing the desired coupling. It
should be understood that the invention is not to
be limited to the theory of operation that has
been given, although applicant believes that his
explanation of the way in which the coupling
circeuits function is substantially correct.

I claim as my invention:

1. A gignal mixing unit comprising two vac-
uum tubes each having an ouiput circuit com-
prising a tuned concentric line, said tuned lines
being positioned with a conductor of one line
adjacent to a conductor of the other line, a com-
partment of conducting material bridging said
adjacent conductors, a mixer tube having at least
one electrode terminal positioned inside said com-
partment and electrically connected thereto, each
of sz2id adjacent conductors having an opening
therein looking into said ecompartment whereby
said ocutput circuits are coupled to said mixer tube,
and an output circuit for said mixer tube.

2. A signal mixing unit comprising a vacuum
tube having a tuned output circuit which consists
of a concentric line having an inner conductor and
an outer conductor, a second vacuum tube hav-
ing a tuned output circuit which consists of a
concentric line having an inner conductor and an
outer conductor, a compartment of conducting
material bridging said outer conductors, a mixer
tube having at least one electrode terminal posi-
tioned inside said compartment and electrically
connected thereto, each of said outer conductors
having openings therein looking into said com-
partment whereby said output circuits are cou-
vled to said mixer tube, and an output circuit for
said mixer tube.

3. A frequency converter unit comprising a ra-
dio-frequency amplifier having a tuned plate cir~
cuit which consists of a concentric line having
an inner conductcer and an cuter conductor, an
oscillator having g tuned output circuit which
consists of a concentric line having an inner con-
cuctor and an outer conductor, a compartment
of cenductiing material bridging said outer con-
ductors, a detector tubs having at least one elec-
trode terminal positioned inside said compart-
ment and electrically connected thereto, each of
sald outer conductors having openings therein
locking into said compartment whereby said am-
plifier and said oscillator are coupled to said de-
tector, and an output circuit for said detector.

4. A fregquency converted unit comprising a ra-
dio-frequency amplifier having a tuned plate cir-
cuit which consists of a concentric line having
an inner conductor and an outer conductor, an
oscillator having a tuned output circuit which
consists of a concentric line having an inner con-

ductor and an outer conductor, said concentric
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lines being substantially parallel to each other, a
compartment of conducting material. bridging
said outer conductors, a detector tube having at
least one electrode teriminal positioned inside said
compartment and electrically connected thereto,
said detector tube being positicned with its lon-
gitudinal axis at right angles to the longitudinal
axis of said concentric lines, each of said culer
conductors having openings therein looking into
said compartment whereby ssid amplifier and
said cscillater are coupled to said detector, and
an output eircuit for said detector.

5. A frequency converter unit comprising a ra-
dio-frequency araplifier having a tuned piats cir-
cuit which consists of a concentric line having
an inner conductor and an outer conductor, an
oscillator having a tuned output circuit which
consists of & concentric line having an inner
conductor and an outer conducicr, & compart-
ment of conducting material bridging said outer
conductors, a detector tubs having an input cir-
cuit including inpuf electrcdes snd having at
least one input electrode terminal positioned in-

side said compartment, each of said oufer con-

ductors having openings therein looking into said
compartment to couple said amplifier and said
oscillator to said detector, a portion of one of
said outer conductors adjacent to the opening
therein being common to said detector input cir-
cuit and to the tuned circuit in which saig last
conductor is included, and an output circuit for
said detector.

6. A frequency converter unit comprising a ra-
dio-frequency amplifier having a tuned plate cir-
cuit which consists of 2 concentric line having
an inner conductor and an outer conductor, an
oscillator having & tuned output circuit which
consists of a concentric line having an inner con-
ductor and an outer conductor, said concentric

40 lines being substantially parallel to each cther,

45

50

55

60

65

a compartment of conducting material bridging
said cuber conductors, a detector tube having an
input circuit including input elecirodes and hav-
ing at least one input electrede terminal posi-
tioned inside said compartment, sald detector
tube being positioned with its longitudinal axis
substantially perpendicular to the plans of said
concentric lines, each of said oufer conductors
having openings therein. looking intc said com-
partment to couple said amplifier and said oscil-
later to said detecior, a portion of one of said
cuter conductors adjacent to the opening there-
in being common to said detector input circuit
and to the tuned circuit in which said last con-
ductor is included, and an output circuit for’
said detector.
ALFRED H. TURNER,
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