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2 Claims.

This invention relates to a method of lining
up a unicontrolled core tuned radio apparatus
having directly coupled oscillator and mixer cir-
cuits and an antenna circuit.

The present application is a division of my
parent application Serial No. 468,195, filed De-~
cember 8, 1942, for Precision radio apparatus.
Features of said application disclosed but not
claimed herein are claimed in said parent appli-
cation and in other divisional applications
thereof; to wit,

The complete disclosure of Serial No. 468,185
is made a part of the present specification by
reference.

While the present invention is nct limited to
use in connection with the illustrative apparatus
of Serial 468,195, its use in connection with such
apparatus constitutes an important field of util-
ity, and the invention will be disclosed herein in
connection with certain forms of said apparatus.

In Serial No. 468,195, disclosure is made of
mobile ultra high frequency radio apparatus suit-
_ able for meeting the exacting requirements of
military service on land, at sea and in the air.

It is of the utmost importance that such ap-
paratus be capable of preset dial tuning with an
extremely high degree of accuracy, and that it
be capable of sustained precision performance
notwithstanding the fact that it is exposed to
severe shocks and is subject to radical and
abrupt changes of temperature, humidity and
air pressure.

The crucial elements affecting the precision
and the permanence of precision of receiver tun-
ing and of transmitter tuning are found in, or
in close association with, the ultra high frequency
circuits. In accordance with Serial 458,195, these
elements are chosen of such materials, are con-
structed in such form, and are associated and
combined with one another into a head unit in
such manner that the influence of temperature
changes upon the frequencies is drastically and
definitely limited, and that such slight changes of
frequency with temperature as do occur are un-
alterable so that the initial limitation will be
dependably maintained.

Tuning coils of the three circuits referred to are
arranged in axial alignment, with the coil of the
mixer circuit at a critical distance from the coil
of the oscillator circuit. 'Tuning cores are pro-
vided for the respective coils, these cores being
mounted in fixed relation to one another upon g
member which is movable axially of the coils
and which is operated to move the cores in uni-
son by suitable dial mechanism.

In accordance with the present invention, the
lining up of the circuits with one another and
with the dial is accomplished by first connecting
the mixer tube to act as a detector, then rela-
tively adjusting the positions of the coil and core
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of the mixer circuit and of the antenna circuit
independently of the dial to line them up with
5 standard signal, locking them in the selected
positions, reconnecting the mixer tube as & mixer
and then relatively adjusting the position of the
coil and core of the oscillator circuit independ=
ently of the dial to line up the oscillator with
a standard signal.

After the circuits have been thus lined up with
the signal, the cores are micrometrically ad-
justed relative to their associated coils and rela-
tive to the dial at a multiplicity of selected stand-
ard frequencies to establish a predetermined uni-
form relationship of the oscillator frequency with
the dial readings of each of the selected frequen-
cies.

Other objects and advantages will hereinafter
appear.

In the drawing forming part of this specifica-
tion

Fig. 1is a diagrammatic view illustrating prin-
cipally circuits employed in an illustrative re-
ceiver;

Fig, 2 is a view similar to Fig. 1 illustrating
principally circuits employed in an illustrative
transmitter;

Fig. 3 is a horizontal sectional view illustrat-
ing parts of the receiver unit;

Fig, 4 is a fragmentary sectional view taken
upon the line 4—4 of Fig. 3 looking in the direc-
tion of the arrows;

Fig. 5 is a view in side elevation, partly broken
away, of the structure illustrated in Fig. 3;

Fig. 5a is a fragmentary view showing the
thrust rod and tuning core assembly;

Fig. 6 is a transverse vertical sectional view
taken upon the line 6—8 of Fig. 5 looking in the
direction of the arrows, the view being on a larger
scale than Fig. 5;

Tig. 7 is a fragmentary detail view of the strue-
ture illustrated in Figs. 5 and 6;

g, 8 is a sectional view similar to Fig. 6 but
taken on the line 8—8 of Fig. 5 looking in the
direction of the arrows;

Fig. 9 is a fragmentary detail sectional view
taken upon the line §—8 of Fig. 5 looking in the
direction of the arrows;

Fig. 10 is a top plan view of a coil and con-
denser supporting plate employed in the trans-
mitter and in the receiver;

Fig. 11 is a sectional view of the supporting
block shown in Fig. 10, taken on the line 1{—I1
of Fig. 10 looking in the direction of the arrows;

Fig. 12 is & sectional view of the block shown
in Figs. 10 and 11 taken upon the line 12—12 of
Fig. 11, looking in the direction of the arrows;

Fig, 13 is an end view of a coil form employed
in both the transmitter and the receiver;

Fig. 14 is a plan view of the coil form shown
in Fig, 13;
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Fig. 15 is a longitudinal sectional view showing
the plate of Figs. 10 to 12 and the coil form of
Figs. 13 and 14 in assembled relation and with
a coil wound on the latter, the section being taken
on the line {8-—I§ of Fig. 17 looking in the direc-
tion of the arrows;

Fig. 16 is a plan view of the coil assembly of
Fig. 15;

Fig. 17 is a rear end view showing the coil
assembly of Figs. 15 and 16 together with an
associated tank condenser;

Fig. 18 is a view in side elevation of the coil
and condenser assembly of Fig. 17;

Fig. 19 is a bottom view of the coil and con-
denser assembly shown in Fig. 17;

Fig. 20 is a longitudinal sectional view showing
details of the condenser of Figs. 17 to 19, in-
clusive;

Fig. 21 is an end view of the oscillator assembly
cooperating with the tuned circuit assembly of
Figs. 16 to 19;

Fig, 22 is a view in elevation of the structure
shown in Fig. 21 as seen {rom the left of Fig. 21;

Fig. 23 is a fragmentary view looking down on
the structure of Figs. 21 and 22;

Fig. 24 is a sectional view taken on the line
24—24 of Fig. 21, looking in the direction of the
arrows, and with the tube of Fig. 21 removed;

Fig. 25 is a graph provided for use in explain-
ing the alignment of the receiver and/or trans-
mitter with the precalibrated dial;

Fig. 26 is a fragmentary detail view of mecha-
nism employed in the train between the dial knobs
and the tuning cores used after preliminary ad-
justments for securing and fixing the precise
correspondence desired between the dial calibra-
tions and the carrier frequency in megacycles at
a multiplicity of predetermined points, as, for in-
stance, every megacycle; and

Fig. 27 is a fragmentary sectional view taken
upon the line 27—27 of Fig. 26 looking in the
direction of the arrows.

An illustrative superheterodyne radio receiver
for receiving radio waves of ultra-high frequency
in connection with which the present invention
may be advantageously employed, is illustrated in
Fig. 1. In Fig. 1 reference numeral [ designates
the antenna, 2 designates a 36 ohm coaxial trans-
mission line, the outer conductor of which is
grounded and is connected to a switch contact 3,
while the inner conductor of the line is connected
to a switch contact 4. A third switch contact 5
is provided, the aforesaid switch contacts coop-
erating with switch contacts 6, 7 and 8 of a tuned
circuit assembly 9. The assembly 9 comprises an
inductance coil 10, whose ends are connected to
switch contacts 6 and 8 and a fixed condenser (I,
the tuning of the circuit to different carrier fre-
quencies being effected by means of a movable
core 12 which may be of the powdered iron type.
An intermediate tap 12 on coil 10 is connected to
switch contact T to provide a 38 ohm coupling
point for the transmission line, the connection
to switch contact T being designated by reference
numeral (4. The slope of the tuning curve of cir-
cuit ¢ is adjusted to a desired value by means of
& movable slug 15 positioned alongside the coil
10, whose effect on the tuning of the circuit will
be hereinafter described. The core 12 is adjusted
by the operator to tune in the desired station by
means of a unicontrol knob 1§ associated with a
precalibrated dial 7. In order that the resonant
frequency of circuit 8 may be made to agree with
the calibrations of dial (7, adjustable means as
indicated by the arrow (8 is provided whereby the

10

15

20

25

30

35

40

45

60

55

60

65

70

[t

4

relative position of the coil 10 and core {2 may
be adjusted through a slight range independently
of the dial sefting. A full discussion of the man-
ner of effecting the adjustments of elements 5
and 13 will be hereinafter described.

The voltage developed in circuit 9 is supplied
to the control grid 19 of radio frequency ampli-
fier tube VT through the condenser 20. Grid {9
is connected through the cireuit shown, including
resistors 21 and 22 and filter capacitor 23 to a
source of A, V. C. voltage or source of bias po-
tential such as the voltage source indicated at
point A. )

Capacitor 23 is of a type of construction found
highly advantageous and desirable, and univer-
sally employed by me in the ultra-high frequency
range, and consists of a sheet of metal separated
from the hody of the set by a sheet of mica, form-
ing a non-inductive bypass to ground. This
form of construction insures freedom from un-
wanted resonant circuit combinations formed by
the wiring of the set and wherever g bypass con-
denser to ground is indicated in the drawing it is
of this type. All leads have resistances in them,
also to prevent formation of resonant loops, Re-
sistance 22 is of the wire wound type being em-
hedded in a grounded metallic block 22a (see Fig.
3) and acts as a radio frequeney choke to pre-
vent all radio frequency voltage from entering
the supply leads.

The tube VTI is supplied with the usual volt-
ages for its electrodes and suitably bypassed.
The plate of VT is connected to a resonant mix-
er circuit 24 through a pair of switch contacts
25—26. This circuit differs from circuit 9 main-
ly in the position of the tap 21 on the coil 28
of the circuit, this tap being connected to switch
contact 29, which engages a switch contact 30
by means indicated by reference numeral 31,
the construction of which will be hereinafter de-
scribed in detail. The other connections of cir-
cuit 24 are similar to those of circuit 9 and are
indicated by the same reference numerals, The
tap 2T is provided to minimize grid circuit load-
ing. Switch contact 5 is connected to a suitable
source of B voltage through a resistor 32, and is
also bypassed to ground as shown. The input
and output circuits of VI'{ are electrically shield-
ed from each other by a grounded shield as dia-
grammatically indicated at 33 in Fig. 1, and phy-
sically illustrated as frame member 95 in Fig. 3.

Mixer circuit 24 is tuned to the signal fre-
quency by means of a second core {2 and the
adjusting means {8 and (5 for this circuit are
similar to those described in connection with
circuit 9. Voltage is injected into the resonant
mixer circuit 24 from a resonant oscillator cir-
cuit 34 whose coil 35 is mounted coaxially with
the coil 28, and at a critical distance therefrom.
Voltage is supplied to the signal grid 36 of mixer
tube VT2 through the circuit shown including
a condenser 81, and bias is supplied thereto
through the circuit shown including resistors 38—
39, the latter resistor being connected to bias
point A. Suitable voltages are supplied to the
other elements of tuba VT2 through the circuits
shown, and the outbut of the tube is connected
to a resonant circuit 40, which in the illustrated
embodiment of the invention is tuned to a fre-
quency of 5.2 megacycles. Resonant circuit 40
is coupled to a transmission line 4! through a
transformer 42 or other suitable coupling means,
as it has been found desirable in some cases to
allow for a considerable physical separation of
the whole tuning unit from its intermediate fre-
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giency ambplifier and power supply, and also from
its antenna. :

The oscillator circuit shown is of the “ultra-
audion” type, which combines the advantages of
requiring no feedback winding, as well as allow-
ing grounding the heater and cathode. The fact
that tuned circuit 34 is at high potential to
ground is of little interest in core tuning, and
grounding the cathods is of great practical ad-
vantage, as it has been found that the capacity
from heater to cathode is effective in introducing
circuit noises, which show up frequency fluctua-
tions in the oscillator if it is attempted to run
the cathode at some potential higher than
ground. The plate of tube VI3 is connected to
one end of coil 85 through a pair of switch con~
tacts 43—44, and the other end thereof is con-
nected to the grid of the tube through the switch
contacts 45—46 and capacitor 47. The oscillator
grid 48 has a divided grid leak consisting of re-
sistor 49, choke 50 and resistor i to ground, and
an isolation condenser 52. By suitable propor-
tioning of resistor 49 and resistor 5{ a negative
voltage is built up at A suitable for supplying
bias to the control grids of mixer tubes VT2
and/or vacuum tube VTI,

Tap 53 is brought cut through switch con-
tacts 55 and 56 by connector $4 and is energized
through resistor 81 and choke 58 by a suitable
source of B voltage. Isclation is effected by con-
denser 59 in the usual manner. Capacitor 68
performs the same function as il in tuned cir-
cuits 9 and 24, but it has been found desirable to
also. employ a condenser 61 for more complete
thermal stability of the oscillator. The action of
condenser 61 will be more fully discussed later
herein.

The oscillator circuit 34 is tuned by means of
a movable core lZg which is in turn operated
through the adjustable connection {8 and control
knob 16, thereby providing unicontrol tuning of
the resonant circuit 9, mixer circuit 24 and oscil-
lator circuit 34.

The oscillator §2 of Fig. 2 shows the same gen-
eral structure used as a transmitter instead of
a receiver. The entire oscillator assembly 62 is
identical in every way with the oscillator assem-
bly shown in Fig. 1. Tt is possible at times that
this oscillator will be fed with somewhat higher
pilate voltage. Its components and performance
will be otherwise identical. The R. F. amplifier
shown in Fig. 1 is physically reversed so that its
input and output circuits are interchanged, form-
ing the buffer tube 63, Iis input circuit may weil
he untuned and a coil 28 used to pick up some
energy from the oscillator for exciting the grid
through the condenser 81, its grid leak being 38
as shown. The tube is energized in the usual
way and its output goes to tuned circuit assem-
bly 8 through the contacts 5 and 8, Tuning con-
denser [l resonates this combination whose fre-
quency is controlled also by the core 12 physically
connected to the dial through the adjustable
means 8. - The output transmission line is con-
nected to the tuned circuit 8 through contacts
4 and 1, and plate voltage is applied to contacts
3 and 6 filtered by the condenser 23 and a re-
sistor 22. Contact 3, being at ground potential
to radio frequency by virtue of condenser 23,
is connected to an output transmission line shown
through condenser 64 and contact &, likewise
connected to the line by condenser 65, the pur-
pose of condensers 64 and 65 being to remove
D. C. potential from the line.

_'This assembly, therefore, forms a very low
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power continuous wave transmitter, but its main
use is to energize either a final stage or a builer
meeting a final stage to provide reasonable power
outputs.

As has already been indicated, the crucial and
significant parts of the transmitter and of the
veceiver are those parts which control the fre-
quency characteristics of the ultra-high fre-
quency circuits of the structure, and those parts
included in or closely associated with such cir-
cuits, which bear upon the precision of such con-
trol.

Important and significant elements, combina-
tions and sub-combinations will he described and
explained fully hereinafter. It is the present
purpose to outline in a brief and general way
the association with one another of the principal
elements and assemblies and to describe the
means for supporting and housing those elements
in order that the place in the general scheme of
the elements and combinations hereinafter de-
scribed will be evident as the description pro-
ceeds.

The showing of Figs, 3 to 9, inclusive, is specifi~
cally of what may be termed the receiver head,
but it is to be understood that the transmitter
includes a similar head, differing from the re-
ceiver head only in such minor details as will be
evident from the foregoing descriptions of the
transmitter and receiver circuits.

The receiver comprises a head unit 171 which
includes a dial assembly 72, The dial assembly
12 includes front and back plates 73 and T4 which
are connected to one another through posts 15.
The front plate 13 extends beyond the posts and
is adapted to be attached by screws 76 to a rigid
upright. front plate 71 of the receiver chassis.
The front plate 13 of the dial assembly 12 may
desirably serve as a support for the entire head
structure T1.

The back plate 14 is connected by screws 18
with a front housing member T8 which includes
a solid and substantial rear wall 88. The wall 80
is formed with a marginal, circular collar por-
tion 81 upon which a circular housing member
87 is adapted to be affixed through the medium
of pins 83 which project outward from the collar
portion 81, and bayonet slots 84 formed in a sleeve
member 85 of the housing member 82. The plate
8§ and the housing member 82 jointly form an
air-tight enclosure.

A frame 83, rigidly afiixed to the plate 80, sup-
ports in fixed positions all of the parts illustrated
as contained within the housing §8, 82 with the
exception of a flexible metallic diaphragm 8§17
which is affixed to the rear wall 88 of the hous-
ing member 82 and a yoke 89 which is affixed
to the forward face of the center of the dia-
phragm 81. The purpose of the diaphragm and
yoke will be explained presently.

The frame 86 comprises a relatively heavy base
block 98 which is desirably formed integral with
the plate 82, and which extends rearwardly from
the plate 88 to a point near the rear end of the
housing 8%, 82. The base block is of generally
rectangular construction, but is formed to pro-
vide an upwardly facing semi-cylindrical channel
throughout its entire length save in the region
of a rectangular cut-out 92 where the side walls
of the channel are cut away.

A shield plate 93 is affixed to the lower face
of the base block 83 and extends to one side
thereof. Vertical plates 94 and 95 are united
with one another to form a T-shaped frame unit
which is supported from the base block 90, the
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latter forming a shield between the tuned circuit
assemblies of the mixer and antenna circuits.

All- of the electrical parts diagrammatically
illustrated in Fig. 1 are mounted on the frame 86,
but for the present the mounting and disposition
of the parts will not be described in detail further
than to show the physical disposition of the tuned
circuit assemblies and the relation of the tuning
cores to them.

Vertical clamping plates 86 and 97 are secured
to one side of the base block 99 by screws 98
and 99, respectively. These clamping plates are
set into recesses of the base block, and extend
upward alongside the adjacent vertical walls of
the block to a level a short distance above upper
coplanar horizontal end faces of said walls.
Rabbets are thus formed by the upper ends of
the clamping plates 95 and 91 which extend above
the adjacent walls of the base block 90 and by the
upper horizontal faces of said base block walls.
Corresponding opposed rabbets 163 are formed
at the same level in the opposite walls of the
base block, so that the base plates of supvort-
ing units for the coils 25 and 28 may be set in
the rabbets and clamped in place by the plate 96,
and so that the base plate of a supporting unit
for the coil {3 may be set in the rabbets, and
clamped in place by the plate 97, with the hollow
cylindrical coil forms accurately aligned in co-
axial relation with one another.

The plates §5 and 97 will be seen to cooperate
with the base block 99 to form C-clamps. 'The
opposed jaws of these clamps extend parallel to
one another and parallel to the axis of the chan-
nel in the block 99. The base plates of the coils
38, 28 and 13 may, therefore, be set and clamped
in different selected positions longitudinally of
the block 80. Hach of the plates 96 and 9T com-
prises an anchoring portion screwed.into firm and
unvarying electrical contact with the block 90
and a bendable portion extending therefrom
which is always spaced from the block 90
throughout its entire length, so that circulating
currents induced in the clamping structure are
provided with an unvarying and unambiguous
current path.

Cores 12 and f2¢ are mounted upen a ceramic
thrust rod {1i for cooperating with the respective
windings 35, 28 and {0 in fixed positions longi-
tudinally of the rod for controlling the tuning
of the tuned circuit assemblies containing the
windings in accordance with the longitudinal
movement of the thrust rod §ii.

The dial mechanism, which will ke described
at a subsequent point, is designed to operate the
cores {2 and lZ¢ longitudinally for effecting tun-
ing. Operation of the thrust rod {11 from the
dial mechanism is so contrived that no air leakage
joints are formed in the housing 80, 82.

The thrust rod {11 is supporied in a bushing
:rried by the plate 95, and in a bushing 113
carried by the plate 81, and is connected at its
left-hand end, as seen in Figs. 3, § and particu-
larly Ba, with a metallic bellows (14, desirably
ol the Sylphon type which is affized and sealed
to the plate 88.

A metallic thrust rod {15 aligned with the
thy red il and adapted to be actuated from
the cisl aszembly is mounted in a bushing 16
which is carried by the plate 83. The push rod
{14 carries an end plate {17 which is soldered to
the end wall {18 of the Sylphon bellows {{4. At
the oprosite side of the wall 113 a threaded cup
{118 is soldersd to the wall. Motion is transmitted
from rod (18 to rod !ii through an imperforate
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wail of the bellows {14, that is to »ay, th~iigh &
completely sealed structure which does nov de-
pend for its sealing upon packing, glands or like
sealing means, such as must be relied upon where
a joint between relatively movable engaging sur-
faces is sought to be maintained.

The thrust rod {11 is provided with an enlarge-
ment {{le which has a circumferential groove
120 formed in it, as viewed in Figs. 5a and 9. A
hollow threaded cap 12{ is impaled upon the
enlargement [lla, and a resilient split ring 122 is
caught within the groove {20 and captured with-
in the cap 12!, With the ring {22 thus captured
within the cap 121, the cap 121 is threaded onto
the cup 119 fo force and maintain the left-hand
end of the thrust rod {1{ firmly against the base
of the cup (1§, so that the rods {i{ and {15 are
caused to move in unison as one unitary structure.
The construction also serves to establish and
maintain axial alignment of the rods I{f and 115.

At the rear or right-hand end of the rod {II,
as seen in Fig. 3, the rod has affixed to it a metal-
lic cap 122¢ having a circumferential groove 123
which is adapted to be received between inturned
fingers of the yoke 89 of the diaphragm 81. The
cap 122a serves as a slide bearing for cooperat-
ing with the bushing 113. A metallic sleeve (23a
fixed on the rod I11 serves as a slide bearing for
cooperating with bushing 112.

As seen in Fig. 5a the cylindrical core i2a is held
firmly between two shoulders which bear over the
entire ends of the core, thus giving rise to no high
unit pressures. The ceramic piece {ila estab-
lishes the distance of the core 12z from the end
of the push rod 115, and while it may be made
integral with the rod 1{{, due to manufacturing
difficulties it may well be made as a separate
piece cemented on as shown. Its ends are ground
parallel to one another and normal to the axis,
and care is taken when cementing that these
faces are maintained normal to the axis of the
rod {4l. Core [2a is then loosely slipped on the
rod and the ceramic spacer [11b slipped on next.
The outside diameter of this spacer is made
slightly greater than the diameter of the core,
since experience has shown that if the core rubs
againgst the inside of the coil form some iron par-
ticles are rubbed off the core and permanently
deposited on the inside of the coil form causing a
change in frequency due to this wandering of the
iron.

The next ceramic spacer [{lc is then slipped on
to establish a desired position of the mixer core
12 on the rod. Another ceramic spacer ilid is
slipped over the rod subsequent to mixer core 12,
and a metallic sleeve 123¢ is rather tightly fitted
over the rod at that point to cooperate with a
sleeve bearing 112 screwed into the partition 95.
Another ceramic spacer {1{e then determines the
position of the core 12 which tunes the antenna
circuit, and a ceramic spacer {11f determines the
distance between the final core and the end
cap 122a.

All of these cores and spacers are more or less
a loose fit on the rod i 11, and they are maintained
in relation by a thrust pressure developed by the
spring washer 122b, which forces the whole as-
sembly against the stop provided by the piece 11 ia.
The end cap 122¢ which cooperates with the bear-
ing {13 inset in the partition 91 is then forced
on with some pressure and cemented in position.

The cement used to fasten on ceramic end cap
{{fa and metallic end cap 122q is out of the field
of any coil, and if, due to cold flow or age this
cement creeps slightly, say of the order of one-
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thousandth of an inch or so, this will be taken up
by the spring washer 122b, and the cores will not
be altered in their positions relative to the abut-
ment shoulder of cap I1ia. While all of the spacer
sleeves are of predetermined lengths within rea-
sonable tolerances, it will be observed that the
most important core, namely, the core 12a, which
cooperates with the oscillator coil, does not de-
pend upon any spacer sleeve for its position, but
abuts at all times against the shoulder of the cap
{{tg. This point is stressed for the reason that
variations which are tolerable with respect to the
cores 12 would be highly objectionable with re-
spect to the core 12a. The diameters of the
spacers I 1lcto 1117 have been made smaller than
the cores solely to save weight which might give
rise to inertia effects when the apparatus is used
in locations where marked vibration and shock
are encountered.

While the rods Iil, the spacers {ila to I,
inclusive, the base plates 166 and the coil forms
113 and the sockets of tubes VT1, VT2 and VT3
have been described as of ceramic material, it is
to be understood that this term is intended to com-~
prehend other insulating materials which have
been found suitable such as glass and quartz.
Plastics in general of either the thermo-plastic or
thermo-setting type have been found unsuitable
for this type of construction, with the possible
exception of “Micalyx,” due to their cold flow,
their non-cyclic cubic change with temperature,
and their often erratic changes of dielectric con-
stant with temperature.

The rod 1 15 is thrust rearward by the dial mech-
anism, and in turn thrusts the rod 11 rearward
with it against the predetermined, light, com-
bined spring action of the bellows [14 and the
diaphragm 87.

The reason for providing the bellows 114 and
the diaphragm 87, however, as distinguished from
a simple spring is that it is desirable that all the
parts contained within the housing 80, 82 be kept
as free as possible of the influence of humidity
variations and of variations of atmospheric pres-
sure. The bellows and the diaphragm constitute
a portion of the means for completely sealing
the housing 80, 82 from the atmosphere, and
thereby eliminating variations of air pressure and
limiting variations of humidity when the appa-
ratus is taken aloft and returned to the ground
on aircraft. It is especially important that many
of the parts enclosed in the housing 80, 82 be
guarded against the possible depositing of dew
upon them.

Tn mohile, and especially in military use, where
the apparatus may be serviced under conditions
of high humidity, the air trapped inside the con-
tainer 82 may well have such high moisture con-
tent that condensation will occur with subsequent
lowering of temperature in the apparatus. It is
desirable to remove the moisture content from the
confined air by the use of a desiccant such as
silica gel, contained in a small perforated con-
tainer 121 (Fig. 8) which is held in place by a
small spring bracket 132. The container 131
can be slipped into place just before the housing
member 82 is put on.

The bellows {14 and the diaphragm 87 serve
not only to avoid any air leakage joints in con-
nection with the thrust rod operation, but they
serve also to render the resistance of the thrust
rod (11 to dial operation independent of atmos-
pheric pressure, and, therefore, independent of
variations of altitude at which the apparatus is
operated.
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The interior of the bellows {14 is open to at-
mosphere around the thrust rod {15, and the
external face of the diaphragm 87 is intention-
ally exposed to the atmosphere through a small
port 124 formed in the rear wall 88 of the hous-
ing member 82. 'The bellows |14 and the dia-
phragm 87 are designed to respond equally to
changes of atmospheric pressure, and in respect
of changes of atmospheric pressure they are
opposed to, and balance, one another, thus form-
ing 2 balanced piston arrangement. Whatever
the atmospheric pressure may be, therefore, the
dial mechanism is required to actuate the thrust
rod {1 only against the simple combined spring
action of the bellows (i4 and the diaphragm 81
under all conditions of operation. The bellows
i14 and the diaphragm 81 are desirably so de-
signed that the bias of the thrust rod against the
dial mechanism is always in the region of one
pound.

It is to be noted that core tuning, as distin-
guished from variable condenser tuning, may
conveniently be effected through limited travel
of a thrust rod, as distinguished from operation
of a rotary shaft, and, therefore, is well adapted
for operation through air-tight connections as
described. The fact that tuning is effected
through operation of a thrust rod is, therefore,
a very important factor contributing to the elimi-
nation of adverse humidity and pressure varia-
tions.

A rubber gasket 125, set in a rabbet 126 of the
collar 81 is engaged by a shouldered portion {27
of the housing member 82 to establish a com-
plete air-tight seal between the housing members
89 and 82. The housing members 80 and 82,
which are of metallic construction, are also
firmly connected electrically to one another
through engagement of the sleeve portion 85 of
the housing member 82 with the periphery of
the collar portion 81 of the plate 80, and through
the pin and hayonet slot connection of these
members.

The pins 83 are irregularly spaced on the collar
81, and the bayonet slots 84 are correspondingly
irregularly spaced in the sleeve 85, so that the
housing member 82 and the housing member 80
can he united to one another only in a single
predetermined rotative relation. The reason why
this is desirable is that it is necessary that the
push rod 111 be separable from the yoke 89 car-
ried by the diaphragm 87, in order that the hous-
ing member 82 may be attached to and detached
from the housing member 80 at will. The yoke 89
is turned with the casing member 82 as the casing
member 82 is applied to the casing member 80,
being carried in a circular path around the com-
mon axis of the housing members 80 and 82. It
is important that the inturned fingers of the
voke member 89 shall be lodged in the circum-
ferential groove 123 of the rod 111 by this rotary
movement, in order that the diaphragm 87 may
be caused to be attached to the rod {1i and to
influence the action of the rod {if in the intended
manner. The fact that there is only one relative
orientation in which the housing members 80
and 22 may be attached to one another assures
that the yoke will be operated into the proper
interfitting relation with the thrust rod ({1 when-
ever the casing members 80 and 82 are united
with one another.

It should be noticed that the housing members
89 and 82 will ordinarily be put together on the
ground and that the change of pressure sought
to be guarded against is that which arises from
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carrying the apparatus into the air to an eleva-
tion where a substantially reduced air pressure
is obtained. TUnder these circumstances, the
pressure within the housing is greater than that
of the surrounding atmosphere and the tendency
is to force the diaphragm of the Sylphon bel-
lows outward. If is not enough, therefore, that
the diaphragm merely bear against an end of the
thrust rod 111, but it must be so connected that
it may exert a pull on the thrust rod to balance
the opposite pull of the rigidly connected bellows.

In order that electrical connections may be
run from within the housing 88, 82 to the parts
of the apparatus located outside the housing, a
terminal block 128 of insulating material is sealed
in an opening 128 formed in the collar portion
81 of the plate 80. Conductive rods 130 pass
through the block 128 and project beyond the
inner and outer faces of the block, the rods being
sealed in the block in an airtisht manner and
providing posts at their inner and outer ends to
which electrical connections can be made.

The block 128 is desirably formed of a suitable
insulating plastic material such as Bakelite. An
enlarged portion of the block is disposed within
the housing 82 and bears against the rear or
inner face of the plate 8. A continuous sealing
groove {28a is provided in the rear face of the
plate 80 in the area covered by the enlarged por-
tion of block 28, and this groove is filled with a
suitable cement for sealing the joint between the
block 128 and the plate 80. The cement em-
ployed is desirably characterized by the fact that
it never sets throughout the wide operative tem-
perature range, but instead remains permanently
in a viscous, semi-fluid condition.

Figs. 10 to 19, inclusive, disclose tuned circuit;
assemblies and parts thereof, each employing o
cylindrical coil form and a solenoidal coil wound
thereon.

Referring to Figs. 10 to 12 and 17, the means
for supporting the coil 35 and its associated con-
denser is shown as comprising a generally rec-
tangular shaped plate 186 molded of ceramic in-
sulation material and having formed therein
three cylindrical holes 167 and g pair of elon-
gated slots 168. Centrally of the block at its
front and rear it is provided with arcuate shaped
portions 168 and {76 from which depend the short

tapered tongues 171, and between the arcuate ¢

portions 169 and 170 the middle portion of the
plate is undercut in an arcuate shape as indi-
cated at [12. The entire plate is finished to the
shape shown by a molding operation and is then
baked at a high temperature.

Referring to Figs. 13 and 14, the coil sup-
porting form (73 is shown as comprising a gen-
erally cylindrical shaped tube composed of the
same ceramic material of which the plate (556
is formed. The coil form has a spiral shaped
groove 174 ground therein adapted to accom-
modate the coil 35 which is herein shown as
comprising a thin metallic ribbon (15 of two
turns (see Fig. 15), which may be heated when
applied to the coil form, so that it may develop
tension through shrinkage as it cools. The coil
form is also longitudinally slotted as at { 18, the
slot being tapered to accommodate the tongues
171 so that the slot {76 and tongues (7Tt provide
means for locating the coil form in a definite po-
sition on the supporting plate 186. A material
which will glaze is applied to the portions of the
coil form and plate 166 which are to be brought
into contact with each other and the members
then baked to glaze the material which there-
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upon unites the supporting blocks and coil form
into a unitary rigid stable assembly. The ce-
ramic material is preferably of such a nature that
its surface contains g large number of small par-
ticles which project beyond the general surface
level and puncture the skin of the ribbon 115
in numerous places, thereby entirely preventing
any slippage of the ribbon on the coil form. The
result is that the coil is maintained tightly in
engagement with the coil form at all times and
does not change in shape due to any changes in
temperature or humidity. In other words, the
coil and coil form are, as it were, locked together
throughout the full length of the coil and the
size and shape of the coil remain at all times the
same as those of the coil form. This arrange-
ment obviates any non-cyclic variation in dis-
tance between one turn of the coil and another
and also any non-cyclic variations in the diam-
eter of the coil so that once the coil is wound,
its inductance thereafter is not subject to non-
cyclic variations due to temperature or aging.
The ribbon of the coil is desirably a semi-elastic
material such as sterling silver. Such material
combines with high conductivity a softness per-
mitting ready penetration by the coil form crys-
tals and an elasticity capable of maintaining the
required tension, Pure silver has been found
unsuitable because it does not have the required
elasticity.

Referring to Figs. 16 to 19, the powdered iron
slug 15 is secured against the lower surface of
the block 168 by means of a pair of screws {11
which pass through the slots 168. The inner
face 1718 of the slug 15 is arcuate in shape so
that it may be moved inwardly into engagement
with the surface of the coil form 113. The man-
ner of adjusting the position of the slug 15 for
controlling the slope of the tuning curve of the
oscillator will be hereinafter described. The left-
hand end of the ribbon 175 is soldered to an in-
wardly extending tongue 119 formed on a me-
tallic coil terminal 180 which has a flat portion
181 held against the lower face of the block 1716
by a threaded hexagon head screw (82. The
width of the tongue (79 is substantially equal to
that of the groove 1714 in the coil form so that
it engages the sides of the groove and thereby
prevents the coil terminal 180 from rotating when
the screw 182 is tightened up. Coil terminal 180
is also provided with a depending lug 183 whose
lower edge is provided with an arcuate surface
184, Fig. 17, adapted to engage and be soldered
to a metallic cylindrical coating or thin sleeve
185 secured to the outer peripheral surface at
one end of a thin tube 186 formed of insulating
material (see Figs. 18 and 20). A similar but
somewhat smaller metallic coating or sleeve 1871
is provided near the other end of tube 86 and the
interior of the tube is provided with a thin metal-
lic coating or sleeve 188, so that the entire ynit
forms an electrical condenser.

The coil terminal (89 for the other end of the

il is similar in construction to coil terminal

2, except that its parts are reversed, and corre-
sponding parts of the two terminals are desig-
nated hy the same reference numerals. The
ton

cc
in
1%

1gue {75 of terminal 189 is secured and soldered

condenser.

The mid-tap 53 (Fig. 1) of the coil
is soldered to a tongue 190 formed on the center
terminal 181 whose main body portion is flat and
is threaded to receive the securing screw (92.
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The tongue 190 exiends substantially the full
width of the spiral groove in the coil form, thus
preventing rotation of coil tap {91 when the
screw 192 is tightened. The upper ends of the
hexagon securing screws 182 and 192 are rounded
off as indicated in Figs. 17 and 18 at (93, thereby
providing switch contacts: for the coil and con-
denser assembly. It will be noted that the con-
denser construction described forms the con-
denser 60 of Fig, 1 of fixed value and which is
connected across the ends of the oscillator coil
35, and that the securing screws 182 and 192
form tie switch contacts 44, 45 and 55 of said
figure.

In the tuned circuit assemblies described, a
ribbon having a thickness of about three mils
and a width of fifty to seventy mils may he ad-
vantageously employed. These dimensions are
cited by way of example, however, and not as de-
fining practical limits.

Since high sustained accuracy is sought for,
no structure or material can be used except of the
most unchanging nature. Physically, glass,
quartz and ceramic are most suitable insulating
materials and have good retrace characteristics
of dielectric constant and physical size when
varied with temperature. No structure can be
employed where there is the slightest possibility
of any permanent change to any degree, either
electrical or mechanical.

The type of tuning employed is of the core
type, and while ferrous cores will be mainly dis-
cussed, the conductive type core, as for instance
silver or copper, may well be used in some appli-
cations.

The tuned circuit must, therefore, be designed
with the requirements of core tuning in mind.
It is basic, however, that before we can tune the
circuit over a range, the circuit without such
tuning means must in itself maintain g fixed fre-
quency to a high order of accuracy. It must also
allow trimming, tracking and alighing with a pre-
calibrated dial having great length and accuracy
of resetting. It must have no wiring at all.

The coil is first considered. Its design must
allow use of one to four turns, for example. It
must allow bringing out a tap to any turn or frac-
tion of a turn. Its external tuned circuit must
include a tuning condenser having minimum in-
ductance, and the whole outside return loop must
be minimized.

The concentration of over 90% of the induct-
ance is actually in the coils of the tuned circuit
assemblies described where it is capable of being
acted on by a core,

The diameter of the coil is chosen to be about
405 mils in the present instance for use with g
375 mil core. Considerakle difficulty is had in the
ceramic art in making thin walled tubes beyond
a certain minimum thickness of wall. Maximum
tuning ranges cobtainable with coretuning are
reached where the core substantially fills up the
coil, but it must still freely pass through the
bore of the coil form. If we chose this same ratio
with a 125 mil core, the wall thickness would
be less than 5 mils, an impracticable figure for
quantity production in the present state of the
ceramic art.

The coil form is made with grooves for receiv-
ing the conductor. The form is thin in the
grooved portions and thick in the ungrooved por-
tions, The thick portions support the thin por-
tions during firing, and also provide guiding side
walls for the grooves.

Since the conductor chosen must have high
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conductivity, its thermal coefficient of expansion
must also be high, at least two or three times that
of the coil form. A spiral winding inherently has
no strength of its own, so it must be the me-
chanical slave of the coil form. This means the
wire must be wound under sufficient tension
and have enough elasticity to cling to the form
at the most adverse temperature.

The cross-section of the conductor is a very
thin strap, rather wide. If large, round con-
ductors are used, such as #14 round wire, the
current tends to hug the coil form as it is the
smallest diameter of the turn. Any good con-
ductor has a large temperature coefficient of
resistance, however, and if the temperature be
raised the resulting increased resistance causes a
redistribution of the current, causing the di-
ameter of the mean current path to be increased.
This markedly increases the inductance, since
diameter of the current path is square in the
formula for the inductance coil, and great
changes in frequency result.

By using a very thin strap of the order of
three mils in thickness, this effect is minimized
and a disciplined current path results. Instead
of using pure silver, sterling silver is used for
greater toughness and elasticity and may be
wound on the form quite hot by passing a heavy
current through it while winding, in which case
it shrinks on the form. Tension may be used
also, sufficient to stress it nearly half way to its
elastic limit so it hugs the coil form like a rubber
band.

Silver plated “Invar” or “Nilvar” used in large
cross-section maintains its cross-section under
temperature variation, but the current redistribu-
tion is the same as for pure silver, and it must
be wound under tension and in general has no
advantage over the thin sterling silver strap,
which may be flattened wire.

It is of great advantage {0 use ceramics of the
low loss type such as Alsimag 196 because of the
presence on the surface of minute sharp crystal
structures which apparently pierce the skin of any
unhardened metal pressed firmly against them.
Repeated temperature cycling of these coils from
—40 to +217° F. show no creepage of the wind-
ing, since each unit length is captured by its ad~
jacent crystals and held firmly in place.

The length of coil chosen must also depend in
part upon the tuning curve desired and upon the
length of core travel most easily obtained with
a desirable dial mechanism such as the movement
shown in Figs. 2, 26 and 27. A coil 375 mils long,
measured center of winding strap to center of
winding strap gives an active core movement of
about 250 mils for 25% tuning range.

In any coil to be used with a core the inside
of the coil form must be left free to pass the core.
Most methods of terminating coils use rivets, eye-
lets, or passing the conductor through holes in
the form, all of which would interfere with core
movement. Some structure outside the simple
cylindrical coil form is, therefore, required. This
takes the form of the plate or block 166 with its
associated terminal blocks 180, 189 and 191 (see
Figs. 17, 18 and 19).

The block 18§ is preferably glazed to the coil
form. Plastic cements are undesirable because of
cold flow and change with age, but a good glaze
in the joint fired at 1700° really makes the two
pieces unitary.

Plate 166 allows use of massive structures such
as blocks 180 and 189 o be employed to give a
rigid and definite termination of the inductance
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at either end. These blocks are given large cross-
section so that they will have a minimum possible
inductance, and the tongues 179 provide exaci
termination of the inductance wound on the form,
in that the take-off of the current is normal to
the axis of the coil. Each tongue {73, being the
full width of groove 174, provides a rigid non-
turning structure when the contact screws 182
are tightened up. Shaping of these blocks to in-
clude the turned up portion 183 (Fig. 18) allows
a condenser to be included for tuning the circuit.

A number of assemblies have been assembled
and tested using the condenser €9 of Fig. 20, which
is a commercial form where the capacity may be
formed between the inner plate 13 and the two
bands 187 and i85 forming two condensers in
series, or the outer hand i83 may be continued
around the end of the hollow cylinder joining the
inside plate {88 forming a singled condenssr
through the ceramic body (886.

When this condenser is laid in the cradle
formed by the connecting blocks {83 it will be
seen that an absolute minimum inductance return
path closing the physical separation between the
ends of the coil proper has been achieved.

It is found to be a considerable advantage in
this self-contained structure that rcunded con-
tacts {33 can be used as a switch in the case of
multi-band apparatus. There is a real problem
in switching ultra-high frequency circuits where
the switch is placed within the tuned circuit. A
coil in the broadcast band may easily have an
R. F. resistance of 5 ohms, or 5000 millichms. A
satisfactory commercial type of small switch may
have contact resistances of 5 to 40 milliohms,
which is negligible in proportion to 5000 milli-
chms. A two-turn coil such as shown in Fig. 18,
however, may have a total R. F. resistance in the
entire tuned circuit of only 40 milliohms, and
consequently the contact resistance of any prac-
tical form of switch, which cf necessity must be
smail because of the small physical dimensions of
these circuits, becomes a substantial portion of
the total resistance. It is an advantageous fea-
ture of the present invention that each coil carries
its own tank condenser with it, allowing switch-
ing of the charging current to the electrodes of
the tubes only, a much easier mafter.

Provision of these contacts glso allows desir-

able slipping of the whole tuned circuit assembly .

axially. The advantages of this slipping will be
more fully discussed when the alignment of the
set is described.

Provisicn of the plate 188 also aliows for the use
of a solid block trimmer i5 as shown in Fig. 17.

Plate 166 also provides g fastening means for
the assembly as shown in cross-section in the os-
cillator, Fig. 21. As mentioned previously, the
ultra-high frequency ceramics used have the sur-
face property of sharp crystal structures which
are able to pierce the skin of any reasonably soff
metal by simple pressure. Advantage is taken
of that fact by having the tuned circuit assembly
holder form a C clamp. The clamp shown, when
fully tightened, gives a surprising result, in that
the entire set may he lifted by the tuned circuit
assembly 34 with absclutely no shift in the po-
sition of the tuned circuit assembly. By loosen-
ing screws §8, however, the tuned circuit assem-
hly 24 may be readily slid back and forth axially
while maintaining strict alignment between the
bore of the coil form and a core surrounded
thereby. It has been found-that tightening up
the screw 88 again causes no shift in the position
of the tuned circuif assembly and provides a
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positive lock against shifting due to any shock
or vibration or thermal working.

The necessary provision for a tap on the coil
is met by the provision of the third contact 192
(Fig. 18), the block (81, and the tongue {88 en-
gaging the coil.

In a practical receiver using this type of gear,
the problem of injecting the oscillator voltage
into the mixer circuit is accomplished by coaxial
mounting of the two assemblies, a distance be-
tween them being chosen to give the desired
amount of oscillator injection into the mixer grid
circuit, for instance,

Tracking hetween the oscillator and R. F. cir-
cuits may be accomplished by any one of several
means, for example, by selection of the diam-
eters of the cores for tuning the circuits. One
circuit tunes over a greater percentage range
than the other circuit, depending on whether the
oscillator is run at a higher or lower frequency
than the signal. The ratio of the two diameters
of the cores is a function of the frequency sepa-
ration, desired to give the necessary intermediate
frequency, which in this receiver was 5.2 mega-
cycles, but which may well be anywhere hetween
one megacycle and twenty megacycles.

The tuned circuit assembly shown in Figs. 16
to 19, makes provision of a single unit that has
in effect fastening means, tuning means, switch,
tank condenser, trimming, tracking and aligning
means in a single simple structure. All the fre-
quency determining elements are well within a
cubic inch, and are affected simultaneously by
conditions of temperature, vibration and shock.
There is no influence of the chassis upon the
frequency. There is thus provided a unit that can
ke ‘used either for transmitter, receiver, wave
trap, or any of the numerous uses to which tuned
circuits can be put.

The Q of these assemblies is found to be quite
high without the core. If measured in air with-
out any associated apparatus, the Q is about 700.
When measured in the coil holder and with an
oscillator tube assembly attached, as shown in
Fig. 21, with the tube in place but not lit, the Q
exceeds 400.

A further advantage of this type of construc-
tion is that no parasitic loops of any kind are
formed to give resonant absorptive effects or
resonant voltage rises at any frequency within
the operating range of the current acorn fubes,
and in no case below 1850 m. c.

Since an oscillator is by all means the most
dificult unit to design in regard to frequency
stability and resettability, great attention must
be paid to all elements cooperating with this
basic circuit to give a complete oscillator. Re-
ferring to the wiring diagram of Fig. 1, it will be
noted that the ultraaudion oscillator is used,
which is the simplest form of all such circuits.
Elimination of the center tap might have been
accomplished by shunt feeding the plate through
a resistance. Such an arrangement is not con-
sidered most advantageous, however, hecause of
the wattage dissipation and the voltage drop in
such a resistor. Since it is desired to maintain
the universality of application of this unit, it is
often desirable to operate with such low plate
voltages, as for instance in the battery type of
acorns, that 20 volts dirop in the plate shunt re-
sistor would force the use of a higher voliazZe
battery.

An approximate center tap shown has an iso-
lation resistor 571 associated with it, since with
core tuning with the core introduced at one end
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the null point (that point which is at zero po-
tential to ground) shifts as the core is inserted.
This shifting null is taken care of by the resistor,
which prevents any substantial radio frequency
energy from flowing down to ground through the
plate energizing connection.

The ultraaudion circuit has the advantage that
the cathode and heater are at ground potential,
thus eliminating frequency fluctuations intro-
duced by way of the cathode to heater capacity,
when the heater is energized from an alternating
or fluctuating source of voltage.

It has been found that the capacity ratios be~
tween the electrodes of the acorn tube as now
manufactured, both battery and § volt types, is
very nearly ideal for this type of oscillator. The
assembly shown in Fig. 21, when operated from
a power source which varies from 20 to 30 volts
gave a total frequency shift of 7 ke. at 132,000
ke., with g tuning condenser of 15 mmf.

The high potential portions of the circuit 34 of
Fig. 1 (and also Fig. 5 and Figs., 21-24) are the
three connections 43, 4647 and 56 on the end of
the socket shown close to the tuned circuit assem-
bly 34. No wiring whatsoever is used in this
whole assembly, and consequently no resonant
loops can be formed. All the circuit elements
shown in Fig. 1 are present in Figs. 5 and 21 to
24. 'The plate connection is directly to one end
of the tuned circuit assembly 24 through a simple
metallic contact 43. The other end of the tuned
circuit assembly 34 makes connection through a
grid condenser 47. 'This grid condenser, which
is also a nut for holding fast the terminal con-
tact 227 on the socket 228, is armored with a
silver cup 224 to stand the abrasion of ifts use
as a switch contact, and is also the holddown
for the grid leak 49. This condenser desirably
has a value of 25 mmf.

The acorn scocket 228 is that discloged in U. S.
Patent No. 2,290,306, granted to me on July 21,
1942. 'The socket 228 is mounted in this assem-
bly so that a spring 229 forces it down against
the switch contacts 44, 25 and 55 of the tuned
circuit assembly, but the socket has great lateral
rigidity in its mounting. The center contact 58
is mounted on a blank hole in the socket 228 as
shown, and must be resilient as shown, since it is
practicable to line up two rigid contacts, but not
three. The resistor 57 in the B lead and the
grid leak 49 are of the type wherein colloidal
carbon is baked onto a glass thread, and are
almost free of capacity effects. Because of their
resistance, such resistors cannot form vortions of
resonant circuits. They are terminated in the
condenser network shown which is described
elsewhere as the universal type of bypass con-
denser 22, and lugs are brought out at the bottom
to connect to the embedded resistors 59, 58, 23D
of the wire wound type shown in the assembly,
thus acting as radio frequency chokes as well as
resistors. The cathode and one side of the heater
are connected to ground by a plate 23! pressed
flat without insulation against the bracket 9%a,
and the other end of the heaber is brought out
through a similar plate 23 isolated on either side
with mica sheets, and brought back through the
bracket 85a to pick up its appropriate resistor
230 buried in the bracket 95a. The outer plate
228 of this gssembly is grounded through the
mounting screws 232 and is made of heavy Phos-
phor-bronze to form a spring of great strength
to force down the socket onto the contacts of the
tuned circuit assembly.

The design of the resilient contact 8% must
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include a fundamental design requirement which
can perhaps be more Feadily understood in con-
nection with the C clamp jaw 98 of Figs. 21 and 23.

Where it is necessary to maintain the fre-
quency of a tuned circuit to a very high degree
of accuracy through wide ranges of temperature,
it is necessary to avoid having one curved piece
of metal tangent to another where the point of
contact - may be somewhat doubtful. Under
thermal stress wide variations in current paths
can be expected in the currents induced in all
such members surrounding tuned circuits. As
shown in connection with 96, there is provided
a definite line of contact held firmly by the
screws 98, and a full clearance above that line of
contact, so as the jaw 96 bows under the thermal
stresses it offers an unchanged current path to
circulating currents that may be induced into it.

Examination of Fig. 21 shows how the tuned
circuit assembly 34 may be readily moved axially
over a rather short distance such as a thirty-
second of an inch, to take up tolerances and allow
alignment of the circuit with a pre-engraved
dial. It can also be seen that coil holder 88 and
one associated oscillator tube assembly may be
used at almost any desired frequency, say from
3 me. to 600 mec., by inserting a complete tuned
circuit assembly 34 having its inductance and
capacity suitably chosen to operate in the por-
tion of the spectrum desired.

In distributed capacities, an assembly of this
nature is exceptionally low. All capacities, in-
cluding the tube capacities, other than the tank
condenser 60 iiself, average about 3.8 mmf. A
two-turn coil such as shown in Fig. 18, with the
tank condenser omitted, will oscillate at 400 mc.,
showing that, when the tank condenser is in~
serted to bring its frequency down to an operat-
ing range in the neighborhood of 150 me., we
have a highly disciplined circuit of great stability.

The bracket 932 is shown in Fig. 21 as firmly
serewed to the block 98, by screws 233, but may
well be spot welded, if desired. The first time
after these assemblies are put together they have
a rather large drift in frequency as they are given
a thermal rumn, but the second run shows they
have steadied down and reached the condition of
mechanical equilibrium. In fact, thermal cycling
bavond two times seems to be hardly necessary.

Tt is highly desirable that the core have almost
no temperature coefficient of its own, as other-
wise either incomplete or very elaborate com-
pensating means would have to be used. Cores
of the ferrous oxide type, while having very low
losses at frequencies in excess of 100 mec., have
marked temperature coefficients of both per-
meability and losses. Certain cores of the car-
bonyl produced type, however, are found to have
a very high order of stability, both in regard to
losses and permeability, when used at these fre-
quencies. Great care is necessary in insulating
and binding these spherical particles together,
and particles must be chosen having dif-
ferentiated internal structure, such as being
formed of 2 plurality of concentric shells. The
losses are markedly higher than those in the
ferrous oxide type, but the cores are still decidedly
usable. Total thermal drifts of 10 to 20 kc. at
100,000 kec. can be reproducibly obtained with
this type core, when heated to several hundred
degrees.

The dial mechanism shown in Fig. 3 can be
designed to maintain the relative positions of the
coil and core throughout a wide range of tem-
peraturss as is described in my copending applica-
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tion, Serial No. 454,812, filed November 6, 1942,
cevaring the dial mechanism. As is pointed out
therein, we are not interested in the distance of
tize core or the tuned circuit assembly from the
panel T4 of Fig. 3, but only in their relation to
each other. The tuned circuit assembly is caused
to bear a determinate relation to said panel T4
through the one piece die casting 79, §8, and as
the temperature increases will move away from
panel 14 in accordance with the thermal coeffi-
cient of expansion of the die cast metal. The
core 12a, Fig. 3, has its position determined in
relation to panel 74 through a more complex me-
cnanical system, but, if the materials of which
this path is composed be properly chosen, they
will have identical effect in moving core {2a back
from the panel T4 as the main die casting 79, 93
has in moving back the coil structure in response
to temperature changes.

Suitable ceramic condensers may be employed
of the type that have very small temperature
coefficients of dielectric constant, and are quite
satisfactory.

There are numerous advantages in having a
straight line relationship between the amount of
displacement of a core which controls the fre-
quency of a resonant circuit and the resonant fre-
quency produced. For example, it may be desired
to cause an increment in frequency of exactly one
megacycle with a core movement of exactly 10
mils (.010"’), and to have this relationship hold
over as wide a tuning range as possible as, for
example, from 110 mec. to 135 me.

Among the advantages of such an arrangement
are that the use of an essentially linear dial and
movement such as shown in Figs. 3, 5, 26 and 27,
is possible, and that it permits one resonant cir-
cuit to be readily tracked with another in cases
where a definite relationship, such as a constantg
frequency difference, is to be maintained between
the resonant freduencies of the two circuits. In
tuning a circuit over this frequency range it has
been found practically desirable, because of
physical limitations, to arrange for a total core
movement of the order of ¥ inch, as giving the
best balanced design in this instance.

Through proper design of coils and cores
S. L. F. (straight line frequency) may be obtained
over a very substantial and practical range as

mere fully disclosed in application Serial No. ¢

458,195,

Where it is desired to precisely adjust the
resonant frequency of an oscillator or other
resonant circuit to a single predetermined fre-
quency, the capacity and inductive elements of
the circuit may be made to tune to this frequency
as close as practical considerations permit, leav-
ing the precise adjustment to the correct fre-
quency to the manipulation of the slug (5. It will,
therefore, be seen that a single self-contained
unit as shown in Fig. 21 in the absence of the
movable core {2a permits radio apvaratus to be
built to resonate at a single assigned frequency
in a very simple, compact and stable form.

The oscillator assembly of Fig. 21 is shown as
part of a complete radio receiver (Figs. 3, 5 and
8). The receiver shown has an R. F. stage and
mixer assembly. Transmission line input 2 is
shown going through the contacts 3 and 4 to
the first tuned circuit 9. The coil of tuned cir-
cuit 9 is tapped at an impedance point to match
the transmission line, usually about a quarter
turn from the grounded end of the coil 10. The
‘high potential side of tuned circuit 9 is brought
out through contact § (Fig. 5) and forming part
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of sald contact is the grid condenser 20. An
insulating block shown supports the grid leak
21, and the bottom end of the grid leak is con-
nected to its bypass assembly 23.

The R. F. amplifying tube VT{ herein shown
as the acorn type, has associated with it its by-
pass condenser 23 which bypasses the screen of
VTi to ground. This socket is mounted on the
partition 95 which forms a shield between the in-
put and output of the R. F. stage as indicated by
dotted line 33 in Fig. 1. The plate of VT is con-
nected to the top of tuned circuit assembly 24
through contact 25 and the low potential end of
tuned circuit 24 is connected to an R. F. ground
provided by contact § and its associated hypass
assembly 23. Plate energizing potential is also
supplied through this contact. The grid of the
mixer tube VT2 is usually tapped down on the
coil of the assembly 24 somewhere between one-
third and one-half from the top end of the coil
and is brought out through contact 30 of grid
condenser 37 (see Fig. 5), and its grid leak 38
is mounted on the insulating support shown and
is brought out through its bypass assembly 23.
The socket for the mixer tube VT2 is mounted on
a partition 94 parallel to the axis of the coil
holder 90 and has associated with it its own
screen bypass 23. This method of bypassing the
socket is more fully brought out in my issued
Patent No. 2,290,306, granted July 21, 1942. The
plate of VT2 is immediately adjacent to tuned
circuit 40 (Figs. 3 and 8), and since the radio fre-
quency energy should have g very short path to
ground, which is, of course, throusgh the con-
denser portion of tuned circuit 40, the mechan-
ical arrangement of the parts shown assures the
lowest possible impedance path for the energy
of the signal frequency which appears in the
plate of the mixer to be effectively grounded
through the conductive pillar 40q and its asso-
ciated bypass 23 (Fig. 8).

The inductor of tuned circuit 48 is arranged
to be permeability tuned to resonance with the
desired intermediate frequency, and has cou-
pled to it the transmission line 4, which can he
of any reasonable length to carry the inter-
mediate frequency energy to the rest of the re-
ceiver, which in some cases may be at some dis-
tance from the head as shown in Fig. 3.

The base 40b of Figs. 3 and 8 is made thick
enough to contain resistors such as 22, 32, 39 and
the filament resistors shown in the circuit dia-
gram of Fig. 1 to provide isolation and choking
action as described in connection with Figs, 44
and 45.

The curves of Fig. 25 have to do with the align-
ment process of the receiver. It must be kept
in mind that with the type of dial employed in
the illustrative receiver there is nearly a foot of
dial per megacycle of tuning. The abscissas of
these curves which are marked “Dial calibra-
tions” represent, therefore, a scale of such length
that the slightest inaccuracy of the receiver’s cal-
ibration can be easily observed.

The first operation in lining up the receiver
is to use the mixer tube as a detector, and intro-
duce a signal into the antenng circuit, preferably
at some mid-frequency, as for instance in this
case, 122,000 kc. By loosening slightly the screws
28 and 99 shown in Fig. 5, the antenna and mixer
tuned circuit assemblies 9 and 24 of Fig. 1 may
be slipped until the signal is properly tuned in.
Since these circuits are so heavily loaded by the
vacuum tube input loading at these frequencies,
their curves are rather broad, and this is not
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a too precise adjustment, as we have shown by
making curve A, which represents the R. F. cir-
cuit tuning as g double line, showing that a cer-
tain tolerance is allowed in their setting. Ex-
perience has shown that in many cases no further
adjustment is required of these two tuned cir-
cuits, but if, due to some special use it is de-
sired to aligsn them more rigidly, the procedure
now to be described in connection with the oscil-
lator may well be used.

By tightening up the screws 99 of Fig. 5 the
antenng circut is now locked in position, and
the alignment of the oscillator commences. It
will be noted that severe interaction between the
adjustment of the mixer circuit 24 and the fre-
quency of the oscillator circuit 34 occurs, since
they are coaxially mounted with a rather small
separation. In practice this means little since
the mixer circuit 24 can be aligned and locked
up before the oscillator is touched.

The mixer tube is reconnected as a regular
mixer, and the oscillator lined up. in this case
5 megacycles lower than the signal. The actual
receiver has an intermediate freguency of 5.2
megacycles, but to simplify the present discus-
sion we will assume the oscillator frequency is
exactly b megacycles lower than the signal fre-
quency.

The two outer lines CL show in somewhat ex-
aggerated form frequencies between which the
oscillator will lie due to commercial tolerances
in the items used in the physical construction
of the apparatus. Tn practice these limits would
probably lie somewhat within the limits of plus
and minus 1%. The following process will line
the receiver up with the dial better than .002%.

Curve B represents a possible curve for the
oscillator within the limits CL. Ry referring to
the ideal final curve D, it will be noted that this
initial curve B is in error at both ends, and also
has the wrong slope. It is inherent in the design
of the circuits, however, that this line is straight.

A beat frequency oscillator is temporarily as-
sociated with the reeciver’s intermediate fre-
guency to allow the exact adiustment of the oscil-
lator to curve B against a frequency standard by
the well known process of zero beaft.

In the factory alignment process. curve B
would not be plotted, but would be handled ac-
cording to the following procedure. A signal of
exactly 135.000 ke. would be introduced, and the
dial set at 125,000 ke., the most withdrawn posi-
tion of the ferromagnetic core. The set has been
assembled with the oscillator tuned circuit as-
sembly 24 as far toward the rear of the set as
is reasonably practical. It would now be slowly
forced forward into increased engagement with
the core until the signal is tuned in to approxi-
mately the zero beat, as is shown by the circle
‘E. Tt will now be seen that curve B has been
slipved down to form curve C, which is parallel
to B, and now starts at approximately the cor-
rect place at the high frequency end, but has in-
sufficient slope. The tuned circuit assembly 34
is now locked in place by tightening the screws 98.

The process now continues by introducing a
signal of exactly 110,000 ke. and setting the dial
for 110,000 kc. The iron slug 15 has been assem-
hled midway in its travel, that is, neither tightly
up against the coil form 173, Fig. 17. nor in the
fully retracted position. Screws ITT are now

loosened, the block I5 retracted to its fullest ex-
tent, and then slowly pushed toward the coil form
until the precision signal is fairly well tuned in.
As previously explained at length, the action of
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the slug 15 is to shift the slope of the tuning
curve. Conseguently curve C has now come very
close to curve D. The dial and signal are now
reset to 135,000 kc. to see if that point has been
shifted. If so, the process is repeated to closer
limits until curve D is fairly well attained.

Tt will be noted that we have not described the
use of very precise tools in this alignment proc-
ess, such as would be necessary for instance to
slip the tuned circuit assembly 34 to a final rest-
ing place accurate to a small fraction of one ten-
thousandth of an inch. As a substitute means
for attaining this necessary precision adjustment
the mechanism of the dial is employed.

The dial mechanism is that disclosed in my co-
vending apvlication Serial No. 439,509, filed April
18, 1942, for Device for adjusting or tuning 10
close limits, and further incorporates the im-~
provements disclosed in my copending applica~
tion Serial No. 464 812, filed November 6, 1942, for
Device for tuning or adjusting to close limits.

The dial mechanism comprises an operating
knob 250 which is fast on a shank 251 of a lead
serew 252. The shank 251 is revolubly mounted
in front plate 18 (see Fig. 3) and in a cup shaped
frame merber 253 which is affixed to the back
plate T4. A collar 254 affixed to the shank 251
has fast with it a dial 255 calibrated from zero
to 1000 kec. The dial 255 turns in unison with
the knob 250 and the lead screw 252 and, there-
fore, shows the setting of the lead screw.

The lead screw 252 is threaded through a nut
956 which is mounted in the back plate T4 and
secured to the latter by screws 257. The lead
serew 252 is provided with a nose 258 of hard fac-
ing metal for engaging and coacting with a dis-
tance or spacer cam 258, The spacer cam 259
is mounted with freedom for rotation and axial
movement upon & fixed shaft 260 which has a
force fit in a recess 261 of plate 80. The cam
259 tragnsmits axial moticn of the lead screw to
the push rod 115 upon which the several tuning
cores are mounted.

The cam 259 is itself adapted to be set to any
one of twenty-five different selected positions,
and in each of these positions it is designed to
interpose & different predetermined thickness
between the nose 258 of the lead screw and the
forward end of the push rod [i5.

The purpose of the cam 288 is to change the
tuning by exactly one megacycle for each step of
cam setting, the lead screw operation then sup-
plementing the cam setting to provide continu-
ous coverage between the stepped or discontinu-~
ous settings of the cam.

The cam 259 is operated from a knob 262 fast
on a shaft 263, the shaft being revolubly sup-
ported in the front and back plates 13 and T4 of
the dial unit. The shaft 263 has pinned to it a
gear 264 which drives a gear 265 fast on a shaft
266. The shaft 2686 is mounted in a bushing 267
carried by the plate T4, The shaft 266 also has
fast upon it a gear 268 which is in mesh with 2
gear 269, the latter gear being fast with the cam
259.

The gear 265 drives a gear 270 which is revolu-
hly mounted upon frame member 253. A dial 274
ig affixed to the gear 270 in any suitable manner
as by rivets 272 for showing the setting of the
cam 258. The dial 271 is disposed behind the
dial 255 in immediate proximity to it. The dial
271 is of larger diameter than the dial 255, so that
only its marginal portion is exposed to view.
The marginal portion of dial 271 is calibrated
and marked in megacycles.
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The cam 238 is a part of a cam assembly 273
which is best illustrated in Figs. 26 and 27. The
cam assembly will be briefly described and its use
will be more fully explained in connection with
the further description of the lining up process.

The cam assembly comprises a central hearing
sleeve 274 which is externally threaded at its rear
end and is nrovided with a circumferential flange
215 at its forward end. The other elements of
the cam assembly including cam 288, itself, are
mounted upon the sleeve 274, These parts, while
shiftahle longitudinally of the shafi 269 zre con-~
nected to form a unit and to travel rotatively and
axially in unison with one another. The gear
239 is mounted upon the sleeve 274 adjacent the
flange 275, A disc 278 of spring metal is slotted
marginally to form twenty-five individual spring
fingers or sectors 271, The disc 275 is disposed
between the gear 289 and the cam 253, and the
assembly is held firmly together by a nui 278
threaded on the sleeve 214.

The spring fingers 271 bear against thickness
tapered adjustment blocks 279 which may bs
made of steel, such as type 440 stainless, and
which are hardened and micro-finished on their
working faces. The construction and function
of those blocks will be more fully described pres-
ently.

Each step or sector into which the cam 259 is
divided is provided with a hardened steel hall 288
which wrotrudes slightly beyond the rear face of
the die cast body of the cam 259 for engaging the
forward end of thrust rod {15, When assembling
these halls with the cam 259, the cam is set in g
hydraulic press and each kall is dropped into g
cylindrical ozening having a heamispherical hot-
tom which is formed in the rear (now upper) face
of the cam. The press plunger then descends and
forces each hall to a predetermined depth. so that
@2 high noint of its protruding surface is at g
predetermined distance from the forwsrd (now
bottom) face of the cam. This operation causes
cold flow of the metal of the cam 259 so that the
cam metal is caused to conform substantially to
the contour of the ball. At the same time the
hall is swedged in place by the press plunger.
The protruding ball faces do not stand in a com-
mon plane, but, beginning with the ball in the
thinnest sector of the cam, each successive ball is
displaced rearward relative to its neighbor next
lower in the series by 10 mils, to an accuracy
equal to plus or minus ¥ mil.

In each of the twenty-five steps or sectors of
the cam at the forward face theveof, a parallel-
sided groove 281 is formed, having a sloping base
or bottom wall 282. The bases of the grooves are
rlane and form segments of a frustum of a regu-
lar pyramid, in this case having a slope of 2°, and
sloping. forward toward an apex located in the
axis of shaft 268. The thickness tapered adjust-
ment blocks 273 are preferably given in incling-
tion complemental to the inclination of the bases
282 of the grooves 281.

As a block 278 is slid into one of the grooves
284, its forward face extends continuously at
right-angles to the axis of the sleeve 274, hut it
is progressively displaced forward to change the
effective thickness of the cam between such for-
ward face of the block and the high point of the
protruding face of the ball 280 which is in the
line of thrust with it. The complementary an-
gles of slope of the block 270 and the bottom wall
282 of the groove 281 can be chosen from a con-
siderable range, so that a wide variety of possi-
ble ranges of thickness adjustment is available.
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The 2° taper in this case allows a range of ad-
justment of slightly over one mil.

A leaf spring 283 is associated with each thick-
ness tapered adjustment block and slid into the
cam groove 281 with it. The leaf spring 283
comprises an inner straight arm 284 for engaging
the inner end of the block 281, an intermediate
bowed body portion 285 which extends alongside
one edge of the block, and an outer curved portion
285 which exfends around the outer end of the
bleck and bears against such end. As the block
and spring together are forced into the groove,
the bowed intermediate portion of the spring
bears against one side wall of the groove 28i and
indexes the block against the opposite side wall of
the groove. The friction of the spring 283 and
of the block 279 against the side walls of the
groove serve tc retain the block in any position
to which it may be adjusted. The block is indexed
against the bottom wall 282 of the groove by the
associated spring finger 211. Because of the
very small angle of 2° chosen in the present in-
stance, the spring fingers 277 and the soring 283
have thoroughly adequate holding power, so that
the blocks do not shift in any direction after
adjustment.

The forward end of the thrust rod 15 is
formed with a groove 283a for cooperating with
the balls 280 of the cam 289. Having in mind
that the diaphragm 871 and the bellows 114 always
urge the rod forward against the cam 259 with
2 force of about one pound, it will be seen that
the balls 289 and the groove 283a have a detent
action. The cam 259 and the dial 211 are there-
fore operated through steps of mechanically de-
termined extent and are held against accidental
shifting in set positions.

The dial mechanism is used for the final align-
ment of the receiver in a manner which wil] now
be described. A threaded adjustment tool 2871
is provided to screw into an opening 288 in the
cam housing 79. The shank 289 of the tool 281
is reduced to provide a tip 280 which is of a
dimension small enough to push down on the top
of the spring 283 (¥ig. 26). The opening 288 is
accurately aligned with the adjustment block
which happens to be in use at the moment, so
that by screwing in the tool 287 the adjustment
block is micrometrically adjusted along the groove
281 toward the center of the cam 259, and the
segment of the cam in use is thus increased in
thickness.

As previously described, the tuned circuit as-
sembly 34 of the oscillator 62 (Fig. 1) has been
fairly well aligned with the top and bottom dial
readings by slipping the assembly, and by adjust-
ment of the outside iron slug 15, and is ready for
the final alignment. Standard frequency signals
on all even megacycles are applied simultaneously
at the input of the set. No confusion can exist
between these various signals since we have lined
up with the top and bottom one, and the range
of frequency adjustment provided by adjustment
of a block 278 is only about one-tenth the tuning
range necessary to tune over one megacycle.

The inner dial 255 is set at zero, and the outer
dial 271 is rotated to bring the thinnest sector of
the cam 259 into use. Tool 287 is then screwed
in, foreing down the adjustment block 219 until
zero beat adjustment is achieved. Tool 287 is
then retracted several turns, and the next thicker
sector of the cam is brought into effective posi-
tion. The process is repeated until all twenty-
five faces of the cam have been lined up. Since
standard signals, accurate to one part in a mil-
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lion, are readily available, it is found that the
adjustment of these blocks can be achieved to an
accuracy of that order, or to a thickness adjust-
ment accurate to one-millionth of an inch. The
adjustment having been completed, tool 287 is
screwed out, and a threaded plug 288a (Figure 5)
inserted in its place to restore the housing 19 to
a dust-tight condition.

It is always found desirable in using a scale of
great length and precision to line up the appa-
ratus related to that scale to an extremely high
order of accuracy at a number of places through-
out its range, rather than just at the top and
hottom of the scale, or somewhere in the center.
Tt is particularly important in a decade type of
dial as shown that the discrete points set on the
outer dial 2T{ he of very great accuracy, since a
relatively small percentage of inaccuracy in the
large steps of any decade device shows up as &
large error in the lower steps of the decade. Any
slight errors in the tuning curve of the tuned cir-
cuit assembly 24 (Fig. 1) is thus reduced by a
large factor by this precise alignment of twenty-
five distinct points.

If slightly greater inaccuracies are encountered
in the tuning curve of the assembly 34, these
errors can be minimized by aligning the set on
half, instead of whole, megacycles, with the inner
dial 255, of course, set at midpoint. The maxi-
mum error incident to lead screw operation will
be just one-half as great when the range of
such operation is distributed equally at opposite
sides of an aligned point as when the range of
such operation is all located at one side of the
aligned point.

The transmitter of Fig. 2 is aligned in a slightly
different manner than the receiver of Fig. 1. The
untuned pickup coil 28 is at such a distance from
the oscillator assembly 44 that one to three volts
are picked up for exciting the buffer tube 83, if
great stability of the oscillator be desired. A de-
tector and source of standard frequency are asso-
clated with the transmission line output shown.
The oscillator is set at mid-point frequency and
output tuned circuit 9 is adiusted by slipping to
give maximum output at this frequency. The
oscillator is then aligned as described in connec-
tion with the receiver by slipping, by adjusting
the slug (5, and finally by adjusting the thickness
adiustment blocks of the dial mechanism. The
oscillator is alighed at signal frequency, and not
at some frequency differing therefrom by a fixed
amount, as is necessary in a super-heterodyne
type of receiver.

I have described what I believe to be the best
example of practising my invention. I do not
wish, however, to be confined to the example dis-
closed, but what I desire to cover by Letters Pat-
ent is set forth in the appended claims.

T claim:

1. The method of permanently lining up a uni-
controlled core tuned radio receiver having di-
rectly coupled oscillator and mixer circuits, and
an antenna circuit, each of which circuits in-
cludes a tuning coil, and a tuning core disposed
within the coil and axially movable with respect
thereto, said cores connected for operation in uni-
son with one another and in common with an in-
dicator dial, which comprises setting the dial to
indicate a predetermined frequency while posi-
tioning the cores as an incident of such setting,
connecting the mixer tube to act as a detector,
providing a signal of such predetermined fre-
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quency then individually adjusting the positions
of the mixer and antenna coils relative to the
positioned cores of the mixer circuit and of the
antenna circuit to produce resonance of the mixer
and antenna.circuits with said signal of the fre-
quency indicated by the dial, while utilizing the
energy output of said circuits as an aid in securing
resonance, locking the mixer and antenna coils in
the selected positions, reconnecting the mixer
tube as & mixer, adjusting the position of the
oscillator coil relative to the positioned oscillator
core and the locked up mixer coil to adjust the
osciilator frequency into a predetermined rela-
tion with the said frequency indicated by the
dial, while utilizing the energy output of said
oscillator circuit as an aid in securing such rela-
tionship, and locking the oscillator coil in the
selected position.

2. The method of permanently lining up a
unicontrolled core tuned radio receiver having
directly coupled oscillator and mixer circuits, and
an ahtenha circuit, each of which circuits in-
cludes a tuning coil and a tuning core disposed
within the coil and axially movable with respect
thereto, said cores connected for operation in uni-
son with one another and in common with an
indicator dial, which comprises setting the dial
to indicate a predetermined frequency while po~
sitioning the cores as an incident of such setting,
connecting the mixer tube to act as a detector,
providing a signal of such predetermined fre-
guency then individually adjusting the positions
of the mixer and antenna coils relative to the
positioned cores of the mixer circuit and of the
antenna circuit and independently of the dial to
produce resonance of the mixer and antenna cir-
cuits with said signal of the frequency indicated
by the dial, while utilizing the energy output of
said circuits as an aid in securing resonance
locking the mixer and antenna coils up in the
selected positions, reconnecting the mixer tube
as a mixer, adjusting the position of the oscillator
coil relative to the positioned oscillator core and
independently of the dial to adjust the oscillator
circuit frequency into a predetermined relation
with the frequency of said signal of the frequency
indicated by the dial, while utilizing the energy
output of said oscillator circuit as an aid in se-
curing such relationship, locking the oscillator
coil in the selected position, and finally setting the
dial successively to indicate each of a multiplicity
of additional frequencies, and for each of such
dia] setting providing a signal of the frequency
indicated by the dial and micrometrically adjust-
ing the cores in unison relative to their associ-
ated coils and relative to the dial while utilizing
the energy output of said circuits as desired in
securing resonance, to establish a predetermined
uniform relation of the oscillator frequency with
the dial reading at the several selected fre~
quencies.

SIDNEY Y. WHITE.

REFERENCES CITED

The following references are of record in the
file of this patent:

UNITED STATES PATENTS

Number Name Date
2,287,925 White o June 30, 1942
2,311,522 Conron et al, oo Feb. 16, 1943
2,252,092 Newman .o Aug. 12,1941
2,359,684 Sands oo Oct. 3, 1944




