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8 Claims.

My invention. relates broadly to cireuit ar-
rangements for electron tube apparatus and more
particularly to circuits for controlling the reso-
nant frequency of tunable circuits over a variable
frequency range.

One of the objects of my invention is to provide
an improved circuit arrangement for controlling
the resonant frequency of electrically tunable cir—
cuits over a predetermined frequency range by
coacting broad and fine frequency control means.

Another object of my invention is to provide
a compensating control system for tunable cir-
cuits by which broad and fine frequency adjust-
ing means operate integrally in the control of the
resonant frequency of the circuit for securing
substantially linear frequency changes over a rel-
atively wide band spread. )

Still another object of my invention is to pro-
vide a circuit arrangement for applying the fre-
quency compensating control circuit of my inven-
tion to production test circuits in the -manufac-
ture of piezo electric crystal frequency control
elements.

A further object of my invention is to provide
a_ circuit arrangement for comparing. the fre-
quency of rapid production piezo electric crystals
with a frequency standard for producing crystals
of selected frequency on a quantity basis with
minimum expenditure of time.

Other and further objects of my invention re-
side in improved electric circuit systems for test-
ing piezo electric crystals as set forth more fully
in :the specification hereinafter following,  in
which:

Figure 1 schematically illustrates a resonant ':

circuit embodying the broad and fine tuning con-
trol arrangement of my invention; Fig. 2 shows

]
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a modified arrangement of tuning control system

embodying my invention; Fig. 3 schematically
shows the application of the circuit of Fig. 2 to
a system for testing piezo electric erystals in ac-
cordance with my invention; Fig. 4 shows a fur-
ther form of frequency conirol circuit embody-
ing my invention and illustrating the application

cf low frequency compensation means in the cir- -

cuit; Fig. 5 shows the circuit arrangement of my
invention with high frequency compensation
means added to the circuit of my invention; Fig,
6 illustrates a further modification of the fre-

quency control circuit having both high and low .:

frequency compensation means added to the fre-
quency control circuit; Fig. 7 is a curve diagram
showing the ideal characteristic curves of the cir-
cuit arrangements of my invention; Fig. 8 illus-
trates practical conditions which may be encoun-

85

“tered uniess high precision operation is secured

in the frequency control system of my invention;
Fig. 9 shows theé characteristic curves obtainable
upon - adjustment. of the high frequency com-
pensation means illustrated in the cireuit ar-
rangement of Fig, 5, all other components re-
maining the same as in Fig. 2; Fig. 10 illustrates
the characteristic curves cbtainable when the low
freguency compensation means is employed in
the circuit arrangement shown in Fig.4, all other
circuit components remaining the same as in Pig,
2; Fig. 11 illustrates the characteristic curves ob-
tainable in the circuit ¢f Fig. 6 embodying both
high and low frequency compensation, all other
components remaining the same as in Fig. 2; Fig,
12'is a graph diagram ‘explaining the theory of
operation of the circuit of my invention as in
Fig, 3; Fig. 13 shows a further modified fori of
precision adjustment circuit embodying my in-
vention; Fig. 14 illustrates another modified form
of circuit embodying my invention; Fig. 15 shows
still-another modified form of circuit embodying
my-invention; Fig. 16 is a circuit diagram of a
further modification of the ecircuit of my inven-
tion; and Fig. 17 showsa further modified circuit
embodying my invention in which the maximum
frequency fo .which the system is tunable may
be adjusted with precision. ’

My invention . provides means for controlling
the resonant frequency of electrically tuned cir-
cuits over a. predetermined frequency range by a
broad tuning control and over a smaller but con-
stant frequency range by a fine tuning control
at any setting of the broad tuning control. My
invention is applicable to many different kinds
of electrical systems and is illustrated in this
specification in conjunction with an electron dis-
charge device and an indicating meter for test-
ing piezo electric crystal elements for activity and
freguency. ‘

Figure 1 illustrates in the simplest schematic
form g resonant circuit embodying such control
elements, 1 being the. broad tuning  control; 2
being the fine tuning control, and 3 the asso-
ciated -impedance or impedances ‘necessary to
resonate the circuit. 2 of Fig. 1 is a split-stator
or dual-section variable condenser, or two or
more variable condensers ganged - together and
controlled from one control. By “ganged” I mean

- that the condensers are arranged so that their

capacities vary in the same direction. One sec-
tion of the split-stator or dual condenser or one
or more of the ganged condensers is connected
effectively-in series with the main tuning con-
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trol I, and the impedance 3, and the other sec-
tion or ganged condensers is connected effec-
tively in parallel with the main control I and
the impedance 3. The serially connected sec-
tion of 2 is chosen so that it has as much con-
trol of the resonant frequency at maximum ca-
pacity setting of | as the parallelly connected
section has at the minimum capacity setting of
{, the resultant action being that 2 exerts a
practically constant control of the frequency atb
any setting between and including minimum and
maximum capacity of { with any one impedance
or lumped impedances.

Fig, 2 illustrates a practical control circuit, the
action of which is basically the same as that of
g, 1. | is the broad tuning condenser and 2
is the fine tuning condenser, 3 being the im-
pedance. 5and T are trimmer condensers, where-
by the control action of the fine tuning control 2
may be adjusted, and 8 is a condenser whereby the
minimum or lowest tunable frequency of the com-
bination may be adjusted. i

Fig. 3 illustrates one use of the circuit of
Fig. 2 with an electron discharge device {8 as g
generator or oscillator connected through a com-
mon impedance or reactance 24 to another elec-
tron discharge device 21, used in conjunction
with g meter 23 as an indicating device to indi-
cate the point or points of resonance and maxi-
mum activity of either a standard piezo-element
or 2 piezo-element which it is desired to test.
The resonant circuit elements in Figs. 2 and 3
_are represented by similar reference characters.
Electron discharge device 18 includes cathode it,
control grid 12 and anode {4 with provision for
heating cathode {! from filament heater (5.
High potential source {9 connects to anode 14 as
shown. Condenser 28 connects between the in-
put and output circuits of the oscillator consti-
tuted by electron discharge device 18, as illus-
trated. Electron discharge device 21 -includes
cathode 26 and anode 27 connected in a series
_path through meter 23 across the circuit through

jacks 28 into which the standard piezo electric’

crystal 25 may be plugged and also across the

test jig 29. Test jig 29 has a fixed plate 30 serv-

ing as a support for the crystal 32 to be fested
and a movable plate 31 adapted to be placed in
contact with the upper face of the crystal 32 to
be tested. Cathode 26 of electron discharge de-~
vice 21 is heated by filament heater 33 connected
in parallel with filament heater 15 to suitable
source 34 as shown. Essentially, Fig. 3 is com-
prised of two units connected through a common
impedance or reactance, the one being a gen-
erator comprising tube 18 and the other a diode
vacuum-tube voltmeter comprising tube 21, across
the input of which the piezo elements 32 are in-
serted and tested by varying the resonant fre-
quency of the generator to correspond to any of
the resonant frequencies of the piezo-element
under test. The accuracy of control of frequency
is determined by (a) the stability of the oscil-
Iator, (b) the calibration, (¢) the accuracy of
standardization against a known standard fre-
quency, and (d) the accuracy of the known stand-
ard. These four factors may be held to a close
minimum, thereby allowing very fine control of
frequency.

For purposes of understanding the operation
of the system of my invention illustrated in Fig.
3, the values of the elements employed in one of
the practical forms of the circuit of my invention
are as follows:
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Variable condenser f___.- 325 micro-microfarads
Split stator variable
condenser 2o oo Each section 25 micro-

microfarads

Trimmer condenser $__--. 5-50 ‘micro-microfar-
ads

Trimmer condenser T._._5-50 micro-microfar-
ads

Fixed condenser 8_____.. 70 micro-microfarads

Fixed condenser {8._____ 250 micro-microfarads

Fixed condenser 28 ____._. 0.1 microfarad

Fixed condenser 22_____... 0.1 microfarad

Inductance 3o 8.5 microhenries — 20
turns 1.5 in diam-
eter x 1.375" long
tapped Y% the dis-
tance from the
grounded end

Resistance {7 __.___. 6,000 chms

Resistance 24__ .. 10,000 to 30,000 ohms

Tn the arransement shown in Fig. 3, the fre-
quency is continuously variable from 5,400 kes./
sec. t0 9,200 kes./sec. by varying condenser | and
is also variable over a 100 kecs./sec. range by
varying condenser 2 regardless of the setting of
condenser {. 2a and 2b are the two sections of
the dual-section, ganged variable condenser 2
controlled by one dial or knoh, or other control.
The range covered by the bandspread control
may be varied by adjusting trimmer condensers
5 and 7. Condensers 5 controls the amount of
spread at the lower frequencies while trimmer
condenser 1 controls the spread at the higher
frequencies. The control action exerted by both
is approximately equal at mid-frequency.

The capacity of condenser 8 directly affects
the range covered or tuned by condenser {, more
capacity increasing the range and less capacity
decreasing the range.

The operation of the oscillator embodying the
The necessary voliages
are applied to the cathodes and other elements
of the tubes 18 and 21, and the movable electrode
31 of the “test jig” 28 insulated from the sup-
porting stage 30 by some good low-loss dielectric.
The bandspread control is set at mid-range and
a. standard crystal 25 i. e., a finished quartz
crystal plate that has been standardized for fre-
quency against a primary or secondary frequency
standard in a suitable holder, is inserted into the
“standard jacks.”

Now condenser | is varied until the 0-1 milliam-
meter shows maximum deflection. (Incidentally,
resistance 24 is chosen so the milliammeter is just
deflected full scale with a good crystal plugged
into the “standard jacks” 28 and the oscillator
tuned to the crystal’s main or fundamental-re-
sponse.) This process is' known as “standard-
izing an oscillator” or just “standardizing” and
can be done equally as well with a primary or
secondary frequency standard and receiver in
conjunction with the oscillator. When the oscil-
lator is “standardized” the crystal is removed
from the “standard jacks” and the low-loss in-
sulator from the “test jig” 28 and a blank un-
finished but lapped quartz plate inserted between
the movable electrode and the plate. If the main
or fundamental frequency or response of the
blank lies within =+ 50 kes./sec. of the frequency
of the “standard crystal” it may be determined
by rotating condenser 2, meanwhile letting con-
denser | remain as it was when standardized, un-
til the milliammeter 23 shows maximum deflec-
tion and the reading taken from a precalibrated
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dial or scale under g pointer carried by the band-
spread tuning control either added to or sub-
tracted from the frequency of the standard
crystal. The bandspread dial or scale may be cali-
brated as desired, the equipment in the example
herein described being calibrated 0 to 50 kes./sec.
plus. and minus for mid-frequency range and
0-100 kes./sec from right to left in 5 Kes./sec.
intervals.

By properly “standardizing” and calibrating
the bandspread range and dial or scale; the over-
all error may be kept down to 2.5% or less of
the bandspread range or .066 of 1% or less of the
range covered by condenser | . constituting the
main funing control in the cirecuit arrangement
illustrated in Fig. 3.

The above mentioned inherent accuracy of
measurement and the fact that the bandspread
range is constant within the small amount men-
tioned above at any setting of condenser | are
the oscillator’s two most unigue features and
coupled with ‘the fact that the erystal is driven
or excited by the radio frequency voltage gen-
erated by the oscillater, and appearing at the
“standard jacks” or the electrodes of the “itest
jig” at the ecrystal’s resonant frequency adapts
it very effectively for the production testing of
rough, unfinished, lapped- blanks to a .close
tolerance.

Due to the fact that the two sections: of the
bandspread control 2 of Fig. 2 always exert some
control over the resonant frequency of the cir-
cuit, regardless of the setting of the main tuning
control | of Fig. 2, the ideal control character~
istic for each section of the bandspread control
(as illustrated by curves A and B of Fig. T) is
-never realized. Instead curves A’ and B’ of Fig.
8 actually obtain for the circuit of Fig. 2, curve
C’ being the resultant. Consequently . some
means of compensating for the non-linearity of
curve C’, Fig. 8, must be employed if accurate
work is to be done with the circuit.” This i§ ac-
complished by employing one ‘or ‘more variable
condensers, or-a dual-section or split-stator var-
iable condenser in parallel with one or more sec-
tions of the bandspread control.. The action of
the compensating condensers is to adjust the
minimum and maximum -capacity of the ‘parallel

combination, thereby effectively controlling the

tuning range of the bandspread control.

The foregoing compensating controls are illus-
trated in Figs. 4, 5 and 6 whereby the ideal re-
sultant curve C of Fig. T.may be approached very
nearly, as shown by the curves C’’, C'’'’ and CIV
of Figs. 9, 10 and 11. TIn Figs. 7,8, 9, 10 and 11,
the curves A, A’, A, A’ and ALY represent the
control action of the high-frequency control sec-
tion of the bandspread control, curves B, B, B,
B’"" and B! represent the control action of the
low-frequency control section 2b of the band-
spread control, and since the effects of the two
sections 2a and 2b are additive, curves-C, C’;-C"’,
C’”” ‘and CIV represent the resultant action of
curves A, B; A’, B’; A’, B, A’”, B'"’ and A,
BTV, respectively. .

The curves of Fig. 9-illustrate the control ac-
tions-and- the resultant action where a variable
-condenser 35 is employed as the high frequency
compensating control in the circuit .of Fig. 5, all
other components remaining the same as in Fig. 2.

The curves of Fig. 10 illustrate the control
actions .and the resultant action where g var-
iable condenser 36 is employed as the low .fre-

quency compensating control in the circuit of Fig.
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dial of the fine-tuning control.

3
4, all other components remaining the same as
in Fig, 2.

‘The curves of Fig. 11 illustrate the control ac-
tions and the resultant action where a split-
stator ‘or. dual-section variable condenser 87 is
employed as the compensating control for both
high and low ifrequencies in the circuit of Fig, 6,
all other components remaining the same as in
Fig, 2.

As may readily be seen from the curves of
Figs. 9, 10 and 11, the resultant curves C’’, C’*’
and CUV are identical with curve C of Fig. ,
but, the separate control curves A’’, A’"’, AIV-and
B”, B""” and B only approximate curves A -and
B of Fig. 7, curves AV and BV of Fig. 11 most
nearly approaching the ideal.

The uses to which the above-described control
circuits ean be put are manifold. For exampble,
it can be applied to various circuits of the Kind
shown in Fig. 3, Wherein it is used fo test lapped
quartz . blanks for .activity and frequency to s
close tolerance before they are ~hand-finished
and put in holders. It can be used in receivers
where it is desired to have a continuous band-
spread of frequency; i. e., one that is constant at
any setting of the main tuning control. In con-
junction with a local piezo-oscillator (frequency
to be determined by type of use) and a receiver,
and used in a stable variable frequency generator
circuit by “standardizing” at time of use, it can
be used to determine the frequency of another
signal within a few cycles. This is done by heter-

‘odyning the signal emitted by the generator

against the unknown signal and detecting the
heterodyne beat by audible or electrical or electro~
mechanical means and then reading frequency

by interpolation -from‘a_known standard signal

(local piezo oscillator) and the calibration on the
It can also be
used to-control the frequency of the emitted
radiation of a .radio transmitter, allowing the
irequency to be varied over a wide range, andyet,
by means of the fine-tuning control and pre-
standardization against g local piezo-cscillator or
other primary or secondary frequency standard,
control the frequency within a few eyeles of the
desired frequency.

The applications of this invention, as can be

:seen -from the foregoing, are almost limitless.

The control circuit .can be applied to any device
wherein the resonant frequency is desired to be
variable. It can beappliedto capacity-inductance
or capacity-resistance or other impedance-tuned

‘generator or oseillators, to tuned circuits, such as

radio frequency, intermediate frequency or audio
frequency stages in amplifiers, receivers, filters,
ete., or to other tuned circuits wherein any com-

bination of capacity, inductance, resistance, or

reactance is used.
It will ke observed by referring to Fig. 3 of the
drawings that the variable tuned circuit, com-

‘vosed of condensers, 1, 2,5, 7, and 8, inductance 3,

and the tube 3, are so connected that they form
an oscillating circuit of the self-excited or elec-
tron~coypled -type. This eircuit is designed to
oscillate with or without g crystal in the “standarq
Jjacks” 28 or “test jig” 29. .

A radio frequency voltage is taken from the

self-excited oscillator at an appropriate point

on-the inductance ¢oil 3 (usually at the point
where the cathode .11 of the tube {8 connects to
the coil 3), and fed into a voltage divider which
is comprised of the impedance or reactance 24
and the inter-electrode-capacity and input ad-
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. mittance or resistance of the diode 21{ plus the
electrode capacity.of the crystal when it is con-
nected in the circuit either by inserting it in a
holder into the “standard jacks” 28 or inserting
the crystal blank into the “test jig” 28.
:yoltage appearing at the low end of the im-
.pedance 24 is fed to the crystal via the “standard
jacks” 28 or the “test jig” 29 and drives the

The :

crystal when the frequency generated by the -

oscillator is the same as the resonant frequency
of the crystal. The amplitude of oscillation of
the crystal is indicated by the meter 23 which isa
direct indication of its quality as an oscillator.
“Theoretically, the impedance was designed not
only as one leg of the voltage-divider, but also
to isolate the crystal from the tuned circuit of the
‘self-excited oscillator. Actually, the isolation is
ot complete and consequently the crystal exerts
some control over the resonant frequency of the
.system. . .

The graph in Fig. 12 illustrates this action for
_a typieal crystal, curve 38 representing the action
for the crystal in a typical holder and inserted
into the “standard jacks” 28, curve 39 repre-
'senting the action for the same crystal between
the electrodes of the “test jig” 29, the frequency
difference being due to the fact that the electrodes
between which the crystal is clamped in the
‘holder, and which in turn is inserted into the
“standard jacks” 28, have a predetermined air-
gap, thereby effectively raising the resonant fre-
quency of the crystal above what it would be if
the electrodes were plane or flat as are those of
the “test jig” 29. Incidentally, there is a steady
deflection of the meter 23 of approximately
0.1 ma., due to contact voltage in the dicde 21 and
the radio fréquency voltage from the divider
when the oscillator is tuned off resonance of the
crystal, or even when there is no crystal in the
circuit. : )

Now, as in the graph, operating about a een-
tral frequency of 5800 kes./sec., let us follow the
curve 38 with reference to the various points in-
dicated and moving in the direction indicated
by the arrow. Beginning at the point 40, the
amplitude increases very gradually to a point
41, & of the distance or frequency of point 40
from the limit of curve 38 at 43, beyond which
point it begins to rise at a more rapid rate until
‘at a point 42, ¥ of the distance 41 from the limif
of curve 38 at 43, it rises very rapidly to a maxi-
mum at point 43. Any attempt to tune for more
amplitude or a lower frequency only results in the
crystal amplitude falling almost instantaneously
to zero (X1), and the frequency of the self-excited
oscillator jumping to the peint X. Now, how-
ever, if the oscillator is tuned in the reverse di-
rection, higher in frequency, at point Z the fre-
guency will again jump, this time to the point
42, the amplitude of the crystal rising at the same
time to this same point. It is evident, as stated
before, that the crystal exercises some control
over the resonant frequency of the self-excited
oscillator, there being some pulling action pres-
. ent between the crystal and the tuned circuit.

‘' When the frequency of the voltage generated
by the oscillator is the same as the resonant fre-
quency of either the standard or test crystal, pro-
vided one or the other is connected into the cir-
cuit, the crystal will oscillate, and, due to reso-
nant step-up, and because of the variation of
impedance across the erystal electrodes, the radio
frequency voltage will increase to g maximum,
“thereby increasing the rectified direct current
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through the diode 21, and the meter 23, causing
the meter to indicate a current maximum ab
maximum resonance of the crystal. The voltage
indicated by the meter is that generated by the
self-excited oscillator in all cases.

The procedure in using the circuit of Fig. 3 to
compare a rough blank or other crystal against
a standard crystal is as follows:

1, Insert the standard crystal 26 into the cir-
cuit either via the “standard jacks” 28 or the
“test jig” 29. : : ' ’

2. Set the bandspread control 2 at mid-pbint

“on its didal calibration.

3. Tune or adjust the main tuning control {
until the meter 23 indicates a maximum cur-
rent.

4. Remove the standard crystal 25 from the
cireuit. o S

5. Do not touch the main tuning control after
completion of step. 3 above. ‘

6. As to any crystal the frequency of which is
within the range of the bandspread control’s
range on either side of the standard crystal’s fre-
quericy, its frequency may be determined by ro-
tating the bandspread control and adding or
subtracting from the standard crystal frequency,
as the case may be, the amount indicated on the
calibration under the pointer on the control knob.
Of course the calibration and range of the main
tuning and bandspread controls are determined
and set according to the use to which it is to be
put.

7. Tf the instrument has a means of compensa-
tion of bandspread range such as condensers 35,

5 38, 37 of Figs. 4, 5 and 6, then this control should

be set before step #2 to a point determined by the
frequency of the standard crystal and the ap-
propriate calibration of the dial or scale of the
control.

Fig. 13 discloses g modified form of the circuit
of my invention for obtaining greater precision
in bandspread control. ' In‘this arrangement the
parts of the circuit as described in Fig. 6. are em-
ployed with the addition of variable condensers
44, and 45, interposed in series between the dual
control condensér 2 and the dual control con-
denser 37. The function of condensers 44 and

“4% is to adjust the amount of control condenser

37 exerts with respect to dual condenser 2. By
independently adjusting condensers 44 and 45 a
greater precision adjustment of the electrically
tunable circuit is secured.

In Fig. 14 I have shown a further modification
of the circuit of my invention wherein the ele-
ments illustrated in Fig. 2 are provided with the
addition of a variable capacity. control at 46 in
series between the rotor of the dual condenser
2 and the impedance device 8. The variable con-
denser 2§ is provided with a pad or trimmer con-
denser #7 in parallel therewith for increasing the
precision adjustment of the circuit. Condenser
41 is set or adjusted so that condenser 46 has that
variation in capacity required for compensating
for the lack of linearity in dual condenser 2 as
shown in characteristic curve C’ in Fig. 8.

In Fig. 15 I have shown a further modification
of my precision adjustment ecircuit in which com-
ponents are employed similar to those illustrated
in Fig. 2 exeept that the trimmer condensers § and
T are connected together or ganged as schemat-
ically represented at £8 so that a simultaneous
capacity change occurs upon adjustment of con-
densers § and T with respect to dual condenser 2.
Actually condensers 5 and 1 vary the range of
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capacity variation of the various sections of the
dual condenser 2 and correspondingly control the
resonant frequency of the circuit.

Fig. 16 illustrates a furthei modified form of
the circuit of my invention in which the con-
denser constituting the main tuning control 1 is
ganged -to operate simultaneously with condens-
ers.§and 7 through g2ng connection represented
at 49 s0as to automatically compensate for any
variation in control exercised by dual condenser 2.

In Fig. 17 I have shown a further modified cir-
cuit arrangement for the tuning system of my
invention having provision for adjusting the max-
imum tunable frequency to which the electrical
tuning system is responsive. ‘T provide a funing
condenser §{ which is variable in operation and
is connected in parallel with the inductance 3 for
precisely adjusting the electrical system to maxi-
mum frequency for which the system is tunable,
This maximum frequency adjustment is provided
in-addition t5 all of the other cooperative adjust-
ing medns ag heretofore explained and particu-
larly shown in Figs, 2 and 3.

TPeatures of ‘my .invention shown but not
claimed herein are set forth in my co-pending
divisional applications Seria]l No. 563,383, for
Tuning system, filed ‘November 14, 1944; Serial
No. 563,384, for Electrical tuning “system, filed
November 14, 1934, and Serial No0.563,385, for Se-
lective tuning system, filed November 14, 1944,

While T have described my invention in certain
of its preferred embodiments, I realize that modi~
- ficatiocns may he made and no limitations upon
my invention are intended other than may be
imposed by the scope of the appended claims.

What I claim as new and desire to secure by
Letters Patent of the United States is as follows:

1. An electrical tuning system comprising in
combination with. an Impedance device, a vari-
able tuning condenser having one side thereof
connected with a point on said impedance de-
vice, a dual condenser including a central rotor
- and a pair of variably related capacity areas con-
stituting a pair of condenser sections whose ca-
-pacities vary simultaneously in the same’ direc-

tion, said rotor being electrically connected with
another point of said impedance device, one of
the condenser sections of said pair being disposed
in series with said variable tuning condenser and
the other of the condenser sections of said pair
being connected in parallel with the said variable
tuning condenser and in parallel with said im-
pedance device. :
© 2. An electrical tuning system comprising  in
combination with an' impedance device, a vari-
able tuning condenser having one side thereof
connected with a point on said impedance device,
a dual condenser including a central rotor and
a pair of variably related capacity areas constitut-
ing a pair of condenser sections whose -capacities
vary simultaneously in the same direction, said
rotor being electrically connected with another
point of said impedance device, one of the con-
denser sections of said pair being disposed in se-
ries with said variable tuning condenser and the
other of the condenser sections of said bair being
connected effectively in parallel with the said var-
iable tuning condenser and effectively in parallel
with said impedance device, the capacity of the
serially connected section of said dual condenser
having a capacity exerting as much control of
the resonant frequency at maximum capacity set-
ting of said variable tuning condenser as the par-
allelly connected section of said dual condenser
exerts at the minimum capacity setting of said
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variable condenser whereby said dual condenser
exerts substantially constant control of the fre-
quency at any setting between and including min-
imum and maximum capacity of said variable
tuning condenser.

3. An electrical tuning system comprising in
cembination with an impedance device, a varia-
ble tuning condenser having one side thereof con-
nected with a point on said Impedance device, a -
dual condenser including g central rotor and g
pair of variably related capacity areas constitut-
ing a pair of condenser sections whose capacities
vary simultaneously in the sate direetion, said
rotor being. electrically connected with another
point of said impedance device, one of the con-
denser sections of said pair being disposed in
series with said variable tuning condenser and
the other of the condenser sections of said pair
being connected effectively in parallel with the
said variable tuning condenser and effectively
in parallel with said impedance device, and inde-
pendently adjustable variable capacity means
connected in series with each of the condenser
sections of said:dual condenser., ‘

4. An electrical tuning system comprising in
combination with an impedance device, a vari-
able tuning condenser having one side thereof
connected with a point on said impedance device,

». 2 dualcondenser including central rotor and
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‘a pair of variably related capacity areas con-
stituting a pair of condenser secticns whose ca-
pacities vary simultaneously in the same direc~
tion, said rotor being electrically connected with
another point of said impedance device, one of
the condenser sections of said pair being disposed
in series with said variable tuning condenser and
the other of the condenser sections of said-pair
being effectively connected in parallel with the
said variable tuning condenser and effectively in
parallel with said impedance device, independ-
ently adjustable variable capacity means con-
nected in series with each of the condenser sec-
tions of said dual condenser, and a separate vari-
able condenser connected between said central
rotor and a point between one of said independ-
ently adjustable variable condensers and said
variable tuning condenser for adjusting the mini-
mum tunable frequency of the electrical tuning
system.

5. An electrical tuning system comprising in
combination with an impedance device, g variable
tuning condenser having one side thereof con-
nected with a point on said impedance device,
a dual ‘condenser including a central rotor and
a pair of variably related capacity areas con-
stituting - a pair of condenser sections whose
capacities vary simultaneously in the same direc-
tion, said rotor being electrically connected with
another point of said impedance device, one of
the condenser sections of said pair being disposed»
in series with said variable tuning condenser and
the other of the condenser sections of said pair
being effectively connected in parallel with the
sald variable tuning condenser and effectively in
parallel with said impedance device, independ-
ently. adjustable variable capacity means con-
nected in series with each of the condenser sec-
tions of 'said ‘dual condenser, and means con-
nected with one section of said dual condenser
and with said variable tuning condenser for ad:-
Jjusting said electrical tuning system tg a minimum
tunable frequency. :

6. An electrical tuning system comprising in. .
combination with an impedance device, 3 variable
tuning condenser having one ‘side thereof con-




nected with a point on said impedance device, a
dual condenser including a central rotor and &
pair of variably related capacity areas constitut-
ing a pair of condenser sections whose capacities
vary simultaneously in the same direction, said
rotor being electrically connected with another

point of said impedance device, cne of the con--

denser sections of said pair being disposed in
series with said variable tuning condenser and
the other of the condenser sections of said pair
-being connected effectively in paraliel with the
said variable tuning condenser and effectively in
parallel with said impedance device, separate
variable capacity means connected in series with
each of the condenser sections of said dual con-
denser; and means for simultaneously adjusting
said separate variable capacity means.

7. 'An electrical tuning system comprising in
combination with an impedance device, & variable
tuning condenser having one side thereof con-
nected with a point on said impedance device, a
dusal condenser including a central rotor and a
pair of variably related capacity areas constitut~
ing a pair of condenser sections whose capacities
vary simultaneously in the same direction, said
rotor being. electrically connected with- another

* point -of said impedance device, one of the ‘con-
denser  sections of said pair being disposed in

series with said variable tuning condenser and the

other of the condenser sections of said pair being
-connected effectively in parallel with the said
variable tuning condenser and effectively in
parallel with said impedance device, separate
variable capacity means connected in series with
each of the condenser sections of said dual con-
denser, and means for simultaneously adjusting
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the effective capacity of each of ‘said separate
variable capacity means and said first mentioned
variable tuning condenser.

8. An electrical tuning system comprising in
combination with an impedance device, a vari-
able tuning condenser having one side thereof
connected with a point on said impedance de-
vice, & dual condenser including -a central rotor
and a pair of variably related capacity areas con-
stituting a pair of condenser sections whose ¢a=-"
pacities vary simultaneously in the same direc-
tion, said rotor being electrically connected with
another point of said impedance device, one of
the condenser sections of said pair being dis-
posed in series with said variable tuning con-
denser and the other of the condenser sections
of said pair being effectively connected in parallel
with the said variable tuning condenser and
effectively in parallel with said impedance de-
vice, independently -adjustable variable capacity
mesans connected in series with each of the con-
denser sections of said dual condenser, and a
separate variable condenser connected between
said central rotor and a point. between one of
said independently adjustable variable condensers
and said variable tuning condenser, and ancther
variable condenser connected -in parallel with
said impedance device and with the series parallel
combination, comprising said variable tuning
condenser one section of said dual condenser and
the independently adjustable variable capacity
means connected in series with ib, for adjusting
said electrical tuning system to maximum tunable
frequency. '

: GEORGE S. WACHTMAN.,



