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. This invention relates to electrical condens-

ers, and more particularly to such condensers

to be built into tuned radio frequency circuits.

The object of the invention is to provide an
improved means for tuning two inductances
‘wherein two variable condensers of unequal

- capacity may be operated mechanically, as a
- untt, to tune the two inductances in such a
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manner that the two tuned circuits are kept
substantially in resonance with each other
through all settings and, that the tuning is

substantially accomplished by manipulation

of a single control. It is impracticable to ac-
complish this result by merely connecting two
variable condensers rigidly, as by mounting

their rotors upon the same shaft, because it is
impracticable under ordinary manufacturing

conditions to produce in quantity precision

“1nstruments, i. e. variable condensers having

1dentical capacity curves. It is likewise com-
mercially impracticable to produce two in-
ductances, which constitute the other ele-

‘ments of the tuned circuits, that are abso-

lutely identical in their characteristics. The
tuning of each circuit always is more or less
aflected by external influences, such for ex-
carrylng wires and the like.

- According to this invention a variable bal-
ancing condenser of small capacity is pro-

ample as the presence of neighboring current

‘vided, being so arranged that it may be util-

1zed to establish a state of perfect resonance
between the two circuits which are approxi-
mately tuned to each other by the two con-
densers, known to be of unequal value, whose
rotors are operated by the common control.
The capacity of the balancing condenser must
be at least equal to the maximum difference
between the capacities of the two main tuning
condensers at any setting of the latter, and in
practice the balancing condenser may con-
veniently be connected in parallel with one of
the main tuning condensers which has one set
of 1ts plates sufficiently reduced in size so that

1ts capacity at all settings is certain to be

somewhat less than that of the other tuning
condenser. The capacity of the balancing
condenser may conveniently be approxi-
mately twice the difference between the ca-
pacities of the main tuning condensers at
any setting of the latter, thereby providing

the present invention, specifically the illus-

1inequalities between the two tuned circuits,
throughout the entire range of adjustment of
the tuning condensers. ~ -~ .
Lo the accomplishment of this object and
such others as may hereinafter appear, as
will readily be understood by those skilled in
the art, the invention comprises the features
and combinations of parts hereinafter de-

scribed and then particularly pointed out 1n

the appended claims. R

The various features of the invention will
best be understood from a description of the
preterred embodiment thereof illustrated im

~the accompanying drawings, in which :—

Fig. 1 isa plan of two tuning condensers of
unequal capacities provided with means for
balancing their capacities in accordance with

trated condensers may be used for tuning the

secondary of the antenna coupling trans-

former and the secondary of the radio-fre-
quency amplifying transformer; and

Fig. 2 is a vertical section taken on line
2—2 of I'ig. 1, looking in the direction of the
arrows and showing the balancing means ad-
“Justed to increase the capacity of the adjacent

tuning condenser. o
In the embodiment of the invention illus-

trated in the drawing two variable condensers

a 'ma,i‘ﬂgin. of 'adjué'tment éL‘lfﬁcient‘ tO bfi‘lﬂ«lllcez -
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1 and 3, of any preferred commercial type
but the capacity of one being altered as here- -

mafter explained, are coupled together so as

to form a single tuning unit for the two in-

dluctances that are to be maintained in reso-
nance thereby. S
As 1llustrated the condenser 1 is supported
in the usual frame comprising a pair of end
plates 4 and 5 held in the desired spaced rela-
tion, by through bolts 7 provided with spac-
ing sleeves 9 interposed between the plates.
FEach of these spacing sleeves 9 includes a
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series of washers 11 interposed between the

seven fixed plates 13, which compose the
stator, having holes therein through which
the bolts 7 extend.” Adjustable relatively to

15, mounted on a rotatable shaft, 17 journalled
in bearings 19 and 21 carried by the end
plates 4 and 5 respectively. The rotor plates
15 are held in proper snaced relation relative

the stator is the rotor, composed of six plates
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which are a series of

‘in through which the bolts 35 extend.

to the stator plates 13 by washers 23 mounted
on the shaft 17. |

The condenser 3 18 generally similar to the
condenser 1 being supported in a frame com-
prising a pair of end plates 31 and 33 held
in proper spaced relation by through bolts 35
entered through spacing sleeves 37 interposed
hetween the end plates 31 and 33. These
<Jeoves include a series of washers 39 between
<even fixed plates 41,
e stator having holes there-
Simi-
larly to the condenser 1. the condenser S 1S
provicded with an adjustable rotor, comprised
of six plates 43, mounted on & rotatable shaft
45 journalled i bearings 47 and 49 mounted
‘1 the end plates 31 and 33 respectively. The
rotor plates 43 are held 1n proper spaced rela-
ion relative to the stator plates 41 by a series
ot washers 51 on the shatt 49. A very mate-
rial difference between the rotors of the two
Mustrated condensers will presently be de-
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- any rotor plate 1o.
certalin a substantial

-ole control, by through

1o the abutting ends of the shafts
With this construction both rotors are ad-
justed to equal angular positlons whenever.

positioned

each of the six rotor
denser § has an area

In the present ‘netance of the invention, the
two main condensers 1 and 3 may convenient-
lv be coupled together, so as to be under a sin-
bolts 53 entered
througch the adjacent end plates 5 and 31, the
fwo condensers being held apart by sleeves
55 through which the bolts extend to-provide
space between them for a coupling 57 secured

17 and 45.

the shaft 45 is rotated by means of the usual
dial fixed thereon. T1he shaft 17 is provided
with a radial pin 25 adapted to engage ONe
or another of the stops 27 and 29 projecting
inwardly from end plate 5, thereby to limit
the rotative movement of both rotors when
either wholly within or wholly
without the field of their respective stators.
In carrying out the object ot the invention
plates 43 of the con-
<ubstantially less than
of the condenser 1. AsS 11-
lustrated by Fig. 2 each rotor plate 43 1s seen
to have about eleven-twelfths of the area of
This construction makes
difference between the
several capacities of the two variable con-
Jensers and provides two condensers of a

any rotor plate 15

- known pr.edetermined unequal valiue. Fur-

G0 .
" curve are consistently someswhat less than the
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material that the

thermore, the diiference in capacities 18 SO
capacity curve ot the con-
denser 3, remains below the capaclty curve
of the condenser 1 at all settings. Itis high-
ly important to the present invention that,

when plotted, the capacity curves of the two

condensers show that the ordinates of one
ordinates of the other:. In other words, the
two capacity curves arc such that for any
commeon abscissa, that 1s, for any like setting
of the two condensers when tuning, the corre-

be of somewha

bolts 35 which ¢

plates
plates

tion of said chafts

obvious that the capactity
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sponding ordinates of the two curves wiil
never be equal. More than this, the capacity
curves will not cross each other, as may be
true of two condensers taken at random from
stock. DBriefly, one condenser is certain 1o
t less capacity than the other
for any tuning adjustment. - -
“To balance, or compensate for, this differ-
nce in the capacities of the two condensers
<o that when operated mechanically as a unit
the two circuits may be tuned identically or
‘1 resonance, a balancing condenser 58 1s pro-
vided. This balancing condenser 1is AassoO-
oiated with the condenser 8, ot reduced capad-
ity, and comprises an end plate 59, opposed to
the end plate 43, ounted on the through
e extended forwardly for
this purpose. Fixed plates 61, forming the
<tator of the condenser 53 have holes through
which the bolts 35 project, said plates being
held 1n proper spaced relation by washers 65
on said bolts. Since the required capacity
of the balancing condenser is small, two stator
a1 ave sufficient. Detween the stator
61 is an adjustable rotor comprising a

single plate 69, mounted on a sleeve shaft 67
ournalled in

supported by the shaft 45 and ]
2 bearing 69 carried by the end plate 59. - Lhe
rotor 65 1s held spaced relative to fixed plates
61 by a pair of washers 71 mounted on the
leeve shaft. The
Jescribed may be the ordinary three plate so-

cqlled vernier, and 18 SO {llustrated.
It will be observed that hoth the sleeve

chaft 67 and the solid

wardly beyond the end plate 59 a sufficient

distance to pass throuch the panel board and

raceive dials or other means enabling rota-
and adjustment of the
rotors supported thereby.

The rotor plate 69 of the balancing con-
denser is similar to
tuning condenser 1 and hence the capacity of
the balancing condenser ;s gufficient to bring
the two main tuning condensers to a like
value with a sufficient margin of safety. 1t 1s
of the balancing
condenser must be at least equal to the differ-
ence in capacity of the condensers 1 and 3 that
is produced by cutting off one-twelfth of each
of the six rotor plates 43 of condenser 3 1. €. &
total reduction in area equal to one-half of a
single plate. In order to provide a margin
or adjustment sufficient to compensate for oI
balance inequalities between the two tunea

< reuits throughout their entire ranges of ad

ing the total area of the rotor plates of one o
the main tuning condensers substantially les
than the total area of the rotor plates of th
other main tuning condenser, a suflicier
difference in the capacities of the two cOI

shaft 45 project Tor-

the rotor plates 15 of

70

i

80

balancing condenser just
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densers is established to enable this differ
ence to be compensated for by the balancing
condenser with fine adjustment. |
By means of this invention there is pro-
vided a simple and efficient construction

whereby two condensers of unequal capacity,

connected for control from a single dial, may
be perfectly balanced. The simplicity of
tuning will be understood from the follow-
ing. If the difference in the length of the
ordinates of the two capacity curves at differ-
ent settings of the two tuning condensers 1s
substantially constant, then one initial setting
of the variable balancing condenser will be
sufficient for the entire range of adjustment.
The two circuits can be accurately tuned to
al] other wave lengths by an adjustment of
the single condenser-shaft.

~ inlength of said ordinates varies, for example
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by.becoming consistently greater or less as the
two circuits are tuned for higher wave
lengths, then this variation, for the sharpest
tuning, may be compensated for hy a further
adjustment of the balancing condenser which
in any event will be extremely slight.

Those skilled in the art will recognize that
in this construction there are really but two
variable condensers, one having an unva-
riable capacity curve and the other having a
capacity curve the shape of which can be va-
ried slightly. By means of this invention
absolute accuracy is obtained with eondensers
that are not accurately made. Tt is within
the scope of the invention to provide any suit-
able means for transmitting rotation from
one condenser shaft to the other.

While it is preferred to employ the specific
construction and arrangement of parts shown
and described it will be understood that this
construction is not essential except so far as
specified in the claims, and may be changed
or modified without departing from the
broader features of the invention.

What.is claimed as new, is:—

1. The combination of two tuning con-

densers operated mechanically as a unit, one
of which has a value less than the other at all
settings, and a variable balancing condenser
having a value equal at least to the maximum
difference in value between said two tuning

concensers and connected in parallel with

the tuning condenser of lesser value.
2. The combination of two tuning con-

densers operated mechanically as a unit, one

of which has a value less than the other at all .

settings, and a variable balancing condenser
having a value of approximately twice the
maximum difference in value between said
two tuning condensers and connected in
parallel with the tuning condenser of lesser
value. - | -

3. The combination of. two variable tun-
ing condensers, said condensers having un-
equal capacities for all settings, means for
operating said condensers as a unit, and

1£ the difference

for adjusting

means for compensating for the nequality in

the\ capacities of said

_ condensers at all the
settings thereof. | - |

4. The combination of a pair of variable

tuning condensers connected to be operated

mechanically as a unit, each comprising  a

stator and an adjustable rotor, said stators
being of like area but the rotor of one of

sald condensers being formed to have an area
substantially less than the arca of the rotor
of the other condenser, so that the capacity

of one of the condensers at all settings i1s-

necessarily less than the capacity of the other
condenser, and a balancing condenser connect-
ed 1n parallel havine a stator and an adjust-
able rotor the area of which is at least equal
to the difference between the areas of the
rotors of the tuning condensers. ‘
o. The combination with two tuning con-
densers, each comprising fixed and adjustable
plates, each of the adjustable plates of one of
the condensers having a portion removed to
make certain that there is a substantial ‘dif-
ference in capacity between the two condens-
ers, of a balancing condenser adjustable to
compensate for the capacity difference De-
tween the condensers at all settings thercof,

- and means for adjusting said two tuning con-

densers as a unit and said balancing con-
denser 1mndividually. | o

6. The combination with two variable con-
densers having stator plates equal 1n number
and area and rotor plates equal in number but
substantially unequal in area, common means
sald condensers to approxi-
mately tune two equal inductances, and ad-
Justable means co-operating with the vari-
able condenser of lesser capacity operable to
Increase its capacity to equal that of the
other variable condenser for any tuning ad-
justment thereof. - | -

7. In combination, two variable tuning
condensers of a predetermined unequal value
and mounted in parallel, a common adjust-
ing shaft for the respective rotors thercof
whereby the capacities of said two condensers
may be simultaneously varied by a single
control, a balancing condenser also in par-
allel and adjacent the tuning condenser of
lesser value, and a rotary adjusting sleeve
on said shaft for the rotor of said balancing
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condenser, whereby the capacity of the con.

denser of lesser value may be increased to
equal that of the other condenser.

8. In combination, two variable tuning con-
densers, one of said condensers having a
capacity curve the ordinates
consistently shorter, throughout the entire
range of adjustment, than the ordinates of
the capacity curve of the other - condenser,

means for adjusting said two condensers as |

a unit, and means idependently adjustable
at any setting for inceasing the capacity of
the condenser of lesser value to equal the
greater capacity of the other condenser.

of which are
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9. The combination of two tuning condens- of which has a value different from the other 10
ers, mechanical means for operating said con- at all settings, and a variable balancing con-
densers as a unit, said condensers having un- denser having a value equal at least to the
equal capacities at all settings, and variable maximum Jifference in value between said
means for compensating for the inequality two tuning condensers and electrically as-

in the capacities of said condensers for all sociated therewith.

positions ot said mechanical means. '
10. The combination of two tuning con- ARTHUR L. TERRY, Jr.

densers operated mechanically as a unit, one

1 |
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