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Patented Feb. 10, 1925, 

UNITED STATES 

1525,778 

PATENT OFFICE. 
CABL. A. HELLMANN, OF WASHINGTON, DISTRICT OF COLUMBIA. 

VARABLE CONDEN SER. 

Application fled April 17, 1922. serial No. 553,754. 

To all whom it may concern. 
Be it known that I, CARLA.HELLMANN, a 

citizen of the United States, residing at 
Washington, D. C., have invented certain 

5 new and useful Improvements in Variable 
Condensers, of which the following is a 
specification. 
My invention relates to condensers. 
The object of the present invention is to 

provide an improved variable condenser, 
adapted for general use in the electrical arts 
and particularly adapted for use in connec 
tion with high frequency electrical work, 
such as the radio art or carrier wave wire 

15 signaling. 
More specifically my invention relates to a 

rotary variable condenser wherein a useful 
variation of capacity may be had over an 
angle of rotation exceeding 180 and ap 

20 proaching as near to 360° as may be desired 
in any particular case. 
Another object of the invention is to pro 

vide a condenser having several distinct 
ranges of capacity, any one of which may be 

25 readily selected for service by mechanical or 
electrical means, or by both together. 
A further object is to provide a condenser 

having no movable conducting plates, the 
dielectric instead being movable, whereby 
possibility of short-circuit between the con 
ducting plates is practically eliminated. 
Other objects and advantages of the in 

vention will appear from the present speci 
fication and the accompanying drawing, 

35 wherein all the figures are purely diagram 
matic. In said drawing: 

Fig. 1 illustrates one feature of my in 
vention applied to a rotary variable con 
denser of the ordinary type, at present well 

40 known, and having a useful range of ap 
proximately 180°. 

Fig. 2 illustrates a rotary variable con 
denser having a useful range of approxi 
mately 240. 

Fig. 3 illustrates one wherein the useful range approximates 270. . 
Fig. 4 similarly illustrates the general case 

of a rotary condenser constructed in accord 

30 

45 

ance with my invention whereby a useful 
range of 50 

n-- X360 

is attained, n being any desired number, and 
n . 55 

7-1 
being as near unity as may be desired in 
any case. 

Figs. 5 and 6 illustrate condensers having 60 
a useful range exceeding 180°, coincident 
with a variable rate of change of capacity 
instead of the uniform rate attained in the 
forms shown in the preceding figures. 

Fig. 7 illustrates a condenser wherein the 
movable sector is of smaller angular extent 
than the stationary sector. 

Fig. 8 likewise illustrates a condenser 
wherein the movable sector is of smaller an 
gular extent than the stationary sector, 
which is here arranged peripherally instead 
of centrally as in the preceding figures. 

Fig. 9 illustrates a condenser having mov 
able sectors of individually different angular 
extents whereby a range exceeding 180° is 
obtained. 

Figs. 10 and 11 illustrate a cylindrical 
type of condensers embodying features of 
my invention, in perspective and in end ele 
vation respectively. 

Fig. 12 is a section through a condenser 
wherein the dielectric is movable, the fixed plates being alternately of opposite polarity, 
(that is, connected to opposite terminals). 
This section is such as would be obtained on 
a plane passing through 5 and 6 of Figs. 1, 
2, 3, etc. 

Fig. 13 illustrates mechanical means for 
varying the range of a condenser by shift 
ing its rotary member axially, thereby put 
ting more or less plates in position to be 
come active. 

Fig. 14 illustrates a detail of Fig. 13. 
Fig. 15 illustrates electrical means for se 

lecting a desired capacity range instead of 95 
the mechanical means of Fig. 13. It will be 

70 



understood that both said means together or 

O 

either alone may be employed in any of the figures. 
While in Figs. 2, 3, 4, 5, 6, and 9 the sector 

having the larger angular extent is shown 
as the movable one, it is obvious that al though in general it is convenient to so 
construct the device, yet it is equally capable 
of construction as in Figs. 7 and 8 wherein 
the sector of smaller angle is rotatable. All these figures may therefore be reyersed if 
preferred, in this respect, without departing 
from the invention. 
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In applying one feature of my invention 
to a rotary variable condenser of the ordi 
nary type as shown in Fig. 1, the movable 
sector 1 is made of one or more sheets of an 
Erprise dielectric, for instance, mica, 

8. is adapted to interleave between the 
corresponding conductive sheets of the sta 
tionary sector 2. As shown in Fig. 12, 
alternate conductive sheets 3 are connected 
to one terminal 15 of the condenser the 
remaining sheets 4 to the other terminal 15". 
When the rotary sector is in the position 
shown in Fig. 1 the capacity is a minimum, 
whereas it becomes a maximum upon l'ota 
tion through 180°. If s is the distance be 
tween adjacent stationary sheets, and it the 
thickness of each dielectric sheet of the 
movable sector, and Kits specific inductive 
capacity, then the capacity ratio of maxi 
mum to minimum will be . 

SK . 
SK--T(1-K) 

If t is equal to s, this becomes K, and such 
value may be nearly attained, inasmuch as 
no clearance is needed to prevent the di 
electric from touching the stationary sheets, 
as would be the case if all the sheets were of 
conductive material, so that the dielectric, 
needs be only thin enough to move freely be 
tween the conductive plates. The value of 
K for mica is roughly between 6 and , 
thus providing a condenser whose capacity 
varies from 1 at minimum to hetween 6 
and 7 at maximum. Another construction 
of the dielectric sheet comprises a layer of 
a metallic salt, for instance powdered lead 
chloride or lead stearate (both of which have extremely high values of K, namely 
42 and 74 respectively) held between two 
preferably very thin sheets of dielectric 
such as mica, bakelite etc., whereby a still 
greater ratio may be secured. Preferably 
such substances will be chosen as are free 
from any great dielectric losses. Metal 
sheets coated with dielectric will give still 
higher values of K, but are open to the ob 
jection that should the dielectric become 
abraded or otherwise pierced, short-circuits 
may result because of the conductivity of 
the metal. A finely powdered metal, such 
as "aluminum bronze 'may be found satis 
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factory as a filler in some cases, and would 
be enclosed between thin dielectric sheets. 
An additional advantage in the type of con 
denser having no movable conductive plates 
is that no difficulty of making electrical con 
tact with the plates exists, as would be the 
case with a movable conductive plate, re 
quiring a sliding contact, or elsea flexible 
lead soldered thereto. Fig. 12 shows how 
the plates 3 and 4 may be supported in 
proper spaced relation. The plates 3,3,3, 
are electrically connected to each other by 
means of a conductive rod 5 which is thread 
ed throughout its length. A conductive nut 
13 is screwed upon the lower end of the 
rod, followed by a conductive washer 7. 
The lowest plate 3 is then placed upon rod 
5 as shown, the holes in said plates 3 being 
preferably just large enough to clear the 
threads. An insulating washer 9 is now 
slipped over the rod followed by the lowest 
plate 4. The plates 4 are provided with 
holes 10 considerably larger than the rod 

70 

75 

So as to clear same and leave a space con 
centric therewith. Next an insulating 
washer 11 having a reduced portion 12 
which fits into this space is placed over the 
plate 4, and another plate 3 is then placed 
over this washer and secured by a conduc 
tive nut 13, which is threaded upon the rod 
5. An insulating washer 14 follows, then 
another plate 4 and washer 11, and so on 
until the desired number of plates are as 
sembled. A binding nut 15 may be thread 
ed upon the projecting end of the rod 5, to 
serve as a connection for the plates 3, which 
are all connected in parallel by said rod. 
The other set of plates 4 is similarly con 
nected together by a rod 6 as shown. Simi 
lar nuts 13, and 15 and similar insulating 

90 

95. 

00 

05 
washers 11 and 14 are provided but the 
parts are arranged on rod 6 as shown where 
hy the plates 4, 4 are in electrical contact 
with the rod 6 whereas plates 3, 3, 3 are 
insulated from same. A nut 17 of insulat 
ing material is threaded upon rod 6 and a 
nut 65 secures the top plate 3 in position. 
The plates 3, 3, 3 are provided with holes 
18, corresponding to the holes 10 in plates 
4, hereas plates 4, 4 fit fairly closely on rod 6. 
Usually three or more supporting rods, 

for instance 5, 6 and 19, are used to properly 
hold and space the plates 3 and 4. The 
rods 5 and 6 are sufficient to provide elec 
trical connections to the plates, and the 
third and any subsequent rods 19 may be 
of insulating material, or of metal either 
bare or covered with insulation, with cor responding insulating washers. While 

O 

115 

20 

have described these connection features in 
detail, it is obvious that the exact structure 
used is immaterial, inasmuch as any suitable 
means which connect the plates in the de sired Way may be employed. 30 
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An important feature of the invention is 
the provision of plates so shaped that a 
useful range of capacity variation mate 
rially exceeding 180° is attained. This 
feature is applicable whether the movable 
sector is conductive or dielectric in nature, 
and essentially consists in shaping the two 
sectors, fixed and rotary, so that neither 
comprises a semi-annular sector of approxi 
mately 180°, as is customary in most con 
densers of this general type now available. 
In addition, it is essential that the “active' 
parts of the two sectors be not symmetri 
cally disposed about the center of rotation, 
(although they may be symmetrical with 
respect to a line, so called “mirror images' 
of each other) using the term “symmetrical 
ly in its true geometrical sense, for instance 
as disclosed in my copending application, 
Serial No. 747,901, filed November 5, 1924, 
which is a continuation in part of the pres 
ent case. For, in any condenser having a 
center of symmetry, a rotation of 180° from 
the “Zero' or minimum point would cause 
maximum coincidence of the two sectors, 
with a resultant maximum of capacity and 
any further rotation would decrease the ca pacity again. Referring specifically to Fig. 
2, there is shown a condenser whose fixed 
sector shaped plates 20 subtend nearly 120°, 
while the movable plates 21 subtend twice 
that angle, or about 240°. The fixed sector 
is of constant radius, whereas each of the 
movable plates comprises two adjacent cir 
cular sectors 22 and 23 each of 120° extent, 
the radius of the larger, 23, being approxi 
mately V2 times that of the smaller, 22. The 
radius of the fixed sector is of course large 
enough to allow the movable plates to be 
interleaved with the former. Inasmuch as 
the areas of similar circular sectors are 
proportional to the squares of their radii, 
the area of sector 23 will be twice that of 
sector 22. Upon clockwise rotation of plates' 
21, the capacity of the condenser will in 
crease proportionally to the angle of inter 
leaving of the plates, as usual, for the first 
120°. Upon further rotation, the leading 
edges of the movable plates will emerge 
from between the fixed plates, but at the 
same time the larger sector 23 will now 
begin to enter between the plates of the 
fixed sector. Therefore, although sector 
22 is emerging, yet the active area of the 
condenser is still increasing because the ad 
ditional covered area of sector 23 is just 
twice that of the emerged area of sector 
22, in all positions, whence it follows that 
a further increase of capacity for the sec 
ond 120° proportional to the angle is se 
cured, thus resulting in a useful active 
range of capacity extending over 240°, the 
increase of capacity being at a rate uni 
formly proportional to the angle of rota 
tion. 

It is obvious that if the movable element 
be made as shown in Fig. 3, wherein mov 
able plates 24 comprise sectors 25, 26 and 27 
each of 90 extent and of radii proportional 
to 1, W2, V3 respectively, and the fixed plates 
28 are of 90° extent, a uniform useful active range of 270° is attained. 
In general, as shown in Fig. 4, if the 

novable element M comprises in sectors, 
each of an angular extent of 

360° 
7,-- 1 

and of radii 

l, V2, v3, 2, V5 • wn-1, wn 
respectively, and the fixed sector F is of angular extent 

360° 
n, -- 1 

and radius somewhat greater than Vn, a useful active range of capacity covering 

in -- 1 

is attained, and the greater the value of n, 
the nearer this range approaches to 360°. 
All the forms thus E. described provide 

a uniform change of capacity, proportional 
to the angle of rotation. The radii are 
strictly proportional to the square roots of 
successive integers only in the theoretical 
form where the fixed sector terminates in a 
point at the center of rotation. In practice, 
this is of course impossible, and allowance 
must be made for the radius of the inner 
end of the fixed plates. If this radius be 
r, the exact expression for the radii of the 
movable plates is ,- 

where r is the radius of the nth sector, ro 
the radius of the inner end of the station 
ary sector and 7', is the radius of the first, 
or smallest, sector of the movable plates. 
Should it be desired to provide a capacity 

variation proportional to other than the 
first power of the angle, and yet retain a 
continuous range of capacity exceeding 180° 
in accordance with some given relation, 
such variation may be attained by shaping 
the elements as shown for instance in Fig. 
5. Here the movable element 29 comprises 
three sectors of curves 30, 31 and 32 re 
spectively, presumably non-circular, and 
each shaped as desired to provide the cor 
rect relation between capacity and angle of 
rotation. The form shown in Fig. 5 corre 
sponds to that of Fig. 3 in general struc 
ture and range, viz. 270°. While in some 
cases it is possible to derive the curves by 
means of their polar equations, obtained 
by the methods ofthe calculus, in general it 

X360° 

70 

80 

85 

90 

93 

100 

05 

() 

15 

120 



5 

0 

5 

20 

25 

30 

35 

40 

14 

is preferred to shape them by "trial and er 
ror.' The shape that is, radial extent, of 
the fixed element, 33 is more or less im 
material, except that it should be large 
enough to accommodate the largest portion 
of the movable element 29. A spacing mem 
ber 34 may be provided at the outer ex 
tremity of the movable element, to retain 
the plates in properly spaced relation, in 
the way well known in the art. If desired, 
the plates of the movable element may be 
shaped as shown in Fig. 6. Here the ele 
ment 35 is bounded by a smooth curve 36 
instead of the plurality of arcs of the sec 
tors of Fig. 5 for instance. While it is 
perhaps not possible to obtain as good pro 
portionality of angle of rotation and ca 
pacity with this form, nevertheless it is 
amply satisfactory in many cases and is 
easier to manufacture. 

Fig. 7 illustrates a form wherein the 
movable element 37 is a sector of uniform 
radius whereas the fixed element 38 com 
prises adjacent sectors of different radii, 
thus giving the same electrical results as the form of Fig. 4, though mechanically differ 
ent. 
shown in Fig. 8, wherein the movable ele 
ment 39 is a sector of uniform radius, the 
fixed element comprising a substantially cir 
cular disc 40 with portions cut away at its 
center as shown. The operation of this 
form is obvious and also is electrically iden 
tical with that of Figs. 4, and 7. 
The form shown in Fig. 9 comprises a 

fixed sector 61 of any desired angle, here 
shown as 90°, cooperating with a movable 
sector made up of sectors of varying angle, 
for instance, 64 of 90°, 63 of 180° and 62 
of 270°. The operation of this form is 
similar to that of Fig. 4, the first 90° of 

45 

50 

55 

clockwise rotation putting only plate 62 
into action, the next 90 making no change 
in the active area of 62 but gradually mak 
ing 63 active, the last 90° leaving 62 and 
53 unchanged electrically but gradually 
making 64 active, whereby a uniform varia 
tion of capacity from 0 to 270° is attained. 
Obviously any number of sectors 62, 63 and 
64 may be used and the angle of 61 may be 
more or less than 90° as desired the num 
ber of sizes of the movable plates being of 
course correspondingly varied as well as 
their angular extents. For instance, if plate 
61 were changed to 120°, only two sizes of 
movable plates would be used, of 120° and 
240° respectively, and if plate 61 were 
changed to 60°, five sizes of movable 
plates would be provided, of 60°, 120°, 180°, 

60 

tively. 
240° and 300 respectively. In these types 
the ranges would be 240° and 300 respec 

This form offers the advantage of 
simplicity of manufacture, but is not essen 
tially different in operation from the pre 
viously described forms. 

A still further variation inform is 

1,525,778 

Another form which my invention may 
take is shown in Fig. 10, wherein the mov 
able element 41 is an arc of a cylindrical 

i surface, cooperating with a stationary cylin 
drical element 42 the latter having a variable 
longitudinal extent. It is of course imma 
terial what shape the space curve 43, which 
constitutes one edge of the cylindrical ele 
ment, may take, and its shape in any par 
ticular case depends upon the relation of 
capacity and angle desired. This curve may 
likewise be either “stepped” or “smooth, 
and it is obvious that it is immaterial which 
element is the movable one, 41 or 42. 
As shown in Fig. 13 the movable element 

44 of the condenser comprises a plurality of 
sectors 45, which may be of any of the 
shapes or materials hereinbefore disclosed, 
mounted on a shaft 46, supported rotatably 
and slidably by a bearing 47 near one end 
and supported by the panel 48 near its other 
end. The shaft 46 has a longitudinal slot 
or key-way 49 therein and also has a series 
of annular grooves 50 in the portion adja 
cent the bearing 47. A screw 66 has an 
end 51 projecting into the key-way 49 or 
one of the grooves 50, both being of proper 
width to receive it. The bearing 47 is st 
ported by the back 52 which serves in 
usual manner to support the stationary 
plates or sectors 53 of the condenser, by 
means of the usual posts 54 only one of 
which is shown, which, if the plates 45 be 
of dielectrical material, will be preferably 
made as shown in Fig. 12, but if all the 
lates be metallic will be made in the or 
inary manner. As illustrated, the front of 

the condenser is the panel 48 itself, though 
obviously in a portable condenser unit, front 
and back would be alike in general. A 
sleeve 55 carrying the dial 56 is keyed slid 
ably as at 67 on the shaft 46 and is mounted 
to rotate in the panel 48. A spring washer 
57 held by a nut 58 serves to retain the dial 
56 in proper position against panel 48. The 
movable sectors 45 are keyed to the shaft 
46 by means of the same key-way 49 and 
may be adjusted into the correct position 
and then secured to the shaft in any known 
way. The shaft terminates in a knob 59 
and has a series of graduations 60 adjacent 
said knob. - 
In operation, the condenser will be manip 

ulated just as any other rotary condenser, 
except that its effective angle is between 180° 
and 360° instead of being limited to 180° 
or less as in previously known types. When 
the dial is at its zero position, that is, when 
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the movable sector plates are entirely clear 
of the fixed plates, the slot 49 is in register 
with the lug 51, and in this position it is 
possible to adjust the shaft 46 longitudi 
nally to bring any one of the grooves 50 in 
alinement with the lug 51. These grooves 
are spaced the same distance apart as the 

25 

30 
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sectors, so that whenever a groove is in 
alinement with the lug 51, the sectors are 
automatically alined with the spaces be 
tween the fixed plates, and may then be 
rotated by knob 59 to vary the capacity in 
the usual way. In this manner the range 
of capacity may be varied, and as many 
sectors as desired may be put in service; 
the said number being indicated by the scale 
60 and the forward edge of sleeve 55 co- - 
operating therewith. The dial 56, will al 
ways indicate the angular position of the 
movable sector, in the usual manner. 

Fig. 15 shows electrical means for alter 
ing the range of capacity. The fixed sectors 
58 are insulated from one another as by 
washers 69, and are connected by conduc 
tors 70 to contacts1. A fan switch having 
a blade 72 and a knob 73, cooperates with 
these contacts to put as many as desired in 
parallel. The movable sector 44 is mounted 
on the usual shaft 46 and comprises plates 

45 

50 

50 

45. This construction may be substituted 
for the corresponding portions of Fig. 13 
if desired. 
The subject matter just described, and 

illustrated by. Figs. 13, 14 and 15 is claimed 
in my divisional application, Serial No. 
745,769, filed October 25, 1924. 

It is obvious that while I have described 
a condenser having several unique features, 
it is not necessary that all said features be 
E. and my invention is not to be imited except as specified in the following 
claims: 

1. A rotary variable condenser having two 
elements of unequal angular extent, one 
greater than 180° the other less. 

2. A rotary variable condenser having 
two elements of unequal angular extent, 
one greater than 180°, the other less than 
180° the sum of the two being approxi 
mately 360°. 

3. A rotary variable condenser having 
two elements of unequal angular extent 
one having an angle greater than the other, 
and greater than 180, said element com prising sectors of radii corresponding sub 
stantially to the square roots of successive 
natural integers, 

4. A rotary variable condenser whose 
fixed and movable elements are of unequal 
angular extent, one greater than 180°, the 
other less. 

5. A rotary variable condenser whose 
fixed and movable elements are of unequal 
angular extent, one greater than 180°, the 
other less than 180°, the sum of the two 
extents being approximately 360°. 

6. A rotary variable condenser having 
two elements one of which is movable with 
respect to the other, one of said elements 
being of variable radial extent and exceed 
ing 180° in angular extent, the other ele 

ment being of an angular extent less than Os 
180° and so placed and shaped that a rela 
tive rotation exceeding 180° is required, 
in one direction, to vary the capacity from 
minimum to maximum value. 

7. A rotary variable condenser havi 
two elements one of which is movable wit 
respect to the other, the said elements be 
ing non-symmetrically disposed with re 
spect to the axis of rotation, whereby a con 
tinuous range of capacity variation exceed 
ing 180° between minimum and maximum 
is attained. 

8. A rotary variable condenser havin 
two elements one of which is movable wit 
respect to the other, the angular extent of 
one element being substantially greater than 
180 and also substantially greater than that 
of the other, whereby the element of greater 
angular extent is not in any relative posi 
tion entirely covered by the other element. 

9. A rotary variable condenser having 
two relatively movable elements, one of 
get angular extent than the other where 
ya variation of capacity is attained by 

difference in area of the respective enter 
ing and emerging ends of the element of 
greater angular extent with respect to the 
other element. 

10. A rotary variable condenser havin 
one element of varying radial extent an 
a cooperating element of smaller angular 
extent than the former, whereby a range 
of capacity change is attained by relative 
rotation of the second element within the 
angular extent of the first, 

11. A rotary variable condenser compris 
ing two cooperating members, namely, a 
rotor and a stator, one of said members in 
cluding a portion mechanically distinct 
from the remainder of said member and 105 
cooperating with the other member to pro 
vide a variable capacity, whose maximum 
value is smaller than the maximum ca 
pacity due to the above named remainder 
of said member, said portion being so posi- 110 
tioned with respect to the said, remainder 
of the member including it, and also with respect to the cooperating portion of the 
other member, that the first named portion 
and the remainder do not simultaneously ll 5 
produce their respective maxima of ca 
pacity at any position of the rotor with 
respect to the stator, said first-named por 
tion being further so designed that during 
a certain part of the rotation of the rotor 120 the capacity due to the portion decreases 
while that due to the remainder simultane 
ously increases, at a greater rate, whereby 
a differential rate of increase of capacity 
of the condenser as a whole is obtained. 
In testimony whereof I affix my signature. 

CARL A. HELLMANN. 
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