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My invention relates to rotary variable 
condensers. An object of my invention is 
to provide rotary variable condensers where 
in a useful range of capacity variation ex 

5 ceeding 180° is obtained. A further object 
is to provide condensers of the rotary varia 
ble type wherein a useful range of capacity 
variation exceeding the angular extent of 
any of the condenser members is obtained. 

10 In a prior application, Serial No. 553,754, 
filed April 17, 1922, which has matured into 
Patent Number 1,525,778, dated February 10, 
1925, of which this case is a continuation in 
part, I have disclosed and claimed an inven 

15 tion in condensers which accomplishes this 
same object, but the condensers of said pat 
ent are differentiated from those herein dis 
closed and claimed in that in the former case, 
the condensers comprised some elements ex 

20 ceeding 180° in angular extent whereas in 
the present, case, none of the plates needs ex 
ceed 180°. A further point of difference be 
tween the two cases is that while in the prior 
case, in general, one of the condenser mem 

25 bers, i.e. rotor or stator, comprises no ele 
ment of an approximate 180° extent, in the 
present case a preferred form has some such 
180° elements on both rotor and stator. In 
the prior case, elements which are "mirror 

30 images” are disclosed and discussed but not 
illustrated. The present case is concerned 
with a continuation and further development 
of said types of condensers. Further objects 
and advantages of the present invention will 

35 be apparent from the following description 
and accompanying drawings wherein I dis 
close several embodiments of the invention. 
In said drawings:- - 

Fig. 1 is a diagram in perspective, illus 
trating one form of condenser embodying the 
invention; 

Fig. 2 is a front elevation of said con 
denser; - 

Fig. 3 is a front elevation of a slightly 
modified condenser; 

Figs. 4 and 5 are front elevations of other 
condensers embodying the invention; and . 

Figs. 6, 7 and 8 illustrate a further modi 
fication, showing the same in three different 

50 positions. 

40 

45 

B has become active, 

Referring specifically to Figs. 1 and 2, the 
condenser comprises a pair of individual va 
riable condensers of well known types, one, 
A of 180° angle the other B of 90° angle. 
The rotors of these two condensers comprise 55 
the elements 1 and 2 respectively, which are 
all mounted on a single shaft 3. It will be 
noted that there are three 180° elements and 
six 90 elements, and that these groups are 
separated by a relatively large distance. 60 
The reason for said spacing is that thereby 
the stray capacity between either rotor and 
the stator of the other condenser is mini 
mized. Each rotor has a corresponding sta 
tor, namely, the four plates 4 of 180° extent 65 
and the seven plates 5 of 90° extent. These 
stator plates are all supported by the three 
rods 6 as shown. The rotor shaft 3 is sup ported in any preferred way known in the 
art, said support being no part of the pres- 70 
ent invention. While I have shown, by way 
of illustration, three and six movable plates. 
respectively in the two condensers A and B, 
it is obvious that these are arbitrary num 
bers, and the actual number and size of plates 75 
may be varied at will. It is important only 
that the capacities of condensers A and B be 
substantially equal, and that they be prefer 
ably of 180° and 90° extent respectively, and 
arranged as shown relatively to one another. 80 

In operation, assume that the shaft 3 is 
rotated in a clockwise direction. For the first 
180 of such movement, only condenser A is 
active, and its capacity varies from minimum 
to maximum in the usual way. Further ro- 85 
tation of this condenser causes the leading 
edge of the rotor to emerge from between the 
stator plates, but at the same time condenser 

and increases its ca 
pacity just twice as fast as the capacity of A 90 
is decreasing, the net result being that the 
capacity of the two condensers in parallel is 
still increasing uniformly with the angle of 
rotation and will continue to increase until 
the rotor and stator of B are completely in- 98 
terleaved. This requires a movement of 270° 
from the position illustrated in Fig. 1, thus 
providing a condenser having a 270° range, 
that is, an effective useful range of capacity 
variation in one direction, of 270°. The ex- 100 
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pression “useful range of capacity variation 
in one direction' as used in the present speci 
fication and claims, means a range of varia 
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tion extending from a minimum of capacity 
to a maximum thereof, or vice versa. The 
conventional type of condenser wherein 
stator and rotor are each of 180° extent has 
a range of 180° because the capacity will 
change in one direction or the other, from 
minimum to maximum in 180° whereas my 
condenser above described has a range of 270° 
in one direction and 90° in the other, that is, 
if the shaft. 3 is rotated clockwise from the 
position of Fig. 1, it has a range of 270, 
whereas if rotated counterclockwise the 
range is only 90°. If a rate of variation other 
than a uniform increase of capacity with the 
angle is desired, it may be readily obtained 
by using non-circular plates in the condens 
ers A and B, appropriately shaped by calcu 
lation or by experiment. The term “mirror 
images' is used in this case to include a type 
of symmetry wherein the two elements, i. e. 
rotor and stator, while their electrically ac 
tive portions are substantially duplicates of 
one another, are so placed that it is impos 
sible to simultaneously cause all the rotor 
plates to interleave fully with the corre 
sponding stator plates. For example, in Fig. 
1, the plates 1 and 2 are symmetrically dis 
posed as mirror images of plates 4 and 5 re 
spectively, about the plane passing between 
rotor and stator, in such fashion that when 
the rotor and stator of condenser A are fully 
coincident, those of condenser B are not, and 
vice versa. 
The condenser of Figs. 1 and 2 lends itself 

readily to balancing, that is, gravitational 
balancing, because of the fact that there are 
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available virtually two rotors, those of A and 
B, of approximately the same weight. If 
these be disposed with their centers of gravity 
on diametrically opposite sides of the shaft 
3, the balancing results. It is of course neces 
sary to shift the relative positions of the 
stators correspondingly, as shown in Fig. 3. 
Thus balanced, the condenser is still of the 
mirror image type above defined. . 

Fig. 4 illustrates a different shape of plates 
that may be employed. The rotor plates 
and stator plates 8 mounted on shaft 3 and 
rods 6 respectively, here take the places of the 
double sets of plates of Figs. 1, 2 and 3, by 
virtue of the fact that each plate 7 or 8 com 
prises two sectors of different radius. For 
instance plate 7 is shown as having a quad 
rant of radius unity, and another quadrant 
or radius V3, and plate 8 is the exact mirror 
image of plate 7 (neglecting the lugs and 
centre which of course do not enter into ac 
itive service as capacity elements). Inasmuch 
as the areas of sectors of equal angle vary, as 
the squares of their respective radii, it fol 
lows that each large quadrant is 3 times the 
area of the smaller quadrant integral there 
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with. Upon clockwise rotation of rotor 7, it 
will be seen that for the first 180°, the capaci 
ty will increase in the ordinary way of the 
conventional straight line capacity type of 
condenser. Thereupon the leading edge of 
rotor 7 will emerge from the trailing edge of 
stator 8 and simultaneously the leading edges 
of the larger sectors of the rotor and stator 
will begin to overlap. With the relative di 
mensions given, the net result is that during 
the range 180° to 270° the capacity continues 
to increase uniformly at the same rate as in 
the first 180°, thus providing a condenser of 
270° range. - 
The same action may be carried further by 

providing plates shaped as shown in Fig. 5, 
wherein each plate 9 or 10 comprises a quad 
rant of radius unity, and two 45° sectors of 
radius V3 and V respectively. By this con 
struction, a useful angle of 315° may be ob 
tained. 
the plates become somewhat elongated and 
therefore less rigid, and it is questionable 
whether it is desirable to provide a still closer 
approximation to 360°, although such range 
is theoretically feasible by a continued in 
crease in the number of sectors, each new sec 
tor being of half the angle of its predecessor, 
but of correspondingly increased radius. 
Another type of mirror image plates is 

shown in Figs. 6, 7 and 8, these figures illus 
trating the rotor in three different positions. 
Here the rotor 11 is mounted on shaft 3, and 
the stator 12 on the rods 6, as in all the other 
types. The active parts of rotor 11 and 
stator 12 are of the same shape, but reversed 
thus constituting mirror images of one an 
other as shown and instead of the circular 
outlines and sudden variations of radius of 
the other figures, these plates are bounded 
by curves which are eccentric with respect 
to the center of the shaft 3, and which are 
presumably not circular arcs. In the position 
shown in Fig. 6, the capacity is a minimum. 
Upon clockwise rotation through 180° to 
the position shown in Fig. 7, the capacity has 
increased to a value corresponding to the 
overlapped portion (shown cross-hatched.) 
Upon continued rotation, the maximum ca 
pacity is finally reached as shown by the 
cross-hatched portion of Figure 8. 
In all the various types, the shapes of the 

plates may be varied to colrespond to the 
particular relation desired between angle and 
capacity. While the mirror-image type of 
symmetry is probably the most desirable 
form, it is by no means essential, and some 

It will be observed, however, that 
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ef the advantages of this invention may be 
obtained without strict adherence to the pre 
ferred form of plates. In the description of 
Figs. 4 and 5, the square roots of 3 and 7 
are mentioned. These values are of course 
approximate only, due to the effect of the in 
active central portions of the plates, and this 
matter is fully discussed in my prior case 
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hereinbefore referred to, hence need not be 
repeated here. It will be understood of 
course that the invention is not limited to 
condensers of any specific law of variation, 
and while the “straight line capacity' type 
has been mentioned, this is done merely for 
relative ease of mathematical discussion and 
clearness, and any desired relation of ca 
pacity and angle may be obtained by cal 
culation-or trial-methods, for instance 
“straight line wave length”, “straight line 
frequency' or “uniform percentage change 
with angle', or in fact any of the functions 
which may be deemed desirable, such rela 
tions forming no part of the present inven 
tion. 
A peculiar feature of condensers made in 

accordance with this invention is that, where 
as in the usual well known 180° condensers 
of the prior art, it is immaterial in which 
direction the rotor is turned, that is, clock 
wise or counter-clockwise, inasmuch as a 180° 
range from minimum to maximum is ob 
tained in either case, this is not true with 

5 condensers constructed in accordance with 
the present invention. If the rotor of any 
of the condensers shown on the drawing be 
turned clockwise, starting from the minimum 
capacity positions illustrated, the capacity 
will increase progressively, for a range ex 
ceeding 180°, to a maximum. If the rotation 
be continued further in the same direction 
the capacity will again decrease, but it will 
reach its minimum in this case With a rota 
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tion less than 180°, for instance.90 in the 
form shown in Figs. 1 to 4, or 45° in the Fig. 
5 form. This may be referred to as the “ab 
normal' operation of the condenser, as dis 
tinguished from the “normal” operation, 
which comprises the gradual change of ca 
pacity having the range exceeding 180°. Al 
though the normal operation is the most use 
ful in general, the abnormal operation is also 
valuable, either for making a rapid transl 
tion from the maximum to the minimum 
capacities or vice versa, or for rapidly pass 
ing through all the possible capacity values 
to assist in rapidly exploring a Wave length 
range; which is subsequently traversed more 
slowly and delicately in the normal opera 
tion. 
Having disclosed my invention and de 

scribed some of the forms in which it may 
be embodied, I claim :- 

1. A rotary variable condenser having ele 
ments on its rotor and stator which com 
prise cooperating effective capacity produc 
ing areas disposed symmetrically about a 
straight line intersecting the axis of rotation 
but which are not symmetrically disposed 
with respect to the axis of rotation of the 
rotor. 

2. A rotary variable condenser.having all 
its elements not materially exceeding 180 in 
angular, extent, and shaped to provide an ef 

fective useful range of capacity variation 
substantially exceeding 180° from minimum 
to maximum. 

3. A rotary variable condenser having ro 
tor and stator elements of approximately 
180° angular extent and having said elements 
shaped to provide an effective useful range of 
capacity variation of at least 270° from mini 
mum to maximum. 

4. A rotary variable condenser having ro 
tor and stator elements of approximately 
180° angular extent and having said ele 
ments shaped to provide an effective useful 
range of capacity variation exceeding 270° 
from minimum to maximum. 

5. A rotary variable condenser having ro 
tor and stator elements each of substantially 
180° angular extent, the active area of each 
element being distributed unequally in suc 
cessive quadrants, the area in the one quad 
rant being to that of the other at least in the 
ratio of 3 to 1, and the said elements being 
so disposed that the lesser quadrants thereof 
are adjacent each other in the minimum ca 
pacity position of the condenser. 

6. A rotary variable condenser having ele 
ments of substantially 180° angular extent, 
the active area of each element being dis 
tributed unequally in successive quadrants, 
the area in the one quadrant being to that 
of the other at least in the ratio of 3 to 1, said 
elements being so disposed that the quad 
rants of smaller area are the first to become 
interleaved in normal operation of the con 
denser. 

7. A rotary variable condenser having a 
cooperating pair of elements, each of sub 
stantially 180° angular extent and a cooper 
ating pair of elements each of substantially 
90° angular extent. 

8. A rotary variable condenser having ele 
ments on its rotor and stator comprising ef 
fective capacity producing areas which are 
duplicates each of the corresponding area of 
the other element, but disposed in inverted 
relation to one another so as to constitute 
mirror images of one another, the axis of ro 
tation of the rotor elements being disposed 
eccentrically with respect to the said effective 
capacity producing area of the condenser ele 
ments. 

9. A rotary variable condenser having a 
continuous range of capacity variation from 
minimum to maximum exceeding the angu 
lar extent of any of the capacity producing 
elements of said condenser. w 

10. A rotary variable condenser having a 
shaft, a plurality of separate but electrically 
connected rotors rigidly mounted on said 
shaft, said rotors being spaced apart a dis 
tance greater than the spacings of the indi 
vidual rotor plates, a like number of elec 
trically connected stators and means sup 
porting Said stators in properly spaced rela 
tion to cooperate with the rotors, whereby 
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two condenser units are formed, said units 
being of different maximum capacity and 
having their respective maxima of capacity 
attained at different angular positions in the 
rotation of the shaft. 

11. A rotary variable condenser having 
two elements relatively movable about an 
axis and each comprising a similar effective 
capacity producing area, said areas being ar 
ranged non-uniformly in angle with respect 
to the axis and the two elements being so dis 
posed that they interleave in the same order 
as their corresponding magnitudes of area. 

12. A rotary variable condenser having 
two elements relatively movable about an 
axis, each element comprising an effective ca 
pacity producing area of variable magnitude 
angularly with respect to said axis, said ele 
ments being so disposed that in the course of 
varying the capacity of the condenser from 
minimum to maximum the portions of least 
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effective area are the first to become inter 
leaved and thereafter other portions of suc 
cessively greater areas become interleaved. 
In testimony whereof I affix my signature, 

CARL A. HELLMANN. 


