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UNITED STATES 

1,753,193 

PATENT OFFICE 
MORRIS H. BENNETT, OF WATERBURY, CONNECTICUT, ASSIGNOR. Toscow ILL MANU 

FACTURING COMPANY, OF WATERBURY, CONNECTICUT, A coRPoRATION of con 
NECTICU 

CONDENSER 
Application filed October 23, 1926. Serial No. 143,573, 

The present invention relates to improve. 
ments in variable condensers and particular 
ly to condensers suitable for use in radio re 
ceiving sets. 

5. It has been common in the art heretofore 
to provide variable condensers in which the 
plates were so formed that the changes of 
capacity in the circuit tuned by such a con 
denser, considered in relation to the move 

10 ments which produced the changes, would take 
place according to some given mathematical 
law, as for example, the law of direct propor 
tion or so-called straight line capacity law; 
the logarithmic or so-called straight line fre 

15 quency law, and the “square' or so-called 
straight line wave length law. Owing to the 
fact that by international agreement and the 
regulations of the government, a certain 
range of frequencies has been allotted to 

20 broadcasting stations in the United States, 
so that, barring some duplications, the re 
spective stations transmit at different fre 
quencies varying from each other by 10 (ten) 
kilocycles, there has recently been a general 

25 adoption of the logarithmic law for such va 
riable condensers because when included in 
the usual receiving circuits where the appar 
ent inductance increases with increase of fre 
quency, such condensers distribute the sta 
tions of the United States substantially uni 
formly over the dial which is turned to move 
the variable member of the condenser. 
A variable candenser of this so-called 

straight line frequency type has a number of 
disadvantages. For example, the movable 
plates have a very short radius at what may 
be called the minimum setting and a relative 
ly long radius at the maximum setting 
which is about 180° from the minimum set 
ting. Therefore, the weight of the set of 
movable plates is greatly unbalanced, with 
the result that the rotor spindle is stressed 
laterally in its bearings. Furthermore, when 
such a condenser is mounted with the plates 
vertical there is a tendency for the movable 
plates to drop down to a position where the 
greatest radii of the plates extend vertically 
downward from the axis of rotation. This 
tendency is overcome by considerably increas 
ing the friction of the spindle and bearings, 
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so that the unbalanced weight of the movable 
lates will not be sufficient to overcome the 
riction, but the result is that the plates are 
more difficult to adjust and do not move 
smoothly from one position to another. Fur 
thermore, condensers of this types occupy 
more space in the receiving apparatus, be 
cause it is necessary to provide more space for 
the plates to rotate in. 
Applicant has discovered that for the or 

dinary receiving set which is to remain at 
any given locality the so-called straight line 
frequency variable condenser is based on an 
erroneous assumption. A receiving set of the 
usual type located at any given place will not 
receive from all the broadcasting stations in 
the United States. It may be sensitive 
enough to receiye from the most distant high 
powdered stations, but it will not receive 
from distant low powered stations. There fore, in such a receiving apparatus, with such 
a condenser, the stations which can be effec 
tively received are not distributed uniforml 
over the dial of the condenser, there being re 
atively large intervals on the dial where no 
stations are received. These intervals of non 
reception differ of course, according to the 
locality in which the receiving set is placed, 
but generally do not fall in that part of the 
dial where the capacity of the condenser is 
high and the received frequency low because the high power transmitting stations, which 
are generally expected to be received at all 
localities by a satisfactory receiving set, work 
at the lower range of frequencies where the 
receiving set is using the larger capacities of 
the condenser. 

I have found that a variable condenser can 
be made, which is satisfactory for receiving 
sets to be located anywhere in the United 
States and which will overcome the chief disadvantages of the so-called straight line 
frequency variable condensers while at the 
same time giving a better distribution on the 
dial of stations actually received. A con 
denser made according to my invention does 
not have plates formed to give capacity 
changes following one mathematical law 
throughout the working range, but the plates 
are so formed that the capacity changes will 
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follow different mathematical laws over dif 
ferent angular sections of the plate. In car 
rying the invention into practice, Imake each 
movable plate of such form that from the 
point of minimum capacity toward the point 
of maximum capacity, there is a zone in which 
the changes of capacity will be such that in 
operation in the receiver, the uniform grad 
uations of the dial which operates the con 
denser will indicate uniform decreases of 
kilocycles, and that from the point of maxi 
mum capacity backward toward the point 
of minimum capacity there is a zone in which 
the changes of capacity are such that in op 
eration in the receiver, the dial graduations 
will indicate either wave lengths or will be 
proportional to the capacity of the condenser. 
In other words, a variable condenser em 

bodying my invention is so constructed that 
when included in the receiver circuit it will 
be a straight line frequency condenser at 
that end where the capacities are small and 
either a straight line capacity condenser or a 
straight line wave length condenser at the 
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opposite end where the capacities are large. 
These two zones may constitute the whole 
range of the condenser, but in practice it 
generally occurs that there is a short angu 
lar zone intermediate the said two zones 
which is determined empirically to blend the 
two zones, that is, to give a gradual change 
of capacity such that there will be no sudden 
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change from one law of change to the other. 
Over this small zone, the change of ca 

pacity will not differ much from what it 
would be if the plates at this part were formed 
to follow either of the two laws of change 
embodied in the two end zones. It has been 
found in practice, that for a rotary plate in 
tended to turn through 180° of arc, the in 
termediate or blending Zone should not sub 
stantially exceed 18° of arc. In many cases. 
it may be much less, this depending upon the 
kind of receiver circuit with which the con 
denser is to work. In some cases the inter 
mediate blending zone may be omitted, as, 
for example, where the curvatures of the two 
zones meet each other at a point of substan 
tially common tangency. 
The accompanying drawings illustrate 

some examples of plates for variable con 
densers made in accordance with this in 
vention. . 
In the drawings 
Figure 1 illustrates a single rotor plate of 

the type to be used with a receiver circuit hav 
ing relatively low distributive capacity; 

Figure 2 is a view similar to Fig. i. of a 
plate to be used in a condenser working with 
a receiver having a pair of circuits in which 
the distributive capacities are practically 
balanced; 

Figure 3 is a view similar to Fig. 1 of a 
plate to be used in a condenser working in a 
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receiver circuit having a relatively high dis 
tributive capacity; 

Figures 4, 5 and 6 are views illustrating 
stator plates suitable for use with the rotor 
plates of Figs. 1, 2 and 3 respectively; 

Figure 7 is a diagram showing the char 
acteristic curve of a 15 plate condenser em 
bodying the invention. 
The plate shown in Fig. 1 is particularly 

suitable for a tuned radio frequency receiv 
ing set having a transformer with a relatively 
low number of turns and having its oscil 
lations controlled by a potentiometer whereby 
a resistance may be introduced into the cir 
cuit. In such a circuit the distributive ca 
pacity is relatively low and the variable con 
denser plates are dimensioned to give the de 
sired result. Each plate is so formed that 
when used in a circuit of low distributive ca 
pacity, such, for example as the circuit above 
described, uniform differences of movement 
of the dial, from the minimum capacity of 
the condenser through an angle of 90° will 
give uniform changes of frequency in the cir 
cuit containing the condenser. In other 
words, the first 90° of the condenser follows 
the mathematical law of straight line fre 
Quency. 
The last 72 of the condenser plate, that 

is the ZOne which terminates at the maximum 
capacity of the plate and which in this ex 
ample extends from 108° to 180°, is made 
with a curve of uniform radius. Over this 
Zone the condenser follows a straight line 
capacity law. When the condenser is being 
used in this Zone, the stations are not dis 
tributed exactly uniformly according to their 
frequencies, but the stations will be spread 
apart on the operating dial. The difference, 
however, is not great enough to be disadvan 
tageous. 
In the intermediate zone of the condenser; 

that is between 90° and 108° the formation 
of the plates is such as to give a gradual 
change of capacity from the largest radius 
of the Zone which follows the straight line 
frequency law to the uniform radius of the 
zone which follows the straight line capacity 
law. The curve of the margin of the plate 
over this intermediate zone may be deter 
mined empirically, but it will be found that 
if the radius through the center of this zone 
be taken as somewhat greater than the arith 
metical means of the two radii bounding this 
Zone, the results will be satisfactory. in the 
example shown in Fig. 1, the central radius 
through this intermediate zone is 1.270 inches, 
while the bounding radii are 1.232 and 1.300 
inches, respectively. The arithmetical mean 
would be 1.266. In the example shown the 
value 1.270 is taken instead of the arith 
metical mean, this being an increase of about 
4% over the latter. 
The rotor plate shown in Fig. 2 is par. 

ticularly suitable for use in Radio receiving 
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circuits in which the distributive capacities having that portion laid out by the straight 
are practically balanced. One form of re ceiving apparatus embodying this principle 
is known on the market as an Isofarad re ceiver. A circuit system of this general type 
requires some changes of the shape of the 
entrance part of the plate in order to get 
straight line frequency from about 0 to 108° 
of angular movement. w 
As will be seen from the dimensions in Fig 

2, the radius at the entrance portion of the 
rotor is somewhat smaller absolutely than 
with the plates shown in Fig. 1, while at the 
same time the succeeding radii increase in 
value more rapidly than with said plate in 
Fig. 1. The first 108° of a plate having this 
ratio of dimensions, gives straight line fre 
quency when used with circuits having no 
material distributive capacity, as in the cir 
cuits of the said Isofarad receiver, where 
the distributive capacities are balanced, or 
practically so. The last 63 of the plate, that 
is, the portion having the larger radius may 
be made of constant radius, as indicated in the drawing, Fig. 2, thereby giving straight 
line capacity at this part. There is an in 
termediate interval of the plate between the 
first 108° and the last 63 which is curved 
empirically to blend with the straight line 
frequency curve and with the straight line 
capacity curve. This blended portion com 
prises 9° and the plate is so shaped at its 
edge that the capacity changes gradually. 
This blended portion may be determined in 
the same manner as the blended portion de 
scribed in connection with the plate in Fig. 
1. In Fig. 3 is illustrated a plate for a con 
denser to be used with a circuit having rela 
tively high distributive capacity so as to 
give straight line frequency characteristics 
through an angle of about 108° measured 
from the smallest radius of the plate. The 
last part of the dial has a constant radius 
as indicated in Fig. 3 over the last 54. 
However, owing to the arrangement of the 
intermediate part of the plate (amounting to 
about 18°) between the first 108 of the plate 
and the last 54°, the resulting action of the 
plate as it is turned into the stator is to give 
a close approximation to a straightline wave 
length characteristic from the angle of 108° 
to the angle of 180°. The intermediate por 
tion which serves to blend the straight line 
frequency portion of the plate with the last 

late is so dimensioned that 
the intermediate radius is about equal to the 
arithmetical mean of the two radii which 
bound this blending zone. Hence in prac 
tice, it has been found, with a condenser have ing plates designed as shown in said Fig. 8 
and used in a circuit having relatively high 
distributive capacity, that the last 72 of the plate gives such an approach to'straight line 
wave length characteristics that it may be considered as entirely equivalent to a plate 

3. 

line wave length formula. 
Figs. 4, 5 and 6 show the forms of the re 

spective stator plates employed in condensers 
using the plates of Figs. 1, 2 and 3, respec 
tively. The purpose of making the stator 
plates in the forms shown in these Figs. 4, 
5 and 6 instead of substantially semi-circu 
lar, as is usually done, is to reduce the amount 
of material employed and at the same time. 
to make the condenser more compact. 

Fig. 7 is a diagram showing the relation 
ship of capacities to dial readings, the curve 
being the characteristic curve of a condenser 
having rotor plates such as shown in Fig.1. 
where the first 108° of the curve has a straight 
line frequency characteristic, and the last 

80 

72° of the curve has substantially a straight 
line capacity characteristic. 

It will be understood that the rotor plates 
are mounted on a revoluble spindle in the 
way customary in variable condensers now 
in general use, and that any number of plates 
may be used according to the desired maxi 
mum and minimum of the condenser. 

It will be understood, of course, that the 
measurements of radii stated in the drawings 
are merely given as examples of specific con 
densers. The invention is not limited to these 
specific radii. 
What I claim is: 
1. A variable electrical condenser having 

stator plates and rotor plates arranged to 
cooperate with the stator plates, said rotor plates each having its peripheral edge 
formed to a compound curve such as to give 
the condenser substantially a straight line 
frequency characteristic over one part of the 
angular movement of the rotor where the 
capacities are small and to give said con 
denser a characteristic according to Some 
other law over another part of its angular 
movement, where the capacities are large, 
said compound curve forming a plate area 
substantially equal to the area formed by the 
equivalent straight line frequency curve for 
the angular and the capacity ranges of the 
condenser. 

2. A variable electrical condenser having 
stator plates and rotor plates arranged to co 
operate with the stator plates, said rotor 
plates each having-its periphery formed to 
a compound curve such as to give the con 
denser substantially a straight line frequency 
characteristic over that portion of the plate 
where the capacities are small and to give the 
condenser, a straight line capacity character 
istic over that part of its angular movement 
where the introduced part of the rotor plate 
has the relatively large capacities, said com 
pound curve forming a plate area substan 
tially equal to the area formed by the equiva 
lent straight line frequency curve for the 
Eger and the capacity ranges of the con 
8Se. 
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3. A variable electric condenser having 
stator plates and rotor plates arranged to 
cooperate with the stator plates, each of said 
rotor plates having its peripheral edge 
formed to a compound curve such as to give 
to the condenser, when in an appropriate cir 
cuit of a raido receiver, a straight line fre 
quency characteristic over that portion of 
the movement of the condenser where its 

10 capacities are relatively small and a char 
acteristic following some law other than 
straight line frequency over that portion of 
the movement of the condenser where its 
capacities are relatively large, said com 

15 pound curve forming a plate area substan 
tially equal to the area formed by the equiva 
lent straight line frequency curve for the 
angular and the capacity ranges of the con 
denser. S 

20 4. A variable electrical condenser having 
stator plates and rotor plates movable rela 
tive to each other to vary the capacity of the 
condenser according to variation of the area 
of the overlapping portions of the respec 

25 tive rotor and stator plates while maintain 
ing substantially uniform dielectric dis 
tances of the plates, said plates having a com 
pound curve such that the relation of the 
change of capacity to relative movement of 

30 the rotor and stator plates will, when the con 
denser is included in a radio circuit, give sub 
stantially a straight line frequency char 
acteristic over at least half of the relative 
movement and where the capacities are rela 

35 tively small, and substantially a straight line 
capacity characteristic over substantially all 
of the remaining movement of the condenser where the capacities are relatively large, said 
compound curve forming a plate area sub 

49 stantially equal to the area formed by the 
equivalent straight line frequency curve for 
the angular and the capacity ranges of the 
condenser. 
In testimony whereof, I have hereunto set 

4.5 my hand. 
MORRIS H. BENNETT 


