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This invention relates to an electrostatic in-
duction generator characterized by the capacity
to induce an alternating current which is essen-
tially independent of output voltage with the re-
sult that the generator is a constant current
source. The generator of thig invention has par-
ticular utility in generating alternating currents
of selected, bredetermined wave shapes.

It has long been known that a voltage may be
induced in an electric circuit by changing the
magnetic flux linkage of that circuit with re-
spect to time. Electromagnetic generators op-
erate on this prineiple. The generator of this
invention operates on an entirely different prin-
ciple. This principle is that an electric eurrent
may be induced by changing the electric flux
terminating on a conducting surface with respect
to time. Such a generator is basically a current
inducing device in contrast to the voltage induc-
ing device of the electromagnetic type. My al-
ternating current generator is then essentially
a constant current source, that is, the output
current is independent of the external load or
cutput voltage.

Also, the generator of this invention difers
considerably from bresent electrostatic genera-
tors both in principle of operation and purpose.
The classical electrostatic generators of the
Toepler-Holtz and Wimshurst type are designed
%o produce high voltages by means of accumulat-
ing large static charges, whereas the current
inducing device described herein broduces an
alternating current having a predetermined wave
shape. )

A number of devices are known which will
broduce electric currents with particular wave
shapes, but all are somewhat limited in their
application. Perhaps the most versatile device
available at present is the Photoformer. How~
ever, it is relatively complex, involving a eathode-
ray-tube and extensive electronic circuits, and
is also quite expensive. The generator of this
invention provides g, simple and direct means of
broducing currents with unusual wave form.

It is then an object of this invention to pro-
vide an electrostatic generator for directly in-
ducing an alternating current. Another object
of this invention is to provide an alternating
current generator in which the output current is
essentially independent of output voltage over
8 wide range of load impedance, Still another
object is to provide an alternating current gen-
erator in which the output current may be ac-
curately predicted. An additional object of thig
invention is to provide g generator in which an
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output current of selected, predetermined wave
shape may be produeed. Still another object is
to produce an alternating current of bredeter-
mined wave shape in which the positive and
negative portions of the output current may be
selectively made symmetrical or unsymmetrical
during each cycle as desired. Yet another object
is to provide a generator that is simple in de-
slgn and construction to produce unusual wave
shapes accurately, and which has wide flexibility
in wave shape production. Additiona]l specific
objects and advantages will appear as this speci-
fication proceeds.

The generator of my invention constitutes gen-
erally at least two electrically separate con-
ductive surfaces, and a member-having a con-
ductive surface supported to permit relative
Imovement between the member and the sepa-
rate surfaces so that the conductive surface of
the member is alternately positioned in spaced-
apart, facing relation with each of the separate
conductive surfaces. Means are provided to
charge at least g portion of the surface of the
member to a potential with respect to the sur-
faces with the result that electric lines of flux
from the member terminate on the other sur-
faces.

The relative movement between the member
and the surfaces changes the electric flux ter-
minating on the surfaces and an alternating cur-
rent is thereby induced that is essentially inde-
pendent of the output voltage.

If the conduetive surface of the member is
divided into two electrical separate segments
along a line defineq by
wave shape that is g periodie funetion of time

arate surfaces and the area outside of the curve,
the wave shape of the output current will be a
reproduction of thig funection.

My invention can best be understood by refer-
ring to a single embodiment illustrated by the
accompanying drawing in which—

Fig. 11is an exploded perspective view showing
the stator ang rotor assemblies and their sup-
porting structure; Fig, 2, g cross-sectional side
view of the generator in position for rotation;
i the stator

cal output current; Fig, 4'is g, rolled out view of
the stator and rotor plates with the wave shape
to be produced sketched on the rotor; Fig. 5 is
a wiring diagram of the equivalent cireuit for
the generator; Fig. 6 is g view showing the wave
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shape of the generator output current produced
by the wave form sketehed on the rotor in Fig.
4; Pig. T is a view showing a modification of the
stator plates shown in Pig. 3 for producing an
unsymmetric output current; Tig. 8 is & rolled
out view of the stator and rotor plates shown in
Fig. 7 with a wave shape sketched on the rotor;
and Fig. 9 is a view showing the output current
wave form produced by the wave shape sketched
on the rotor in Fig. 8.

Fig. 1 shows a stator assembly A, a rotor as-
sembly B, holders or supports C for position-
ing and supporting the stator and rotor assem-
blies, and a base D to which the holders are sé-
cured. The stator A has two conducting surfaces
or plates 18 and {{. ‘The output current is taken
from the terminals {2 and 13 which are electri-
cally connected to the plates 10 and |1 respec-
tively. In the embpodiment of my invention illus-
trated the plates 10 and 11 are produced by paint-
ing the inner surface of a dielectric tube 14 with
g metallic paint. Any insulating or dielectric ma~
terial may be used to form the tubing {4. The
plates 18 and i are electrically separated or in-
sulated from each other. The particular paint
here used is a silver paint, however, other simi-
lar paints may readily be used since it is not nec-
essary that the surfaces or plates have a high
conductivity. The currents involved are relatively
small and the plates or conductive surfaces em-
ployed need only be able to distribute a charge
of electricity over the total area of the plates. It
is understood, of course, that the plates may be
constructed in other manners such as by secut-
ing a metal foil or other pre-shaped surface of
conduetive material to the tubing 14. Also, the
tube 14 could ke climinated since the plateg 19
and {1, constructed of a sufficiently rigid material
and separated electrically from each other, could
serve as the complete stator.

The rotor B is formed of an insulating mate-
rial constituting a tukbe 15 secured about a cyl-
inder of wood 9. Tt was found that this partic-
ular arrangement gave the desired structural
properties, however, a one-piece solid cylinder
of insulating material may well be used as might
other combinations of jinsulating surfaces sur-
rounding an inner eylinder of conductive mate-
rial, ete. The outer surface of the tube 19 is cov-
ered with a silver paint to form the rotor plate
i7. As indieated before, other surfaces might
readily be used, but & conducting paint is desira-
ble because of the considerable flexibility that it
affords.

The outer diameter of the tube 15 must be small
enough to allow the rotor B to be positioned con-
centrically within the stator A, leaving a sufli-
cient air-gap to permit relative motion between
the two. Brushes i§ and {9 ride on slip-rings 28
and 21 which are electrically connected to the
votor plate 17 as seen best in Fig. 2.

The rotor B is mounted on an axle 22 pro-
vided with race end bearings 23 at each end. The
pearings are received within the openings 24 pro-
vided in the end pieces 25 of the holders C. The
end pieces 26 receive each end of the stator A and
maintain the spacing between stator and rotor.
The clamps 26 secure the end pieces to the base
D. When assembled in the supporting structure,
the rotor may pe.rotated by any suitable means,
such as an electric motor (not shown).

Fringing effects are decreased as the spacing
between the stator and rotor plates is made
smaller. Therefore, the inner surface of the sta-
tor A was painted to form the plates 10 and (t,
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thereby minimizing the spacing between the
stator and rotor plates. However, the air-gap
separating the plates must be sufficient to pre-
vent arcing between the plates and to permit
rotation. 'The spacing could be decreased, with-
in mechanical limits, by providing a dielectric
medium having greater insulating properties than
air. Also, the ends of the stator and rotor plates
are positioned opposite each other (the plates
are the same length) since this jessens fringing
effects.

The desired wave form is placed on the rotor
with the X axis or base axis along a circumfer-
ence of the rotor plate and the Y axis extend-
ing along the length of the rotor. The portion
of the plate surface under the curve constituting
a wave form must be separated or insulated elec-
trically from the remainder of the rotor plate.
Since 2 metallic paint is used to form the plates,
this as accomplished by scraping the paint from
the tubing {5 along the boundary of the wave
shape. Thus, to replace the wave shape or func=-
tion on the plate, the old poundary need merely
be painted over and a new wave shape drawn.

The electrical circuit is shown in Fig. 3. A
direct current source 217 is employed with the pos-
itive terminal of the source connacted through
the brush 18 to the area of the rotor plates 17
under the curve forming the wave shape. The
remainder of the rotor plate {7 is connected to
ground potential as are the plates {8 and (i of
the stator A. The negative terminal of the direct
current source, of course, ig also connected to
ground. Placing the area of the rotor plate above
the curve at ground potential causes the capac-
itance between the stator and rotor to be in-
dependent of rotor position. This results in in-
creased accuracy in the wave shape reproduction.
A load 28 is connected betwesn the stator plates
{8 and {1. Under ideal conditions the load 28
would be a short circuit, but since 2 short circuit
would provide no output voltage, a load is used
that has a value as near that of a short circuif
as possible and that will still yield the cesired
output voltage.

Predictability of the current output developed
by this current generator can be determined with
accuracy, and the mathematical analysis of the
output, current will now be set out. In the fol-
lowing analysis, the current output will be shown
to be g function of the wave shape sketched on
the rotor. This is established mathematically as
follows:

Wwith the circuit shown in Fig. 3, & positive elec-
tric flux terminates on plate 18 and 2 positive cur-
rent flows away from this plate. The charge on
the plate 19 is numerically equal to the electric
flux. Stated sympolically (the rationalized MKS
system of units is used throughout)

q=y (6D
where ¢ is the charge and ¥ the electric flux. Dif-

ferentiating this equation with respect to time
yields

2)

Thus, it is seen that a change in fiux with re-
spect to. time induces a current on the plate 10.
This is analogous to an E. M. F. induced by a
change of magnetic flux linkage, and may be
thought of as a change of “electric flux linkage.”
This term is used herein in this sense.

TFigs. 3, 4, and 6 show the case where the stator

78 plates are symmetrical, Fig.4 isa rolled out view
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of the rotor and stator platés shown in Fig, 3 in
which a wave shape or function F(+) is placed
on the rotor plate (71 so as to separate it elec-
trically into two sectors. Only the portion of the
plate 1T under the curve is connected to the pos-
itive terminal of the source 21. To produce the
symmetrical output wave shown in Fig. 6, the
stator plates should be rectangular in shape and
have the same length and width, as shown in
Fig. 4.

The calculations immediately following will be
limited to the symmetrical case, and the load 28
will be assumed to be a short circuit. All of the
surfaces then except the positive portion of the
rotor 11 under the curve F(r) will be at the
same (ground) potential.

In order to simplify the calculations, it will be
assumed that:

(@) "The distance between rotor and stator is uni-
form and that this distance is small with re-
spect to the length and circumference of the
cylinders.

(6) The rotor is moving with a constant angular
velocity.

(¢) The D.-C. voltage applied to the rotor is held
constant.

(d) All fringing effects are small and can be
neglected.

Also the following symbols are used, and the ra-
tionalized MKS system of units is used exclusively.

(@) 1 is the length of the rotor (and stator).

(®) R is the radius of the rotor and stator. They
are approximately equal.

(e) t is time. )

(d) w is the angular velocity of the rotor.

(e) = is the angular displacement of the rotor
with respect to an arbitrary fixed reference
point and is equal to of.

() A s that portion of the area under the curve
which is directly “under” plate 10.

(9) F(+) is the function of + deseribed by the
curve on plate I1. Itisto be considered periodic
and only the portion of the curve from 0 to =
appears on plate (7.

(h) P(r) is the entire function bounding the pos-
itive area of the rotor. Stated mathematically,

F(r)=f(+), r<r<(n4+1xw
where n=0, 2, 4 . . .

F(r)=0, Nr<lr<(n+4+1)x
where n=1, 3,5 . ..

(1) E is the D.-C. rotor voltage.

(7) e is the permittivity of the air gap.

(k) & is the air gap distance between the rotor
and stator.

(1) q is the charge on plate {0.

(m) iis the current flowing away from plate (8.

(n) y is the electric Aux terminating on plate 0.

(0) C’ is equal to

exRl
s

Let the relative motion of stator plate 10 with
respect to the rotor be to the right in Figure 4.
Also, let the maximum value of J(r) be unity and
extend the full length of the rotor as shown in the
figure. The area A is then,

A=sz’_ F(r)dr

=Rzu)’ﬁ(f)df-—ﬁ’“.',n(r)d:r]

(3)
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The electric flux ¥ which terminates on plate
10 is

_€eEA
T
and
W_ ;B dA
a5 m
_EE dd dr
T 5 dr dt
But
%‘_‘-=R1[F(T)——F(f—1r)]
Therefore,
dr _
dt
. _€eERIl»

i 5 F(r)—~F(r—x)] (4)
It will be convenient at this point to introduce

a new term C’. Let

erRl
c’ =

Then Equation 4 becomes
1=C" %—,[F(T)““F(T""T)I

From elementary field theory it can be seen that
C’ is the capacitance between plates 10 and (7
(or 11 and {T) when they are in the position
shown in Figure 3. )

The output current wave form

[F(z) ~F(r—n)]

is & new function with zero average value and is
equal to () from 0 to » and ~f(r—x) from = to
2=. That is, the positive half-cycle is repeated
negatively in the second half-cycle as shown in
Figure 6. The wave therefore inherently pos-
sesses half-wave symmetry and cannot contain
any even harmonics.
Let the output of the
to & load Z and let the

generator be connected
voltage across this load
be denoted by vo. Let Z be composed of any com-
bination of elements either active or passive or
even non-linear,

The electric fleld in the air gap between 10
and 17T may be thought of gs being composed of
two components, one due to the voltage E as
before and a field in the opposite direction due
to v0. There is an essential difference, however,
the flux emanating from 10 to 17 due to vo does
not depend on f(r), but rather, it terminates on
the entire rotor surface directly under plate {9,
This component of flux depends on vy but not
upon the position of the rotor., Stated in math-
?zélatical form, the total flux terminating on plate

is

'[I_ GEA_ Evo'lrlR
= —5
_€EA4

—Us (044
and

dv . d[eEA ,dvy

i e ]“0 @ (5)
The output current can be seen to be composed
of two components. The first term is the short
circuit current obtained in. the previous case and
is not a function of the load voltage vo. 'This
implies ‘a constant current source.” The second
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term is the current through a capacitance £’
with a voltage vo across its terminals.

The exact equivalent circuit for the generator
is shown in Figure 5. Tt consists of a true con-
stant current source shunted by an internal ca-
pacitance. The circuit may be justified by sum-
ming the currents at node ¢ which results in
Equation 5.

The above analysis was confined to the sym-
metrical case shown in Figs. 3 and 4, and Pig. 6
shows the output wave form where the stator
plates 10 and {1 are symmetrical. As shown, the
positive and negative portions of the output wave
form. are symmetrical over a complete cycle.

The stator plates, however, need not be sym-
metrically segmented. Figs. 7, 8 and 9 show
the case where the stator plates are unequal
segments. Fig. 8 is a rolled out view of the stator
and rotor plates having a curve or wave form
F(r) bounding the positive area of the rotor.
The restriction that F(r)=0 where »<r<2r is
now removed. However, F(r) must still be pe-
riodic. T:et o 'be the angular width of the stator
plate 10 as shown in Fig. 7. The short circuit
analysis is the same :as before except that a re-
places =. The resultant current is given by the
equation.

i =B ()~ P(r—a)) (6)

An example of F(r) and the resultant output for
« equal to =74 -is shown in Fig. 9. It'isseen that
this output wave is unsymmetrical -over a tom-
nlete cycle.

Numerous experiments have establistred ‘that
the mathematical computation of the current
output for a given function or wave form is cor-
rect. These quantitative measurements consist-
ed of measuring the output current with a sine
wave generated for various values-of load resist-
ance 28. ‘Simee the current cutput is very small,
a vacuum-tubs voltmeter was used as .an am-
meter. The input impedance of the meter was
known, and therefore the current was calculated
from the voltage across the input. The shunt
capacitance of the voltmeter and the reactance
of the series capacitor in the input circuit of the
volt meter were neglected kecause they were
small in comparison with the impedance of the
rest of the circuit. The calculated current out-

puts and the actual measurements were very

close and the results satisfactory. 'Stray capac-
itance ‘was found to effect the measured outpub
so ‘that it varied slightly from the calculated
current. However, allowance for this may be
easily made.

Tt was discovered quite unexpectedly that the
constant current generator comprising my inven-
tion ‘would produce an‘output current wave form
of any desired periodic function placed on the
rotor. -After this fact became known, extensive
experiments were conducted in which many @if-
ferent wave forms were sketched on the rotor
surface and the generator output was checked
on an oscillograph. Tt was found that the out-
put wave forms were accurate reproductions of
the wave forms or functions sketched on the ro-
tor plate. The rise time at points of discontinu-
ity was small,.and except for a small amount of
“noise” the funetions were faithifully reproduced.
Photogra-phs were taken of the output waves as
they appeared on‘the screen of the oscillograph.

A load 28 was-connected across the generator
output -to provide 5 means “for ‘impressing the
output wave across the oscillograph input circuit.
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1n choosing 2 load, a compromise was made be-
tween the desired level of output voltage and the
allowable percentage of current to be shunted
through the internal capacitance. The ‘ideal
load would be @ short circuit, but this would
yield no output voltage. A load was chosen hav-
ing 2 value that resulted in practically a short
cireuit since the maximum outpub voltage across
this load was very small as compared to the volt-
ape applied across the rotor.

The function sketched on the rotor need nov
extend across the total length of the rotor plate.
Neither is there a necessary relationship between
the srea enclosed within the curve or function
and the total rotor area. Therefore, the maxi-
mum X and Y values of the function may extend
on the rotor surface as desired. However, the
base or X axis of the funection must lie on a
plane perpendicular to the rotational axis of the
rotor since the X axis of the output wave form
corresponds with the ‘sketched function when its
base or X axis is taken along such a plane.

Tn order that the output current be 2 Taithful
reproduction of the function sketched on the
rotor, the function must be single valued. If the
function is not single valued, that is, if the curve
has more than one value for any value of X, the
resultant ocutput wave is a function whose value is
proportional to the sum of the ¥ distances which

y are bounded by the charged area. This follows

from a consideration.of the areas involved. W ith
this in mind, the output wave form when a double
valued function is sketched on the rotor is still
predictable.

Tt has been shown that the current output
waveform produced by my generator may ‘be
mathematically -determined. Towever, in prac-
tical applications the converse .of this situation
would mere often arise. The desired output cur-

. rent would be known and the need would ‘be to

determine what function should be sketched on
the rotor to .reproduce the required output cur-
rent. ‘Therefors, the mathematical analysis nec-
essary to solve this relationship will now be set
out. Only the essential equations are included;
the purely algebraic steps being omitted for the
sake of brevity.
EXAMPLE I

This is the general case in which the stator
plates may or may not be symmetrical.

Tt has been shown that the generated current
is given by the eguation—

(=) P ) (©)

To -determine the function to be sketched when
the current is known, the problem is essentially
that of solving the following difference equation
for P(r) as a function of 1(+).

F(r) —=F(r=a)=I(7)

M
where

-6 .
I(T)—-@'Rl—w’b(T) .

In terms .of the language of difference equa-
tions the prablem is one of finding .the “finite
sum” of the function 1(+) in general terms. This
can he done if I(r) is expanded into a Fourier
series and the finite sum for each term found.

Assuming that I(r) is a periodic function with
zero average value, it may be expanded into a
Fourier series as follows:

I(T)=i(A,. cos nr+B, sin nr)

-1
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where

2
4,=1

=1 TI(v-) cos nrdr

12
Bn=—f I(r) sin nedr
TJO

It is verified by direct substitution that the solu-
tion of the difference Equation 7 is

F(=>| —4r_ g n(r+5)+
n—1 2sin—2—
i —B. cos n(r-l-g)]—l-k
. N 2
2 sin 5

(8)
where & is an arbitrary constant. In order that
the coefficients of the Fourier expansion may be
recognized, the equation may be rewritten as

® (A,.——B,, cot @> ¢os nr—+
n—1 2

(A,. cot 224 B,
3

sin nr]—i—k

(9)
The quantities in parentheses represent the co-
efficients in the Fourier expansion of F(r).

It can be seen that solving for ¥(r) for any
given I(+) involves finding the Fourier coeffi-
cients for I(+) and then from these determining
the Fourier coefficients for F(+), and then finally,
summing the components to obtain F(-).

Also, Equation 8 reveals that there are certain
restrictions which must be placed on the func-
tion I(7). If a is such that

.. ha

sm ?
is zero for any positive integer n, then this nth
harmonic in F(r) is not finite. This means that
Az and Bn must be zero for values of n which
make

.. o
Sin —§- zZero

and thus, a restriction is placed on the type of
unsymmetrical function which can be generated.
This does not negate the generator’s use for func-
tions which do not contain certain harmonics.
Example II illustrates this restriction.

EXAMPLE II

This example illustrates very well the restric-
tions previously cited. Let it be desired to produce
the waveform shown in Fig. 9.

The function I(r) is defined mathematically as

T

I(r)=1,0<r <7
I(r)=0,3<7<3
I(r)=—1,5<r< 3
1(r)=0, %< <on

The Fourier series for I(+). can be written as
follows: :

I(r)=27(A4 cos nr+B, sin nr)
n=1
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10
where
I1IF. ar . Bnr, . nr
A,.—;);r-[sm 7 —sin T+sm 3 (10)
1 nr 3nr 2
B,,—-T—L;[—-cos —4—+1-l—eos 7 TS S (1)

It will be noted that An and Bn are zero when
n=4, 8, 12, etc. Thig absence of certain har-
monics determines the choice of a, which must be
chosen such that . )
sin 7%
2
of n. The values of « which
are =/2, n/4, »/6, ete. The

is zero

for only these values
satisfy this criterion
first two,

and

vield the simplest solution and will be illustrated.
Solution where a=m/2

The coefficients in the Fourier expansion of

F'(r) can now be found by substituting A» and Bn

from Equations 10 and 11 into Equation, 9. Alge-~
braic manipulation reduces them to

At An—B, cot ne_ 1 sin 7T
" 2 4 nx 4

4, cot —7}3+B,.
4 ___1__(1_ nw
2 T nr eos I
and B’z refer to the coefficients of

and sine terms respectively, These
must also satisfy the following equa-

B =

where A’
the cosine
coefficients
tions:

2
A’,.=7—1rj; F(z)eos nrdr

2r
B',,=;1r ﬂ) F(r)sin nrdsr

It can be seen that the function shown in Fig. 8
will satisfy the above equations. Therefore, it is
the funection which must be sketched on the
rotor.

Solution where a=1mr/4

Substituting into Equation 9 as in the previous
case, the values of A’z and B'» will reduce to

A —An—By cot 1. ar
" 2 8 aw 2

Aneot P p.
8 . _.1_(1._ nr
2 T cqs 2

A function similar to that in Fig. 8 but extending
a distance x/2 along the circumference of the
rotor is the function which must be sketched on
the rotor. =~ |

Solution where a=r/6, n/8, ete.

The solution for permissible values of o less
than =/4 is more complex than the case where
a is equal {0 /2 or /4. Fortunately, in these two
cases the equations for A’, and B’z can be reduced.
to a form where F(s) cah be determined by in-
spection. This is g rare case ag normally the
function F(7) would have to be foungd by actually
summing the harmonies. .

. B
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In addition to increased complexity, & choice
of o less than =74 would he undesirable for &
number of otherreasons. One is that the outpub
current will be less than in the first two cases. As

an example of this let « be equal to =/8. The
solution is:
F(r)=1, 0<r<g
T w
F(r)=2, §<T<§'
F(r)=1, T<r <
T)"‘ ' g T 8
il
F(+)=0, §<T< Zw

Here the maximum value of P(r) is 2 rather
than unity as before. Therefore, poth F(r) and
I(r) must be modified by a factor of % to con-
form to Ecuation § where the maximum value
of F(+) was assumed to bs unity when the full
length of the rotor is utilized. This means that
the maximum current would be one half of that
obtained by choaosing « equal to /2 or /4. The
output current would be even less for smaller
values of «, and in the limit as o approaches
zero, the current would also approach zero.

Another undesirable feature of choosing « equal
to =/8 is the possibility of a discontinuity at =
equal to =/8 and (¥)w. This discontinuity could
perhaps be held to 2 minimum bubt not elimi-
nated altogether.

EXAMPLE IiI

Actually the symmetrical case may be con-
sidered a special case of the unsymmetrical gen-
erator where o is equal to- = TIowever, due to
jts simplicity and the similarity between the
wave sketched on the rotor and the output cur-
rent waveform, it is considered separately. The
only restriction placed on the output waveform
ijs that it contain no even harmonics.

Tet it be desired to produce the wave form
shown in Fig. 6. Then the rotor would have to
be segmented as shown in Fig. 4.

There are many possible modifications of this
generator. It would, of course, be possible to use
a permanently polarized dielectric (an electret)
25 a source of electric flux to replace the painted
or metallic surfaces charged with a D. C. volt-
age. This would be analogous to using per-
manent magnets. as sources of magnetic flux in
an electromagnetic: generator. Such o modified
generator would probably lack flexibility, but
would eliminate the requirement of slip-rings,
brushes and a D. C. voltage source.

Just as electromagnetic generators are oiten
built with. more than one pole-pair, the stator of
my generator could be divided into many seg-
ments. For example, if the stator had 5ix seg-
ments, alternate segments forming the outputs
could be connected in paraiel. The operation
would be similar to the generator shown in the
drawing except that the frequency would be in-
creased.

1f three different. functions were placed on the
rotor plate and the cutput taken from one stator
plate, the output wave would consist of the three
geparate functions sketched on the rotor plates,
each function having a positive and negative por-
tion and each separate function consecutively
produced. '

1t is obvious that the function could be placed
on the stator and the output taken from the rotor.
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Also, of course, relative motion between the
stator and rotor may he obtained in arrange-
ments in which the stator and rotor are not con-
centrie cylinders.

While in the foregoing specification I have set
forth a specific structure in considerable detail
for the purpose of jllustrating an embodiment
of my invention, it will be understood that such
details may be varied widely by those skilled in
the art without. departing from the spirit and
scope of my invention.

Iclaim:

1. In an electrostatic generator characterized
by its capacity to produce an alternating current
that is substantially independent of output volt-
age, the combination comprising at least one pair
of conductive surfaces positioned in electrically
separated relation, a menber having at least one
conducting surface, means: to place a charge ¢
on the conductive surface of said member and
means to support said member and said surfaces
so that the conductive surface of said member is
alternately in spaced-apart, facing relation with
each of said surfaces so that the charge g causes
a flux ¢ to terminate on each of said surfaces
when said member is in facing relation therewith,
said support means also adapted to permit rela-
tive movement between said member and sa2id
surfaces at a spaced distance therefrom and in
substantial alignment therewith, whereby the
movement between said member and said sur-
faces causes a change dg in the charge on said
surfaces and a corresponding change dy in the
flux terminating on said surfaces with the result
that a. current i is induced on said surfaces in
accordance with the formula

dq dx//__i

dt  di

where £ is the time.

2. In a ccnstant current electrostatic generator
characterized by its capacity to produce an alter-
nating current having a preselected wave shape,
the combination comprising at least one pair of
conductive surfaces, said surfaces having sub-
stantially the same dimensions and positioned in
electrically separated relation, a member having
ot least one electrically separate conductive sur-
face positioned a spaced distance from said sur-
faces, meaus to divide the conductive surface of
egid member into two electrically separate sec-
tors along a line defined by the boundary curve
of a wave shape placed. thereon, the base axis of
said wave shape lying ina plane perpendicular to
the longitudinal axis of said member, means for
placing a charge of electricity on the conductive
surface of said member bounded by said curve
and for placing & charge of different polarity on
the area outside of the curve and on the separate
surfaces, and means to support. said member and
said pair of surfaces for movement of one with
respect to the other at a spaced distance there-
from and in substantial alignment therewith,
whereby the relative movement between said
member and said surfaces causes the area
pounded by said curve to move into and out of
spaced, facing relation with each of the surfaces,
thereby changing the flux linkage between said
bounded area and each of said surfaces with the
result that an alternating current is produced
having symmetrical positive and negative, half
cycles of a wave shape that is a subsiantidl re-
production of the wave shape placed on said
rotor surface, the capacitance hetween said mem-
ber and said conductive surfaces being substan-
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tially independent of the relative positions there-
of during operation of saiq generator, »

3. In a constant current electrostatic. gener-
ator characterized by its capacity to produce an
alternating current having-a preselected wave
shape, the combination comprising a stator hav-
ing two semi-cylindrical conducting surfaces of
substantially equal dimensions positioned in elec~
tricially separated, facing relation to provide a
cylindrical opening therebetween to receive 3
rotor, a rotor having a cylindrical conduetive sur-
face of substantially the same area as the com-
bined areas of said stator surfaces mounted for
rotation within said stator, means to divide said
rotor surface into two electrically separate sec-
tors along a line defined by the boundary curve of
8 wave shape placed thereon, the base axis of said
wave shape lying in a plane perpendicular to the
rotational axis of said rotor and means for plac-
ing a charge of electricity of one polarity on the
rotor surface hounded by said curve and for plac~
ing a charge of subtsantially different polarity
on said stator surfaces and on said rotor surface
outside of the curve, whereby ag said rotor is ro-
tated, the rotor area bounded by said curve moves
successively into and out of facine relation with
each of said stator surfaces at a spaced distance
therefrom, thereby changing the flux linkage be-
tween said stator surfaces and the rotor area
bounded by said curve with the result that an
alternating current is produceqd having sym-
metrical positive and negative half cycles of a
wave shape that is a substantial reproduction of
the wave shape placed on said rotor surface, the
capacitance between said stator and rotor bsing
substantially constant irrespective of the position
of the rotor relative to the stator.

4. In a constant current electrostatic generator
characterized by its capacity to produce an alter-
nating current having a preselected wave shape,
the combination comprising a member adapted
to have current induced thereon having at least
one pair of conductive surfaces, said surfaces
having substantially the same dimensions and
bositioned in electrically separated relation, said
surfaces also being of arcuate shape so0 as to pro-
vide a substantially cylindrical opening to receive
a cylindrical member therein, a eylindrical mem-
ber having at least one electrically separate con-
ductive surface of substantially the same areg as
the combined areas of said first-mentioned mem-
ber mounted in spaced-apart relation for move-
ment within said first-mentioneg member, xisans
to divide the conductive surface of saig cylin-
drical member into two electrically separate sec-
tors along a line defined by the boundary curve
of a wave shape placed thereon, the hase axig of
said wave shape lying in a plane verpendicular to
the longitudinal axis of said eylindriecal member,
and means for placing a charge of one polarity
on the conductive surface of sald eylindrics]
member bounded by the curve and for placing a
charge of different bolarity on the area outside of
the curve and on the surfaces of said first-men-
tioned member so that the eapacitance bhetween
said surfaces and said member ig substantially a
constant value, whereby the relative movement
between said members causes the area bounded
by said curve to move into and out of spaced,
facing relation with each of the surfaces of said
first-mentioned member, therehy changing the
flux linkage between said area bounded by the
curve and each of the surfaces of sald first-men-
tioned member with the result that an alternat-
ing current is produced having symmetrical posi-
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tive and negative half eycles of a wave shape that
is a substantial reproduction of the wave.shape
placed on the conductive surface of said first-
mentioned member.

5. In a constant current electrostatic generator
characterized by its capacity to produce an alter-
nating current having a preselected wave shape,
the combination comprising a stator having two
arcuate conductive surfaces in electrically sepa-
rated, facing relation to provide a cylindrical
opening extending longitudinally therebetween to
receive a rotor, a rotor having a cylindrical con-
ductive surface of substantially the same ares as
the combined areas of said stator surfaces con-
centrically mounted for rotation within said
stator, means to divide said rotor surface into two
electrically separate sectors along a line defined
by the boundary curve of a wave shape placed
thereon, the base axis of said wave shape lying in
a plane perpendicular to the rotation axis of said
rotor, and means for placing a charge of elec-
tricity of one bolarity on the rotor surface
bounded by said curve and for placing a charge
of substantially different bolarity on said stator
surfaces and on said rotor surface outside of
the curve, whereby as said rotor is rotated the
tapacitance between said stator and rotor re-
mains relatively constant and the rotor ares
bounded by said Curve moves successively into
and out of facing reiation with each of said stator
surfaces at a spaced distance therefrom, thereby
changing the flux linkage between said stator
surfaces and the rotor ares bounded by said curve
with the result that an alternating current is pro-

) duced having a wave shape that is a substantial

rebroduction of the wave shape placed on said
rotor surface.

6. In a constant current electrostatic generator
characterized by its capacity to produce an alter-
nating current having a preselected wave shape,
the combination comprising a member adapted
to have a current induced thereon and having at
least one pair of conductive surfaces positioned
in electrically separate relation, said surfaces also
being of areuate shape so as to provide 3 sub-
stantially eylindrical opening to receive a cylin-
drical member, g cylindrical member having at
least one electrically separate conductive surface
mounted in spaced-apart relation for movement
within said first-mentioned member, and means
to separate the conductive surface of said cylin-
drical member into two electrically separate sec-
tors along a line defined by the bhoundary curve
of a wave shape placed thereon, the hase axis of
said wave shape lying in g blane perpendicular
to the longitudinal aXis of said cylindrical mem-
ber, and means for placing a charge of electricity
of one polarity on the surface of said cylindrical
member bounded by said curve, and for placing
a charge of substantially different polarity on
the area outside of the curve and on the surfaces
of said first-mentioned member to maintain g
substantially constant capacitance between said
surfaces and member, whereby the relative move~
ment between said members causes the area
bounded by said curve to move into and out of
spaced, facing relation with each of the surfaces
of said first-mentioned member, thereby chang-
ing the flux linkage between saig bounded area
and each of the surfaces of said first~-mentioned
member with the result that an alternating cur-
rent is produced having a wave shape that is g
substantial reproduction of the wave shape placed
on the surface of said cylindrical member.,

7. In a constant current electrostatic generator
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characterized by its capacity to produce an alter-
nating current having a preselected wave shape,
the combinabion comprising at least one pair of
conductive surfaces positioned in electrieally
separate relation, a member having at least one
clecirically separate conductive surface positioned
spaced distance from said separate suriaces,
means to divide the conductive surface of said
member into two electrically separate seciors
along a line defined by the boundary curve of a
wave shape placed thereon, means to support
said member and said surfaces for movement of
one with respeet to the cther at a spaced distance
therefrom and in substantial alienment theve-
with, and means for placing & charge cn the con-
duchive surface of said member pounded by s2id
curve and for placing a charge of gifferent polar-
ity on the area of said member cuiside oi the
cirve and on said separate surfaces, whereby the
yelative movement between said member and said
surface causes the area bounded by sald curve
to move into and oub of spaced, facing relation
with. each of the separate surfaces, thereby
changing the flux linkage between said bounded
area and each of said surfaces, with the result
that an alternating current is produced having
o wave shape that is a substantial reproduction
of the wave shape blaced on the conductive sur-
face of said member, the capacitance hetween
¢nid member and said conductive surfaces being
substantially independent of the relative positions
thereof auring cperation of said generator.

5. In an electrostatic generator characterized
by its capacity to produce an alternating current

23

that is substantially independent of output volt- b

age, the combination comprising a stator having
at least one pair of conductive surfaces positioned
in electrically separate, facing relation to pro-
vide a cylindrical opening therebetween, a rofor
having at least one conductive surface of sub-
stantially the same area as the combined areas oi
said stator surfaces concentrically mounted for
rotation within said stator, means for placing a
charge ¢ on a portion of the conductive surface
of said rotor, and means to rotate said rotor,
whereby as the charged surface of said rotov is
alternatively in facing relation with each of said
stator surfaces, the charge ¢ causes a flux o 1o
terminate on each of sald stator surfaces when
the charged ares of said rotor is in facing rela-

(14

25

25

30

40

45

&0

16

tion therewith, and the movement between said
charged surface and said stator surfaces causes 2
change dg in the charge between the charged
area of said rotor and said stator surfaces and &
corresponding change de in the flux terminating
on said stator surfaces with the result that a
current i is induced on said stator surfaces in
accordance with the formula

dg_dv_
Qo d
where ¢ is the time.

9. In an electrostatic generator characterized
By its capacity to induce a current proportional
to 2 wave shape that is a periodic function of
time, the combination comprising a stator having
two arcuate conductive surfaces in electrically
separated, facing relation, providing a cylindrical
opening extending longitudinally therebetween,
one surface of said stator having an angular
width «, a cylindrical rotor having a conductive
surface of substantially the same area as the
combined areas of said stator surfaces and of
substantially the same length, said rotor con-
centrically mounted for rotation within said
stator, means to divide the conducting surface of
said rotor into two electrically separate sectors
along the boundary curve of & function F(r)
placed thereon, means to impress a D. C. voltage
on the area of said rotor surface under the curve
(), and means to rotate said rotor at a con-
stant angular velocity, whereby the output cur-
rent i of said generator is equal to

KiF(r)—F(r—a)]

where K is a constant.
ROBERT G. BROWN.
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