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My invention relates to a system of control 
ling the frequency of a fuctuating or alter 
nating current generator or the speed of a moving system. 

In accordance with my invention, to main 
tain the speed of a moving system substan 
tially constant, variations in frequency of an 
alternator driven therebv produce effects 
upon a balanced electrical network, as a 
Wheatstone bridge, to control the position of 
means adjustable to vary the speed of said 
system; more specifically and preferably, the 
speed of the moving system is kept within 
certain limits by governor mechanism or 
equivalent, and the action of the governor is 
varied in senses and to extents depending 
upon the magnitudes of the unbalancing ef 
fects produced by changes of frequency upon 
the balanced network. 
My invention resides in a method and ap 

paratus of the character hereinafter de 
scribed and claimed. 

For an understanding of my method, and 
for an illustration of some of the various 
forms my apparatus may take, reference is to 
be nad to the accompanying drawings, in 
which: 

Fig. 1 is a diagrammatic view of appara 
tus suitable for practicing my method and 
embodying my invention in one of its forms; 
and Fig. 1 is a modification. 

ig. 2 is a fragmentary perspective view of 
recording and control mechanism utilizable 
in accordance with my invention. 

Fig. 3 is a diagrammatic view of a system 
for controlling speed or frequency. - 

Figs. 4 and 5 are fragmentary views of 
modified forms of speed or frequency-con 
troilino means. 

leferring to Fig. 1, A is a generator or 
source of alternating or fluctuating current 
whose frequencyistobemeasured or indicated. 
its terminals are connected, respectively, to 
the conjugate terminals or points i and 2 of 
a. Wheatstone bridge whose other conjugate 
points are at the points of engagement of the 
contacts 3 and 4 movable along the slide wires 
or adjustable resistances S and S', respec 
tively. In the first bridge arm is included: 
a condenser C, shunted by the non-inductive 
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resistance r; in series with that portion a 
of the non-inductive resistance S lying to the 
left of the contact 3. In the second bridge 
arm are included the condenser C, non-in 
ductive resistance , and the non-inductive 
resistance constituting the remainder of the 
resistance S to the right of the contact 3. In 
the third bridge arm are included the non 
inductive resistance r and the portion r of 
the slide wire resistance S to the right of 
the contact 4. In the fourth bridge arm are 
the resistance a constituting the remainder 
of the resistance S to the left of the contact 
4, and the non-inductive resistance 2'. . 

In case the resistances S and S, which may 
be in the form of simple wires or in the form 
of helices along which the contacts 3 and 4 
move, are not by themselves of exactly correct 
values, they may, as well understood in the 
art of slide wires, be shunted by resistances 
such as r and r", respectively, to ensure be 
tween their terminals exactly the correct or 
desired amount of resistance. 

It is desirable that all of the resistances 
aforementioned shall have small or substan 
tially zero temperature co-efficient, to avoid 
influence of temperature upon the measure 
ments. 
While the source A is in one conjugate con 

ductor of the bridge, in the other, between 
the contacts 3 and 4, is connected the movable 
coil 20 of a galvanometer having the defect 
ing pointer or needle 19. The coil winding 
20 may, as well understood in the art, be 
shunted by a resistance , of suitable magni 
tude. The alternating magnetic field of the 
galvanometer is produced by current from 
the source A traversing the gaivanometer 
field winding or coil f, in series with which 
may be connected the resistance . 
The phase angle of the current exciting 

the galvanometer field magnet winding f 
with respect to the impressed electro-motive 
force may change or vary from various 
causes, such, for example, as temperature 
changes of the winding f, change in magni 
tude of the impressed voltage, etc. Such a 
change of phase of the field-exciting current 
will introduce error in the measurements un 
less means are provided to make possible a 
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true balance of the bridge regardless of the 
shifting of phase of the field-exciting current 
of the galvanometer. To this end it is essen 
tial that three ratios shall be equal for all 
frequencies within the range to be measured 
by the bridge. This equality of ratios is ex 
pressed by the following equation: 

2-2-3 (i) 
in which: and d are, respectively, the re 
sistance and reactance components of one arm 
of the bridge, as, for example, the aforesaid 
first arm including C, and r*; r° and dare, 
respectively, the resistance and reactance 
components of another arm of the bridge, for 
example, the aforesaid second arm including 
7, 7 and C.; and a and b are, respectively, 
the resistances or impedances of the other 
arms of the bridge, for example, the afore 
said third and fourth arms including, re 
spectively, r, r" and r, r. 
In the example illustrated in Fig. 1, where 

condensers are employed, it is desirable and 
preferable that they be low loss condensers, 
to avoid phase angle or capacity changes with 
temperature changes, and are preferably 
mica condensers of the best type. 
The combination of a condenser, as C, with 

a shunting resistance, as r, is the equivalent 
or has the characteristics of a condenser hav 
ing considerable losses, which may be ex 
pressed in terms of an equivalent resistance 
which changes in magnitude with changes 
in frequency. Accordingly, the aforesaid re 
sistance is not the actual non-inductive re 
sistance plus '', but is an apparent, fictitious 
or equivalent, alternating current resistance 
which, however, changes in magnitude with 
changes in frequency, and comprises not only 
the resistances, r, but, in addition, the ap 
parent or fictitious resistance corresponding 
with the losses, if any, of the condenser C 
per se, and of the combination of the con 
denser C with its shunting resistance r. The 
aforesaid resistance r corresponds with the 
sum of the resistances r and r and the ap 
parent or fictitious resistance, variable with 
frequency, due to the losses of the condenser 
C., if any. However, when the condenser C 
is a high grademica condenser, with low loss, 
we may write r' = r + r ----------- (2) 
It is further true that 

7-1 EO, tri--------- (3) 
and 

-- e----------- 4 d. 1502, (4) 
and 

d?--------------- (5) 
In Equations (3), (4) and (5), o (omega) 
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is 2 artimes the frequency; C and C are, re 
spectively, the capacities of the condensers C 
and C; and r and r are the magnitudes of 
the resistances , r*. Equations (3), (4) 
and (5) are well known to those skilled in 
the alternating current art, and from them 
are determinable the proper values of the sev 
eral resistances and capacities to be utilized 
in an arrangement such as indicated in Fig. 
1 for measuring a desired range of frequen 
cies, it being understood that the contacts 
3 and 4 are moved in unison with each othel' 
because attached to the same movable men 
ber c carrying the pointer d and co-acting 
with the stationary scale e calibrated in terms 
of frequency, speed, or both, or any equiva 
lent of them. The contacts 3 and 4 take a 
different position for each different frequen 
cy, in order to balance the bridge for that fre 
quency, in which event the galvanometer coil 
20 is in its zero or non-deflecting position. 
From the foregoing, it will be understood 

that the function of the slide wire S1 is to 
change the ratio of the resistances in the third 
and fourth arms of the bridge in proportion 
to the change in the ratio of the effective 
resistance and reactance in the first and sec 
ond arms of the bridge in order that the 
equality of ratios expressed in Equation (1) 
shall obtain, whereby the bridge may be truly 
balanced regardless of changes of the phase 
angle of the current in the 
field f. While measurement of frequency has been 
described in connection with Fig. 1, it will 
be understood that speed or any other mag 
nitude proportional to frequency may simi 
larly be measured. For example, the speed 
of a rotating member may be measured by 
driving an alternating current generator, as 
A, by such member, and then measuring the 
frequency of the current delivered by the 
generator. - 

It shall be understood that my invention includes equivalents of the arrangements 
shown in Fig. 1, for it will be understood that 
in lieu of or with resistances r and 79 may be 
utilized either inductive or capacitative re 
actances, and that the slide wire S may rep 
resent an inductive reactance, variable por 
tions of which are included in the neighbor 
ing bridge arms, or may represent comple 
mentarily variable capacities included in the 
neighboring bridge arms. Furthermore, it 
will be understood that in the first and second 
bridge arms there may be used inductive re 
actances, and that the slide wire S may be inductive, or complementarily variable 
capacities may be connected in the neigh 
boring bridge arms. 

in Fig. 1 is shown such a generally 
equivalent arrangement in which in the first 
bridge arm are the serially related induc 
tance L and resistance , and in the second 
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resistance r". It will be understood that the 
total resistance of the first arm of the bridge 
comprises the resistance. 7, the resistance of 
the conductor of the inductance L, and the 
resistance, which last is present, as a sepa 
rate unit if the resistance of the conductor of 
of the inductance L is not itself sufficient. 

In this case again Equation (1) applies. 
and d are the resistance and reactance 

components of one arm of the bridge, as for 
example, the first arm including L, r", r*; 
r' and d are respectively the resistance and 
reactance components of another arm of the 
bridge, for example the second arm including 
rt, , r1 and Li; and a and b, are respective 
ly, the resistances or impedances of the other 
arms of the bridge, for example the third and 
fourth arms including respectively r, r" and 
8, 9. 

i = 14 - 117-- 4 
d=ci, 
s r15rls'-- r1516 -- ?L,15 -- 78 

(r15+ r16) -- o? L' 
2 r oLirls' 

- (ii -- ri)+ o°I.' 
(= 3--7 = 8--19 
r= resistance of inductance L. 
r = resistance of inductance L. 

The arrangement of Fig. i., or equivalen, 
thereof, is utilizable for recording and con 
trolling frequency and speed by recourse to 
any suitable recording and control mecha 
nism, one example of which is illustrated in 
Fig. 2, and corresponding with a structure of 
the character disclosed in Orior getters 
Patent of the United States to eeds No. 
1,125,899, January 19, 1915. 

Referring to Fig. 2, y is an elec 
or other suitable source oi power 

O 

gic notor 
rotating the 
Speed. A 

lever 6 is pivoted at its upper end on a 
horizontal axis and has pivoted thereo on 2, 
horizontal axis at its lower end the arm Y, on 
each end of which is a shee 7, of cork 
or the like, frictionally - engaging the 
rim 8 of the clutch disc or wheel 9, 
secured upon the shaft 10 of the Enoyable 
structure or system. Secured upon the shaft 

3. 

5 is a cami, which periodically engages the 
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lever 6 and moves it outwardly, in opposition 
to a spring, not shown, thereby lifting the 
shoes 7 from the rin 8, the spring retarning 
the shoes into engagement with the rim after 
predetermined rotation of the can ii. Upon 
the shaft, 5 is secured a second car 12, which, 
after the shoes have been listed from the 
rim by the can is actites the finger 13 on 
the lovyer end of the sm 4. secured at its 
upper egad to the member 15 pivoted on 2, 
horizontal axis at 16. Upon the Ynenber 15 
is secured the member 7, Yghose app33 edge 
18 is inclined outwardly irgin the cealer. 

3 

Disposed immediately above the edge 18 is 
the aforesaid needle or pointer 19 of the 
alternating current galvanometer whose coil 
is 20. At the opposite ends of the member 
17 are the abutments 21 for limiting the de 
flection of the needle 19. Directly above the 
needle 19 and beneath which it normally 
freely swings are the edges 22, preferably 
straight and horizontal, upon the members 
28, 23 pivoted at 24, 24, and extending to 
ward each other, leaving a gap of sufficient 
width between their inner ends for free entry 
of the needle 19 when in balanced or zero 
position, corresponding with a balance of the 
Wheatstone bridge of the character shown in 
Figs. 1 and 3. The needle 19 normally 
swings freely between the edge 18 and the 
members 23, 23, which latter have downward 
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ly extending arms 25, 25, biased toward each 
other by the spring 26. Attached to the low 
er end of the arm or lever 6 is a triangular 
plate 27 carrying the pins 28, 28, co-operating 
with the lower ends of the members 25, 25. 
At opposite ends of the arm 7 are the lugs 
29, 29, adapted to be engaged by the cams 30, 
30, similar in shape and similarly positioned 
and secured upon the shaft 5. 
As the galvanometer needle 19 defects in 

the one direction or the other, the shaft 10 
will be rotated in the one direction or the 
other, and to an extent corresponding to the 
extent of the galvanometer deflection. For 
example, when the needle 19 deflects to the 
right, Fig. 2, due to periodic vertical move 
mant of member 15 by cam 12, the needle 19 
is ciamped between the inclined edge 18 and 
lower edge 22 of the right hand member 23 
causing the arm 25 to be tilted in a clockwise 
direction about its pivot 24, thereby pushing 
the right hand pin 28 on piate 27, and so tilt 
ing he movable or driving catch or ari in 6 
in a clockyise direction while cam 12 is hold 
ing shees 7, from the rim 8 of clutch 
wheel 9, the angular movement of the mem ber 6 being dependent, upon the degree of 
defection of needle 19. The can ili soon 
thereafter allows the shoes to again grip the 
rim 3 of wheel 9 and soon thereafter the left 
hand cara 30 2ngages the ear 29, which has 
bean elevated, gushing it downywardly due to 

s M .. oy rotation of shift 5, to restore it to the hori 
zontal position indicated, but in so moving 
back to normal position the clutch member co 
tates the disc 9 and shaft, 10 affixed thereto in 
a counter-clockwise direction. 

Secured upon the shaft, 3.0 is a disc 31 of insulating materiai, carrying upon its pe 
riphery he aforesaid resistances or imped 
anees S, S', which in this example, as indi 
cated in 3ig. 3, are rotated, while their co 
acting contacts 3 and 4 are stationary. Se 
cured upon the shaft, 10 is a second disc 32 
carrying the arcuate contacts 33 and 34, with 
which co-acts the stationary contact, or brush 
35. The discs 33 and 32 are adjustable to any 
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suitable angles with respect to each other and 
with respect to the shaft 10 by suitable set 
screws 36 and 3. 
Secured upon the shaft 10 is the grooved 

pulley wheel 38, around which is wrapped 
the cord 39, which passes over the idler rollers 
40 and has attached thereto the pen or marker . 
41 for drawing upon the recordsheet or paper 
42 a mark or record 43, of the changes of 
frequency or speed. The paper 42 is driven 
by the motor M, as well understood in the 
art. Disc 31 may carry, the frequency, or d scale e co-acting with stationary point 
e 0. 

Referring to Fig. 3, the movable structure 
or system of Fig.2 is shown in so far as it 
comprises the shaft 10 and the discs 31 and 32. 
The slide wires S, S are comprehended in a 
Wheatstone bridge of the character indicated 
in Fig. 1. 
A turbine or other source of power, or ge 

nerically a rotating system, T, drives the al 
ternating current generator or source A. re 
lated to the bridge of Fig. 3 as the source. A 

5 is relsted to the bridge in Fig. 1. The source 
A in this instance may be a small alternating 
current generator driven by the rotary struc 
ture T through the shaft, 44 for purposes mere 
ly of measuring or controlling the speed of the 

30 device T. Orismay be an alternating current 

s 

55 

generator of large capacity for supplying 
current to any suitable load connected to the 
supply circuit conductors 45 and 46, in which case the frequency or speed of T and A may 
be controlled by controlling the opening of 
the valve V controlling the rate of supply of 
motive fuid or steam through the pipe 4 to 
the turbine T. In this case the brush 35 with 
contacts 33 and 34 control the reversible elec 
tric motorial receiving current from any suit 
able source, as 48. When the disc 32 is in the 
g indicated in Fig. 3, the motor M is 
e-energized, and this condition corresponds 

with balance of the Wheatstone bridge for 
the desired speed or frequency of the turbine 
T or generator A. Should the speed or fre 
quency rise, the Wheatstone bridge will be 
unbalanced, causing a deflection of the gal 
vanometer and its needle 19, causing in turn 
a rotation of the shaft 10 to an extent corre 
sponding with the extent of unbalance of the 
bridge, and in such direction that the con 
tact 33, for example, will be brought into en 
gagement with the contact 35, energizing the 
motor Mí" which runs in a certain direction, 
rotating the shaft 49, through any suitable 
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gear reduction, generically represented by 
the pulleys 50,51 and belt 52, thereby causing 
the member 53 to advance upwardly along the 
threaded shaft 49, carrying the abutment 54. 
upwardly, with resultant tendency to corn 
press the spring 55, which opposes the fly 
ball governor 56, driven by the turbine or 
device it, to partially close the valve W, caus 
ing reduction in speed and frequency. Simi 

751,589 

larly, when the frequency or speed dimin 
ishes, the motoriy1 will be energized through 
contacts 34 and 35, and will rotate in the 
opposite direction, and effect an increase in 
the opening of the valve W, with resultant in 
creased speed and frequency. In both cases 
the speed or frequency is varied or changed 
toward the desired frequency, at which the 

70 

contact 35 is in engagement with neither of 
the contacts 33 and 34, and the bridge is in 
balance at the desired frequency. When the 
frequency or speed changes from the desired 
magnitude, the Wheatstone bridge is unbal 
anced, the galvanometer deflects, and the 
discs 31 and 32 are rotated by the shaft 10 
in a direction tending to rebalance the bridge 
at the impressed frequency and cause a 
change in the speed or frequency back toward 
the desired magnitude. When the desired fre 
quency is reached or obtains the bridge bal 
ances itself at that frequency and the motor 
M is de-energized. 
The governor 56, or its equivalent, at a 

given setting, or position of abutment 54, is 
effective of itself to maintain the speed of 
the system or frequency of the alternator 
Within a range of variation broader than is 
suitable or desirable. In the arrangement 
described, by modifying automatically in ac 
cordance with change E. frequency the action 
or setting of the governor, the range of vari 
ation of speed or frequency is materially re 
duced to a practically negligible amount. 
The speed or frequency may be considered 
substantially constant, less than of 1% 
variation being obtained in actual practice. 
At the same time, the automatic system 

produces a, record of the speed or frequency 
upon the record paper 42, or indicates speed 
or frequency by scale e on disc 31. 

In lieu of the valve control mechanism in 
dicated in Fig. 3, there may be utilized that 
indicated in Fig. 4, where through suitable 
reducing gearing, the motor M. rotates the 
valve stem to effect partial closure or open 
ing of the valve W upon increase or decrease 
of speed or frequency. In either of the valve 
arrangements of Figs, 3 and 4, it will be un 
derstood that the valve may be either in the 
main steam or motive fluid line, or may be 
in a by-pass, and that the governor 56 of 
Fig. 3 may be either the main governor or an 
auxiliary governor of the turbine T. 
In Fig. 5there is fragmentarily indicated 

an alternating current generator or source 
A, either solely for speed measurement, or for Supplying current to a consumption cir 
cuit, as in Fig. 3. In this case, however, the 
turbine T is replaced by an electric motor 
M, such, for example, as a shunt motor, hav 
ing the armature 5 and shunt field 58, with 
a variable resistance 59 in the armature cir 
cuit, or in the field circuit if desired, and ad 
justed by the contact 60 moved by the nut 61 
movable along the threaded shaft, 62 driven 
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through suitable reduction gearing by the 
reversible motor M of Fig. 3, 

In the operation of a frequency or speed 
control system of the character hereinbefore 

gescribed, the frequency of an ES io fluctuating current is in effect determined or 
measured, as in the case of Figs. 1 and i, or 
equivalent, and in addition, a frequency or 
speed control is effected. 

it will be further understood that my in 
vention is not limited to control of frequen 
cies of 25, 60 or more cycles per second as 
commonly utilized on power and lighting 
circuits, but comprehends also control of 
higher frequencies, including the so-called high or radio frequencies. 

For brevity in the appended claims, the 
term “frequency” is E. in a generic 
sense to include frequency, speed, or equiv 

2 alent magnitude proportional to or depend 
ent upon frequency or speed. 
This application is a division of my co 

pending application Serial No. 18, 94 fied 
March 27, 1925, 
What claim is: 
1. In a system comprising a Wheatstone 

bridge having combinations of resistance 2nd 
reactance in different bridge arms and nov 
able structure associated with said bridge, 

30 the method of controlling frequency, which 
comprises inpressing a fuctuating curgent 
representative of the frequency to be con 
trolled upon said Wheatstone bridge, effect 
ing movement of said structure in response 

ge to and to an extent dependent upon the de 
gree of unioalance of the oridge, effecting by 
said novement, variation of the relative mag 
nitudes of impedances in the bridgearinsigg 
yard equality between the ratio of the resist 
2nce coimponents of two airns of the bridge, 
She ratio of the reactance coxaponents of said 
arias of the bridge, and the ratic of the in 
pedances of the other arms of the bridge, and 
varying the frequency of said castient by said 3:30 yeinegat, 

2. Apparatus for controlling isite: cCaprising a Wheatstone bridge having 
combinations of reactance and resistance in 
different oridge arms, impedances in the other 

25 

3. 3 

in a conjugate conductor of said bridge, a 
factuating current galvanometer in the 
other conjugate conductor of said bridge, 
imeans for exciting the galyanometer field 
frera said source, movable structure Con 
trolled by said galvanometer when said 
bridge is unbalanced, and means controllied 
by said movable structure for adjusting the rsiatiye magnitudes of impedance in the dif 
ferent pairs of bridge arms toward equality 
icetweez the ratio of the resistance compo 
insnis of said first named arms of said bridge, 
the ratio of the reactance components of said 
first named arms of said bridge, and the ratio 

S 5 

3g of the impedances of said other arms of said 
i 

bridge arms, a source of fluctuating curren. 

bridge, and means for varying Shs frequency 
of the current from said source controlled by said novable structure. 

3. In a system comprising a noving sys 
tem, an alternator driven thereby, an electri 
cal balancing network, and Inegins controlling 
energization of said moving system, the meth 
od of controlling the speed of said "...g system which comprises, producing unbai 
ance of said electrical network by departure 
of the frequency of the alternator iron a 
predetermined irequency at which the net 
work is balanced, and utilizing the unbel 
anced network to modify the action of said 
means to control delivery of motive energy to 
said system in a sense and to 2n extent more 
or less completely to compensate for said de parture. 

4. In a system comprising a moving system, 
means for regulating delivery of energy 
thereto to maintain the speed within a range, 
an alternator driven by said system, and an 
electrical balancing network, the method of 
controlling the speed of the moving system, 
which comprises producing unbalance of said 
electrical network by departure of the fre 
quency of said alternator from a predeter 
mined frequency at which the network is bal 
anced, and utilizing the unbalanced net'7ori. 
to modify the action of said regulating meaas, 

5. In a system comprising an alternator, an 
electrical balancing network, and movable 
structure associated 7ith said net,7ork 
method of controlling the requency of the alternator yhich comprises inpressing 2. 
futuating current representative of said 
frequency upon said network balanced at a predeteriained frequency, eitecting nove 
inent of said structure in response to and £o 
an extent dependent upon the degree of un 
balance of the network, and effecting by said 
movement variation in the magnitude of mo 
tive energy applied to said alternator. 

6. In a system coznprising 2n alternator, an 
electrical balancing network, 2nd movable 
structure associated with said ae:Work, the 
method of controlling the frequency of the 
siternator which comprises impressing a 
fluctuating current representative of said fre 
39; upon said network balanced at a pre determined frequency, effecting Inevement of 
said structure to rebalance said network upon 
and in response to departure of the frequency 
fron said predetermined frequency, and pro 
ducing by said movement variation in the magnitude of motive energy applied to said 
2.Éernatoi in a sease and to an axen; to com pensate for said departure. 

T. in a system cofaprising an alternator, a 
Theatstone bridge having combinations of 

resistance and reactance in different, bridge 
argins, movable structure associated 7ith said 
bridge, and mechanism related to said struc 
ture controlling notive energy applied to said alternator, honethod of cotting the fre 
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quency of the alternator which comprises im pressing a fluctuating current representative 
of said frequency upon said Wheatstone 
bridge, effecting movement of said structure 

s in response to and to an extent dependent 
upon the degree of unbalance of the bridge, 
and controlling by said movement the posi 

stion of said mechanism regulating the magni 
tude of motive energy applied to said alter 
nator to affect the speed thereof. 

8. A system of control comprising an alter 
nator whose frequency is to be controlled, mo 
tive means driving said alternator, an electri 
cal balancing network upon which is in 
pressed a fluctuating electro-motive-force 
representative of the frequency of said al 
ternator, said network balanced at a prede 
termined frequency, movable structure asso 

O 

25 

ciated with said network actuated upon un 
balance of the same in response to a different 
frequency of said electro-motive-force, and 
means controlled by said structure for vary 
ing the speed of said motive means to correct 
the frequency of said alternator. 

25 9. A system of control comprising an al 
ternator whose frequency is to be controlled, 
motive means driving said, alternator, gov: erning means for maintaining the speed of 
said motive means within a range of prede 

30 termined limits, an electrical halancing net 
work upon which is impressed a fluctuating 
electro-motive force representative of the fre 
quency of said alternator, said network bel 
anced at a predetermined frequency, movable 

85 structure associated with said network ac 
tuated upon unbalace of the same in re 
sponse to a different frequency of said electro 
motive-force, and means controlled by said 
structure coacting with said governing 

40 means to modify its action whereby the fre 
quency of said alternator is maintained sub 
stantially constant. ...' 

0. A system comprising an alternator, E. 
prime mover therefor, a governor maintain 

45 ing the speed of said prime mover substan 
tially constant, and means for determining 
the governor setting comprising an electrical 
network responsive to the alternator frequen 
cy and means operable when the network is 

50 not balanced at a predetermined frequency 
to change the setting of said governor. 

11. Apparatus for controlling frequency 
comprising 8. Wheatstone bridgehaving con 
binations of reactance and resistance in dii 

55 ferent bridge arms and impedances in other 
bridge arms, an alternator in one conjugate 
conductor of said bridge, electro-responsive 
means in the other conjugate conductor, struc 

20 

ture controlled by said electro-responsive 
60 means when said bridge is unbalanced for 

adjusting the relative magnitudes of imped 
ance in the different pairs of bridge arms 
toward balance of said bridge at alternator 
frequency, and means effective when said 65 structure is displaced from a predetermined 

75,589 

position to vary the alternator speed in a 
sense decreasing the difference between the 
actual alternator frequency, and the desired 
frequency. 

12. Apparatus for controlling frequency 
comprising a Wheatstone bridge responsive 
to the frequency of an alternator in circuit 
therewith, defecting means responsive to un 
balance of said bridge, structure moved by 
said deflecting means to an extent and in a 
sense from a predetermined position depend 
ent upon the unbalance and means effective 
when said structure is displaced from said predetermined position for varying the speed 
of the alternator to restore balance. 

18. An arrangement comprising an alter 
nator, a prime mover therefor, a power sup 
ply circuit connected to said alternator, a 
governor for maintaining the speed of said 
prime mover substantially constant, a sys 
ten balanced at a predetermined frequency 
including a Wheatstone bridge connected to 
said alternator, and means associated with 
said system actuated in accordance with un 
balance thereof to change the governor set 
ting in a sense and to an extent dependent 
upon the sense and extent of unbalance of said 
system. 
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