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T'o all whom it.may concern : o
. Be it known that I, Henry Brewer, a citi-
zen of the United States, residing in the city
and county of Philadelphia, State of Penn-
sylvania, have inventéd certain new and use-
ful Improvements in Control Apparatus, of
which the following is a specification. '
My invention relates to a system of or ap-
paratus for effecting any suitable control, as
temperature control, for producing indica-
‘tions ‘of the effect: produced by the control,
and for recording the variations, as of tem-
perature, effected by the control. oo
My invention resides in apparatus, which
may be 'in the nature of recording appa~
ratus or with ‘which a recorder may be co-
operatively asscciated, which controls a cir-
cuit or circuits for-effecting any -suitable or
desirable operation, as the control of one or
more translating devices, and: preferably
such as may be employed for controlling
temperature, the apparatus comprising
structure which is in tarn responsive to or
controlled by the change in temperature or
other condition -effected by the translating
device or devices, and particularly when a
Wheatstone "bridge, potentiometer, or any
other equivalent or suitable arrangement 1s
employed in association with a galvanometer
to effect the control. - - o
My invention resides in apparatus, com-
. prising similar structure, which ¢ontrols in-
dicating or signaling means, especially when
responsive to a change in temperature or
other condition effected by the aforemen-
tioned control apparatus. :
My invention resides also in apparatus of
the character referred to in which the gal-
vanometer which effects the controls or indi-
cations also controls mechanism for record-
ing the variation or change with time of the
temperature or condition effected by the
aforementioned control apparatus.
Myv.invention resides in .apparatus of the
" character hereinafter described.

For an illustration of one of numerous
forms my invention may take, reference may
be had to the accompanying drawing, in
which: .

Figure 1 is a perspective view of struc-
ture embodying my invention. :

TFig. 2 is a diagrammatic view illustrating

-

- Referring to the drawing,

part of the structure shown in Fig. 1, to-
gether with indicating means, controlling
means, and associated electrical circuits.

- In the illustrated example of my appa-
ratus parts thereof and their-mode of opera-
tion are similar to those disclosed in prior
Letters Patent of the United States to Leeds
No. 1,125,699, January 19; 1915, my ‘inven-
tion comprehending but niot being limited to
their employment.- - - I '
M is an electric
motor, Or any other suitable source of power,
which rotates the shaft 1, preferably at sub-
stantially .constant. speed, which in turn
drives the worm 2 meshing with and driv-
ing the worm gear 3 secured upon the shaft
4. Pivoted near its upper end is a lever
5 back of which and pivoted upon lever 5 on
a horizontal axis is the arm 6 on each end of
which-is a shoe 7.of cork or other-suitable
material frictionally engaging the rim 8 of
the clutch disk or wheel 9 secured upon the
shaft 10.- Secured upon the shaft 4 is a cam
11 which periodically engages the lever or
member 5 and moves it,outwardly away
from the disk 9 in opposition to a spring,
not shown, thereby lifting the shoes 7 free
from the rim 8 of clutch disk 9, the afore-
said spring returning- the shoes 7 into en-
gagement with the rim 8 after predeter-
mined rotation of the cam 11. Upon the shaft
4 1s secured a second cam 12 which, after the
cam 11 has lifted the shoes 7 from rim 8,
actuates the end of finger 13 on the lower
end of the arm 14 secured at its upper end to
the member 15 pivoted at 16. Upon the
frame or member 15 is secured the member
17, whose upper edge 18 is inclined and in-
creases in "height from the center toward
each side. Disposed immediately above the
edge 18 is the needle or pointer 19 of any
suitable measuring or indicating instrument,
as for example, a galvanometer of which 20
is the movable coil or element which swings
or deflects the needle or pointer 19. At op-
posite ends of the member 17 are the abut-
ments 21 for limiting the deflection or swing
of needle 19. Directly above the needle 19
and beneath which it normally freely swings
are the edges 22, preferably straight and
horizontal. upon members 28. 23 pivoted at
24, 24, and extending toward each other,
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]e'wma a gap of sufficient width Leu\"een

- their inner “ends to allow .the free entry of

the needle 19 when in balanced, zero-or mid-
position, the needle 19 nommll\r swinging
freely between the edge 18 of member 17 and
the lower edges of- the-members 23,23 which
have ‘the ‘downw vardly extendmz arms 25,
25 drawn toward each other by the spring
26. Attached to the lower end of the arm or
lever 5 is the triangular plate 27 carrying
the pins 28, 28 cooperzvtmor with ‘the lTower

ends of members 25, 25.. :At oppositerendsrof -

the arm 6 are the ears or lugs 29, 29 adapted
to 'be engaged by the cams 80 -30:similar in
shape- and sunlhr]y posmonea and secured
upon the shaft 4.

Secured upon ‘the shaft 10 is a disk or
wheel 31 -of insulating material carrying
upon its periphery the resistanee conductor

1 R, which may be disposed ‘in 'the form of

a helix laid upon the ‘wheel -31. Engaging
the resistance R 1is ‘the :stationary :contact
32, The disk 31 may be secured to the shaft
10 in any -suitable -anguldr relation with

5 respect thereto by the set screw 33 threafled

through “the 'hub 34" through which ‘the
shaft 10 extends. Secured ‘upon the shaft
10 is a second wheel or:disk -85 carrying the
arcuate contacts 36 and 37 ‘insulated Hrom
each other -and 'preferably from ‘the re-
mainder of ‘the apparatus. The disk:85 ‘is
held in any suitable angular ‘position upon
the shaft 10 by the ‘screw ‘88 threaded
through the hub 89 through which the shaft
10 passes.

Upon the shaft 10 is ‘similarly ‘secured
by screw 40-and hub 41 a-third disk 42 car-
rying the arcudte comtacts 43, 44 and ‘45,

all insulatedl from each other tind prefer-
1bly from ‘the remainder of the apparatus.

‘While separate disks 81, 35 :and 42 are
shown, it will be understood ‘thatthese-disks
or any ‘two of them may be one and ‘the
same unitary ‘structure ‘Whereby 'the differ-

5 ¢t v oups -of ‘contacts mieritioned may ‘be

rotated in unison by'the shaft 10 and may be
adjusted in unison with -each other ‘as 'to
angular position upon ‘the shaft 10, particu-
Iatly with respact $o the point of engage-
ment ‘hetween contact 32 and reSIStance R

on disk 31.° |
Secured upon the shatt 10 is'the grooved
)u]ley or wheel 46 around which passes the
147 which passes over suitable pulleys

: 4:8 aﬁd is secured to'the marker or recorder

pen 49, movable transversely, on-guides, not
cho“n with respect to ‘the Tecorder paper

P stared upon a roller or'spool 50, and hav-
ing the marginal’ pe’"fovatmns 51, engagimg
teeth or pins upon ‘the permhery ‘of ‘the
roller 52, secured vpon ‘the shaft 53 which
is driven’ ‘by- the motor M through‘the worm
54, gear 55, shaft 56, worm 57 and gedr 58.

In the particular electrical system-of con-

trol of the galvanometer-coil 20, a potential

1,356,804

circuit is employed, wh1ch however, may
be replaced by any other sultable circuit
arrangement.  For example, ‘the gal-
vanometer coil may be connected directly in
simple circuit with a source of current and
a resistance thermometer or other device,

‘or_directly in circuit with a thermo-couple.

In the .potentiométer circuit the contact

.82 is connected by conductor 59 with one

terminal of the thermo-couple T, whose
other ‘terminal is connected by conductor
60 -with a -switch -contact 61, with which is
adapted to engage a movable switch element
62 connected to ore ‘terminal of ithe ‘gal-
vanometer :coil 20, whoze other terminal
connects’ by conductor 63 with. one terminal
of the resistance R ‘and one ‘terminal :of
the resistance 64, whidh reonnects .through
battery or: suitdble: source of:current 65, ad-
justableresistance 66 and:conductor 67 with
the remaining ‘terminal-of the resistance R.
To = point ‘between :one ‘terminal sof ‘the
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batterty 65 :and one ‘terminal :of "the resist- -

anee :64 9 conhéction is made through the
standard cell 'S with -a switch contact 68
into contact *with which the switch lever
62 may be ‘thrown, ‘when it is +desired ‘to
readjust -or -calibrate the -poteritiometer.
In the normasl ‘operation -ofithe : apparatus,
however, the switch lever 62 remains in
engagement “with - contct 161,

‘Condtretors 69 and 70 -connect -with any
suitable spuree of ‘current, the conductor
69 econdmunicating with one terminal -of
each ‘of ‘the mdlcatsmg lamps or :any :other
guitable ~signdl or findicating means ‘7, ‘w
and ‘b, ‘which may ‘be, respectively, red,
swhite -and blue -incandeseent larhps Wwhose
other terminals -connect, respectively, with
contacts 45, 44 and 43 upon the disk 42.
The conductor 70-cornects with two brushes
71 and 72, spaced fromeach :sther circum-
ferentially of the disk 42 somewhdt :more
than the distance ‘between the comtact 44
and the adjacent contacts 43:and 45.

F is a furnace or other structure which,
according to ‘one example of an -embodi-
ment -of my invention, is to be controlled
as to its temperature. In theexample illus-
trated heat is ‘supplied to the furnace by
a main resistor 78 whose ‘términals are con-
nected “to ‘the condudtors 74 and 75, which
in ‘turn conneéct to -any ‘sultable source of
current, which ‘may ‘be the same source‘of
current to which the conductors 69 and 70
connect. The auxiliary resistor 76 has- its
one fermindl connected to-conductor 75 and
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its other termindl ‘to conductor 77, which

connects ‘to ‘the stationary contact 78 of
relay structure having the -actuwdting -coils
79 and ‘80 -which 'move ‘the core strucfure
81 longitudinally, the structure 81 remain-
ing “in position ‘to which last -adtuated by
either coil upon denergization of such- coil.
In the position shown contacts 78 and 82
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are bridged by the contact 83 moved by
the core structure 81. A second contact
member 84, also moved by the core struc-
ture 81, is adapted to bridge and engage
the contacts 85 and 86, of which 85 is con-
nected with 82 to the supply conductor 74.
Contact 86 connects to one terminal of

the coil 79, which in turn is connected to

the contact 37 on disk. 85, the companion
contact 86 being connected to one terminal
of the. coil 80, whose other terminal con-
nects to the conductor 77. Associated with
the contacts 86 and 87 is the brush or sta-
tionary contact 87, which connects with
supply conductor. 75. o

The mode of operation is as follows:

Supposing the temperature of the furnace
F to be above that desired, the thermo-
couple T will produte an electro-motive force
greater than that which produces balance

_ in the potentiometer circuits, and the gal-
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vanometer coil 20 is; therefore energized and
deflects its rieedle 19 toward the right, Fig.
1, whereby due to the periodic vertical move-
ment of the member 15 by ¢am 12 the needle
19 is clamped between the inclined edge 18
and the 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 on the right hand: pin 28
on plate 27, and so tilting the movable or
driving clutch: member or arm 6 in a clock-
wise direction; while cam 11 is holding shoes
7, 7 from the rim 8 of cluteh wheel 9, the

angular movement of the member 6 being de- -

pendent upon the degree of deflection of the
galvanometer needle 19. The ‘cam 11 soon
allows the shoes to again grip the rim 8
of the wheel 9 and soon thereafter the left
hand cam 30 engages the ear 29, which has
now been.clevated, pushing it downwardly,
due to rotation of shaft 4, restoring it to
the horizontal position indicated, but in so
moving back to normal position the clutch
member 6 rotates the clutch disk 9 in a coun-
ter-clockwise direction, similarly rotating
the disks 81, 35 and 42. The action is such
as to move the potentiometer resistance R
with respect to contact 82 in such direction
as to tend to restore balance of the electro-

. motive-force in the potentiometer to or to-
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ward equality with the electro-motive-force
produced by the thermo-couple T. But this
counter-clockwise movement implies that
contact 87 is in engagement with contact
36, thereby energizing relay coil 80, which
moves the core structure 81 1n such direction
as to separate bridging contact 83 from con-
tacts 82 and 78 and to bring bridging con-
tact 84 into engagement with contacts 85
and 86. Due to separation of contact 83
from contact 78 the circuit of coil 80 ig
broken and the circuit of auxiliary heater
76 is also broken so that the temperature
of the furnace will descend. During further

3

step. movements of shaft 10, in a counter-
clockwise direction, controlled by the gal-
vanometer needle-19 under control of the so
varied resistance of R, a condition will
sooner or later be reached where the tem-
perature of the furnace is at or near the de-
sired temperature, in which case the electro-
motive-force produced by the thermo-couple
T wil? be less than before and such that it
is substantially equal to the electro-motive- 75

70

force fall in the potentiometer circuits, and

accordingly there will be no deflection of the
galvanometer needle 19, which then remains
in the free space between the members 23,28,
and the periodic or successive upward move-
ments of the frame 15 produce no effect as to
setting the clutch -member 6.

.Should the. temperature of the furnace
fall too low for any reason, the electro-mo-
tive-force produced by the thermo-couple
T will be still Jower than before, with re-
sultant deflection of galvanometer needle
19 toward the left, causing a clockwise move-
ment of the disk 9 and shaft 10 by mode
of operation similar to that above described.
This will bring brush 87 into engagement
with contact 37, whereby relay .coil 79 will
be energized, causing the core structure to
return to the position illustrated, whereupon
the auxiliary resistor 76 is again brought 95
into circuit, tending again to raise the tem-
perature of the furnace. :

The lamps or other indicators », w and b
may be located at any desired point, either
near the recorder structure or near the 100
furnace, or both, in which latter case the
lamps are duplicated and connected in par-
allel with each other.

When the temperature of the furnace is
that desired, the lamp controlling contacts 105
are in the position indicated in Fig. 2. In
this case the white light w only is glow-
ing, the same being energized from conduc-
tor 70 through either or both brushes 71
and 72, contact 44, lamp w, to conductor 115 .
69. This indicates that the furnace is at
or quite near the desired temperature.
Should the temperature of the furnace be
only somewhat above the desired tempera-
ture, contact 71 will be in engagement with 115
contact 45, while contact 72 is still in engage-
ment with contact 44. This will canse both
lamps w and » to glow, which will indicate,
due to the fact that lamp 7 is glowing, that
the temperature is too high, but the simulta- 120
neous glowing of lamp 20 will indicate that
it is only slightly too high. However, if
the disk 42 has been rotated by the automatic

80

85

90

-mechanism, due to still higher temperature,

to a position where both brushes 71 and 72 125
engage contact 45, lamp 7 only will glow
and so indicate that the temperature is far
too high. Similarly, when the temperature
i1s somewhat below normal or desired tem-
perature, contact 72 will be in engagement 130
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with ‘contact 48, ‘while ‘contadt 771 4s -gtill n
engagemerit with contact 44. "THis will'cause
lamips & and w to ‘glow, and so indicate ‘that
the ‘temperature s below normal or desired
temperdture. Tf,'however, the temperdtire
is far ‘below normal, ‘the ‘disk 42 is’m -such
position ‘that ‘bdth 'brushes 71 -and 72 are in
engagement with contadt 43, ‘whereby blue
lamp -3 “enly ‘s ‘glowing, indicating a ‘tem-
perature far‘below normal. - < ¢
"While ‘fhese operations :0f attomutically
corltralling ‘the ‘temperdture -of the ‘furnace
andl ‘df ‘indicating ‘its -temperature are ‘per-
formed, an actual'record of the temperdture
varintions ‘of 'the furnace F with time -are
produced by ‘the ‘marker 49 8rawing an ‘ink
or pencil mark 88 ‘upon ‘the récorder paper
P, which :moves ‘in ‘the direction indicated
by ‘the arrow. oo
‘While “In -connection with ‘the particular

‘example of ‘my invention described I-pire-

fer 'to employ ‘a potentiofieter 'in asdodia-
tion “with “the fi’,hermo-'cb'ugll‘e'f T, it will ‘be
understood’that'thie couple T may when stit-
able 'be - commected ‘‘directly ‘in “séries “With
the ‘galvanometer coil 20, Independeritly -of
the ‘potentiométer arrangement, though such
connection ‘of ‘the couple‘and gilvanomiter
does ‘not -effect so nice < -totitrol “ws. may 'be
desired, particularly when ‘the apparatns
is zlso-employed as-a recorder, .~

In lieu of the thermo-couple T* sy “Gther
suitable temperiture responsive device, as a
resistance ‘thermoineter, ‘may be employed;
andl in-case g resistance thermomeéter is used
it ‘may ‘be associdted ‘as well ‘understood in
the art ivith ‘the ‘galvanométer ‘coil .20 and
resistance R in a Wheatstone'brifige arrange-
merit. "The Tesistance thermometer may for
seme purposes be connected in circuit with
a suitable source of curresit and the galva-
nometer ‘in-simple tircuit sivangement.

It will ther¢fore be unflerstood that my

_ invention is not liniited to the particular cir-

cuit arrangemenits. and devices-employed, but

comprehends any siitable means ¥or con-

trolling the deflecting member, either of the
galvanometer or any dther suitable déflec-
tion instrumerit, whéther électrical or me-
chanical, in response not only -to tempera-
ture, but any dther changing condition which
it is desired to control or of whose ¢hanges
it is desired to give indicdtions or a record.

While in the heating apparatus herein
disclosed the heating agent is electrical en-

ergy, any other types of heater may be con-.

trolled, for examiple, those using ifiuid or
gaseous fuel. ‘ o

In lieu-of operating.as an szuxiliary re-
sistor or burner, the meniber 76 may be the
main or sole resistor or burner of a furnace
or the like. ' .

While ‘there is herein disclosed apparatus

- for performing the three functions of con-

1,856,804

trol indication wnd recordting, it will be un-
dersteod 'thdtmy invertion is not ‘limited ‘to
the atse ‘o @l of them, ‘but “comprdhents
dithat -of “the eotittolling ‘or ‘indicating Fea-
thires “solely ‘or ‘in ‘combindtion, -and either
of the ‘cofitroling ‘or ‘mdicafing “eatures
solely “with the recoy@ing fedture, or the con-
trolhng, inficating “antl recorfling fedtures
mn eonbitation. o :
“ What T-dlaim fs: =~ :
1. The‘conibingtion with‘a deflecting'mem-
ber,‘of -a'sgurce of ‘power,a ‘mentber adapt-
efl 40 ‘produce “a change ‘in the ‘defledtion

65
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75

o saidl “Geflecting member, ‘sdid deflecting

member controlling actuation of*said second
named 'ntertiber by ‘6:iid ‘soiree of power, a
transluting device, 4nd ‘means for control-
ling'the same compPising fixed and movable
¢ontacts of which a nrovdlble cotitact is moved
with %aid sevond numed membér by said
source-of ‘power. = . o T o

9. "Thé’conmibmitich with a déflecting migin-
bet,-of dsotice of power, a member adypt-
ed'to' ;praftiuce a dhange’in ithe defledtion of
sifl Hefledtmg mendbier, saitl Jefledting mem-
ber eontrdlimg getustion of ‘said second
named ‘member Yy siid ‘source’ of .poter, a
transldting device éffeeting a diange of con-
dition ‘to Whidh '5aill - déflecting member is
responsive, ‘and Jeans for-controlling ‘the
same comprising fixed and movable contacts
f which'a ‘taovdble cohtiat 'is moved iwith

saill ‘second namedl “wiember by \said ‘source
of powep.. - oo T
/B The tonibination tvith a deflecting mem-
ber, of a source.of power, a member adapt-
etl"to produce ‘a change in ‘the .deflection of
sail deflecting member, said deflecting mem-
ber controlling “actuation of said second
nametl meniber by ‘said source of power, a
hedter, ‘and means -for controlling said
heater comprising 4 third meniber actuated
by .said sotirce of power under - the control
of said deflecting meniber.

4. 'The combination with a-deflecting mem-
ber, of a source of power, a member adapt-
ed to_produce a.change ‘in the feflection of
said deflecting member, said deflecting mem-
ber controlling .actuation of said second
named member by said source of power, a
heiter, and means for controlling the same
comprising -fixed and .movable contacts, of
which .a movable contact is moved by said
source of power under control :of said de-
flecting member. L .

5. The combination with.a.deflecting mem-
ker, of a.source.of power,a member adapt-

~ed_to produce a change in .the deflection.of

said deflecting member, said deflecting
member controlling actudtion of said second
named member by said souree.0f power, a
heatereffecting a change.of temperature to
which said deflecting imember is responsive,
and :means :forcontrolling said .heater com-
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prising ‘a third member actuated by said
source of power under the control of said
deflecting member. -
6. The combination with a deflecting mem-
ber, of & source of power, a member adapt-
ed to produce a change in the deflection of
said deflecting member, said deflecting mem-
ber controlling actuation of said second
named member by said source of power, a
heater effecting a change of ‘temperature to
which said deflecting member is responsive,
and means for controlling the” same com-
prising fixed and movable contacts; of which
a movable contact is moved by said source
of power under control of said deflecting
member. Ty
7." The combination with a deflecting mem-
ber, of a source of power, a member adapt-
ed to produce a change in the deflection of
said deflecting member, said deflecting mem-
ber controlling actuation. of said second

named member’ by said source of power, a
translating device, means for controlling the

same comprising fixed and movable contacts

of which a movable contact is moved with

said second named-member by $aid ‘source
of power, indicating means, and fnéans con-
trolling the same comprising a third mem-
ber actuated by said source of power under
control of said deflecting member. S
8. The combination witha deflecting mem-
ber, of a source of power, a member adapt-
ed to produce a change in the defléction of
said deflecting member, said deflecting mem-
ber controlling actuation of said second
named member by said source of power, a
translating device effecting a change of con-

dition to which said deflecting member is re-

sponsive, means for controlling the same
comprising fixed and movable contacts of
which a movable contact is moved with.said
second. named member by. said source of
power, means for indicating a condition of
said translating device comprising an indi-
cator, and means controlling the same actu-
ated by said source of power under control
of said deflecting member. . . :

9. The combination with a deflecting
member, of a source of power, a member
adapted to produce a change in the de-
flection of said deflecting member, said
deflecting member controlling actuation of
said second named member by said source
of power, a heater, means for controlling
said heater comprising a third member actu-
ated by said source of power under the con-
trol of said deflecting member, an indicator,
and means for controlling the same actuated
by said source of power under the control
of said deflecting member, "

10. The combination with a deflecting
member, of ‘a source of power, a member
adapted to produce a change in the deflec-
tion of said deflecting member, said deflect-

S

ing meémber- controlling actuation of said
second named member by said source of
power, a heater, means for controlling the
same comprising fixed and movable con-
tacts, of which-a movable contact is moved
by said source of power under control of
said deflecting member, an indicator circuit,
and contacting means controlling the same
actuated by said source of power under the
control of said deflecting member.

- 11. The combination with a deflecting
member, ‘of a’source of power, a member
adapted to produce a change in the deflec-
tion of said deflecting member, said deflect-
ing member controlling actuation of said

'second named member by ‘said source of

power, a heater effecting a change of tem-
perature to which-said deflecting member is

responsive, means for controlling said heater

comprising a third. member actuated by said
source of power under the control of said
déflecting memiber, means ‘for indicating a
condition produced by said heater compris-
ing an indicator, and means controlling the

same actuated by said source of power under

‘control ofsaid deflecting member.

*/12.-The combination 'with a deflecting
member; of ‘a source of power, a member

adapted to produce a change in ‘the deflec-

‘tion of said deflecting member, 'said deflect-

ing member controlling actuation of said
second named member by said source of

_power, a heater effecting a' change of tem-
~perature to which said -deflécting member is
responsive, means for-centrolling the same °

comprising fixed and movable contacts, of
which a movable contact is moved by said
source of power under control of said-de-
flecting member, an indicator and its circuit
for indicating a condition produced by said
heater, and means for controlling said cir-
cuit actuated by said source of power under
control of said deflecting member.

13. The combination with a deflecting

member, of a source of power, a member -

adapted to produce a change in the deflection
of said deflecting member, said deflecting
membér-controlling actuation of said second
named member by said source of power, a
translating device, means for controlling
the same comprising fixed and movable con-
tacts of which a movable contact is moved
with said second named member by said
source of power, and a recorder having a
marker actuated by said source of power
under control of said deflecting member.

14. The combination with a deflecting
member, of a source of power, a member
adapted to produce a change in the defléction
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of said deflecting member, said deflecting

member controlling actuation of said second
named member by said source of power, a
translating device effecting a change of con-
dition to which said deflecting member is re-

125
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sponsive,, means for controlling, the. same
comprising fixed' and. movable contacts. of

Eix aimovable, contact. is moved with, said
secondi named .member: by, said. source of
power, and a.recorder having a marker actu-

ated: by, said source.of. power, under: cantrol

" . of said defleating membBer.
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15. The combination. with.. a. deflecting
member, of a source. of power, a member
adapted to.produce.a.change in: the deflestion
of: said. deg
member controlling actuation of: said. second
named member. Uy.said source. of power; a
heater, means. for controlling said heater
comprising; a.third member. actuated by said
source..of power. under. the control of, said
deflecting, member, and. s recorder having a

‘marker. actuated: by said.source of’ power

under control.of said.deflecting, member..
16.. The: comhination, with a. deflecting
member;, of a. source of power, a member
adapted to. produce.a.change: in the.deflection
of said de’ﬂ)_echi'ng, member,, said deflecting

‘memben controlling,actuation of said second

named member. by, said: sounce, of power,, a
heater effecting, a change of temperature. to
which: said. deflecting, member: is responsive,

means.for cantrolling said heaten comprisi
4. third. member actuated. by, said source:o]

power. under. the, control. of said: deflecting
member,, and. a. recorder, having a. marker
actuated. by said. seurce,of power under. con-
tral of said deflecting.membher.. o

17. The combination with a. deflacting
member, of a.source. of power, a memher
adapted to. proeduce.a change in: the deflection
of said deflecting member; said. deflecting
member contralling actuation.of said second
named. member, by, said source..of power, a
translating, device, means, for controlling the
same. comprising fixed and.movable. contacts
of which a movable contact is moved. with
said second named member By said source of
powen,.indicating, means, means controlling
the same comprising a. third memher actu-

- ated by said source of power unden control

of. said. deflecting member, and a recorder
having: a marker: actuated. by said source of
power under control of said deflecting
member.

18.. The combination. with a deflecting
member; of. a. source. of power, a member
adapted to.produce a.change.in the deflection
of said. deflecting member,. said deflecting
member controlling actuation.of said second
named member by said: source of power, a
translating, device effecting a change of con-
dition to which said deflecting member is re-
sponsive, means. for-controlling the same
comprising fixed and movables contacts of
which. a movablé:contact. is moved with said
second. named member by said source of
power, means for indieating. a. condition of
said. translating, device comprising an indi-

cator, means controlline the same actuated

ecting member, said deflecting -
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by said sourca. of pewer unden control. of
sald deflecting member,.and a.recorder hav-
ing a marker actuated by said source of
power under- control of said deflecting
member. :

19. The. combination, with a deflecting
member,, of a. source. of power; a member
adapted: to. produce a. change in. the deflec-
tion of said deflecting member; said deflect-
Ing member controlling actuation. of said
second named member by saidi source of
power,, a, heater, means. for controlling said
heater comprising a.thitd member actuated
by, said source of pawer under the control
.of said: deflecting; member, an indicater,
means for controlling the same actuated, by
said. sounce:of power under the control: of
said: defleeting, member, and. a. recorder hay-
ing, a. marker actuated by said: source .of
power under control of said deflecting: mem-

er, L : .
" 20.. The. combination with a deflecting
memben, of a source of pawer, a member
adapted to produce a change: in the deflec-
tion of said deflecting member, said deflect-
ing, memb,_er_contrgiﬁng{ actuation of said
second named member by said: source of
power, & heater - effecting a change. of
temperature to which said deflecting member
is responsive, means. for controlling said
heater comprising a third member actuated
by said source of power under the control of
said deflacting, member, means for indicat-
ing a condition produced by said:heater com-
prising an indicator, means controlling the
same actuated by said souree of,power under
control of said deflecting member, and a re-
corder having a. marker actuated by said
source of power under control of said de-

flecting. member. : S

21, The: combination with,a galvanometer
having a deflecting, member, a source of
power, a member. adapted. to produce a
change in the deflection of said galvanom-
eter, said deflecting member controlling
actuation of said second named member in
opposite directions by said source of power
aceording as said' deflecting member deflects
in.one direction or the other, a. translating
device effecting a change. of condition to
which said galvanometer is responsive, and
means. for controlling said translating . de-
vice actuated by said source of power under
control of said deflecting member.’

22. The combination with a galvanometer
having a deflecting member, a source of
power, a member adapted; to produce »
change in the deflection of said' galvanom-
eter, said deflecting member controlling
actuation of said seecond named member in
opposite. directions by said source of power
according as said deflecting member deflects
in one direction or the other, a heater, means
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ter, arid means controlling said heater actu-
ated by said source of power under control
of said deflecting member.

23. The combination with 4 galvanometer
having a deflecting member, a source of
power; a member adapted to produce a
chancre in the deflection of said galvancme-
ter, “said deflecting member controlling

actuation of said second named. member in.
opposite directions’ by said source of power .

according as said deflecting member ‘deflects
in one direction or the other, a translating
device effecting a change’ of condition to
which said galvanometer is. responsive,
means for controlling said translating device
actuated by said source of power under ‘con-
trol ‘of said deflecting member, indicating
means, and means controlling the same At
ated by said source of power under control
of said deflecting member.

24. The combination with a galvanometer
baving a deflecting member, a sourcé of
power, a member adapted to prodice “a
change in the deflection of said galvanome-
ter, sald deflecting “member. *controlling
actuation’ of said second ‘mamed ‘member in
opposite directions by said soiirce of power
according as said deflecting member deflects
in one dlrectlon or the other, a heater, means
responsive to temperature changés produced
by said heater controlling said galvanome-
ter, means controlling said heater actudted
by’ "said source of power under control of
said déflecting member, indicating means,
and means controlhnor the same actuated by
said source of power - under control of S‘ud
deflecting’ member.

. 25, The combination with a O'alva,nometer
having- a deflecting ‘member, a source: of
power, a member 'tdapted fo "produce - a
change in the deflection of said galvanome-
ter, said deflecting member controlling actu-
ation of said second named member in op-
posite directions by said source of power

) accor ding as said deflecting. member deflects

in one direction or the other a translating
device effecting a change of condition_to
which said galvanometer is  responsive,
means for controlling said translating de-
vice actuated by said source of power under
control of said deﬁoctmc member, and a
recorder having a marker actuated by said
source of power under control of sald de-
flecting member.

96. The combination with a oalvanometer
having a deflecting member, a source of
power, a member adapted to produce a
change in the deflection of said galvanome-
ter, s said deflecting member controlhncr actu-
ation of said second named member in op-
posite directions by said source of power
according as said deflecting member deflects
in one dlrectlon or the other, a heater,
means responsive to temperature chantres
produced by said heater ‘controlling said

‘member:

7

galvariometer, means controlling said heater
actuated by said source of power under con-
trol of said'deflecting member, and a re-
corder having a marker actuated by said
source of power under. control of said de-
flecting member.

97. The combination with a galvanometer
having a deflecting member, a source of
power, a member -adapted fo produce a
change in the deﬁectlon of said galvanome-
ter, sald deflecting member controlling actu-
ation of said second’named member In op-
posite directions by said source of power
according as said deflecting member deflects
in one direction or the other a translating
device effecting a change of condition_to
which said’ galvanometer -is responsive,
means for* controlhng said translating de-
vice actuated by said Source of power under
conttol of said deflecting member, indicating
means, means controlhng the same actuated
by said source of ‘power under control of
said deflecting membér, and'a recorder hav-
ing a_marker trated” by said source of

‘g er} contml of smd deﬁectmtr mem-

28, The combihation’ Wlth a oalvanometer
havmo' a deflecting member, “a’ source ‘of
power, a’ niémber admpted to"'p'i‘oduce !
change in the deflection of said galvanom-
efer. “said deflecting member controlhng ac-
tuation of said second named member in
opposite directions by said source of power
aceording as $aid -deflecting member de-
flects in one dlrectlon or the other, a -heater,
means responsive to temperature changes
produced by said'heater controlling said
fmlvqnometer, means controlling said’ heatel
‘actuated by said source of paiver under con-
trol of said deflecting member, indicating
Ioeans, means controlhnrr the same actmted
by said source of power under control “of
said deflecting member, and a recorder hav-
‘ing a markér actuated by said source of
power under _control of sald deflecting

'29. The combination with a heating de-
vice, of means responsive to the temperature
thereof recording mechanism controlled by
said me'ms and a controller for said heater
comprising means actuated in unison with

the marker of said recorder.

'30. The ‘combination: with a heating de-
vice, of ‘means responsive -to the tempera-
ture thereof, recording mechanism con-
trolled by smd means, a controller for said
heater comprising méans actuated in unison
with the marker of said recorder, means for
indicating the temperature recultmc' from
control of said ‘heater comprising an indi-
cator, and a controller thersfor moving in
unisen with the marker of said recorder.

'31. The combination with a member ca-
pable of deflecting in opposite directions, of a
source of power; a member adapted to pro-
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tion to. which. said. deflecting member. is re-

~ sponsive, a plurality of electro-magnetic
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windings, and fixed and movable: contact
structure controlling said windings, the
movable structure. of said contact structure
actuated: by said source ofi power. under con-
tral of said. deflecting, membaer.. a

- 32. The. combination. with, a. membez, ca-
pable of deflecting in. opposite diregtions, of
a source. ¢f power, a: member. adapted. to
produce a: change in the deflection. of said
deflecting, member and actuated: by said
source. of power under. control of said-de-
flecting: member; means effecting a change
of condition to which said deflecting mem-
ber. is: responsive,, a. plurality of indicators,
and .contact. structure: controlling the. same,
the:mevable, structure of said contaat:struc-

ture actuated by said source of power under

control of said deflecting member., =~

33. The combination :with. a_member ca-
pable of deflecting in opposite directions, of
a.source of power, a.member adapted:to.pro-
duce a.change in the deflection of said de-
flecting member and actuated. by, said source
of power under control of said deflecting
member, means effecting a.change of condi-
tion to which said deflecting, member is re-
sponsive, a plurality of indicators, and con-
tact structure controlling the same actuated
by said source of power under control of
said deflecting member to, indicate in which
direction said deflecting member has de-
flected. -

34. The combination with a member ca-
pable of deflecting in opposite directions, of
a source of power, a- member adapted to
produce a change in the deflection of said
deflecting member and actuated. by said
source of power under control of said de-
flecting member, means effecting a change of
condition to which said deflecting member is
responsive, a plurality of indicators, and
contact structure controlling the .same ac-
tuated by said.source of power under-control
of said deflecting member to.indicate when
said deflecting member is in normal posi-
tion and when slightly. deflected.

35. The combination. with  a- galvanometer
having a member deflecting in opposite di-
rections, of a source of power, electrical
means controlling said galvanometer, said
means comprising means variable by said
source of power under control of said de-
flecting member “of said galvanometer,
means codperating with said second: named
means in controlling said galvanometer, and
means for controlling said last named means
actuated by said-source of power under-con-
trol of said deflecting member.

36. The combination with a galvanometer

1’3§ﬁ6804

having. a. member. deflecting in opposite di
rections, of. a. souxnce, of pewer, elestrical
means controlling said galvanometer; said
means comprising-.means vaziable: by said
source, of power under. control of said de-
flecting. member ofi .said galvanometer,
means. codperating, with. said second named
meaps -in, controlling said. galvanometer, a

_plurality, of indicators’ for indicating: when

said. deflecting member is in.noxmal position
or to.either side. thareof, and. a. plurality. of
confacts: for.confrolling said. indicators. con-
trolled; by, said source of pawer under. con-

tral of sud deflecting member. ..

37. The. combination, with, a.galvanometer
having a, memher- deflecting in, opposite. di-
rections,, of a source. of.. pawar;, electnical
means. confrolling- said, galvanometer, said
means, comprising. means, vartable by said
source of power under. coptral. ofr said. de-
flecting. memper, of .said  galvanometer,
‘means. codperating, with, said second. named
means in. coptrolling saidi galvanometer,
meang, for. controlling said last named means
aptnatad. by said.sonrce,of power under con-
trol.of said deflecting member, and a marker
agtuated, by.said source of power-under con-
trol-af. said-deflecting member. . =
.; 88.. 'Lhe, combination with a galvanometer
having; 2 member deflecting in opposite di-
regtions; . af: a. source .of pawer, electrical
means. controlling, said galvanometer,. said
‘mesns: . compnising. means variable by said

source of. power,;under. control: of said: de-

flecting, - member of said galvanometer,
means. cofiperating with said second named
means in controlling said. galvanometer, a
plurality. of, indicators. for indicating when
said deflecting member is in normal position
or to.either side:thereof, a plurality of con-
tacts for controlling “said. indicafors con-
trolled. by said.source of power. under con-
trol of said deflecting member, and a marker
actuated by said source of power under con-
trol of said deflecting-member. :

39.. The: combination with a deflecting
membar, of a: source of power, a member
adapted. to produce a change in the deflec-
tion. of said, deflecting member actuated by
said source of power under control of said
deflecting member, a translating device,
means Tesponsive to changes in condition of
spids translating. device controlling said de-
flecting member, indicating means, means
actuated by said source of power under con-
trol. of said deflecting member operating
said. indicating means,. and means. actuated
by said source of power under control of
said- deflecting means effecting changes in
candition of said. translating device:

40.. The combination. with a deflecting
member, of a.source of power, a translating
device, said. deflecting member responsive to
changes in condition of said translating de-
vice, an indicator, and means operated by
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said source of power under control of said
deflecting member controlling said indicator.

41. The combination with a deflecting
member, of a source of power, a translating
device, said deflecting member responsive to
changes in condition of said translating de-
vice, an indicator, means actuated by said
source of power under control of said de-
flecting member controlling said indicator,
and means actuated by said source of power
under control of said' deflecting member
controlling said translating device.

42. The combination with a deflecting
member, of a motor, a translating device
effecting changes of condition to which said
deflecting device is" responsive, means for
controlling said translating device compris-
ing fixed and movable contacts, and motion
transmitting mechanism under control of
said deflecting member for moving said
movable contact by said motor. _

43. The combination with a device respon-
sive to changes in a condition, of a struec-
ture movable under control of said device,
means for indicating the condition to which
said device is responsive, and means con-
trolling said last named means comprising a
fixed contact and a plurality of movable con-
tacts, said movable contacts carried by said
structure.

44. The combination with a temperature
vesponsive device, of a structure movable
under control of said device, contacts car-
ried by said structure comprising two long
contact members and an intermediate short
contact member, indicating devices connect-

o

ed to each of said contact members, and a
fixed contact connected with said indicating
means and in coGperative relation with said
movable contact members, said fixed con-
tact engaging said intermediate contact
member or one or the other of said long
contact members when the temperature is
normal or above or below normal, respec-
tively.

45. The combination with a temperature
responsive device, of a structure movable
under control of said device, a series of con-
tact members carried by said structure, a
fixed contact adapted to engage one of said
contact members or two of said contact mem-
bers, a series of electrical circuits each of
which includes said fixed contacts and one
of said contact members, and a lamp in each
electrical circuit.

46. The combination with a galvanometer
having a deflecting member, of a source of
power, a movable structure actuated by said
source of power under control of said de-
flecting member, an electrical circuit includ-
ing a variable resistance controlling deflec-
tion of said deflecting member, said variable
resistance carried by said movable struc-
ture, a second electrical circuit electrically
independent of said first named electrical
circuit, and switching means carried by
said movable structure controlling said sec-
ond electrical circuit.

In testimony whereof I have hereunto af-
fixed my signature this 11th day of Feb-

ruary, 1919,
HENRY BREWER.
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