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HENRY BEEWER, OF WILMETTE, ILLINOIS, ASSIGNOR TO LEEDS & NORTHRUP COM-

PANY, OF vaADELPKIA,

PENNSYLVANIA, A CORPORATION

OF PENNSYLVANIA.

‘MEASURING AND INDICATING APPARATUS.

Original No. 1,361,676, dated December 7, 1930, Serial No. 278,407, filed February 21, 1919. Application.
for reissue fiied November 28, 1923. Serial No. 604,090. R

To all whom it may cbmem:" .
Be it known that I, HENRY BREWER, 8 cit-

izen of the United States, formerly a resi- -

dent of the city and county ‘of Philadelphia,
& State of Pennsylvania, and now residing at
. Wilmette, State of ‘Illinois, have invented
certain new and. useful Improvements.in
- Measuring and Indicating Apparatus, of
which the following is a specification.
My invention relates to apparatus for in-
dicating, measuring and recording condi-

tions or variations in conditions, as chemi-

10

cal, physical, electrical and other condi-

tions, and more ‘particularly temperature

16 and variations in temperature. .
~ My invention resides in ap aratus, which

" may be in the nature of recor ing apparatus
“or with which a recorder may be coopera-

- tively associated, which controls a circuit or -

20 circuits for effecting quite accurate measure-
ment or indication of magnitude of the con-

- dition or variation thereofz’- and particularly
of temperature or variation thereof; and
.with such apparatus may be asso_ciateé fur-

sa-ther indicating means, such as lamp or other .

signals, indicating the general magnitude of
_ the condition, -as of temperature, which ob-
' .tains at a particular time.
. More particularly
in apparatus of the character above referred
to wherein a plurality of temperature re-
. sponsive devices, as. thermo-couples, resist-
" ‘ance thermometers or the like, are subjected

30

to temperatures which may widely differ -
“tus parts thereof and their mode of opera-.

and which may exist in different localities,
as in different furnaces or the like, said tem-
perature responsive devices being  brought
successively or alternately into controllmﬁ
relation with automatic mechanism whic

‘will  produce the. indications - or measure-
ments above referred to, and which may in
addition produce a record.of the tempera-
ture variations. It is a further fealure o
my invention that either a. single calibrated
" measuring or indicating instrument, as a
D’Arsonval galvanometer, may be employed
for indicating or measuring
“tures of said tempperature “regponsive .de-
- vices, or such afi indicating or measurin

said temperature responsive devices.

My invention resides in further features -

v

'be had to the

my invention resides

driving the
the tempera-

instrument may be employed for each of.
' other

of novelty and combination hereinafter de-

‘stribed. . ,
For an illustration of some of numerous

forms my invention may take, reference may.
. accompanying drawing, 1n
which:

" Figure 1 is a perspective view of structure

embodying my invention. A
Fig.2is an elevational view of a modified
structure. which may
ratus such as shown in Fig. 1.~ . -
Fig. 3 is a section on the. line 3—3 of

Flé. 2.. '
ig. 4 is a diagrammatic view illustrating
part of the structure: shown in Fig. 1, to-
gether with a calibrated indicating or meas-
uring instrument common to a p urality of
temperature responsive devices, with asso-
ciated signals or indicators, and associated
electrical circuits. |

Fig. 5 is a diagrammatic view illustrating
parts of the apparatus shown in Fig. 1, to-
gether with a calibrated indicating or meas-
uring instrument for each of the tempera-
ture responsive devices, with associated sig-
nals or indicators for each temperature re-
sponsive device. ‘ - :

‘Fig. 6 is a plan view of 8. fragment of the -

recorder paper showing a record produce
thereon by the two temperature responsive
devices in circuit: for ¢
recorder. . .
In the illustrated example of my appara-

tion are similar to those disclosed in prior
Letters Patent of the United States to &edo

No. 1,125,699, January 19, 1915, my. invens- -
‘tion comprehending, but '

not being limited
to their employment. : :

Referring to the drawing, M is an elec-
tric motor, or any other suitable source of

£ power, which rotates the shaft 1, prefer-
constant speed, which'

ably at substantially
in turn drives the worm 2 meshin
he worm gear 3 secure
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

guitable material . frictionally ening-
ing ‘the rim 8 of the chatch disk or wheel

with and

! ifferent lengths of -
time with the mechanism controlling .the-

upon the

55

be employed in -appa-
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a
~ 9 secured ﬁbon the shaft 10.

10

Nifting

“which,

Secured upon’
the shaft 4 is a cam 11 which
engages the lever or member. 5 and moves
it outwardly away from the disk 9 in ‘op-

ition to a sprin ; mot shown, thereby
the shoes 7

clutch’ disk 9, the afomsaid»-spring return-

the shoes T into engagement with rim- 8

iredetermi_ned _rotation: of cam 11.
the shaft 4 is secured a second cam 19
after the cam 11 has lifted the shoes

rim 8, actuates the end of finger 13

r
Upon

7 from

.-on the lower end of the arm 14 secured at

16

- and beneath which

30

as

40

45

65

_hereinafter referred

. its upper end to the member 15 pivoted. at
16. Upon the frame or member 15 is se-
cured the member 17, )

whose upﬁdr*édge 18
is inclined and increases in height from the
center toward each side. Dj ‘
diately above the edge 18 is
pointer 19 of

any suitable measuring or in-

vanometer of which 20 is the
or elément which swings or deflects the needle
or pointer 19 to the right or left. At oppo-
site ends of -the member 17 are the abut-
ments 21 for limiting the deflection. or swing
of needle 19. Directly above the needle 19
it normally freely swings
are the edges 22, preferably straight and
horizontal, upon members 23, 23 pivoted at
24, 24, and extending toward each other,
leaving a gap of sufficient width between
their inner ends to allow the free entry of
the needle 19 when in balanced," zero or
mid—ggzition, the needle 19 normally swing-
i ly between the
e lower edges
have the downwardly extending
arms 25, 25 drawn toward each other by the
sgring 26. Attached to the lower end of
the arm or lever 5 is the triangular plate

movable coil

27 carrying the pins 28, 28 cooperating with

the lower ends of members 25, 25,
posite ends of the arm
29, 29 adapted to be

t op-
6 are the ears or lugs
eng by the cams

30, 30 similar in shape an similarly posi-

tioned 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 resistance conductor
R, which may be disposed in the form of a
helix laid tﬁ)on the disk 31. Engaging the
resistance is the stationary contact 32
to. The disk 81 ma
be secured to the shaft 10
lﬂl&r relation with ct to the other
or members secu thereon, by .set
screw 33 threaded  through the hu
through which the shaft 10 extends.
h‘l .d;;];‘mn the shaft 10 is a se%:nd
wheel or disk 85 carrying on its rip
the resistance 86, 37 :)Ta theatdoll)lz _bridr{
hereinafter rgfemdtcl) . The disk 35 is h:h d
In any suitable angular position upon the
shaft 10 with respect to the other disks car-

in any suitable

‘periodically.

e from the rim 8 of

_other .and prefera

Disposed imme--
¢ needle or -

edge 18 of member.
of the members 23, d

34
 peripheral edges

18,017

ried thereby by
through the hub'39 through which the shaft
10 _passes, ' S —
 Upon the shaft 10 is similarly secured by
screw 40 and hub 41 a.third disk 42 CAITy-
ing the arcuate indication controlling con=
tacts 43, 44 and 45, all insulated from each
ly from the remainder
of the apgamtus.w : "
- Upon the shaft
and adjustable as to angular relation ‘there-
on the additional disks 35* and 42*, carry-
ing respectively, the resistances 36*, 37 of
8 second Wheatstone bridge and the second
group of indication controlling contacts 43°,
44+ and 45;_‘ ’ : N T Cae
While the five separate disks may be em-
ployed as described,

the screw 38 threaded

10 are similarly secured

70

5 .

it will be understood

that these disks or any two or more of them -~

Lo vor A .may, under suitable circumstances, be one
dicating instrument, as for example, a gal- famf h

the same unitary structure whereby the
different contacts and resistances may be
rotated in unison in
relation with respect to each other by shaft
10. - Tt is preferable, however, that the disk

31 be independent, in which case the two
disks 35 and 42 may be & unitary structure

which may occupy any suitable angular po-
sition upon the
35* and 492 may be -a unita;
whose angular position upon th
may be anything suitable or desired. L
l}r; Figs. 2 and 3 such a unitary combina-
tion of gissks 35 and 42 is indicated, it being
understood that a similar

structure

esired. In Figs. 2 and 3 the disk or wheel
35" is shown, by way of example, as at one
end of the
gtood that it may be positioned at any place

longitudinally of the shaft 10, rotated there-

predetermined angular:

‘unitary cqmbim}-‘
‘tion of disks 35* and 42* may be employed if

shaft 10, though it will be under- -

8

90

haft 10; similarly the disks'

05

e shaft 10

100

105

by, and adjustable as to angular position .

thereon. In the example illustrated the an-
gular position on
by clamping the nut 35° against the hub 39*
on the disk 35% thrusting the same friction-
ally against the member 39® secured to the
shaft 10. Upon the periphery of the disk 35°
is shown the
& wire disposed as a helix upon -a mandrel
35% and insulated therefrom, the resistance
conductor 36, 37 itself terminating, as at «

and 3, Fig. 2, while the mandrel 35¢ extends
Y beyond and is clamped to the periphery of

the disk 35* by the clamping piece 35°, se-

the shaft 10 is adjustable -

ilo

resistance 36, 37, which may be -
115 -

120

cured by screw 85%.. Secured to opposite faces

of the disk 35° are the members 35¢ and 35",
preferably of insulating material, on whose
‘the stationary contact 59
will ride up in case the disk 35® is rotated,
during the operation of the apparatus,
through substantially 180 degrees from the
position indicated in Fig. 2. Upon a lateral
face of the disk

43’ 44 an ] 45, .z,‘z:";

, 85" may be disposed the...
“aforementioned contacts 50 .

125
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 through a commutator segment with the con-
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Secured upon the shaft 10 is the g ooved
pulley or wheel 46 of any suitable diameter
around which passes the cord 47 which passes
over suitable pulleys 48 and is secured to the-
marker or recorder pen 49, movable trans-

versely, on guides, not shown, with respect to .

the recorder paper P stored upon a roller or
spool 50, and having the marginal perfora-
tions 51, engaging teeth or pins upon the pe-
riphery of the roller 52, secured upon the
shaft 53 which is driven by the motor M
through the worm 54, gear 55, shaft 56, worm
57 and gear 58." -

Referring to Fig. 4, the resistance R is
shown in a potentiometer circuit having the
two branches 60 and 61, each including suit-
able resistances, the branches being connected
in parallel with each other and in series with
the battery or source of current 62 and ad-

‘justable resistance 63. S is a standard . cell

which may be employed in well known man-
ner for procuring predetermined strength of
current through the potentiometer branch 60
by adjustment of rheostat 63 when depress-
ing the key 64, which brings the cell S and
galvanometer G into series with each other
and in shunt to the potentiometer resistance

65, the needle 19 of the galvanometer G being

that indicated in Fig. 1. For normal op-
eration, however, the standard cell is out of
circuit and the switch 66 is in depressed or
closed position, whereby one terminal of the
galvanometer ( is connected to the conduc-
tor 67, which terminates in contacts 68 and
68+, bearing upon the commutator C, which
may be secured upon and rotated by the shaft
56, Fig. 1. In the position indicated in Fig.
4 the contact 68 is in electrical connection

tact 69, which connects to one terminal of the
temperature responsive device or thermo-

- couple T, whose remaining terminal connects

45

to the conductor 70 connected to contact 32
which bears upon the resistance R. A second
temperature responsive device or thermo-
couple T? has its one terminal connected to

- the conductor 70 and its other terminal to the

65

~ 49*,Fig. 6,

contact 71 bearing upon the commutator C,
which has a contact which in a later angular

' position of the commutator C bridges con-
“tacts 71 and 68*. The function of these com-

mutator contacts and the associated brushes
or contacts is to bring the couples T and T*
successively or alternately into connection
with conductors 67 and 70. The arcuate com-_
mutator contacts or segments associated with
the different thermo-couples are of different
lengths, whereby the thermo-couples are in
connection with the conductors 67.and 70 for
different lengths of time. This is for the
purpose of causing the marker 49 of the re-
corder mechanism to make longer marks as
for one thermo-couple and shorter
for the other, these marks beinﬁ :

marks 49°

made longitudinally of the paper P whic

’nii-)va in the direction of the arrow. The:

curve or record drawn for or under the con-

trol of each thermo-couple is recognizable by . -

the difference in lengths of the components 7 '
o 70

or elemerits 49* and 49°. . .
While only two temperature responsive de-
vices T and T* are shown, it will be under-
stood that my invention is not limited to
employment of only two,
also to the case where a.greater number of

temperature responsive devices is employed
in association with suitable numbers of,

Wheatstone bridges, meters and lamps.
The thermo-couples, while indicated in
diagram as adjacent to each other, will be

understood to be located at any distance .

from each other, subjected to temperatures

which may differ widely from each other, the.
_devices or couples being in fact if desired

in entirely different and distinct furnaces or
other devices. - - S ' .
When thermo-couple T is in circuit with
conductors 67 and 70, for the position of
the commutator C indicated, the resistances
36, 37, upon disk 35, and the associated re-’
sistances 74 and .75 cre in communication
with the indicating or measuring instrument
V. The resistances 36, 37 are indicated as

_one and the same resistance conductor en-

gaged by the stationary contact 59. Inas-
much as the disk 85 is rotated to various
positions,

while the remainder or. part on the other

side of pontact 59 is 'de'sxgnated 36. These-
two resistances 36, 37, with stationary re-

sistances 74 and 75, constitute the four re-

' sistances or .arms of a Wheatstone bridge
arrangement of which two arms, 36, 37, are

rotated by shaft 10. . Toa ?oint between the
stationary resistances 74, 75 is connected a

conductor 76, and to the contact 59 is con-
nected a comiu’cto’r 7%, conductors 76 and 77
connecting ‘with any suitable source of cur-
rent, as a- constant potential direct current
electric lighting system.  The conductor 72

connects with the junction between resist-

but is applicable .

E{J

that part of the resistance 36, 87
to the right of contact 59 is ‘designated 37,

100
105

10

ances: 36 and 74 and with one terminal of

the ‘calibrated indicating or measuring in-

strument V, as a D’Arsonval galvanometer,
of which only the movable coil 82 is indi-

16

cated, indication of -the usual permanent :

magnets being omitted. The ‘movable coil
82 actuates the needle or po ' wh
cooperates with the two scales sand ', either

or both of which may be present, as may

inter 83 which

120

be desired, The scale # is calibrated in any -

it - is calibrated in temperature units to

‘'suitable units, as' those of voltage, current - '
or temperature. . In the example illustrated,

125

measure or indicate the actual temperature - -

‘of tbe.thbrmo-couples.‘ : The scale s may be -
rotatably adjusted to any suitable position

about the pivotal axis of the coil 82.. The

scale &' may be termed a deviation scale,

130




showing how much the temperatures’ of the
thermo-couples deviate from a given normal
or desired temperature corresFonding “with
the zero -or mid-marking 0 of the scale 8,

8 the deflections to either side thereof indicat-

10

15

-able resistance 78 in series with

ing in any suitable units, as of temy
the amount of deviation, without, however,
measuring or indicating the actual temper.
atures. of the thermo-couples. The adjust-
the instru-
ment V is for calibration or compensating
purposes, as for compensating for resistance
of the leads 72, 79 and 82® or other vari-
ables which may have to be taken into ac-
count. From tge resistance 78 extends the

rature,-

‘lead 79 to the commutator brushes or con-
- tacts 80 and 80*, with which cooperate, Te-

25

30

53

. 80

"‘43,44and45

‘nects the conductor or lead 89°

9 conductor 82*

spectively, the commutator brushes or con-
tacts 81 and 81*. With the brush 81 con-
connectin
with the junction between the resistances 3
and 75 o} the Wheatstone bridge. Brushes
or contacts 80 and 81 are bridged by a com-
mutator contact, when couple T is in circuit,
as indicated, thus bringing the meter V into
operative relation with the aforementioned
eatstone bridge.

Similarly, the commutator brushes or con-

tacts 80 and 81 bring the meter V, when

-eouple T* is in circuit with conductors 67

and 70, into connection with similar points
on the secorid Wheatstone bridge compris-
ing the resistances 36, 37, 74* and 75*, re-
sistances 36* and 37* being rotatable with
disk 35* with respect to the contact 59¢ con-
nected to conductor 77. To a point between
the resistances 74* and 75 is made a con-
nection to the conductor 76. With the com-
mutator brush or contact 81* connects the
for bringing the meter V into
circuit, said conductor connectin with the
junction between the resistances 37+ and 75e,

Electrical incandescent lamps g, b, w and
r, respectively colored, if desired, green,
blue, white and red, have one terminal con-
nected to the conductor 83 which with the
conductor 84 connects to any suitable source
of current supgly,’ which may be the same
source to which conductors 76 and 77 con.
nect. The conductor 84 connects to the
commutator brushes or contacts 85 and 85e,
with which
brushes or contacts 86 and 86s. In the [i?si-
tion of the commutator C indicated in Fig.
4, with the thermo-couple T in circuit, the
contacts 85* and 86* are bridged by the com-
mutator segment or contact whereby the
conductor 84 is brought into electrical com.-
munication with the conductor 87 connect.
ing with the two stationary brushes or con-
tacts 89 and 90 cooperating with contacts
associated with the rotatable
e com-
contacts 85 and 86 are
as when couple T is in

Wheatstone bridge arms 36, 37.. Th
mutator brushes or
at a different time,

cooperate, respectively, the

15,617

b% a ségment or contact of
' to bring conductor 84
communication with conductor 88,

circuit, bridged
the commutator
«into

which connects with one terminal of the

lamp ¢ as well as with the stationary

‘brushes or contacts 89* and 90*, cooperating -

with the contacts 43, 44 and 45 rotatable
by the shaft 10 and cooperating with the
second Wheatstone bridge having the rotat-
able arms 36* and 37*. In ‘the position of
the parts of the commutator C indicated in
Fig. 4 the circuit of the
from the fact that it does.
when two thermo-couples
a certain one of them ig
this case T, that is,
couple T is in circuit. At s later stage.
- when the coupleT" is in circuit, the lamp ¢
will glow, due to bridgin
86,.and will so indicate t
circuit. , o
The contacts 43, 44 and 45 are connected,

are employed, that
not in circuit,. in

1at that couple is in

respectiveg, to contacts 43+, 44* and 45* and
to tlel'min s of lamps r, w, and respec-
- tively.- )

In Fig. 5 the m&ngément' is in many .

lamp g is open, and _
not glow indicates,

of contacts 85 and

70

75

50

it indicates that thermo-

00

- respects the same as that of Fig. 4; however, -

a separate indicating or measurin
ment is in this case associated with each
thermo-couple or temperature-responsive de-
vice; and with each thermo-couple or tem-
perature responsive device is associated a
vse%zr'a‘te set of indicating lamps or signals.
" Parts similar to those in ig. 4 are indi-
cated with like reference characters.
Here again the thermo-couples, or equiv-
alents, T, T* are controlled by the commu-
tator C, which may be driven by shaft 56,
Fig. 1, to be brought into cireuit successively
or alternately with the conductors. 67 and
70. When the thermo-couple T is in circuit,
in the position of the commutator C indi-
.cated, trl))e. indicating or measuring instru-
ment V is in circuit, through commutator
contacts or brushes 80, 81 and the associated
conductors 79, 72 and 82* with the u per or
first Wheatstone bridge comprising the mov-
able resistances 36, 37 and stationary resist-
ances 74, 75. When the thermo-couple T
is in circuit in the position of the commu-
tator C indicated, tﬁgsgroup of indicating
lamps », w and 3 is brought into operative
relation through the commutator brushes or
cantacts 85* and 86* and conductor 87 with
~the stationary brushes or contacts 89, 90, co-
o ting, as described in' connection with
43, 44 and 45, which

1g. 4, with the contacts
move in unison with the Wheatstone bridge
a second

resistances 36 and 37. Similar] ,
and 3* is later, when

group of lamps 7, !

couple T" is in circuit, brought into coopera-
tive relation through commutator contacts
or brushés 85 and 86 and conductor 88 with
the contacts or brushes 89%, 90* cooperating

with the contacts 43¢, 44* and 45* moving in

instru- .

100

105

110

115

120

126
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~eirenit throungh the

- temperature,
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unison with the resistances 36*, 37 of the
second Wheatstone bridge whose other re-
sistances are 74¢ and 75°. When the couple
T* is in circuit the junctions between resist-
ances 36°, 74* and 37°%, 75* are connected by
conductors 72* and 82* with the second meas-

uring or indicating instrument V* through

the calibrating resistance 78* with the com-
mutator brushes or contacts 80 and 81°."
The mode of operation is as follows:
With the thermo-couple T in circuit; it
produces an _electro-motive-force which 1s
impressed upon the galvanometer G in op-
position to the potential impressed upon the
oalvanometer by the potentiometer current.
hen these pofentials are equal the galva-
nometer G does not deflect. and the needle 19
is in the mid-position indicated in Fig. 1. It
now the temperature of the thermo-couple T
increases, its electro-motive-force will in-
crease and cause deflection of the galva-
nometer needle 19 toward the right, for ex-
ample; whereby, due to the periodic vertical
movement of the member 15 by cam 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 & clockwise direction about its pivot
24, thereby pushing on the right hand pin
98 on plate 27, and so tilting the movable
or driving clutch member or arm 6 in a
clockwise direction, while cam 11 is holding
, of clutch wheel
or disk 9, the angular movement of the mem-
ber 6 being dependent upon the degree of
deflection of needle
engage the disk 8 upon release of the arm
5 of cam 11, and the left hand cam 30 there-
after engages the left hand lug 29, rotating
the driving clutch member 6 in counterclock-

wise direction, carrying the disk 9 in coun-
terelockwise direction through an equal angle.
This rotates the resistance R with respect
to the contact 32 in such direction as to tend

to restore a balance of the electro-motive-

forces which tends to decrease the deflection
of the needle 19 which eventually. due to
successive operations and attaining a bal-
ance, may again find. itself in mid or. zero
position indicated in Fig. 1, and no further
actuation of the shaft 10 will oceur. The
apparatus is in balance for the then temper-
ature of the thermo-couple T, and in attain-

ing such balance the marker 49 has been:

moved transversely to the paper I, making
one of the longer marks 49*, Fig. G.

1£ when this balance is again attained the
temperature to which the thermo-couple
is subjected is above the normal or desired
the contact 43 will be n en-
gagement with contact 89 and se close the

effect that the temperature is too high.. If

the teniperature is not: far-above the normak

19. 'The shoes 7 again.

‘couple T
‘normal or. desired temperature.

red lamp 7, which aes
cordingly gives a signal or indication to the.

or desired temperature the contact 43 may
be in contact with brush 89 while contact 44
is still in engagement with brush 90, in which
case both lamps » and w will simultaneously

‘glow, indicating that the temperature is too

high, but only slightly so. Similarly, if
the temperature to which the thermo-couple
T is subjected and at which the needle 19
-comes to a balance is below the desired or
normal temperature, contact 45 will be in
engagement with brush 90 and so cause en-
ergization of blue lamp b indicating too low
a temperature, and if this temperature is not
far too low, contacts 45 and 44 will be si-
multaneously ' in engagement with - contacts
90 and 89, respectively, so that both lamps
w and b glow. . o

While the couple T is in circuit as above
assumed, during partial rotation of the com-
mutator C and while the apparatus auto-
matically rebalances itself or moves in di-
rection to rebalance itself, the Wheatstone
bridge arms 36, 37. are rotated to like ex-
tent and in like direction as the potenti-

_ometer resistance R. Assuming the tempera-

ture of the couple T to be above normal or
desired temperature, and the resistances 36,
37 to have been rotated to a position counter-
clockwise to that indicated mn Fig. 4, resist-
ance 36 will be shorter than resistance 37,
the Wheatstone bridge will- be unbalanced,
and there will be a corresponding difference
of potential of pre-determined direction im-
pressed upon the conductors 79, 80; causing
the calibrated meter V to deflect toward the
right, for example. “The needle 83 in so de-
flecting to the right will, as regards scale s',
indicate in degrees of temperature, or other’
siitable units, the extent of departure of tem-
perature of the couple T from the desired or
normal temperature, the desired or mormal
temperature being indicated at 0 on scale s'.

Supposing the desired or normal tempera-
ture for the couple T is 1200 degrees; the
ccale s is rotated to such -position that when
there is no current through the galvanometer
coil 82 the needle 83 points at 1200 degrees, as
indicated in Fig. 4. In other words,
degree marking of the scale s is brought ox-
posite the zero marking 0 of the scale §*. At
{he same time scale s is set for 1200° at 0,
the disc 35 carrying resistances 36, 37 is also
set so that the Wlieatstone bridge is balanced
when the.recorder reads 1200°. When, as
assumed, the needle 83 deflects toward the
right, it simultaneously indicates as to scale
¢ the actual temperature of the thermo-
tent of departure or deviation from the
It may
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100
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110

the 1200
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120

and as to the scale s* merely the.ex- -

125

sometimes not be desirable or necessary to

have. hoth seales s-and 8
but. my. invention’ comprehends
of eitheror hoth. =~ = = =~

if the temperature of the.

employment

in the instrument, =
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couple T is below normal or desired tempera-
ture, the needle 83 will deflect towaréj the
left, deflection toward the left being due to
reversal of polarity at the junctions between
the resistances 74,75 and conductors 79, 80.

at has been stated concerning thermo-

~couple-T, is also true of thermo-couple T,

“the two couples being alternately or succes-

sively brought into operative relation with
the potentiometer circuit, including resist-
ance R and galvanometer G, by the com-
mutator C which 1

- desired speed. When couple T is so brought

15

20

" nently associated

into circuit, connection between conductor
84 and conductor 87 is broken and estab-
lished with conductor 88, bringing into oper-
ative relation the lamps », w and &, the con-
tacts 89+, 90=, cooperating with contacts 432,
44* and 45*, moving in unison with the sec-
ond Wheatstone bridge comprising resistance
arms 36, 37*. Here again the action of the
indicating lamps is the same as described
in connection with thermo-couple T. Simi-
larly when couple T is brought into circuit
connection between the meter V and the first
Wheatstone brid y comprising resistances
36, 87, 74 and 75, is broken and established
with the second Wheatstone bridge through
conductor 82%, The meter V then operates as
before to indicate by scale s the actual tem.-
perature of the couple T, and by scale st its

deviation from the desired or normal tem-

perature, v
When couple T! is in circuit, the green
lamp ¢, will low, indicating that fact; and
when couple %l‘ is in circuit i{amp g does not
glow, and so indicating that fact.
ith the apparatus arranged.as indicated
in Fig. 5 the operation will be understood to
be similar to that described in Fig. 4 with
the following exceptions: :
ere are separate indicating or measur-
ing instruments V and V* for the two Wheat-
stone bridge structures, and these meters

- are brought into circuit by -the commutator

C alternately or successively in unison with
the couples ’¥,,T‘, the meters indicating both
actual temperature and deviation from nor-
mal of their respective thermo-couples.
Furthermore, two groups of red, white
and blue lamps are employed, each perma-
with a Wheatstone bridge
structure, the groups being .brought into op-
erative relation alternately or successively
in unison with the thermo-couples T and Ti.
As in the case of Fig. 4, glowing of the white
light indicates that the temperature is at the
desired or normal temperature ; glowing of
the red light indicates too high a tempera-
ture, and the blue light too low & tempera-
ture; and the white light may glow simul-
taneously with either the red or the blue

light, indicating that the temperature is
on%y slightly too high or slightly too low.
- Interruption of tlie circuits of the meters

rotates at any suitable or.

‘successively into

tion with said instrument - ar by
ower under control of said o

- under control of sai
1nstrument

15,617

V and V* by the commutator C may be
omitted, and these meters permanently con-
nected to the respective Wheatstone bridges.
But in such-case when thermo-couple T7 is
not in circuit its meter V* may give indica-
tions, due to the fact that 1ts associated
Wheatstone bridge has been actuated from
normal or zero position by the mechanism
shown in Fig. 1, due to deflection of the gal-
vanometer needle 19 under control of the
thermo-couple ‘T. "But such indication by
the meter V2
garded if it be remembered or known that its
couple T* is not in circuit. And this may be
indicated by the fact that none of the lamps
7, ' and 3! is glowing ‘

What T claim is: :

1. The combination with a deflecting mem-
ber, of a source of ower, variable electrical
neans and a plurality of electrical devices
adapted severally to co-operate with said

70

76

may be at such time disre- -

80

85

means to control said deflecting .member, -

said means varied by said source of power
under control of said deflecting member,
means for bringing said electrical devices
co-operation with said
Ineans, an instrument giving indications Te-
specting said electrical devices, and control-

lers for said instrument brought successively -

into co-operation with said nstrument and
actuated by said source of power under con-
trol of said deflecting member. -

2. The combination with g deflecting mem-
ber, of a source of ower, variable electrical
means and a plurality of electrical devices
adapted severally to co-operate with said
means to control said deflecting member,
said means varied by said source of power
under control of said deflecting member, -
Ieans actuated by said source -of power for
bringing said electrical devices successively
into co-operation with said means, an instru-
ment giving indications resi)_‘ectin'g said elec-
trical devices, and controlle
strument brought successively into co-opera-
and actuated by
said source of
deflecting member. .

3. The combination with a deflecting mem-
ber, of a source of ower, variable electrical
means and a plurality of electrical devices
adapted severally to co-operate with said
means to control said deflecting member,
said means varied by said source of power

(f deflecting member, an
iving indications " respectin
said electrica devices, a controller for sai§
instrument for each of said electrical de-
vices, and means for bringing said electrical -

devices in succession into co-operation with -

said first named means and their respective

controllers into co-operation with said in-

strument. ' :
4. The combination with

a deflecting mem-
ber, of a source of power,

variable electrical

95

rs for said in- -
110 -

115

120

130
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means and a plurality of electrical devices

adapted severslly to co-operate with said

. means to control said deflecting member,

said means. varied by said source of power

under control of said deflecting member, an
instrument giving indications resp t1

said electrical devices, a controller for said-

" instrument for each of said electrical de-

10

15,

25

30

vices, and means actuated by said source of

power for bringing said electrical devices in

succession into co-0

ration with said first
named means and

eir respective control-

lers into co-operation with sajd instrument.

5. The combination with a galvanometer
having a deflecting member, of a source of
power, variable electrical means and a plu-
rality of temgleratnre responsive devices
adapted severally to Co-operate with said

‘means in controlling said deflecting member,

said means variable by said source of power
under control of said deflecting member, an
instrument giving indications respecting the
temperatures of said temperature responsive

.devices, a controller for said instrument for

each of said tem}i’erature responsive devices,
and means for bringing said temperature
responsive devices in succession into co-oper-
ation with said first named means and their
controllers in succession into co-operation
with said instrument.

6. The combination with a #lvanometer

~ having a deflecting member, of a source of

35

wer, variable electrical means and a plu-
rality of temperature responsive devices
adapted severally to co-operate with said

_means in controlling said deflecting mem-

ny

50

ber, said means variable by said source of

power under control of said deflecting mem-

r, and instrument giving indications re-
specting the temperatures of said tempera-
ture responsive devices, a controller for said
instrument for each of said temperature re-
sponsive devices, and means actuated by said
source of power for bringing said tempera-
ture responsive devices in succession into co-
operation with said first named means and
their controllers in succession into co-opera-
tion with said instrument. .

7. The combination with a galvanometer
having a deflecting member, of a source of

_ power, variable electrical means and a plu-

55

rality of temperature responsive devices
adapted severally to co-operate with said
means in controlling said deflecting member,
said means variable by said source of power

under control of said deflecting member, a~

~ second galvanometer giving indications re-

60

63

specting the temperatures of said tempera-
ture responsive devices,a Wheatstone bridge
for each of said temperature responsive de-

-vices adapted to control said galvanometer

and varied by said source of power under
control of said deflecting member, means for
bringing said temperature responsive de-
vices successively into co-operation with

7

said first named means, and means for

brin ing said Wheatstone . bridges - succes-
sively into co-operation with said .second
galvanometer. R ,

8. The combination with a gilvanometer
having a deflecting member, of a source of
power, variable electrical means and a plu-

.rality of temperature responsive devices

adapted severally to co-operate with said
means in controlling said : deflecting mem-
ber, said means variable by said source of

wer under control of said deflecting mem-

70

75

er, a-second galvanometer giving indica-.

tions respecting the tem(f)er.atures of  said
temperature responsive devices, a- Wheat-
stone bridge for each of said temperature
responsive devices adapted to control said
galvanometer and varied by said source of
ower under control of said deflecting mem-
er, and means for bringing said tempera-
ture responsive devices successively into co-
operation with said first named means and
the respective Wheatstone bridges into co-
operation with said second galvanometer.
9. The combination with a galvanometer
having a deflecting member, of a source of
power, variable electrical means and a plu-
rality of ~temperature responsive. devices
adapted severally to co-operate with said
means in controlling said deflecting mem-
ber, said means variable by said ‘source of
power under control of said deflecting mem-
ber, a second galvanometer given indications
respecting the temperatures of said tempera-
ture responsive devices, a Wheatstone bridge
for each of said temperature responsive de-
vices adapted to control said galvanometer
and varied by said source of power under
control of said deflecting member, and means
actuated by said source of power for bring-
ing said temperature responsive devices suc-
cessively into co-operation with said first
named means and the respective Wheat-
stone bridges into co-operation with said sec-
ond galvanometer. :
10. The combination with a deflecting
member, of & source of power, variable elec-
trical means and a plurality of electrical de-

80

85

00

05

100

105

110

vices adapted severally to co-cperate with .

said means to control said defiecting mem-
ber, said means varied by said source of
power under control of said deflecting mem-
ber, means for bringing said electrical de-
vices successively into co-operation with said

means, an instrument giving indications re-

specting said electrical devices, controllers
for said instrument brought successively
into co-operation with said Instrument and
actuated by said source of power under con-
trol of said deflecting member, a plurality
of indicators, contact structure for each of
said devices controlling said iudicators, and
means for bringing said contact structures
successively into co-operation with said in-
dicators.

115

120

125

130




11. The combination with a deflecting
member, of a source of power, variable elec.
trical means and a plurality of electrical de-
vices adapted severally to co-operate with
said means to control said deflecting mem-
ber, said means varied by. said source of

’ ﬁower under control of said deflecting mem-

10

20

30

35

40

43

er, means for bringing said electrical de-

vices successively into co-operation with

said means, an instrument iving indications
respecting said electrical devices, controllers
for said instrument brought successively
into co-operation with said instrument and
actuated by said source of power under con-
trol of said deflecting -member, and means
for indicating which of said devices is in
co-operation with said first named means.
12. The combination with a galvanometer
having a deflecting membet, of a source of
power, a potentiometer, ‘a plurality of

thermo-couples adapted severally to co-op-.

erate with said potentiometer in control of
said galvanometer, means for bringing said
thermo-couples successively into co-opera-

tion “with said potentionmeter, a resistance .

of said potentiometer actuated by said source
of power under control of said deflecting
member, a second galvanometer giving in-
dications respecting the temperatures of
said thermo-couples, a Wheatstone bridge
for each of said thermo-couples for con-
trolling said second' galvanometer and con-
trolled by said source of power under con-
trol of said deflecting member to vary the
electro-motive-force impressed upon said
second galvanometer, ans means actuated by
said source of power for bringing said
Wheatstone brid
eration with sai«f‘:cond galvanometer. -
13. The combination with a galvanometer

-having a deflecting member, of a source of

power, a potentiometer, a __Flurality‘ of
thermo-couples adapted severa Iy to co-op-
erate with said potentiometer in control of
said galvanometer, mesns for bringing said

- thermo-couples successively into co-opera-

- of said

- of said thermo-couples, a

. second

tion with said potentiometer, a resistance
potentiometer actuated by said
source of power under control of said de-
flecting member, a second galvanometer. giv-
ing indications respectin%vt}l:e temperatures

eatstone bridge
for each of said thermo-couples for con-
trolling said second galvanometer and con-
trolled by said source of power under -con-
trol of said deflecting member to vary the

successively into co-op-

electro-motive-force impressed upon” said

ing said Wheatstone brid
into co-operation with sai
nometer. - = =
. 14 The combination with a gslvanometer

successively
second galva-

having s deflecting member, of a source of

power, variable electrical means and a

la-
rality of,‘ temperature responsive dexees

_Tlvanometer, and means for bring-
i
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adapted severally to co-operate with said
means in controlline said deflecting member,
said means variable by said source of
under control of said deflecting mem T, 8

second- galvanometer giving indications re-

specting the temperatures of said tempera-
ture responsive devices, a controller for each
of said temperature responsive devices for
controlling said second galvanometer, means
for bringing said temperature responsive de-

vices into co-operative relation with said
time,
source of power under control of said de-
flecting member and producing a disjointed
mark for each of said temperature respon-
sive devices, each of said marks comprising
componets of different lengths, and means
for bringing said controllers in succession
into operative relation with said second
galvanometer, o :

15. The combination with a' galvanometer
having a deflecting member, of a source of
power, variable electrical means.and a plu-
rality of electrical devices adapted severally
to co-operate with said means to control said
galvanometer, said means variable by said
source of power under control of said de-
flecting member, a recorder marker actuated
by said source of power under control of
said deflecting mem

different lengths of  time, whereby said

marker produces a record for each of said
-devices, said records consisting of- compo-

nent marks of different lengths. E

16. The combination with a deflecting
member, of a source of power, variable elec-
trical means and a plurality of electrical
devices adapted

ber, said means varied ‘b
EgWer under control of sai -deflecting mem-
r, means for bringing said electrical de-

r, and means for bring- -
ing said electrical devices successively . into
co-operation with said first named means for -

wer .

70

7

-first named means for different periods of
a recorder marker actuated by said

100

108

' ted severally to co-operate with
-said ‘means to control said ‘deflecting mem.-.
said ‘source of

110

vices successively into co-operation with said - -
means, an instrument for each of said elec-:
trical devices for making indications with =

respect thereto, and a controller for each of
said instruments actuated by said source of

‘118
E:wer under conrol of said deﬁécti.l}g_\ mem-

17, The combination ‘with ‘a  deflecting S
member, of a source of power; variable elec-

“trical means and a plurality of electrical de-.

vw;s adapted severally to co-operate with
1d

by
wer under control of s_nig deflecti;

‘8aid me an instrument for each of said
electrical - devices for making - indications-
with  respect thereto, a controller for each

-of said instruments actuated by said source

means to control said. deflecting mem- -
“per, ‘said mesans varied _ i
 mem-
r, means ‘for bringing said electrical de- -
“vices - successively into co-operation with

120.

said source of



of powér

10
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under control of said deflecting
member, and means for bringing said con-
trollers successively into co-operation- with
their respective instruments. '

“18. The combination with a deflecting
member, of a source of power, variable elec-
trical means and a plurality of electrical
devices adapted severally to co-operate with
said means to control said deflecting mem-
ber, said means varied by said source’ of

said electrical de-

-ggwer under control of said deflecting mem-

r, means- for bringing

- vices successively into co-operation with said

16

means, an instrument for each of said elec-
trical devices for making indications with
respect thereto, a controller for each of said
instruments actuated by said source of

: g:wer under control of said deflecting mem-

20

r, and means for bringing said controllers
successively into co-operation with their re-
spective instruments in unison with said sec-

~ ond named means.

40

'spective instruments.

19. The combination with a galvanom-
eter having a deflecting member, of a source
of power, variable electrical means and
a plurality of temperature responsive de-
vices adapted severally to co-operate with
said means to control said galvanometer,
said means variable by said source of power
‘n control with said deflecting member, an
instrument for each of said temperature re-.
sponsive devices for making indication of
temperature of the same, 2 controller for
each of said instruments actuated by said
source of power under control of said de-
flecting member, and 8 commutator for
bringing said tiemperature responsive de-
vices -successively 1nto co-operation with

said means and for bringing said controllers

successively into co-operation with their re-

“90. The combination with-a gélvanomet_er'

. having a deflecting member, of a source of

45

‘said galvanometer,

power, electrical means and a plurality of
temperatire responsive devices adapted sev-
erally to co-operate therewith in control of
means for bringing said.

- temperature responsive devices successively

" into co-operation

55

said galvanometer,

with said means, a group
of. indicators for each of said temperature
responsive devices, - and contact structure
controlling each of said groups and actuated
by said source of power under control of said
deflecting member.

21, The combination with a alvanometer
having a deflecting member, of a source of
power, eleotrical means and a plurality of
temperature responsive -devices adapted sev-
erally to co-operate
means for bringing said

temperature responsive devices successively

into co-operation with said means, a group
of indicators for each of said temperature

contact structure con-

resi;‘)nsive deviees,
actna.ted by.

tro, ling each of said groups and

: Bressed upon the associated

therewith in control of :

said source of
deflecting member, and means for bringing
said contact structures into operative rela-
tion with said groups of indicators in suc-
cession. i ‘
29." The combination with a galvanometer
having ‘a deflecting member;
power, a potentiometer and a plurality of
thermo-couples adapted severally to co-oper-
ate with said - potentiometer in contro of
said galvanometer, a meter for each of said
thermo-couples, a Wheatstone bridge for
each of said meters, each of said bridges
comprising resistance ‘moved by said source
of power under control of said deflecting
member to vary the electro-motive-force im-
pressed upon the associated meter, ‘and
means for bringing said thermo-couples suc-
cessively into co-operation with said poten-
tiometer and said meters successively into co-
operation with their Wheatstone bridges.
23. The combination with a galvonometer
having a deflecting member, of a source of
power,

ate. with said potentiometer in control of
said galvanometer, a meter for each of said
thermo-couples, a Wheatstone bridge for
each of said meters, each of said bridges
comprising resistance moved by said source
of power under
member to vary the electro-motive-force im-
esse ! meter, means for
ringing said
into co-operation with said potentiometer
and said meters successively into co-opera-,
tion with their Wheatstone bridges, a group
of indicators for each thermo-couple, contact
structure for each of said groups actuated in
unison with one of said Wheatstone bridges,
and means for bringing said groups of in-
dicators successively into co-operation with
their respective contact structures. . -

94 The combination . with a deflecting
member, of a source of power, variable elec-
trical means and a plurality of electrical
devices adapted severally to co-operate with
said means to control said deflecting mem-
per, said means varied by said source of
power under control of said deflecting mem-
ber, means actuated by said sourceu(lé power

for bringing said electrical devices successive-

ly into co-operation with said means, an in-
strument giving indications respecting said

electrical devices, controllers for said instru-

- ment brought successively into co-operation

with said instrument and actuated by said
source of power under control of said de-

flecting member, and .a marker actuated by
said source of power under control of said
related
said instrument.

a- deflecting
variable elec-

deflecting member producing arecord
to the indications of

95. The combination with-
member, of a source of power,
trical means and a plurality of

ower under control of said .

of a source of .

a potentiometer and a plurality of
thermo-couples adapted severally to co-oper- -

control of said deflecting

70

k(4

thermo-couples successively -

100

110

118
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10

v1ces .Qdapted severally to co-bperate with:

said means to control said deflecting mem-
ber, said means varied by said source of
power under control of said deflecting mem-
ber, an instrument giving indications re-
specting said electrical devices, a controller
for said instrument for each of said electri-
cal devices, means actuated by said source of

- power for bringing said electrical devices in

succession mto co-operation with said first
named means and their respective controllers

into co-operation with said instrument, and"

~ a marker actuated by said source of power

15

20

~ devices,

_ said instrument,

- ber, means for bringing

under control of said deflecting member
producing a record related to the indications
of said .instrument. _

26. The combination with a galvanometer
having a deflecting member, -of a source of

. power, variable electrical means and a plu-

rality of temperature responsive devices
adapted severally to ‘co-operate with said
means in controlling said deflecting member,
said means variable by said source of power

_under control of said deflecting member, an

instrument giving indications respecting the
temperatures of said temperature responsive
a controller for said instrument for
each of said temperature responsive devices,
means for bringing said temperature respon-
sive devices in succession into co-operation
with said first named means and their con-
trolleis in succession into co-operation with
and a marker actuated by
said source of power under control of said
deflecting member to produce a record re-
lated to the indications of said instrument.
27. The combination with a gal
having a deflecting member, of a source of
power, variable electrical means and a plu-
rality of temqf_ratu,re responsive devices
adapted severally to co-operate with said
means in controlling said deflecting mem.-
ber, said means variable by said source of
g:wer under control of said deflecting mem-
r, a second galvanometer giving indica-
tions respecting: the temperatures -of ‘said
temperature responsive evices, a Wheat-
stone bridge for each of said temperature
responsive devices adapted to control said
galvanometer and varied
ower under control of said-deflecting mem-

’ said temperature
responsive devices successively into co-opera-

. tion with said first named means, means for

bringing said Wheatstone bridges succes-
sively into co-operation with said second
galvanometer, and a marker actuated by
said source of power under control of said
deflecting member to produce a record re-
lated to the indications of said second gal-
vanometer. o

28. The combination with a
having a deflecting member, o
power, a potentiometer, a lurality of
thermo-couples adapted severa ly to co-op-

alvanometer

|

‘thermo-couples

alvanometer

-of said

by said source of-

a source of

- 18,617

erate with said
said galvanometer, means for bringing said
successively into co-opera-
tion with said potentiometer, a resistance of
said potentiometer actuated by said source
of power under control of sajd deflecting
member, a second galvanometer giving indi-
cations respecting the temperatures of said
thermo-couples, a Wheatstone bridge for
each of said thermo-couples for controlling
said second galvanometer and controlled by
said source.of power under control of said
deflecting member to vary ‘the electro-mo-
tive-force impressed upon said second gal-
vanometer, means for bringing said Wheat-
Stone bridges successively into ‘co-operation
with said second galvanometer, and a mark-
er actuated by said source of power under
control of said deflecting memger for pro-
ducing a ‘record related to the indications
of said second galvanometer. o

~29. The combination with a galvanometer
having a deflecting ‘member,-og a source of
power, a potentiometer and g plurality of
thermo-couples adapted severally to co-oper-

Ap,ote'ntiometer in control of-

70

(]

80

90

ate with said potentiometér in control of '

said galvanometer, a meter for each of said
thermo-couples, a Wheatstone bridge for
each of said meters, each of said  bridges
comprising resistance moved by said source

of power under control of said deflecting -

member to vary the electro-motive-force im.

pressed upon the associated. meter, means for

bringing said thermb-couples successively
into co-operation with said potentiometer
and said ‘meters successively into co-opera-
tion with their Wheatstone bridges, and a
marker actuated by said source of power
under control of said deflectin member for
producing a record related to the indications
id meters. ' »

30. The combination with a plurality of
temperature responsive devices, of an instru-
ment for each of said devices indicating the
temperature thereof, means for successively

100

110

bringing said temperature responsive de-

vices and said instruments into operation, a
‘group of signals for each of said temperature
responsive devices, and means operating
with said first named means for ringing
said groups of signals into operative rela-
tion with said temperature responsive de-
vices. . :
31. The combination with a plurality of
devices responsive to changes in a condition,
of a structure movable under control of
said devices, an indicator for each of said
devicés, means operated by said movable
structure controlling said indicators, ‘and
means for bringing said devices successively
into co-operation with said structure and
said indicators successively ‘into co-opera-
tion with said first named means.

32. The combination with a plurality of
devices for producing electrical effects cor-

116

120



10

15

~ mechanism for each of said groups of si

_ signals for each of said devices, switches

45

. “devices_for

~ structure

- galvanometer

-switching

‘nisms simultaneously.

- of conditions,

' nals of each of said groups

15,017

responding with variations in magnitudes of
conditions, of a galvanometer, a group of
signals for each of said devices, a switching

~ mechanism for each of said :grouKs of sig-
“nals for controlling the signals t i
" dividually,

ereof in-
switching mechanism for asso-
ciating said devices one at a time with said
galvanometer, and means controlled by said
for actuating said first named
switching mechanisms simultaneously.

33. The combination with a plurality of
devices for producing electrical effects cor-
responding with variations in magnitudes of
conditions, of a galvanometer, a grou - of
signals for each of said devices, a switching

nals for controlling the signals thereof in

vidually, switching mechanism for associat-

ing said devices one at a time with said gal-

vanometer,

means controlled by -said gal-
vanometer od

for actuating said first nam

other, and switching’ mechanism for render-

ing said groups of signals operative in suc-

cession. . :
34. The combination with a plurality of
temperature responsive devices, of a gal-
vanometer, 8 group of signals for each of
gaid devices, & switching  mechanism for
each of said Eroups of signals for control-
ling the signals thereof in ividually, switch-
ing ‘mechanism for associsting ssid devices
one at & /
actuating said first named switching mecha-
35. The combination with
devices for producing electrical effects cor-
responding with variations in magnitudes
of a galvanometer, & group of
ches op-

bring said devices

eérating periodically to
one at & time into operative relation with
said galvanometer and to render said grougs
of signals operative in succession, a movable
structure whose movements are controlled
by said galvanometer, and a switch for each

‘of said groups of signals actuated by said
the sig--

controlli
individually.

movable structure and

36. The combination with »
producing electrical effects -cor-
respon with variations in magnitudes
of conditions, of & galvanometer, a group of

signals for each of seid devices, switches

operating periodically to bring said devices
one at a time into o
said galvanometer and to render said grou

of signals operative in succession, s movable
structure, means controlled by said galva-
nometer for effecting movements o said
whose extents and directions cor-
respond with the exients.and directions of

movement ‘of said galvanometer, and 2

hanisms in unison with esch

time with said galvanometer, and

means controlled by said galvanometer for ‘controlled by said

indications respecting ssid magnitmf;s o%_ g

3 ﬁlurility of
‘temperature

s plurality of .

rative relation with-

switch for each of said groups of sign‘a.lé
actuated by said movable structure for con-

-trolling the signals of each gronp“.individ-

ually.

37. The combination with & plurdity-Of

devices for producing electrical effects cor::
‘responding with variations in magnitudes of
alvanometer, a group of

conditions, of a
signals for each of said devices, a switching
mechanism for each of ) i
nals for controlling the signals thereof inds-
vidually, switching mechanism for associat-
ing said devices one at a time with said gal-
vanometer, means controlled by said galva-
nometer for actuating - said “first named
switching mechanisms si

galvanometric means controlled by sai

vanometer for giving indications respecting

said magnitudes of said conditions. . -

38. The combination with a plurality of
devices for producing electrical effects cor-
responding with variations in magnitudes of
conditions, of a ¥alvanomete’r; a group of
signals for each o said devices, a switchi
mechanism for each of said- lgroups of s%f-
nals for controlling the signals thereof indi-
vidually, switching mechanism for :associat-

ing said devices one at a time with said gal- |
vsnometer% means controlled by said galva-

nometer for ‘actuating said first named
gwitching mechanisms, i
for rendering said groups of signals opera-
tive in succession, and
gtlvgnometb_r for

said conditions. Co o
"39. The combination with a plurality of
responsive devices, of & lva-
nometer, a groug,of signals for each of said
devices, a switc ing mechanism for ‘each of
said groups of signals for controlling
the signals thereof . individually, switching
mechanism for associating said devices one
at a time with said galvanometer, means
controlled by said galvanometer for actuat-
ing said first named gwitching mechanisms
simultaneously, -and galvanometric means
controlled by said galvanometer for giving
indications respecting the temperatures o
said devices. o L .
40. The combination with a plurality of
devices. for producing
responding with variations in magnitudes
of conditions, of s galvanometer, &
of signals for each of said devices, switches

operating periodically to bring said ‘devices
OJ)emtive relation with .

one at a time into
said galvanometer and to render said groups
of signals operative in guccession, & movable
strueture whose movements are controlled b
said galvanometer,
groupe of i

said groups of sig-

suxmlt:anemnslyé and.

switching mechanism -

electrical effects cor- -

group

a switch for each of said -
actuated by said movable -

structure and controlli theisign.]g of each
“of mid gronpl ind'ﬁd%y, an ! g‘]mom _'_

21

galvanometric means
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* tric means controlled by said movable struc-
ture for giving ‘indications
magnitudes of said conditions. . .

41. The combination with a plurality of

8 devices for producing_ electrical effects cor-

responding with. variations in magnitudes.

of conditions, of a galvanometer, a group
of signals for each of said devices, switches
. operating periodically to bring said devices
10 one at a time into operative relation with
- said galvanometer amf:o render said groups
of signals operative in
structure, means controlled by said galva-
nometer for effecting movements of said
18 structure whose extents and directions cor-
spond- with the extents and directions of
movement of said galvanometer, a switch
for each of said groups of signals actuated
by said movable structure for controlling the
20 signals of each group individually, and gal-
' vanometric means controlled by said mov-
able structure for giving indications respect.
ing the magnitudes of said conditions.
- 42. The combination with a plurality of
28 devices for producing electrical effects cor-
- responding with variations in magnitudes
of conditions,
of signals for each of said devices, a switch-
ing mechanism for each of said groups of
signals for controlling ‘the signals thereof
- individually, switching mechanism for as-
sociating said devices one at a time with
said galvanometer, means controlled by said
galvanometer for actuating said first named
switching mechanisms simultaneously, and
* 8 galvanometer for each of said devices con-
trolled by said first named galvanometer.
. 43. The combination with g plurality of
devices for producing electrical effects cor-
responding with variations in magnitudes
" of conditions, of a Falv‘anometer, a group
of signals for each o
ing mechanism for each of said - ups of

si
individually and comprising means for dis-
playing plurality of the signals of a group
simultaneously, switching
associating said devices one at a time with
said - galvanometer, and means controlled
by said galvanometer for actuating said
“first named switching mechanisms simul-
tan Y - : . .
44. The combination with a plurality of
devices for producing electrical effects cor-
responding with variations in
" of conditions, of a galvanometer, switch-
. ing mechanism for associating said devices
. with said galvanometer, a movable struc.
ture whose .movements are controlled b{
said galvanometer, 8 galvanometer for eac

of said devices,

{ last, ‘named :
respecting the

‘ing mechanism

succession, a movable

of a galvanometer, a group.

said devices, a switch--

als for controlling the signals thereof

mechanism ' for

magnitudes

8 .circuit for_, each of said

18,617

alvanometers, and means act-
uated by said movable structure controlling
said circuits. L
. 45. The combination with a ‘plurality. of
devices for producing electrical effects cor-
responding with variations in magnitudes
of conditions, of a galvanometer, switch-
i for associating. said devices
with said galvanometer, a movable strue-
ture whose movements are controlled by
said galvanometer, a galvanometer for eac

of said devices, a circuit for each of said
last named galvanometers, means actuated
by said movable structure controlling said

i

70

78

circuits, a plurality of signals, and switch- .

ing mechanism for controlling said signals
actuated by said movable structure. ,
46. The combination with a deflectin
member, of variable electrical means an
a plurality of electrical devices. adapted.
severally to cooperate with said meang to
control said deflecting member, means for
bringing said electrical devices successively
into cooperation with said means for differ-

80

ent lengths of time and a single marker actu-
ated under control of said deflecting member

for periods corresponding to. said lengths
of time for effectin
ponent marks of different lengths, ==
- 47. The combination with a ‘plurality of
temperature responsive devices, of a mov-
able member controlled by each of said de-
vices ‘for different lengths of time, and a
single marker actuated by said movable
member for periods corresponding to said
lengths of time, for effecting records hav-
ing component marks of different lengths.

48. The combination with a plurality of
devices responsive to charges in a condi-
tion, of a structure movab e under control
of each of said devices for different lengths

records having com-

95

100

of time, and a recorder mechanism .actu-

ated . by said structure for periods corre-
sponding to said lengths of time, for effect-
ing records having component marki of
different lengths. o o

' 49. The combination with a plurality of
devices responsive to changes in & condi-
tion, of a structure movable under control
of each of said devices for different lengths
of time, and means for. making a plural
record with a single marker comprising
apparatus actuated by said structure for
periods. corresponding to - said lengths of
time, for effecting records having compo-
nent marks of different lengths. o

" In testimony whereof I have hereunto
afixed my signature this 25th day of No-

108

110

118

HENRY BREWER.



