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UNITED STATES

Patent OrFICE.

EVERETT F. MORSE, OF TRUMANSBURG, NEW YORK.

APPARATUS FOR GAGING TEMPERATURES OF HEATED SUBSTANCES.

SPECIFICATION forming part of Letters Patent No. 696,916, dated April 1, 1902.
Application filed November 9, 1899, Serial No. 736,368, (No model.)

To «ll whom it may concern:

Be it known that I, EVERETT*F. MORSE, a
citizen of the United States, and a resident of
Trumansburg, in the county of Tompkins and
State of New York, (whose post-office address
is Trumansburg, New York,) have invented
certain newand usefnl Apparatus for Gaging
Temperatures of Heated Substances, of which
the following is a specification.

This invention relates to apparatus for car-
rying into effect a novel method for gaging
the temperature of a heating or heated sub-
stance which becomes luminous or incandes-
cent when heated.

The object of the invention is to provide for
aceurately determining the critical degree of

temperature to which it is necessary to heat:

. steel, for example, in order to produce the
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best possible results in hardening or in an-
nealing it, and just as important as the above
is its object of enabling a workman to repro-
duce in every succeeding piece of steel the
same result, This is of great importance in
manufactories where it is necessary for eco-
nomical and other reasons to produce in tools,
parts of machines, and other devices uni-
formityin hardness, malleability, or ductility.

The apparatus heretofore employed for de-
termining the temperature of heating or heat-
ed metals for hardening or annealing or other
purposes have failed in securing uniformity
of result and arriving even infrequently at
the best result. Previousapparatusin opti-
cal pyrometry has been organized for the pur-
pose of comparing the substance to be tested
with an optical standard arranged at one side
of the field of vision of said standard. With
such an organization the observer has to carry
mentally from one to the other the eclor effect
of either the substance or standard. The ac-
curacy of the test depends on the skill of the
observer, and even with the best skill the ef-
fort necessarily exerted to make accurate com-
parisons by this method is very fatiguing, so
much so that time for the eye to rest must be
provided between observations. If in addi-
tion to thus carrying mentally the color sen-
sation of the standard or substance from one
to the other and comparing them the observer
has to compensate or make allowance for dif-
ferent optical sensations due toa substantial
difference in the size, or (to some extent) the

shape, of the standard and substance, then
the accuracy and reliability of the compari-
sons are greatly impaired.

In my improved apparatus the above diffi-
cultiesare overcome by so organizing thesame
as to permit a comparison based on the fact
that if two substances are made to produce
in the eye the same color effects or sensa-
tions and one of them, or a portion thereof,
is arranged in the path of the rays passing
from the other to the eye the portion of the
one so arranged or superposed will merge in
the other and apparently be obliterated from
view.

The material of which thestandard is com-
posed may be different from that of the metal
tested, but must produce substantially the
same sensation in the eye with respect to
color. The merging effect above referred to
is a well-defined phenomenon and enables the
observer to easily and at once detect when
the substance is at the desired temperature,
for were the temperature either above or be-
low the temperature indicated by the stand-
ard both would be visible and the difference
in color would be sharply defined by the one
appearing against the other, for the portion
superposed would appear to be a part of the
substanee which lies beyond it and a part of
whose rays it intercepts.
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While my apparabus is particularly useful -

when the standard and substance to be tested
differ much either in shape or size, it still has
advantages no matter what the standard
may be. :

It is preferred to employ as a standard one
which glows or is rendered incandescent by
heat, since this affords a ready and conven-
ient means of accurately varying the eolor or
effect upon the eye of the standard. By pref-
erence I use a filament or piece of ecarbon or
platinum heated by a passage of an electric
current, since such substance will besubstan-
tially the same nature with respect to incan-
descence as those metals in testing whose tem-
perature my apparatus is especially useful.

In carrying out my invention the apparatus
is organized with the standard placed in the
path of the rays of light passing to the eye
from the thing to be tested or conversely
with the thing to be tested, or a portion there-
of in the path of rays of light passing to the
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eye from the standard, so that the outline of
one or a portion thereof shall appear to over-
lap in whole or in part'the field of the other,
the existence of the same or of the desired
comparativedegree of temperature being then
shown when the outline of the one or a super-

- posed portion thereof disappears or becomes
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merged in the other.

By a standard of substantially the same na-
ture in respect to incandescence as the thing
being tested is meant one that when heated
to the proper temperature produces upon the
eye substantially the same color effects as
said heated substance,

It is ordinarily preferred to employ with
the standard anindicator showing directly or
indirectly the degree of incandescence or tem-
perature of the standard and to connect said
indieator with a regulator by which its degree
of incandescence or temperature can be raised
orlowered, so as to correspond to any desired
temperature within the range of this method
of gaging temperatures.

By this apparatus the degree of incandes-
cence corresponding to the critical degree of
temperature for any substance is determined
by trial and test and its attainment noted by
the indicator, (voltmeter, ammeter, or rheo-
stat,) so that the apparatus may at will be set
for that particular degree of ineandescence
and other articles brought to the critical tem-
perature by heating them until they corre-
spond in ineandescence with the standard.

By this invention it is possible for a person

5 of ordinary ability to produce the same de-

sired hardness, malleability, or duectility in
every like article, because by it he can accu-
rately determine when each article reaches
the critical degree of temperature at which
the best results can be produced.

With these objeets in view the invention
consists in the construction, com bination, and
arrangement of parts, substantially as here-
inafter set forth and claimed. '

In the accompanying drawings, which form
a part of this specification, Figure 1 repre-
sents, partially in section, the apparatus with
its circuits, embodying the invention. Fig.
2 is an elevation of the incandescent lamp
seenin Fig. 1. Fig. 8illustrates another em-
bodiment of the invention; and Fig. 4 is a

". sectional view of a part of the apparatus seen
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in Fig. 3, the section being taken in the plane
indicated by the line 4 4. Fig. 5 represents
a batch of small articles being heated for ob-
servation.

The invention may be carried out in vari-

- ous ways, two of which are illustrated. In
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- through, though there may
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the apparatus shown at Figs. 1 and 2 there
is an inspection-tube, as 3, which is open at
both ends—that is, so that it may be looked
be a transparent

diaphragm at either or both ends for the pro-

tection of the interior of the tube and its con-
tents. -In the outer end of the tube such a
diaphragm is shown, as at 10. Tt may be of
mica or glass. Intheforward or oyepieceend
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" piéce of clear glass may be used there, if de- ,
sired. There is located in the tube in any

-eator, as indicated at 9.

of the tube no diaphragm is shown, though a

suitable manner anincandescing substance—
such, for example, as a filament 4—which is
most conveniently inclosed in a vacuots bulb
and constitutes an incandescent lamp. The
filament of this lamp may be of any suitable
form. Thatshown is of spiral forin, through
the coils of which the substance to be heated
may be viewed. This filament constitutes
the standard of incandescence of my appara-
tus. It is included in an electric cirenit 35,
supplied from a source of current. (Indicated.
at6.) There is a suitable rheostatin the cir-
cuit, as at 7,"and a meter or indicator, as at
3. A marker may be employed in the indi-
This may be set at
a predetermined point on the scale at which
the index must stand when the apparatus is
used for gaging the temperature of a certain
batch or class of things to be hardened or an-
nealed. :

"The apparatus may be used as follows: By
trial may be found the particular color at
which the requisite temperature of the metal
is reached. The rheostat is then manipu-
lated to produce the same color in the fila-
ment 4, and when it is produced the current
or the-position of theindicator may be noted
and the marker 9 set. Then the nextarticle
to be hardened or annealed may be viewed
through the tube 3, and when the tempera-
ture reaches the proper degree its color will
be the same as that of the filament and the
latter will- be obliterated. This point is ac-
curately and decisively determined, because
the filament will show light against the heat-
ing metal before it reaches the critical tem-
perature and dark against it should the tem-
perature of the metal pass the critical point.
In transit from one of these conditions to the
other there is a time when the filament is lost
to view. That is the critical moment, and at
that instant the metal should be immersed in
the hardening-bath.

crucible at 21.  'When accurate temperature
readings are desired, both the object heated
and the standard should be well screened or
protected from light from other sources, so-
as to prevent them from reflecting any light,
thus making them show a color that is caused
solely by their own incandescence. In addi-
tion to the employment of this means for
producing uniformity in hardening and an-
nealing it serves as a gage in arriving at the
temperature which is best suited to produce
the desired effect in hardening or annealing
any particular thing. If on trial it is found
that a certain temperature is not quite high
enough, a small amount of resistance may be
cut out of the circuit 5, therehy slightly in-
creasing the brilliancy of the filament. The
position of the indicator is then noted and
the thing heating is brought to that temper-
ature which will make ifs degree of incan-

A bateh of small pieces.
of metal being heated is illustrated in the.
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cence identical with that of the filament.
i this way repeated trials may be conducted

with certainty and despatch. Then when
the best result has been attained the same
degree of heat may thereafter be reproduced

in any number of successivearticlesor things,

in which changes in degree of incandescence
and color ean be produced by changesin tem-
perature. The different degrees of incan-
descence include a range from the faintest

original luminosity due to heat to an incan-.

descence of the brightest or whitest light.

By using a carefully and minutely graded
and graduated rheostat and a current of con-
stant voltage the indicator—an ammeter or
voltmeler—may be dispensed with and the
positions of the rheostat noted for the vari-
ous degrees of incandescence in the filament.
The electrical indicator may be calibrated
and graduated to give readings in degrees of
temperature, if desired.

Obviously more than one testing-tube, with

its lamp, may be placed in the same circuit
to accommodate several operations. Inthat
case the lamps are preferably placed in par-
allel and every lamp. is brought to the color
of the dullest one by using with each of the
brighter ones sufficient resistance to effect
that purpose. . The invention itself is well
adapted for standardizing the several lamps
as used and for standardizing lamps for use

in the general application of the invention..

This maybedone asillustrated inFigs. 3 and

4. Therein theinspection-tube isshownat1l..
It is preferably closed completely at its outer.

end and is provided with lenses or prisms 12
at its forward end, thus forming a binocular

testing tube. . In thistube is placed thestand-;

ard lamp, which may be that represented at
13, and by its side is placed the-lamp 14, the
incandescence or temperature of whose fila-
ment is.to be brought into exact accord with
that of the filament in the standard lamp.
At 15 is an indicator, preferably an ammeter,

and at 161is a reversing-switch provided with.

a resistance 22 equal to that of the ammeter.
At.17 and 18 are rheostats, and at 19 is rep-
resented the source of current. At the out-
set the switeh may be in the position shown,

which places the lamp 13, the rheostat 17,

and the resistance 22-of the switch in series
in one circuit and the lamp 14, the rheostat
18, the.switch, and the ammeter in series in
the parallel circuit. - Obviously another am-
meter may be used in theplace of the switch.
The rheostat 17 may then beset at the proper
position to bring the lamp 13 to the standard
brillianey. If desired, the ammeter may be
employed to insure the proper point at which
to fix the rheostat. That would be done by

turning the switch through ninety degrees.
Then when the lamp 13 is at the standard in-
candescence and the switch baek in the posi-
tion shown the incandescence of the lamp 14
may be gradually brought up to the standard
by the manipulation of the rheostat18. The
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vith accuracy and the best results attained

3

operator determines its arrival at the stand-
ard brillianey by comparing it with the stand-
ard lamp. - To make this comparison accu-
rate by this plan, the same as in the first plan
described, the filament being tested is brought
into the line of vision by which the standard
is viewed, so that the observei need not take
his eye from either the standard or the other
filament in making the comparison. Thede-
sired superposition may be forced optically
by the use of the prisms orlenses 12, the same
as in astereoscope, the images of the filaments
being merged or made to overlap. This is

indicated by the dotted lines at 20, Fig. 4. In.

this way both filaments are viewed at once,
and by gradually moving the contact of the
rheostat 18 the filament of lamp 14 is brought
to the exact shade of color of the standard.
Then the reading of the latter is talken, so
that when the lamp is put to use the stand-
ard color can be readily produced. To verify
the exact correspondence of the two lamps,
the switch may be turned and the position of
the ammeter noted. Any variation in eolor
will be easily detected by thus quickly trans-
posing the currents. The lamps also may be
transposed to avoid any mistake because of
a possible variation in the eyes of the ob-
server, -Thelampsinstead of being compared
with each other might be compared with the
heated substance, as in Fig. 1, and the cuar-
rent which would bring them to the same in-

candescence as this heated snbstance meas--
This arrangement of -

ured in each lamp.
lamps, circuits, switch, and indicator enables
the current passing through both lamps to be
measured on the same ammeter, so that the
readings are accurate—that is, this arrange-
ment eliminates the difference there would

be in using two ammeters and produces.
greater uniformity in the lamps which are.

thus -standardized. Fuarthermore, should ‘it
be desirable to.run two or more lamps at.dif-
ferent colors from the same cireunit for test-
ing things to be hardened to different de-
grees we can obviously accomplish this by the
use of the one ammeter and the reversing-
switeh, by means of which the current flow-
ing through either lamp can be made to flow
through the ammeter, while the current flow-
ing through the other lamp passes through a
resistance equal to that of the ammeter.

In the two ways described for using the in-
vention.the lamps 4 and 13 constitute alike
the standard of incandescence, while the fila-
ment of the lamp 14, heated electrically, cor-
responds exactly to the article or bateh of
articles 21:whieh it is desired to heat by ordi-
nary means of combustion to a certain tem-
perature.

Other means than the filament shown may -

be employedas a standard of comparison, and

such standard may be mounted in adifferent’

manuer from those-illustrated, and the color
of the said standard maybe changed by other
meansg-than by eleetricity without departing
from the invention.

fTowever, as incandes-
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cing substance, especially a filamentary one
in an electrie circuit, has been found to give
the best satisfaction, and though it operates
best when shielded from extraneons inflnence,
it may obviously be used with good effect
without the shield or tube.

I wish it expressly understood that by the
term ‘‘apparatus” as used in the descrip-
tion and claims I do not limit myself to the
tube and the filament therein, but refer to
the entire outfit, ineluding circuits, rheostat,
and indicator. It is immaterial whether or
not the standard islocated in a tube. It may
be used in a dark room without a tube or any
other support save the hand of the operator.

I do not hereby claim the method of gaging
the temperature of the material, as herein
set forth, by comparing the same when heat-
ed with an optieal standard by placing the
material and standard so that a portion, at
least, of one is in the path of rays of light
passing from the other to the eye and observ-
ing whether or not the one merges in the
other, as this forms the subject of broad
claims in my applieation filed August 4, 1899,
Serial No. 720,101, nor do I claim this method

. when practiced by using a standard which is

30

incandescent, as this also forms the subject
of a broad method claimed in the said appli-
cation.

What I claim as my invention is—

1. In an apparatus for gaging the tempera-

- ture of substances which become incandes-
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cent when heated, the combination of the
standard, means for supporting the same in
line with the substance to be tested and the
eye so that a portion at least of one may be
superposed upon the field of the other, and
means for bringing those portions thereof
which are directly under the eye of the ob-
server to practically the same appearance.
2. Inan optical heat-gage apparatus, means
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for furnishing an optical standard of ¢
parison with the substance to be heated a
S0 located in the apparatus as to permit

least a portion of one to be seen superposes
upon the field of the other,

3. In a heat-gage apparatus, an optical
standard consisting of a substance that may
be made incandescent and so located in the
apparatusasto be in the path of the rays pass-
ing to the eye from the heated substance to
be tested or gaged.

4. Inanapparatus for gaging the tempera-
ture of a substance, a standard adapted to
become incandescent to a degree correspond-
ing to the incandescence of said substanece
when heated to the desired temperature, said
standard being solocated with respect to the
line of vision through the apparatus as to
permit a portion at least of one to be seen su-
perposed upon the field of the other.

5. An optical heat-gage having an optical
standard consisting of a substance whose de-
gree or nature of incandescence is dependent
upon the temperature to which it is heated
and so located in the apparatus as to permit
at least a part of itsincandescence to be seen
superposed upon the field of the incandes-
cence of the heated substance to be tested or
gaged.

6. The combination with two incandescent
lamps 13 and 14, a rheostat and ammeter in
the eircuit of one lamp, a rheostat in the cir-
cuit of the other lamp, and a reversing-switch
for transposing the circuits of the lamps sub-
stantially as and for the purpose set forth.

Signed at New York, in the county of New
York and State of New York, this 28th day
of October, A. D. 1899.

EVERETT F. MORSE.
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‘Witnesses:
D. H. DECKER,
F. J. CASTEX.




