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A SPECTROPHOTOMFTRIC STUDY OF THE LUMI-
NOUS RADIATION FROM THE NERNST LAMP

GLOWER UNDER VARYING CURRENT
DENSITY.

Bv LEON W. HARTMAN.

HE character of the luminous radiation from different sources
of light has occupied the attention of physicists for many

years, The numerous problems related to this subject which have

been studied represent widely diversified interests and extend over
a wide range of investigation. Thus, in radiation, for example, the
luminous radiation and the radiant efficiency of the magnesium light
were studied by Rogers;' the luminous radiation from the Auer
mantle was studied by Miss Hill;' that from zinc oxide by Nichols
and Snow;3 that from the lime light by Pickering, ' by Nichols and

Franklin, ' and by Nichols and Miss Crehore;' the total radiation

and the radiant efficiency of the mercury arc were studied by Arons, '
Geer, ' and Geer and Coblentz; ' that from platinum has been studied

by numerous investigators, among whom mention may be made of

' Rogers, Am. Jour. Sci. , 43, p. 30I, x892.
~ Nichols, Lab. Manual, 2, p. 373, ISg4.
~ Nichols and Snow, Phil. Mag, , [Sj, 32, p. 4ox, ISgI.
~Pickering) Proc. Am. Acad. Arts and Sci. , I5) p. 236, xSSo.
5Nichols and Franklin, Am. Jour. Sci., 38, p. Ioo, I889.
6Nichols and Miss Crehore, PHvs. REv. , 2, p. I6x, IS g4.
~Arons, Wied. Ann. , 47, p. 767, xSg2 $8 p. 73 I896.
sGeer) PHvs. REv. , I6, p. g4, Igo3.
9Geer and Coblentz, Phys. Zeitschr. , 4, p. 2S7 I903.
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Magnus, ' Violle, ' Draper, ' Nichols, " Chatelier, ' Becquerel, ' Crova 7

and Zoll ner.

The radiation from heated pigments was studied by Nichols and

Snow. ' The radiation from different forms of carbon has been

thoroughly and carefully studied by Weber, "Schumann, " Nichols

and Franklin, "Nichols, "Blaker, "Stewart, "Janet, "Le Chatelier 'r

and others. In perusing some of the work mentioned above, it oc-
curred to the writer that a study of the radiation from the rare-earth

oxides used in the "glower" of the Nernst lamp would be of theo-
retical interest and of practical importance. In a paper on the be-

havior of these "glowers " when carrying an electric current, "
mention is made of a spectral and bolometric study of the radiation

from these luminous sources, but apparently no work was done in

this direction. Inasmuch as no published work has appeared on

this phase of the radiation from the Nernst lamp glower, it was

decided to investigate this problem.
Inasmuch as no spectrophotometer was available for this work,

a Kirchhoff spectrometer having a collimator with two unilateral

micrometer slits was adapted for the purpose. This instrument has

been described elsewhere. " This spectrometer has a broad circular

horizontal plate of metal mounted upon a massive hollow cast-iron

'Magnus, Ann. der Phys. , x24, p. 476, I865.
~ Violle, C. R., 88, p. I7I, I879; 92, pp. 866, I204, ISSI; 95, p. I63, I887; 94,

p 734 I892
3 Draper, Phil. Mag. , [3], 3o, p. 345, I84.7.
4 Nichols, Am. Jour. Sci., I8, p. 446, I87g.
"'Chatelier, C. R., II4, p. 47o, I892 ' Bul. Soc. Chim. Paris, 47, p. 42, IS87.
6Becquerel, Annals de Chem. et de Physique, [3], 68, p. 47, x863; C. R., 55, p.

876, I863.
7 Crova, C. R. , 57, p. 497) I878.
& Pogg. Ann. , Ioo, p. 38x, x857; I09~ p. 256, I86g.
9 Nichols and Snow, Phil. Mag. , [5], 32 p. 40I) I89I.

~oWeber, Wied. Ann.
y 32' p 256, x8g7; PHYs. REv. , 2, pp. II2, I97, IS94.

» Schumann, Electrotech. Zeitschr. , g, p. 22o, I884.
» Nichols and Franklin, Am. Jour. Sci., 38' p. Ioo, I889.
»Nichols, Proc. Am. Acad. Arts and Sci., 37, p, 73) I90I.
~4Blaker, PHYs. REV. , x3, p, 345' I90I.
»Stewart, PHYS. REV. , X3) p. 257, I9OI; I$, p. 306~ I902.
&6tanet, C. R. , I23, p. 690, I896; I26, p, 734, I898.
» Le Chatelier, Jour. de Phys. , [3], I, p. 203~ I892.
~s Nernst and Wild, Zeitschr. fur Electrochemie, 7, p. 373, I900.
»Wullner, Lehrbuch der Experimentalphysik, Bd. 4, p. I68, x899.
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column, which in turn is supported by three massive feet. Mounted
upon this plate is the collimator and the swinging arm which sup-
ports the observing telescope. This arm is rigidly attached to a
revolving pivot passing downward through the vertical axis of the
instrument. In a vertical plane beneath the plate is mounted a
plane mirror which is rigidly attached to the pivot of the telescope
arm; thus when the telescope is rotated about its axis, the mirror
rotates about the same axis. Through an opening in the cast-iron
support of the spectrometer plate a beam of light from an illumi-
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Fig. 1.—Calibration Curves of the Spectrophotometer Slits.

nated scale falls upon the mirror and is reflected into another ob-
serving telescope which is rigidly attached by metal supports to the
lower surface of the circular plate as shown in Fig. 4.

The train of glass prisms belonging to the instrument was removed
and replaced by a Rowland plane grating, having j:4,437 lines to
the inch, ruled on speculum metal. This grating was mounted in
the axis of the instrument on a metal base having three leveling
screws, and was therefore in the axis of rotation of the observing
telescope. Thus an increased intensity in the less visible portions
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of the spectrum was secured, and a normal spectrum and a straight
line calibration curve were obtained. The collimator slits were

then removed and calibrated under a high power microscope
mounted on a Hilger dividing engine. Proper precautions were

taken to avoid any error in measurement due to the "back lash "
of the screw of the dividing engine or of the screws of the slits.
'The calibration curves given in Fig. I show that the screws of the
slits are remarkably uniform and perfect. In Fig. I slit 5 refers

to the slit which throughout was used with standard No. r; slit X;
therefore, was the slit before which was placed the Hefner lamp,

the Nernst lamp and standard No. z. In front of the upper slit of
,the collimator a totally reflecting prism was then mounted upon a

~blackened brass arm which swung about a vertical axis. By means

ef a screw adjustment this prism could be raised or lowered at will.

The position of the prism in front of the collimator can be seen in

:Fig. 4. After remounting the slits the collimator and telescope
were adjusted for parallel light. The collimator was then turned

so that its axis passed normally through the vertical axis of the

spectrometer, after which it was securely clamped in position.

Thus, a beam of light passing through the collimator fell upon the

middle portion of the Rowland grating. The observing telescope

of the spectrometer, the ocular of which contained the cross-hairs

and an adjustable slit so that only a narrow band of the spectrum

could be observed at once, was then rigidly attached to its arm so

that it had motion on this arm only in a vertical plane. As was

~oted above, this arm was attached to the axis of the instrument

.about which it could be swung in a horizontal plane. Thus the

center of the grating was in the axis of rotation of the telescope.
'The spectrometer was then mounted in a dark room where this in-

vestigation was conducted. After the grating was adjusted so as

to give a suitable intensity and dispersion in the spectrum of the

erst order, a scale divided into millimeters was suspended in

front of, the spectrometer mirror, by means of cords from one corner

of the dark room. The spectrometer was then calibrated, by
reference to the lines produced by vaporizing various metal salts in

a Bunsen fame placed in front of the collimator slits. The cali-

bration curve thus obtained was a straight line. The dispersion
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was found to be su Fficient to separate appreciably the two sodium

lines and a difference of o.oor p was found to be equivalent to about

3.6 mm. on the scale. By virtue of certain changes that were made
before any observations were taken several calibrations of the spec-
trometer were necessary, the final one of which is given in Fig. 2.
The only difference found in these curves was a definite vertical shift

throughout the whole length of the curve. Hence the calibration

of the instrument could be tested at any time by reference to a
sodium flame. As a precaution this was frequently done. As a
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matter of fact the dark room in which this work was carried out
was kept locked and no one but the writer was supposed to enter

it, so that once adj ustments were finally made, they were not dis-
turbed by any one outside. The spectrometer observations and

scale readings therefore never showed an appreciable difference from

the calibration curve readings.
As a standard source of light an acetylene flame burning under

constant pressure was used. The acetylene was produced in a Colt
Automatic Acetylene Generator, in which finely divided calcium
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Fig. 3.

carbide was automatically dropped into water. The gas thus gen-

erated was passed over into a gasometer whence it was conducted

through a pressure regulator of the Moler pattern' into the dark

room. By means of a glass Y placed in the line of gas tubing

leading from the regulator, one branch of which lead to a U-tube

water manometer, while the other branch lead to the burner, the

gas pressure at the burner could be observed at will through a te)e-

scope placed near the observer at the spectrometer. To prevent
evaporation from the manometer, the open end of the U -tube was

closed with a cork having a small groove along the side. The
acetylene was burned in a No. 4 Naphey burner' of the type shown

in Fig. 3. In front of the Rat Hame of this burner and parallel to
its plane was mounted a sheet of blackened tin containing a circular

diaphragm 7.94 mm. ' in diameter so that the opening was opposite
the most uniform portion of the Aame. This burner with dia-

phragm was then mounted to the right of the colli-
mator slits with the sheet of tin facing the totally re-

Recting prism and its plane Io cm. from the face of the
prism. When this diaphragmed source of light was

placed in the proper position before the reHecting prism,
the burner was rigidly clamped in place and remained

undisturbed throughout the whole investigation. It
has been shown that such a source of light under constant pressure

gives an intensity which remains uniform 4 and is therefore suitable

for this investigation.

The Nernst lamp used was a Io4-volt A. C. lamp. The "holder " '
of the lamp was removed and the lamp was mounted on a support
at a proper height so that the glower was horizontal and Ioo cm. in

front of the uncovered collimator slit. In series with the lamp was

a rheostat (E) and a new accurately calibrated Weston A. C. am-

meter (A), and to the platinum terminal wires of the glower were

soldered the terminal wires of a recently calibrated Weston D. C.
and A. C. voltmeter (V). Thus the voltages given in the data are

l Nichols, Jour. Frank. Inst. ~ x50, p. 359, x900.
~ A No. 4 Naphey burner is rated to burn one cubic foot of gas per hour.

~&6 inches = 7.94 mm.
4Nichols, Jour. Frank. Inst. , x5o, pp. 360, 386, I900.
5 The Nernst lamp and its parts have been fully described by Mr. A. J. Hurts, Trans.

Am. Inst. Elect. Eng. , x8, p. 545, I90I.



No. z.] RADIA TION FROM NERNST LAMP. 7I

those between the ends of the glower under varying current. It
may be noted in passing that the lamp in this horizontal position

was not entirely automatic, but inasmuch as the holder of the lamp

had been removed, the heating circuit in each case was closed by
hand, and when the glower became conducting the heating circuit

was opened automatically. The arrangement of the apparatus is

shown in Fig. 4.
In order to secure an alternating current of constant potential, a

direct current of I Io volts was connected to the terminals of'a I Io-
volt storage battery, and from the leads of the battery a line was

run to the terminals of a motor belted to a line of shafting, from

which was furnished the power to run the alternator and its exciter
Thus the A. C. voltage could be kept constant at any desired value

SCREEN WiTH
X

DIAPHRAGM
I

POSITION OF
STANDARD NO. 2

0 O ~
~ ul

Fig. 4.—Diagram of Apparatus.

below its maximum. When the maximum value was reached,

current was taken from the city A. C. mains which entered the

laboratory.
To obtain results in terms of definite known units the Hefner-

Altneck standard lamp' was used. That is, the diaphragmed acety-
lene Hame used as a standard was determined in terms of the Hefner

standard. This had previously been done, and the results obtained

here are concordant with the earlier measurements. As has been

pointed out it is desirable to compare the acetylene Game with the

Hefner standard since in the latter the Game is produced by the

combustion of a fuel of definite chemical composition under very

nearly constant conditions. '
'Zeitschr. fur Instrumentenkunde, z3, pp. 257—265, IS93.
& Nichols, Jour. Frank. Inst. , ?so, p. 37j:, I9oo.
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The method of taking the observations was as follows: Ten

centimeters in front of the uncovered collimator slit, the Hefner

lamp was adjusted in position. The lamp was allowed to burn

twenty minutes or half an hour and then adjusted to the proper
Game height, after which readings at various points in the spectrum

were taken. Throughout the whole work eight or ten, and some-

times thirty or forty, readings were taken at each setting of the

telescope. The mean of these readings was then taken for the

position in question. Thus on diAerent days a number of such

curves were taken with the Hefner lamp, and the curves thus de-
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termined were found to agree so closely that a mean curve of the

two agreeing most closely was taken, The latter is shown in Fig.
The data for these curves is given in Table I.

Fifty centimeters in front of the collimator slits was temporarily
mounted another No. 4. Naphey burner having a blackened screen
mounted in front of'it with a circular diaphragm of exactly the same

size as that used with the burner previously mentioned. This
acetylene source is called standard No. 2; the former acetylene
source, standard No. r. The spectrophotometric curve of standard

No. 2 in terms of No, r was then determined. This curve, shown
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pressure.
r In using the Hefner -Altneck

lamp corrections for humidity and

/
barometric pressure according to

/ Liebenthal's method' were made.

r Humidity was determined by ob-
0

serving the wet and dry bulb psy-
chrometer and by using the values

of vapor pressure obtained from

Regnault's measurements. '
In taking the measurements on

the Nernst lamp the erst observations were made on another glower
than on the one used throughout the series of measurements given

in this paper. It was the original intention to obtain the spectropho-
tometric curves with the voltage maintained constant for a given set
of observations. This, however, proved to be unsatisfactory. As an

&Liebenthal, Electrotecl». Zeitschr. , z6, p. 65', I89S.
~Hempel's Gas. Analysis. Translated by Dennis, pp. 2S), 373—4, ?892.

2. 4
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Fig. 7.

in Fig. 6, is the mean of several sets of independent observations

taken on different days. This curve was obtained for the pu'rpose

of eliminating the absorption of the totally reflecting prism, which

was not only marked but was also selective, as will be seen by re-

ferring to Fig. 6. Obviously, therefore, when the Nernst lamp is

compared with a bare acetylene flame the results will be different

from those obtained in the comparison with standard No. t in

which the use of the reflecting prism is necessary.

Lastly, the Nernst lamp glower while carrying currents of dif-

ferent densities was compared spectrophotometrically with standard

No. r. At each observation throughout the whole series the cur-
rent strength and the gas pressure were observed to see that they
remained constant while a given set of observations was being taken.

From eight to ten readings were

QQMPARIso( QF THE NERNsT LAMP wITH taken for each point on the curve.1 I i I I j r
I l

STANDARD NO. 1, THE VOLTAGE SEING In some cases as many as 6fty ob-
4. 4

I

KEPT COSTANT.
servations were made for each point

and then the mean was taken. The
gas pressure was most conveniently

kept constant at 7.4 cm. of water
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illustration, the curve shown in Fig. 7 was obtained in this manner.
The readings began in the long waves and extended into the short
ones. The potential difference was kept constant but no attention was

paid to current strength. The curve obtained is a smooth curve but
very different from those obtained later with constant current. On
repeating these observations, passing through the spectrum in the
reverse order, a curve of quite different shape was obtained. This
method, therefore, was evidently unreliable. It is probable that the
current strength gradually decreased in value with the time without

giving an apparent change in

1.4

COMP
I

kHEFNER
I

ARISON OF STANDARD NO 2) WITH)

I I I

LAMP, (REFLECTING PRISM ELIMINATED)
)

voltage, ' thus accidentally giv-

ing the curve mentioned.

Thereafter, observations were
taken with the current kept
constant and a series of curves

p, g

were obtained which were
")1,8

similar to those shown in

x1 ~ 2 Flg. 9.
An accident, ho w ever,

necessitated the remounting
of a new glower. The erst

1.0
observations were taken at
the rated normal current ca-

pacity of the lamp, namely,
0.8 0.8 amperes. Observations

0, 4' 0 45@ O. SOP O. 55' O. SOP O. SSjC
WAVE LENGTHS were then taken with decreas-
Fig. 8.

ing currents d o w n t o 0.2
amperes. .Then observations were taken with increasing currents;
the maximum value reached was I.)0 amperes, at which point the
platinum wire attached to the glower fused off after a few observa-

tions had been taken. The mean readings thus taken are recorded
in Table III. in the order in which they were taken and are lettered

accordingly, beginning u, b, c, . . . , etc. The curves obtained from

these data are lettered likewise. No stress is laid upon the data ob-
tained in the last set of readings and the curve obtained from these
data is given only once —in Fig. 9—after which it is not considered.

~ This possibility is suggested by a characteristic curve of the glower given by Wurts,
Trans. Am. Inst. Elect. Eng, , z8, p. 5S2, 19ox.
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Wave-
Lengths.

S, Sw

(g') V= By.o; l= o.go; P = y. 4 cm.

Drum
Readings Slit Widths

of Microm. in mm.
Ratio

of
Inten-
sities.

(k) V= By.o; I=o.go; P= y.4 cm.

Drum
Readi„gs Slit Widths Ratio

of Micrometer. of
Inten-
sities,

1 n I n

&=0.425 p
&=0.450 p
&=0.4/5 p
&=0.500 p,

&=0.550 p
&=0.589 p
ii=0.600 p
»=0.625 p
&=0.650 p
t.=0.67S p

97.2
101.5

108.4
[

128.5

134.S
136.9
149.0
160.3

70
70

0.174 0.120
0.182 0.120

1.450
1.517 I

70 0.197 0.120 1.642
70 0.240 0.120 2.025

70 0.253 0.120 2.108
70 0,257 0.120 2.140
70 0.28S 0.120 2.380
70

~

0.310 0.120 2.580

.81,0
79.3
83.6
85.6

50 0.137
50 0.135
50 0.144
50 10 148

100.1
104.3
122.0

50
50
50

0.180
0.18'7

0.226

94.8 50 0.172 0.072 2.385

0.072
0.072
0.072

2.500
2.600
3.140

0.072 1.905
0.072
0.072 2.000
0.072 2.060

(l) V= 86.8; l= z.oo; P = y.4 cm. (778) V= By.z; I=o.8o; P=y.4 cm.

ij,=0.425 p
~=0.450 p
&=0.475 p
i=0.500 p
~=0.550 p
ii=0.589 p
~=0.600 p
i=0.625 p
~=0.650 p
i =0.675p

91.8 SO

97.3 50
104.5 50

0.161 0.072
0.173 0.072
0.189 0.072

108.4 50
109.9 50
111.1 50
116.5 50

0.197 0.072
0.200 I 0.072
0.203 0.072
0.215 0.072

88 6 50 0 155 0 072
~90.4 50 0.159 0.072
2.151
2.210
2.239
2.400
2.622

2.740
2.780
2.820
2.980

100
100
100
100
100
100
100

71.9
69.9
63.9
60.8
59.6
59.3
56.2

0.179
0.179
0.179
0.179
0.179
0.179

i0.179

100 76.8 0.179 0.13S 1.253

0.101
0.099
0.097
0.091

1.772
1.810
1.826
1.970

0.124 1.441
0.129 1.390
0.108 1.656
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2.6

2.2

2.0

1.4

1.0

0 ' 8

0 ~ 6—

0.4

"r

~g)
I ~

6

0.2 ~)j
7r

3-AfHP.

0.40P 0.45@ 0.50@ 0.55/ 0.60IM. 0.65IIJ, 0.7uP,
%AVE LENGTHS

Fig. 9. Comparison of the Nernst Lamp at various current densities with

Standard No. r.
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At I.zo amperes the ballast of the lamp burned out after which

the leads to the lamp were connected directly to the terminals of
the glower and observations were continued with increasing current
strength for each successive set until the maximum was reached.
In all about 2, )oo observations are represented in the data given in

the tables.
In tabulating the data the following symbols are used: P repre-

sents the gas pressure in centimeters of water; V, the potential
difference in volts between the terminals of the glower; 5„ the
slit width of the collimator for standard No. I; 5„ the slit width

of the collimator for standard No. 2; 5~, the slit width of, the col-
limator for the Hefner lamp; 5, the slit width of the collimator for
the Nernst lamp, and (a), (b), (c), , etc. , will represent the order
of the observations.

At this point it may be noted that the writer is familiar with the
work done by Murphy' and Capps' on the correction for slit widths

necessary in spectrophotometric work. No data for this correction
with such an instrument as was used here, however, are available.

In the second place, correction for slit widths is not so essential

here because in the method of using the data given in the tables,
the error due to this cause is eliminated, or at least reduced to a
minimum. In obtaining the curve showing the relation between

the intensities of the Hefner-Altneck lamp and standard No. I for
waves of different lengths, two curves on different days were care-

fully determined, and the mean values of the ordinates of these

curves were taken and plotted as the ordinates of the curve in Fig.
The two curves mentioned are shown in the upper part of Fig.

S and the data therefor are given in Table I. Thus the intensity

in candle power of standard No. I for different wave-lengths is de-

termined. The values obtained in the comparison of standard No.
I with standard No. 2 were treated in a similar manner and the

curve, as shown in Fig. 6, obtained. If now the values of the
ordinates of the curve in Fig. 6 be multiplied by the corresponding
ordinates of the curve in Fig. ), and if these new values thus ob-
tained be plotted as ordinates with the corresponding wave-lengths

as abscissz. , the curve shown in Fig. 8 will be obtained. This
' Murphy, Astrophys. Jour. , 6, I, x897.
2Capps, Ibid. , zz, ~5, r9oo.
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curve shows the relation existing between the intensity of the acety-
lene flame used as a standard unit of comparison and the intensity

of the Hefner lamp when the inHuence of the totally rejecting prism

is eliminated. This curve agrees with results previously obtained.

It is to be noted here that the Hefner lamp was r o cm. from the

collimator slit while the acetylene standard No. 2 was 5o cm. from

the slits. Their relative positions are indicated in Fig. 4..

If the values of the ratios of intensities given in Table III. are

plotted as ordinates and corresponding wave-lengths as abscissa,
the curves shown in Fig. 9 are obtained. If the ordinates of these

curves are divided by one fourth of the corresponding ordinates

of Fig. 6 and the values thus obtained are plotted as ordinates with

wave-lengths as abscissz.", a series of curves will be obtained showing

the relation between the intensities of the Nernst lamp glower at
different current strengths and standard No. 2, when both are at
a distance of too cm. from the collimator slits. These curves

are shown in Fig. ra. In these curves the absorption of the

totally reHecting prism has been eliminated and the error due to
slit widths reduced to a minimum. From an inspection of these

curves it is obvious that until a current strength of one ampere is

reached the increase in intensity of the glower as compared with

acetylene is more rapid in the long waves and less rapid in the

short ones. Above this value of the current, the increase in inten-

sity in the region of the short waves is more rapid and there is

an apparent decrease in intensity in the region of the long waves

beyond o.6oo,ii.
If the ordinates of the curve in Fig. 9 be multiplied-by the corre-

sponding ordinates of the curve in Fig. ) and if the values thus ob-

tained be plotted as ordinates with corresponding wave-lengths as

abscissz. , the curves shown in Fig, r I will be obtained. These
curves show the relation, wave-length by wave-length, between the

relative intensities of the Hefner lamp when it is placed IQ cm. in

front of the collimator slits and the Nernst lamp when the latter is

placed ioo cm, in front of the slits. These curves confirm the con-
clusion deduced from the curves in Fig. io, showing that with a
current above o.9o or I.oo ampere there is a marked increase in

' Hartman, PHYS. REv. , 9, P. IS5, I899.
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intensity in the region of the short waves and a corresponding de-

crease in the intensity of the long waves. Below this value of the
current the opposite is true, the increase in intensity being most

rapid in the long waves.

It will be noted that a number of the curves are drawn in dotted
lines and that these dotted curves bear the same values of current

strength as some one of the full line curves beneath them. To this

statement there is but one exception, in which case the difference is

so small that it may reasonably be ascribed to errors in observation.
In the other cases this explanation will not suAice. It will be noted,
however, that these dotted curves were obtained at a date later than

that on which the full line curves of the same current strength were

obtained. Apparently, therefore, this indicates an increase in the
intensity of the light emitted from the glower as it ages, even though
the current be kept constant. One would expect this if the glower

gradually wastes away with continued use and thus decreases in

cross-section, for under these conditions a given current would make

the glower corresponding hotter the smaller it becomes. There is,

however, a probable limitation to this.

In the case of the curves in which the current was furnished by
the department alternator, the disturbing factors were under such

complete control that the current was kept practically constant.
The maximum voltage of the alternator, however, could not be
raised to a value high enough to send through the glower a current
above r.oo ampere. After this value was reached, the city 208-volt
A. C. mains were used. The conditions were now more unsteady
and the needle of the ammeter vibrated through a range of 0.04
amperes and the current values are so indicated. Thus r.oo & Q.oz
amp. means that the current fluctuated between 0.98 and r.oz
amperes. The reason for the decrease in intensity when current
taken from this source was used is not evident to the writer; in

both cases current was furnished by a 6o-cycle machine.
It will be interesting to compare the luminous radiation from the

glower of the Nernst lamp with the radiation from a number of
other luminous sources which have been previously studied. To
do this the radiation from the acetylene Hame is again taken as the
standard of comparison, and its relative intensity throughout the
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spectrum is arbitrarily taken as unity. In the other sources con-
sidered that portion of the spectrum in the region of the D line is
taken as unity. Plotting wave-lengths as absciss3 and relative in-

tensities as ordinates the series of curves shown in Fig. I z is ob-

2. 2

A

2. 0

1.8

1.8

1.0 — C:

p. 8

p. e

0.4

/

g(Pj

D+E

0~ 2,

0..0
0. 40@ 0.48@ 0.'Svu 0. 'SSP. 0.80', 0, 6~P, 0.70u,

WAVE LENGTHS

F g. ]2. Color of (A) acetylene in oxygen, (B) acetylene-hydrogen in oxygen,
(C) acetylene in air, (D) kerosene lamp, (E) ordinary gas flame, (P ) fresh lime light,

(G) old lime light, (A ) arc light, (M) magnesium light and (N„) Nernst lamp.
Standard, an acetylene flame.

tained. It will be observed that the curve for the Nernst lamp

glower, which was taken for the rated normal current strength ot

o.so ampere corresponds most nearly to the radiation from old lime.
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The data for many of these curves have been taken from a paper

by Professor E. L. Nichols. '
In order to have a basis from which to start, it has been arbi-

trarily assumed in Fig. I3 that the values given by Abney for the

luminosity curve of the normal eye' would give the luminosity

curve of the acetylene Hame. The luminosity curves of the Nernst
2. 0

1.8

1.4

1.2

I-
CO0z1.0

0.8

0.8
O

0.4

O. m

0.46@ O. S 0.SS/S 0. SOP 0.SOP 0.70/
WAV. E LENGTHS

Fig. 13, Luminosity curves of acetylene, Nernst lamp, and Hefner lamp. Abney's
normal luminosity curve assumed for acetylene.

lamp and the Hefner lamp were then plotted on the same sheet
with this curve. The luminosity of the spectrum of acetylene is

taken as unity in the region of the D line. In this figure the Nernst

lamp curve is reduced to one third its actual size and the curve of
the Hefner lamp is magnified ten times. The lower curve repre-

&Nichols, Jour. Frank. Inst. , rso, p. 356, xgoo.
8Abney, Color Vision, p. 2xr, I89S.
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sents the actual luminosity curve of the latter as compared with the
acetylene standard No. 2. The luminosity of the Nernst lamp is

therefore much greater than that of the acetylene flame.

Since preparing the above, through the courtesy of Dr. Frank
Allen, of Cornell University, a luminosity curve of the acetylene
flame has been obtained. The luminosity curves of the Nernst and
Hefner lamps as compared with acetylene, using this luminosity
curve as a basis, are plotted, as described above, in Fig. r4.

To summarize, it appears that at the rated normal current strength
the radiation from the glower of the Nernst lamp is relatively rich
in the more luminous waves of the spectrum; it exhibits no marked
selective radiation; its light

intensity apparently increases /IL

with age; its light is relatively /3
less rich in the short, but richer /

1.8

in the long waves than that
from the acetylene flame, but
its radiation rapidly becomes
more like that from burning
acetylene with increasing cur-
rent strength; at current
strength below the rated nor-
mal value, the increase in in-

$.6

'f. 2

0-

P& 1.0z

0, 8

/" ~
/

,"/

//
0.6

tensity with increasing cur- t/
rent strength is most marked //
in the long waves, and above
this rated normal value of cur-

0.45/ 0.50@ 0.55P 0, BOP 0. 65/J 0.70+ 0.75+
rent strength the increase in

' ' '
FAYE LEN0T 8

in ensi y is most rapid in ihe Fig„]4. Luminosity curves of acetylene,
Nernst lamp, and Hefner lamp. Luminosity
of the acetylene Game baseci on Allen's curve.

strengths below the rated nor-
mal value the Nernst lamp is relatively less rich in short waves than
the flame of the Hefner lamp, while above this current strength the
opposite is true; at rated normal current strength, or slightly above

this, the color of the Nernst lamp radiation is very similar to that
of the Hefner lamp. The luminous radiation from the Nernst lamp
corresponds very closely to that from incandescent old lime.
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The apparatus used in this investigation has been generously

placed at my disposal by Professor Arthur W. Goodspeed, of the
Department of Physics, and it is with a sense of gratitude and pleas-
ure that I acknowledge all that he has done to satisfy my every
need and thus make this investigation a success. In conclusion,

therefore, I take pleasure in thanking him, as well as Dr. Horace
C. Richards, for the suggestions they have made and the courtesies

they have shown in the course of this investigation.
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