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ART. XXXVI.-lJI£agnes£nrn as (~ So1ti'ce of L£glit .. by 
FREDERICK J. ROGERS, M.S. 

[Contribntions from the Physical Laboratory of Cornell University. No.9]' 

I. 
Quality of lIIagnesiwn Light. 

THE light produced by the combustion of magnesium is 
brilliantly white. It is whiter tlHtn the arc light and almost 
rivals sunlight itself. When the spectrum of the maglLesium 
light is formed side by side with that of ordinary gaslight, the 
former is immediately seen to be relatively 111 nch stronger in 
the more refrangible rays. It gives a continuous spectrnm, 
superimposed lIpon which are the ever present sodium lines 
D, D2 and the magnesium linl3s OJ b2 04 as well as four or five 
oxide bands. 

In the experiments to be described in the first part of this 
paper the brightness of magne~ium light in diffel'ent parts of 
its spectrum was compared with the corresponding components 
of gaslight from an Argand burnet' by means of the "hori
zontal slit" photometer:* This is a spectrophotometer mov
able along a photometer hal'. It furnishes, side by side, 
spectra of the two sources of light to be compared, the two 

* Described by Dr. K L. Nichols, in Trans. Am. Tnst. of E. K. vol. vii. 
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spectm being viewed in the usuai manllel' by means of an 
observing telescope. The advantage of this form of »pectro· 
photometer is that there is no polarizing device, equality of 
the particular portions of the spectra cOlllpa1'6d being obtained 
by movement along the photollleter-bal·. 

The light to be studied was produced by the combustion of 
magnesium-ribbon 2~"l1n wide, supplied at a uniform rate by 
means of clock-work. The light was vel'Y variable, a fact 
which greatly ill creased the difficult.Y of determining its qual
ity. Even whell a diaphragm with an opening of 2 X 5IDm 

was placed immediately in front of the burning ribbon this 
vadation ill intensity was quite marked. The best that could 
be done was to take the mean of a large llullIber of observa
tions. The cOlllparison was made at eight points vel'y nearly 
equidistant in the normal spectrum. Five sets of observations 
were made making in all fourteen readillgs for each of the 
eight points ill the spectrum. .Table I gives the ratios, mag
nesium light: gaslight, redueed to unity at the D line, as 
obtained by takillg the mean of these fi ve sets of observations. 

TABI,E 1. 
Wave· Mg. light. 'Vave- Mg. light. 

lengths. -g~lslight. lengths. gaslight. 
'450 8'77 '574 1':2 I 
'479 5'33 '(lO6 0'83 
,506 3'43 '635 0'66 
'536 :2'07 'u70 0'53 

The fnll curve in fig, 1 represents gmphically the relation 
between wave-lengths and relative intensity in the case of 
the magnesium light, The stalldard gaslight is arbitrarily 
taken to be unity in all parts of tllC spectl'llm, Ourve 
11*, fig, 1, represents the relative intensity of the arc 
light for different wave-Iellgths as obtained by Dr. Nichols 
in 1888. OUl'ves III and IV, fig, 1, represellt the relative 
intensity of daylight as compared with the standard. III 
represellts daylight f!'OlIl a cloudless sky alld IV, daylight from 
a heavily clouded sky. In the latter case the cloudiness hap
pened to be just sufficient to make daylight almost identical in 
character with the magnesium light. For these dotted curves 
the standard light was a sixteen candle po weI' incandescent 
lamp which, howevel' was found to give a light nearly identical 
in quality with the light from an AI'gaud gas burner, The 
stars in the figure for A = '056, '527, alld '450 represent the 
values for magnesium light obtained by Prof, Pickering in 

* This Journal, vol. xxxvii, p. 100. 
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1879. * It will be seen that the results from Table I, are quite 
in accordance with those of that observer and sustain his state
ment that of all artificial illuminants the magnesium light 
approaches sunlight much more nearly than does any other. 
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An important question in regard to the magnesium light is 
that of the temperature at which combustion takes place. 
Flame temperatures are not well known. Rossettit has found 
1350° for the hottest part of a Bnnsen flame and 640° to 940 0 

for a stem'ine candle flame. As I knew of no experimental 
data whatever on the -subject of the temperature of burning 
magnesium, I attempted to measure it by means of the E. JlrI 
F. prOdtiCed in a thermo-element composed of platinum and 
platinum-iridium, when the elemellt was placed in the flame. 
A thermo-element of those materials had been previously cali· 

~ Proc. Am. Acad. of Arts and Sciences, 1879-80, p. 236. 
t Annalen der Physik, Beiblatter, I, p. 615, II, p. 33S. 
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brated* using as known temperatures the melting points of 
metals, for high temperatures,t silvel"!:l54°, gold 1035°, eopper 
1054°. As the melting ]Joint of copper is far below the tem
peratures to be measured it is necessary to prolong the calibra
tion curve beyond the points determined by observation. But 
as this curve is almost exactly a straight line from 700° to 
1050° it is probably safe to prolong it to, at least within 200° 
or 300° of the melting point of platinum. 

It was soon found that burning magnesium almost instantly 
destroyed the small platinum wire used ('01 inch diameter), 
apparently by some chemical action, as there was no evidence 
of fusion. To determine the temperature in the ordinary way, 
by noting the permanent deflection of a galvanometer needle 
when the thermo·junction was held in the magnesium flame, 
was clearly impossible. To obviate this difficulty several indi
rect methods were employed, in all of which the temperature 
of burning magnesium was determined by comparison with 
other flame temperatures. 

The temperatures of the flames to be used as standards in 
this work, were determined by the writer by means of the 
E. M. F. produced by them in the above mentioned thermo
junction. These flames were ail' blast flame, Bunsen flame, 
luminous gas flame (Bunsen burner with the air holes closed) 
and candle flame. In all cases the object was to get the temper
ature of the hottest part of the flame. No galvanometer 
readings were taken, until by repeated trial, the deflection was 
as grea~ as could be obtained. The final results of three sets 
of observations are given in Table II. 

Three methods employed in the estimation of the tempera· 
ture of comb.ustion of magnesillm are descl'ibed below. 

First method.-The wire of the thermo-element was passed 
through a small hole in a porcelain screen which protected the 
junction as shown in fig. 2. The platinnm-iridium wire was 

2. then heated as closely as possible to the screen 
by the different flames, including the magne· 
shun flame and the corresponding galvanometer 

Pt. 
" swings" were noted. Three determinations 
by this method are given in Table II. 

Seoond metlwd.-l:t was found that after the 
J platinum-iridium wire had been heated a short 
S time by the magnesium-iiame, a negative de
PI:IeI.. flection of the galvanometer was obtained. 

An investigation proved that the burning mag
nesium formed a black compound with the 
wire and that this substance formed with the 
p I a ti n u m -iridium a thermo - element whose 

* By Mr. Ernest Merritt in the coul'se of an investigation not yet puhlished. 
t" Physikalischc-Chemisclie Tabellen." Landolt und Bornstein. 
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E. Y. F. was negative, the E. M. F. in the original element 
being considered positive. To eliminate this accidental E. 
M. F., the thermo-junction was made in the form of a 
T as in fig. 3 and the projecting portion which passed 
t h r 0 ugh a porcelain sCl"eeIi was heated as 3. 

before bv the different flames. Two deter-
minations' by this method are gi ven in Table II. 

TMrd J.v[etllOd. - In this case a l' a the r 
1 a r g e bead of metal was formed at the 
j u net i 011 • The j nncti on was then cl1:1'ectly 
heated by the different flames, last of all by 
th e magnesinll1 flame, and the gal vanoll1eter 
" s win g s " were noted as before. The 
thermo-element was not so quickly destroyed as 
before; nevertheless, only one reading for the 
magnesium flame could be obtained before mak-
ing a new junction. Two determinations were 
made by this method. 

TABLE II. 

Pi 

Pt- 1<4. 

Candle Luminous Bunsen Air blast 
flame. gas-flame. fiamp. 1hune. Method. Magnesium flame. 

{13450 

827 0 122,° 1398 First 1375 1333° 
1280 

,65 8!l2° 1233 1382 Second { 1350 
1333 

1342 

792 1018 1222 1404 Third \ 1320 1332 113.45 

The values for the flame temperature of magnesium, given 
above, were obtained by a graphic method which is illustrated 

4. 
I I 

'I I 
J.l I !:A,~ /, a..t. 

t20 

I~ /. ~ , 
"1 

- -- ---- --- - - - - -- - - - -
f7: ~ 

~ 
, ' 

~ , ' 

ISO 

j~ I I ,~ ~ 
, I 

B,,",_e .' 
, 

I~ 

I/V 
, 

"\ ~ : 
~. 

, 
, I 

lID 

Ii , 7 , 
r I -- /' I I 

-, I I 

( --' V , ; 
V I 

,,' " ' I 

I: 
-'> 

V : lc:::, I 
I 

100 

i 
, , 

I I I 

Te b..De ,.t~ ~$. 

Soo" 9000 HXX10 1100' 1200' 1300" 1400' 



306 F. .r. Rogers-J.1fagnesiu1n a8 a Source of Light. 

in figure 4. The previously detet'mined temperatures of the 
other flames were plotted as abscissre and the corresponding 
galvanometer "swings" as ordinates. The ordinate on these 
curves, corresponding to the H swing" due to the magnesium 
flame was taken as indicating the position of that flaille upon 
the curve. The abscissa reading of this point gave the flame 
temperature to be inserted in the table. In figme 4 are given 
tlie curves for the third method. The gal vanometer "swings" 
for the same flame in the two cases were not exactly the same 
on account of the bead of metal at the junction being larger 
in one case than in the other. 

Whatever question may be raised touching the accuracy of 
the absolute values of the above determinations of flame tem
peratures; there can be little doubt that they are relativel.y 
nearly correct; and we may be sure that the temperature of 
burning magnesium is a little below that of the hottest part of 
an air blast flame. 

When the quality of the light from sources of different 
temperature is examined, it is almost uniformly found that the 
light from the sources of higher temperature is richer in the 
more refrangible rays. Prof. Pickering, in the course of the 
series of investigations on the quality of the light from dif
ferent sources already cited, has made use of this fact to calcu
late flame temperatures. The following passage from his 
paper will serve to indicate the basis of his estimates: "Then 
if the temperatures we adopted were correct, this would give 
us a very simple empirical law, viz: The temperature is always 
proportional to some function of the ratio of any two assumed 
wave-lengths. For artificial sources for the wave.lengths '585 
and '455 it varies directly as this ratio. . . . . . . .. Upon 
this principle the temperature of the magnesium-light, perhaps 
the highest terrestrial temperature we have yet attained, would 
be 4900° 0." As direct measurement shows this estimate to 
be altogether too high, it might be inferred that the magnesium 
light, unlike that of most sources, is not solely due to incan
descence, but that it is in part due to something like fluOl'es
cence by heating. Furthel' evidence in favor of this view will 
be presented in the conrse of the following study of the 
efficiency of the magnesium light. 

III. 
Radiant Efficiency of Ma,gne8i'um light. 

By radiant efficiency of a source of light I mean the ratio 
of luminou8 energy to total 1'adiant energy. This ratio has 
often been rather ambiguously called, net efficiency. 
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The method employed for the determination of this ratio 
was to note the galvanometer deflections produced by the 
direct radiation of the source upon the face of a thermopile in 
circnit with a galvanometer, and then the effect of radiation 
from the same source when the "dark" heat is cut off by a 
glass cell containing a satnrated solution of alum. Two alum 
cells were used in all cases. The second cell eliminated the 
effect of the warming up of the first one due to the absorp. 
tion of radiant heat. The total thickness of the two alum 
cells was 72mm. The E. M. F., produced in a thermopile by 
radiation on its face, varies directly as the intensity of the 
radiation. Therefore the ratio of the galvanometer deflection 
obtained when the alum cells am interposed, to the deflection 
produced by the unobi:<tructed radiation, properly corrected if
there has been a change in the resistance of the galvanometer 
circuit, gives the ratio of the radiation through the alum cells 
to the total radiation. When this ratio is corrected for the 
light absorbed and reflected by the alum cells and for the 
"dark" heat which passes through them, we have the radiant 
efficiency of the somce of light. 

The amount of light absorbed and reflected by the alum 
cells was determined photometrically. The candle power of a 
constant source of light was measured both when the two alum 
,~ells were and were not interposed between H and the photo
meter, and it was found that ·611 of the light incident upon 
the face of the first alum cell passed through both. The 
" dark" heat transmitted by the alum cells was measured with 
the aid of a cell containing an opaque solution of iodine in 
bisulphide of carbon. This transmHted the "dark" heat but 
intercepted the light. In the case of a gas flame ·004 of the 
incident" dark" heat was transmitted through both alum cells. 

For the sake of comparison the radiant effi.ciency of candle 
light and gaslight was determined. The final results of a num
ber of measurements are as given below. 

TABLE III. 
Radiant efficiency of candle-light, 

" "" asli ht j Bat's wing burner, 
g g '( Argalld " 

·0153 
·0128 
·0161 

Julius Thomsen* found the efficiency of petroleum flame to 
be about ·02. His method was similar to the above except 
that he used distilled water instead of a solution of alum and 
disregarded the heat transmitted. S. P. Langleyt by a very 
different method, namely by measuring the intensity of the 

... Poggendorff's Annalen, cxxv, p. 348. t Science, vol. i, p. 483 • 
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radiation fOl' the different wave leng:ths of the luminous and 
heat spectrum, found the radiant efficiency of gaslight from an 
Argand bi.uner to be '024, 

Considemble difficulty was experienced in measuring this 
ratio for magnesium light on account of the great variability 
of the magnesium flame, The gal vanometer needle instead of 
moving steadily or by steps to a maximum and then remaining 
there, was almost constantly in motion, Furthermore the 
radiation with and without the alum cells had to be measured 
successively, and there was no certainty that the condition of 
the flame was the same in the two cases, The best that could 
be done was to take a large number of observations and dis
card a few that were very' far from the mean, 

T.ABLE IV, 
GRlvanometer deflections, Light trans· 

TW~e~~~m tPd~eii~ ~~(~f;. ~1~~~l~~W~O~tt;!:. ri[i~c~g~~:c. 
No. of R. of clrcnlt cnlt=8080. dell bytotalmdla. ted for heat 

Experiment. ==8{)3. tlon. transmitted, 

No, 1 67'4 76'5 '088 '085 
" 2 

No. 3 
" 4 

77'5 83'5 '093 '090 

Same as above but toith diaph,'agm, 
16'5 17'9 '092 '089 
21'7 22'7 '095 '092 

RadlantefiJ.· 

1~~e~a110 (gg::~:gied 
for light rellected 

and absorbed.) 

'133 
'140 

'139 
'144 

Same as above but with galvanometer No, 2, 

No, 

" 
" 
" 

R. of clrcult=3'7'46 R, of circuit 147'46. 

5 18'0 48'6 '094 '091 '142 
6 17'8 49'1 'Q92 '089 '139 
7 12'4 40'8 '077 '074 '115 
8 14'1 41'2 '087 '084- '131 

Same as above, sensitiveness of galvanometm' changed, 
R. of circult-=20'46 R, of circuit 207"46 

No, 9 31'0 40'5 '076 '073 '114 
Average by method of permanent deflections, '133 

In Table IV, are given nine determinations of the radiant 
efficiency of magnesium light, In the first two no diaphragm 
was used, but in every other case a diaphragm of 10 X 15nllll 

opening was placed in front of the ribbon of burning magne
sium, This reduced the fluctuations caused by the varying 
length of the incandescent strip of magnesia, * 

It has been provedt that when a galvanometer and thermo· 
pile are used together the" first swing" of the galvanometer 

* It is perhaps a mi~nomer to call this strip of incandescent magnesia a "flame," 
Neither the combustible nor the product of combustiou is a gas and the burning 
magnesitun unlike a flame haugs downward. 

t Ernest Merritt, uote on galvanometer used with thcrmopile, this J ourna!. xli, 
p,417, 
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needle due to the face of the thermopile being suddenly ex
posed to a source of radiation is proportional to the final per
manent deflection. Use was made of this fact in obtaining the 
results given in Table V. In this case there was no difficulty 
in determining the limit of the" first swing." 'rhe difficulty 
still remained, however, that the magnesium might be giving 
out a maximum of radiation at the instant of exposing the 
thermopile to it while at the next exposll1'e it might be far 
from a maximum. A mean of the results by the method of 
permanent deflections and "first swings" gives '135 as the 
radiant efficiency of magnesium light. 'rhe on ly artificial light 
whose efficiency is g]'eater than this is the light fmm a Geiss
ler tube* of which the radiant efficiency is about '34. L. B. 
Markst finds the radiant efficiency of the arc light to vary 
from '08 to '127 depending upon the character of the carbons. 

No, of 
Experiment. 

No. 1 
" 2 
" 3 

TABLE V. 
Galvanometer" I:lwings." 
Two alum 

cells. Direct radiu· 
R. of circnit tion U. of c1r~ 

,'46 cult Nu 

3'8 47'0 
3'5 40'0 
2'9 31'8 

Lig'ht transmit· 

fll~~~ ~{I~~Tsl~fi~i. r~li~c~gi·?!c. 
ded by total ted for heat 
radiation. transmitted. 

'081 '078 
'088 '085 
'092 '089 

Sensitiveness of galvanometm' changed. 

Radiant em
eleney (pre
cedin,l! ratio 
corrected for 
light retlected 
anti absorbed.) 

'122 
'133 
'139 

Ko. 4 4'9 55'\ '089 '086 '134 
"5 5'2 57'0 '091 '088 '137 
"6 5'0 48'3 '103 '100 '156 
"7 5'4 56'3 '096 '093 '145 
"8 4'6 54'9 '084 '081 '126 
"9 4'3 45'3 '095 '092 '144 
Average by the method of "first swings." '137 

H. N akano,:j: in a series of experiments to determine the 
relation of the size of carbons to efficiency, found that in the 
case of carbons :25 in. in diameter and a potential difference of 
38 volts the" spherical efficiency" was '166 but with carbons 
of the usual size the efficiency was about '10. 

The radiant efficiency of incandescent lamps is lllllch less 
than. that of the arc light. l£mest Merrit§ found the radiant 
efficiency of incandescent lamps unde]' the best conditions com
patible with their continued existence to be about -06. 

In all the experiments above referred t.o, the efficiency was 
measured in the same way, viz: by taking the ratio of the 

* Beibliitter zu den Annalen del' Physik, xiv, page 538. 
tAm. lnst. of E. E., 1890, vol. vii. t Am. Ins. of E. E., vol. vi, p. 308. 
B This Journal, vol. xxxvii, p. 167. 
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radiation through an alum cell to the unobstructed radiation 
and correcting for light absorbed and heat transmitted. 

IV. 
Heat of Combustion of Magnesium. 

In order to determine the total efficiency of magnesium light 
it is necessary to know its heat of combustion. In determin
ing tbis quantity a new form of colol"imeter was used. In this 

+ 
E 

5. case the magnesium ribbon was 
burned in an entirely closed vessel 
containing oxygen, not allowing 
any of the products of combustion 

,-<-_ .. - to escape. Figure 5 represents a 
vertical section of the calorimeter. 
The smaller vessel, A, holds some
thing over half a liter. This vessel 
is provided with an air-tight cover 
through which pass two electrodes 
E, E', one of which is insulated 
from the calorimeter. The outside 
vessel is just large enough to allow 
room between it and the inner 
vessel· for a stirrer, S, and ather· 
mometer '1'. 

The pro c e s s was as follows: 
A bout three fourths of a gram of 
magnesium was coiled into a spiral 
and a very small qnantity of phos
phorus fastened to it. The termi
nals of the spiral were then con-
nected to the electrodes. Before 
putting the magnesium into the 
vessel, A, the latter was filled with 
oxygen. After the inner vessel had 
been closed, water was poured into 

the calorimeter until it was a centimeter deep over the top of 
the former vesseL The ribbon was then ignited by the instan· 
taneons application of a current of electricity. This calori· 
meter gave quite uniform results. In Table VI, are given 

TAnLE VI. 
Lesser calories Lesser calories 

. No. perg. of Mg . No. per g. of Mg. 

1 6246 5 6020 
2 6081 6 6072 
3 5760 7 6011 
4 5878 Average 6010 
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the results of seven determinations by this method. A mean 
of these gives 6010 lesser' calories as the heat developed by the 
combustion of one gram of magnesium in oxygen. 

Julius Thomsen* gives 607'7 as the heat of combination of 
magnesium and oxygen. He arrived at this result indirectly 
by means of the heat developed in the formation of the hydrate. 

v. 
Total efficiency of magnesiwn light. 

By total efficiency is meant the ratio of luminous energy to 
the total energy expended in the production of the light. In 
order to determine this ratio it is necessary to know the ratio 
of radiant energy to total energy of combustion. The method 
of obtaining the energy of combustion of a grain of magnesium 
in lesser calories, has just been described, and next must be 
indicated that of obtaining the radiant energy from a gram of 
burning magnesium in the same units. The method of obtain
ing this result was by calibrating the galvanometer and ther
mopile for lesser calories of spherical radiation from a source 
24cm from the face of the thermopile. The known source of 
heat was a spherical brass vessel coated with lamp black and 
filled with hot water. Its loss of heat was known by its fall 
in temperature. The loss by convection and conduction was 
determined by noticing the rate of cooling in air and in a 
vacuum, under otherwise similar circumstances. By this means 
it was found that a galvanometer "swing" of one scale division 
corresponded to a spherical radiation of 2'53 calories per 
.minute. Next the thermopile was exposed to the radiation 
from burning magnesium, the ribbon being supplied at a uni· 
form rate. From a mean of 24 observations it was found that 
the burning of one gram of magnesium produced 4.630 calories 
of radiant energy. As above shown ·135 of this radiant energy 
is light. The total energy of combustion of one gram of mag
nesium is 6010 colories, therefore the total efficiency of mag-

• d fl' . ·135X4630 neSlUm as a pro Hcer 0 ummons energy 1S---- = ·1025. 
6010 

It is assumed in this compntation that the radiation from burn
ing magnesium is of the same intensity in all directions. 
Experiments were made for determining the validity of this 
assumption, in which it was found that the candle power showed 
but little diminution up to 70° from the horizontal plane. 

It is very remarkable that nearly '10 of the total heat of 
combustion of any artificial illuminallt is expended in produc
ing light. The radiant efficiency of magnesium, as we have 

* Journal fUr praktische Chemic, 1875. 

AM. JOUR. Sor.-THIHD SERIES, VOL. XLIII, No. ·256.-ApRIL, 1892. 
20 
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seen, is very high and what is still more surprising, the ratio of 
radiant energy to total energy is not far from '75. The small 
loss by convection which renders this ratio possible is partially 
explained by the fact that the product of combustion is a solid. 
It may be also that this unusually high percentage of radiation 
is in some way related to the fact that so large a proportion of 
the radiant energy itself is luminous. 

The final experiments in my study of magnesium as a tlource 
of light consisted in the determination of the amount of light 
produced by burning one gram of the metal. Measurements 
were made by means of the "horizontal slit" photometer. 
The standard for four determinations was an Argand lamp 
with a Methven slit, which allowed two candle power to pass 
through. In these measurements the comparison was made at 
the D line. In four other determinations the standard was an 
incandescent lamp; in which case the measurements were made 
at two points on opposite sides of the D line and their mean 
taken. In Table VII are given the final results of these eight 
determinations. 

TABLE VII. 
Standard=Argand lamp. Staudard=Incandescent lamp. 

C. p. minutes C. p. minutes 
No. per g. of Mg. No. per g. of Mg. 

1 24-8 1 233 
2 252 2 236 
3 228 3 288 
4 250 4 212 

A mean of the above eight measurements gives 251 candle
power· minutes produced by the combustion of one gram of 
magnesium. 

This measurement of the candle-power-minutes produced by 
one gram of magnesium may serve as a check on the determi
nation of the total efficiency. Assuming that the efficiency is 
'10, one gram produces 601 calories of luminous energy; there
fore the thermal equivalent of one candle-power-minute of 

. l' ht' 'lOX6010 239 l' E . I magnesmm Ig IS ~-=. ca o1"1es. ven In tIe 

most unfavorable circumstances, namely, by using the maximum 
heat of combustion from Table VI and the minimum candle 
power minutes from Table VII we have, thermal equivalent 

= '10;~246 = 2'74 lesser calories. In 1865 Julius Thomsen* 

published some determinations of the thermal equivalent of 
light, which he found to vary from 4'4 calories in the case of 

* Annalen del' Physik uud Chemiet vol. cxxv, page 348. 
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a sperm candle to 3'7 calories in the case of gas. His values 
are too high, for he used distilled water to absorb the radi,ant 
heat instead of an alum solution. and made no correction for 
the heat transmitted. Dr. Nichots* puts the thermal equiva
lent of the light from an incandescent lamp at 3'6 calories. 
Magnesium-light is much richer than gaslight in those rays 
(green) which are most effective in producing vision. Never
theless it is highly improbable that its thermal eqnivalent is 
much less than two·thirds that of the incandescent lamp or in 
other words, that it is much less than 2'4 calOlies. But if the 
total efficiency of magnesium light is considerably less than '10 
then its thermal equivalent must be considerably less than 2'4 
calories. 

It may be interesting to compare magnesium with gas as a 
producer of luminous energy. The radiant efficiency of gas· 
light is about '015; but of the total energy of combustion in 
the case of gas only '15 01' '20 is radiant energy. Therefore 
the total efficiency of gaslight is '00~2 or '003. This means 
that potential energy in the form of uncombined magnesium 
and oxygen is from 30 to 40 tilUes more effective as a producer 
of luminous energy than the same quautity of potential energy 
in the form of illuminating gas and oxygen. Even this state
ment does not give the full measure of the superiority of mag
nesium light. If the thermal equivalents of gaslight and 
magnesium light are 3'6 and 2'4 l'espectively, the same quan
tity of luminolls energy in the form of the latter will produce 
50 PeI' cent more candle power than if it were luminous 
energy in the form of gaslight. 

The results of this investigation may be summed up as 
follows: 

1. The spectrum of burning magnesium, as has already been 
pointed out by Pickering, approaches much more nearly that 
of sunlight than does the spectrum of any other artificial 
iIlnminant. 

2. The temperature of the magnesium flame, about 1340° C., 
lies between that of the Bunsen burner and that of the air 
blast lamp, although the character of its spectmm is such as 
would correspond to a temperature of nearly 5000° C. were its 
light dne to ordinary incandescence. 

3. The "radiant efficiency" is 13t per cent; a value higher 
than that for any other artificial illnminant (excepting perhaps 
the light of the electric discharge in vacuo for which Dr. 
Staub of Zurich has fouud an efficiency of about 34 per cent. 

4. The radiant energy emitted hy blll'ning magnesium is 
about 4630 calories pel' gram of the metal burned 01' 75 per 

* American Inst. of E. ;E., vol. vi, p. 173. 
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cent of the total heat of combustion; as compared with 15 
per cent to 20 per cent in the case of illuminating gas. 

5. 'l'he thermal equivalent of Ol1e candle-power-minute of 
magnesium light is about 2'4 Jesser calories, as against 3'5 to 
4'0 for other artificial illuminants. 

6. 'l'he total efficiency of the magnesium light is about 10 
per cent; as compared with '25 per cent [a quarter of one per 
cent], for illuminating gas. 

7. Taking into consideration the greater average luminosity 
of the rays of the visible spectrum of the magnesium flame, it 
is certain that per 'unit q/ energy ewpended, tlie ligl~t-givillg 
power qf burning magnesi1t1n is from jijty to siwty times 
greater tlwn tl/at qf gas. 

Physical Laboratory of ComelJ University, .June, 1891, 




