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PHOTOGRAPIHIC PHOTOMETRY.!

By M. J. JANSSEN.

A dozen years ago I undertook to. lay the foundations of a science
of photographic photometry, with special reference to its application
to astronomical physies, 1 applied the fundamental principle of my
researelies—a principle to he restated helow —to the measurement of
the comparative intensities of solav and lunar light, to that of the earth
licht on the moon, to the radiating activity of the sun aw compared
with several stars, notably Sivius, and finally to the law of decrement
of the light in passing_away from the head along the tail of the comet
¢ of 1331, which had heen ])lmtmrl.lphed at Meudon, the first among
suelt hodies,

Perhaps these researches were nof as energetically followed up by
me as they ought to have been, for their astronomieal importance is
great, and they might have furnished valuable terms of comparison for
the future, But [ have had the satisfaction of seeing the prineiple
adopted by the International Congress of Photometry for the measures
of photometric order for whieh they laid down the rules. In order
to renew attention to the subjeet, I here upmduw a résumé of my
researches, wishing that it may liecome the star ting point of new inves-
tigations, ’

Photometry has to d(\tcrmmi{‘ the ratio of intensities of two lights.
For example, to determine the ratio of luminosity of a candle and a
Carcel lamp ix one problem of photometry, and to evaluate in Carcel’
Iamps the power of an electrie sonree of huninous radiation is another.

Weoften have to nm]\(, comparisons of this sort in the héavens, They
are always highly intéresting and sometimes lead to beautiful discov-
erics.  Thus, we knowthat themoon i is an opaque ball not selt-luminous,
“but shining bw.:msc lit up by the sun’s rays. Now, we may ask what
proportion of the incident light it remits, in what measure the surface
shows specular reflection, and what is the relative amount of light of
the full moon as compared with that of the luminary from which ity
rays are borrowed. Independent of the cuviosity of such data in them-
selves, it is clear that if the study of them is carried deep enough it
may lead to important conduslons relative to the nature of materials at
the surface of the moon.

——— i

'Translated from Annuaire du Burean des Longitudes, Paris, 1895.
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So, wlso, the study of the planets would be advanceed by photometric
observations which should afford a knowledge ot the relations of their
surfaces and atiospheres to light, X

A speeiad importanee attaches to photosraphic photometry in §ts
application to the tfixed stars, The gquantity of light o star sends ns
depends ehiefly onits distance and irs vadiating power, so that either
of these two factors being known the appavent light will determine the
othier. Thus, it the ]m‘l':lll;tx of a star amd the amount of lisht which it
seds to us are known, we can deduce the intrinsic amount of its radia
tipn—that is to say. its rank among the hosts of suns with which {he
spaces of heaven ave sown, Add to this knowledge that of the qualities
of its Tight, and you wil] have a total from which the magnitude, the
constitution, and the aetivity of the lnminary in question may be almost
completely detined, '

Similar remarks apply to comets and nebuliee Thus, celestial pho-
tometry constitutes one of the most important methods of astronomy
and I s very interesting to see what aid it can derive from photog-
vaphy,  For this purpose T have employed o method whichi 'l proceed
to deseribe.!  We know that iy the common photometrie method the
ratio of emission of the two sourees of light is obtained by removing
the brighter of them until they ench illuninate the shiadow due to the
other 1-(111‘111]_\'. Thix is one 6f numerons methods not Kitherto used in
photographic photometry, o a photograph, in order to judge of the
brightness ol a luminous or ilhuninated body, we have nothing, but
its phctographic action, or the greater or less opacity of the metallic
deposit which it oceasions on the sensitive- film. Now, the blackness
of this depuosit ix very fine from being proportional to the time of action
of the light: Could we see the deposit inerease, and could we measure
its awmount while the action of a steady fight was going on, we should,
find that it inereased rapidly at tivst, and afterwards slower and slower,
until it hecame practieally stationary.  Thus, we can not take as meas:
ure of the intensity of a source of light the degree of opacity of the

metallic deposit which it oceasions, sinee that opacity is nof propor- -

tional to its action during o determinate time.  But ity in place of con-
sidering the difterent degrees of opacity in relation to equality of the
time of action, we consider on the contrary the variable time necessary
to obtain a deposit of one fixed opacity, we shall have a save basis for
the comparisons, and this, in fact, appears from experiment,

The fact ix, that to produce in a sensitive film a metallic deposit of
given blackness a certain sum of vadiant action is needed, and whether
this swin is brought into existence in a longer or shorter time makes no
difterence,  Hencee it follows that the energy of o source is increased
by the time necessary to effect the given degree of blackness—that is to
say, :t('ém'ding to this principle, two sources are to one another inversely

"Cguptes rendns de I'Aceadémie des Seiences, XCII, 1481, April 4. Annuaire du»
Bureau des Longitudes for 1882, )

.
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.
as the times they (N-'l‘ll[);' i producing o given shade upon the same
sensitive film,or in other words, to produce cqual photographic efieets,

Thisis the principle 1 lave adopted in my investications into photo-
graphic photometry, | ohave asiured my=clt experimentally of the
legitimaey o this principle by ascertining the rebitive amonms of
tine necessary fo obtain tints of the siane Opaeily on one sensitive fihy
placed at inereasigie distancis o the souree of Heht, Tis found that
these times inerease s the squares of (e distanees, Thus, for djs-
Lees 1020000 S e the Hiness are in the vatio of 1,4, 9,
16 o 6L etes TS neeessiry o work with one and the sane
filiw. to avord adl steay Tieht. to develop the plates in one bath, and,
i word, to nse all precantions possibie in order (o establish iis L,
Wemay alsomention that to obtain the hest resilis poxsible it is need
ful to take eare 1o choose the opacity which correspotd s to the imost
rapid vartation which happens towared the bewinning of the aetion,

Let s see how this method ean he appliecd to the photomenie study
of the heavenly hodies, "

Foralong time astronomers ad physicists have =onght (o determine
St
Bonguerappears to be the one who eame nearest o e truth. Fmploy.
me o candle as imddle Gam o (he cotmpatizon, he found the leht of
the full moon ar s mean distanee 1o he about 0000 o that of the
st The emploviment ol o candle s open toeriticism, becanse its light
1ot e muelt warmer than that of (he =un and still more so than
that of the moon—a cirenmstanee which must luve introdueed peenlinr
diticulties in making the photometéic matelnnoes of shades. Bouguer
world Tave mueh improved his method lid e subjected the’ candle.
light to the sifting aetion of a <uitable blue chiss, <0 0% 1o hrines is
color neirer to that ol the T rays, . '

However that may be, it is rensokable that that old determination
agrees closely with the photographic measures which | obtained in
taking series of solar and hanare s images and comparing the times of
expositre to which correspond photosraphs of the same imten<ity! Ir
is to he further noticed thi Bongner's determination refers to the
integral of visible rayso while the photographs are caused by more
refrangible rays, -

One could only infer that the Tnnar rays are highly photographic and
have sreat intensity in the blue ad violet, The hue u["nunhnli:{]ll’
mght have enabled us to foresee that resul, ' .

The comparison of the light of the sun and moon speaks volimes in
recard fo the admirable clasticity of our visual organ. When acountry
i»s litup by the full moon it only receives U of the light of noon-
" tInstend of taking photographs of the luminarvies thvbmrsnl\'vs. we ean also, as 1
did at the time, avail oneselves of bands of suceessive intensity ohtained by sun,
light and moonlight, ‘Thas, for the woon, we exposed toits Iig‘ht a holder .\\'hnsl‘
mrtui.u.nm-m"urml successively and at equal intervals of time the different patrts of
dsensitive plate, giving, after development, i sories of bands of inereasing opacity,

ich were compared with o plate exposed to sunlight for 345 second
S 94— 13 .
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day. Oneanight .\‘lli*inm' fhat suelya prodizions lu\\'vm'in_-_-'nt' (he illumi-
”u-“”” would produoee apparently total darknesse - Yer o organ takes
on suelt inereased sensibility nuder those 1‘il'l‘llll|\‘l't‘lll'4‘.\ thyt we can
not only tind our way about, bt distimanish objeeisonake ('vul tl(-l:'nls.
and v\'(.‘n enjoy the Tnndseape. Nayin sonse fine tropical regions bright
nichts seem abmost Tike day.

Before quitting the subjeet of the moon fet s say aoword about the
carth hoht,
the old moon™ arms”
showing the maim features.ne the great
naked evesand ana buee teleseape showineg
be seen Ll moon. thonad not <o well asar ather |:l|:m-.‘\'j o

The conius off Lionardo Jess corveetly eotardos da Vine nl;'\‘lm-«l
. froto-

Fvervbody knows the appesance of = the pew moon i
PUis o taint Tiehit on the darker side o the moon
sses T opdark patehesoro the

ahmost evervthing that ean

Q{;Jtlx:ltz the ennse of this was the light vetlecied rom he (-:n‘l’h. o
""‘;_fl':lphiv photometry ean give ws the relative hrightness of this llj_Lh‘{.
In anexperiment made with telescope of 000 jueter aperture aud 160
meters foeal fenoth L ohtained an hmaee of dhe oo Dall, yvndvn-«l'
visible Hhy envth Heli in siviy secoudso showinae the great JIl‘«'lvlli‘lII\.nl
its surfiee, On the ofher . o series of photozraphs of 'Hu-‘lnll
moon it wias found that one obtuned by an exposioe H]'-Hlld'.rl.‘]_‘_fll(l(jlll
Woeinter that the ratio ot mtensity
Avireo bad

A
of i second had the saane imtepsuy.
of fullearth light to sunhight '
found |, 1 one observation, L, i subsequent ones The value
oo ¢ L
These determinations are to be

v

al e moon’s svtiee is

S seenes probably nearer the trath, ! . -
;'l".:‘:tl'lll‘ll as merely preliminary toacthorough ~stdy inowhich the sitnas

’ r,i(.m.\'ol' the three lumimries ave to he Glken aeconnt of and the speceular
distinguished fron nregntar reflection from thie earth, 4 .

Fixed st ars in the foens of a telescope appear nearly ke points, not
lending themselves advantaze otsly o photowetrié comparisons, least
of all by the photosraphic methiod,  ANecordingly 7l 11.1\4' proposed.

of putting the sensitive plate in the foeal phine ol the instri-

fn this way, instead of

instead ,
ment to place it g little forward of thai plane. i ,
a point each star males o litte disk bonnded by the seetion ot the
by the plane of the (il With aowell-
I term this disk

cone of ravs from the objective -
corrected fens thisdisdowitl he anitormly itheminated,

the = stellar eivele Witl fivst-magnitnde stavs and o teleseope of mod-

orate size a few seconds siftice for obfaining sinceh o photograph as is

most suitable. We ean obtain on one wnd the same plate a series of
sieh cireles of aradinated exposures, N
Formine a similar seried with a second comparison si:n'.‘lln- diftey
enees in 1.]11- times of* exposure heing constant in each series. thougl
not gquite equal in the two it witl only remaincalter 1l-w «lw\'('-lfqnn.untf “f
pick out {wo (~i|'«‘-1('.\', one from cach series of cqual intensities, just :T'\
in reading a vernier we find two coineident lines. The lflmtngr:lplnc
lumilmsit.io.\' of the two stars will be inversely ws-the times of f-xl)(»sll}'(*,
When the problem is to compare a star with the sun a special device
is required on account of the enormous light of the latter, We can

= - T T T
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then make use of the photokraphic photometpr, Suppose we have a
holder fitting o sensitive plate, and over the Bhvtter a0 metallic <hutfer
pierced with holes of the size of the -

.

stellar eireles,
let o second plate move by vietne of a spring, this second plate having
a trimmanbar window,  When the window, in consequence of the aetion
of the xpring, passes betore the holes of the shatter it will determine
for each of them a photographié action, which will he measirod by the
width of the teiangnlae window at that point and by the veloeity of
the slides which can-he evaluated by o funing tork.  Thus a series of
circles of sradhiated intensity witl he obtained comparable with the
satellin eiveles”™ These eireles are due fo direct sunlight.  Buttoren-
der the vesults more strietly comparable it will he .]H(lp( 1 tolay the fele
seape objective down on the plate, so that the offecets of absor ption and
retlection may be the same as when the stirs were phiotographied.

By this method,

Before this plate

the resubts of which were duly reported to the
Aeademy ofgeicnees, the rdBiting powers of several stars were inyves

tiested, Ta particaln i was used 1o compare the licht of onr Jsun
with that of the bhrightest star in (e heavens, the Do Star, or Sivins,
It showed that that colossal orb had an invinsie

radiation in the pho-
tosraphic

spectrim ten times that of the center of onr planetary
systen, '

Bat it is expeeially when we wish to measure the Taminosit volspeenl
parts ol an ohject, aud are not content with Knowing the total radia
tion. that the advantages of the photowr wwhic method are manifested.
Wehave dor example, been able to evaluate the light of ditferent parts,
ol the tail o eomet 18310, and to wive quite closely the law of the
decrease of that Hght as the distance from the nuelens ineres HSes,

The arrangement emploved was as (ollows”
plate ditted into a holde
ing the comet’s tanl.

On the photographic
wwas plieed a sereei with anopening represent -
Betore the apparatus wasa shutter in whieh a trian-
gle had been ent outy having its base vectilinear, bt its sides curved,
When this tri: muul wwindow moved in the divection of the line of 1ts
bisie the thmes of exposure of the different parts depended on the forms
of the cwrved sides. The whole base moved along that point of the
opening in the sereen that represented the nueleus, while the vertex of
the triangle passed over the part of the opening representing the
extreme and evanescent portions of the fail.

Here the time of exposure
vitnished,

I intermediate parts, say, at distance .+ from the b 8¢, the
fime of expoxure was proportional to the distane ey 2y trom one side of
the triamgleto the other along a line parallel to the baseand to the motion.
A mmber of sueh shutters were construceted, the enrves of the sides
being determined by one of the e quations Ay =" o hay ing a constant

value for eaeh shatter, but different values for dlﬂvu nt shutters, The
whole heing exposed to uniform illumination and the shutter moved by
& spring an dl[lllcldl II”IUU of & comet was obtained \\1t]1 mch shutter—

——————

April 4, 1891,
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196 PHOTOGRAPHIC PHOTOMETRY.

that is, w:th cach vajue of m.  When m =2 the photographic action
would b(' inversely as the second power of the distance from the nucleus.
© Withm =3, it would be inversely as the third power, ete.

Now, the different pictures o obtuained being compared with the
photograph of the real comet, it was found that the intensities could
best be matched in all parts by taking m between 4 and 6, so that the
result was that the intensity of the light in the comet's tail, in the
photographic part of the spectrum, varied -inversely as the iomth to
sixth power of the distance from the nucleus.! At such enormons 1‘1to
does the light diminish as.we pass away from the nueleus.

The method of “stellar cireles™ comes into play again when we wish
to reproduce the conditions under which any celestial photograph has
been taken, especially in the study.of nebulw. A nebula is not an
object having a definite outline, like the sun, the moon, ete.  Its image
is rather like a nimbus clopd, its difterent parts differing greatly in
brightness. The couseqnen‘:e is that differences in the power of the
telescope, the time of exposure, the sensitiveness of the film, the trans-
parency of the atmosphere, ete., result in pictures so ditferent that they
sometimes would not be supposed to possibly represent the same thing.
If, for instance, a nebula has brilliant parts scattered in it, a photo-
graph with shott exposure will show these parts ouly as isolated from

one another, while with a Jong exposure the intervening places will be-

all filled up with little variation of intensity. In 1881 we obtained at
Meuadon a series of photographs of the great nebula in Orion, which
show how surprisingly the aspect of that object iy change \\lbh
greater or less exposure. |

Nevertheless, if we wish to hand d()wn to posterity monuments w lnuh'
shall allow changes in the nebula to be put out of doubt, we must
contrive some way in which the photographs of future ages shall be
rendered comparable with those of to-day. Here the “stellar cireles™
afford valuable assistanco. ~Suppose that on the plate which has |ns'q
received the phatogr aphie impression of the nebula we form stellar
circles of some five stars, well chosen, not \'dll.lb](’, and situated in thu
neighborhood.  Then we shall obtain, after the development, alongy
with the jmage of the nebula those of the stellar circles of comparison.
The ratios of the times of exposure of the nebula and the cireles will:
be earefully noted. Later, then, when the time comes to make a com-
parable photograph, we have only to ascertain the time of exposure
which, with a new telescope and & new photographic preparation, s’
required to produce stellar cireles of the same diameter from the same -
stars of equal inteusity. and we find by the rule of three the time of
exposure requisite to obtain an equivalent photograph of the nebula.

It 18 remarkable that we ean, by such device, obtain, after any lapse
of time, no matter how differ ult all the conditions may have become, a
nhatographic image altogether comparable with that of times goue by.

! Annuaire du Burepy des Longxtudes for 1882,
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