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THE STRUCTURE OF LIPPMANN HELIOCHROMES.

—— et e

Professor 5. R Cajai, of Madrid University, which

way poblished in the “Revista de la Real Academin de Ciencias de Madrid,” s Gernian {racslation appearing in the curtent issus -

of the *Zeitschrift fir Wissenschaitliche Photographie.”]

Lirpaaxx's heliochromes, as is well known, were fonnded on pursly
theoretical reasoning. They are interesting as & proof of the actual
existence of light waves. For this reason photo-micrographs of

sactions of the same are valuable, as proving how far the plate can

register them.

It in well known that the possible registration of these waves hy
& photographic piate was first pointed out by Zenker, and the
results bave therefore beei universally calied Zenker's laming ‘The
point is that, though theory says ihat these laminm should exist, do
they aetnally oceur? Or, in other words, can ons actuslly ses them
under the microscope? Obviously this is a difficult preblem to solve,
for we arz close on the limils of microscopic resolption. Taking
the case of green rays, their wave-length is 0.512 g, a dimension
whickh mnst be reduced to one.bali. as the laminm are half a wave
length apart. For the spectral green, then, ws have to resolve

Fig. 6.

Fig. 5.

an interval of 0.237 g (thousandths of & millimetrs), which, according
. A
to Abbé’s formala for centrat white Light, ¥ = — requires & nomerical

L]
aperturs of over 1.40, which {s the practical limit yet attained with
tha Zeisa apochromats.l
It is troe that with obligne lighting we can increase the resclving

A
power, 3 =— but, as Neuhauss has shown, this gives rise to diffrac-
o, :

‘tion phemomena, which obliterate the trns lines, and may even

cause teversal, as has been experienced by Senior and others. In
spite of the difficulties, kowever, Neuhanss and Valenta alone have

succeeded in oblaining ezcellent photo-micrographs2.  Ssniors
results {3}, as pointed out by Neuhausm, are far oo thick, and are
really diffraction sinipes. Hitherto only spectral raya of greater
wave-length have been atiempted; mized colouri have not been
atiempted, nor have whita and grsy, 40 which moet natural colours
owe their luminosity, been attempted : :

The eramination of these peints appeared extremely interesting,
23 it seemed possible to account for special phenomena, which
mathematical calenlations cannot'explain. Thus the dissppearance
of white, but not colomred, portions through over-exposure, the
geners! tendency towards red or diréy yellow, the appearance of
white with excessive intensification, the general shift of the colours
towards the more refrangible end of the spectram when the
pictures ate rubbed, the Irequent want of the complementary
colours by transmitted light, the appearsnce of black or violst
on rubbing the whits, the extinction of the colours, except white.
and black, in varaishing, and so on. : )

Experimental Maii&odl.
The methods employed by the suthor sre briefly as follows:—

=1

Ly

e

Eon;

© Fig, 16,

Fig. 17.

1. The plate in aoaked in water and the film iu.‘pd‘m' ztrrpped
oft with the edge of & freshly broken pisce of glass. If'umm.m
is not very thin this slways fakes place from the glass or in
that part of the film which contains oo laming, The anthor also
nses collodionised glass.

- 1 Photography,” Janaary 3, 1902, -
* When this way writtan, (June, 1905}, the suther says he n;‘ anaware that Dr,

! The objsetive of K. A 180 with b dthaling & eannot be

uned, a3 00 dare bot tmbed Zenket's lamlom In this solutlon,

1

Haoa Leh has also p L hello-
sh (aee "B " N ber, %, lmﬂigé N.ﬂé JDr. W, Bcheffer has also cbialned
phe 1 b of Lipp plates.—EDS,, ¥ B.J*
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:and thirdly, because by development and intensifioation the two
wupper filma far surpaes the others in reflective power.

The most important experiments which support these views are
timple and easy to interpret, ,

1. As already noted, and as Neohansa states, rubbing the dry

Plate with a pad dipped in absclute aleohol canmses the colours to |

-shift towards the violet. The rod becomes orange-red, then yellow,
then green, and finally bine and violet, and thess colours persist for
an unfimited time in the dry plate, or if it is immersed in a benzole
tank. This is esplained by the erosion of ths firet lamina. 1§ the
friction is continned the violet disappears and the eoriginal colour
appears. This will ocear once or twice, but it is then so dark and
-dead that its action on the tint of the underlying part of the plate
is almost nil. Friction beyond the fourth lamina produces complete
-disappearance of the original colonr. Friction is therefore an ex-
cellent method of studying the functional action of individnal zones.

The above phenomens are quite clear on the assumption that only
“the first two lamine, or perhaps also the third after intensification,
take part in the formation of the colour. As s matter of fact,
‘Tubbing with aleshol very slowly redmces the thickness of the frst
lamina, so that the distance between its surface and that of the
-second lamina is reduced, and therefore it has all valoes between the
half wave length of the original colour and violet. I tha first
lamins is eompletely removed the surface of the gelatine is formel
by any plane which is patallel to the first lamina. In this case the
-distance between the two reflecting planes, that of the eurface of
‘the plate ;and the second laming, already smaller than the half wave
ilength of the viclet, and therefore no colonr can be producad. I3
‘the third lamina is not sharply defined and does not possess sofficient
reflective power, colour dednitely disappears. In certain cases, bow-
‘ever, the third and even the fourth lamins are effective, and them
‘we have the.original colovr, but very dark and dead. Thus the colour
«of an orange, afier it has disappeared through removal of the first
lamina, appeurs, through interference between the second and third

.‘ﬂlms, brownish-or dark orange, when examined in the benzole tank,

2. The correctness of thesa views ia shown by an examination of
thin sections obtained by packing the gelatine crisy-cross fashion with
-& scelpel. Treated thus, 5 red which had shifted into green showed
‘that the Srstlamins orily had bacome thinner; the appearance of the
‘blue was coincident with its glmost complete disappesrance, and the
‘Teappearance of the red, wmuming that the second and third laming
were not damaged, took pluce when the friction was continued to the
‘second ‘interval. The origiml enlour finally disappeared with the
destruction of the second lamiss, -

3. Ay already stated, the brilliatcy of the colour is independent
«of the thickness of the plite and number of the lamine. Very
‘brilliazt colowrs are seen in gnite thin plates of 4 to 5 pr, thickness.

"This refers moostly to colonred objects, in which there are usmally
compound colours. With spectra photo-micrographs of ansiomical
‘Ppreparations or, briefly, when pure or almoss purs waves act on the
TPlate, the deep lying laminm are almost as well formed a5 the sur-
face anes. Naturally in such cases friction only destroya the colours
with the fourth or fifth lamins. 8. BR. Cagsy.

THE DONISTHORFE THREE-COLOTUR PRINTING PROCESS.
A XEWCOMER in colour photography makes its appearance thiz month
in the shape of the Donisthorpe process, which is the invention of
F. W. Donisthorpe, and is introduced in tha first place for the making
of three-colonr prints sad transparencioes, although the principls npon
~which it i1 based, and the materisls tised, i

surfom by absiraction of dye from a stained ot dyed gelstine phote-
graphic image. Tt diﬁmfwmotherpmcesmofalikeehmcmin
the fact that the photographic surface which performs this service in

, =mply the original colour-sensation negative, or, rather, set of three

* .The thres constituent negatives are immersed
solution for abogt fifteen minates,

Tuiseible nod only as

egatives. The preparation of the printing or transfer aurface is
fore ax direct as it ean be, and is attained by treatment of the

Aves in' & special hardening solution which is the invention of

Mr. Donisthorpe, ind acts oz the film in proportion to the smonnt of

thongh
regards the duration of

i

. thres minntes with & normal “ Sanzol ”

the strength of the solution. For harsh negatives the solntion can be
used half strength. The action of this solution i shviewsly a bleach-
ing action on the silver i s woll ua o hardeding action on the
gelatine, It cannot be uaed the next day, aa it spoils. The Tegutives
are an intense blueish greer, which becomes brighiez by washing, this
last operation requiring from five 4o seven mintutes with az oceasional
rub of the flm to remove the sediment which forma,

The negatives are then dyed in their respective baths. The blus

megative takes from 10 o 13 minutes, the yellow from 15 to 20
minutes, acd the ved from 5 to 7 minutes, After dyeing the negatives
have to be rinsed for sbout half a minute to zemove superfiona dys,
and then squeegeed to gelatinised paper, which has been previousty
softened in water. That the transference of the dye to the gelatine
Blm takes about 15, 12 and 5§ minutes respectivaly for the blus, yellow
and ted, which is the correct order of printing. Two or three pulls
may be taken from the stained negative without re-staining,

Thers is considerabls latitude in the staining process, as stronger
or more dilute dyes and verying times of staining and transference
will produce varying effects, '

The particular class of negative which appears to be mast suitsbls
for this process is one rather soft with clear shadows, Over-developed
degatives are quite unsuitable, and there is with them also consider.
able difficulty in superimposing the paper on the yellow and red
tlained plates, particulatly the latter, it being necessary to shisld
the eyes from the direct light, and obtain Buperposition with a very
strong light.

The above technical particulars should commend the process to the
notice of colour workers, but it shouid be sdded that the method in
equally applicable to the making of prints and transparencies of onw
color only. A booklet, further degeriptive of the process, is itsney,
by Mr. Donisthorpe, at Combe Down, Bath, and should be obtainea
for the prices of the solutions, ste.

REDTCING THREE-COLOUR NEGATIVES.
THE makers of “Sanzol " [Messrs. H. Edmund snd Co., Ezrs Street,
Columbia Road, Londen, E.) have issued additionsl inetructions for
the use of this reducer in three-colonr work, It mey be mentioned
that three-colonr work , such as Mr. H. J. Comley and others, have
spoken highly of the avenness of redietion with Banzol.” The fol.
lowing are the instrections :—

For Negatives Bequiving Moderate Reduction Only.—After reducing
solution, rinze well under tap,
and again apply the Teducing solution, 16 which has been added &
further five drops of nitric acid to each Auid ounce of solution, reduce
again fot two minmtes and rinse under tap, ’

For Negatices Requiring Furiher Beduction.—Finish
with » fresh “ Sansal * golution, containing 85 minims of nitric acid _
to tha fnid ouncs of reducing solution mads up. -

T these instructions are cartied out, very even reduction on
the gradations should result, After reduction, <lear in the dilated
ammonia bath and wash as asoql,

If, owing to the temperature of the solutions,
friiling is experienced in the dilute
be well rinsed ander the 1ap, after
bath.

kT

any trozhle from
ammonia bath, the negative may
reducing, and befors the ammonis

The application of formalin, before reduction in hot weather, is,
however, preferable, sad will not be found to appreciably slow
reduction. .

Tex CoLovs ProrosairEy Exionrron.—The sannel exhibition of )
the Sociely of Colour Photographers will be held st the hotss of the
Barmsy Joumar, 24, Wellington Btreet, Strand, London, W.Q.,
feem September 30 to Qctober 26. Exhibits are invited from workers
in all processes of colonr reproduction, whether members of ihe

 society or mot, and may consist of prints; transparencies, or objects - .

of interest, such sa series -of constituent ‘nogatives with trans-
parencies or printa from same. ‘“ Antochrome ” transparencies wﬂl
form a notable featurs of the exhibition, special arrangementa hnfm_g
been made for displaying them to the ntmost advantage, and it is
hoped thiat thoss workers who have obtained results on these plates

will avail themselves of ihe opportunity. of exhibiting them in ths = .,
information may be -

above collection. Eniry forms and any farther
obtained from the hon. secretary, Mr. H. J. Comley, Burrey House,
Btrond, Gloe., to whom the forms, dufy flled up,"shonld be sent by
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BLEACH-OUT PAPER PRINTS FROM

As the import of my paper oo this subject on page 62 of the Auguat
*Colour Supplement” atems to have been only partislly recognised
by ihe Editors in their article on page 638 on the Wamer-Powrie
process, and has been altogether misrepresented by Dr. Mebes
in his iranslation of the editorial article in “Der Photo-
graph,” No. 76, page 297, I 6nd it necessary to refer further to
the matter,

Dr. Mebey has made me responsible for asserting that it is a
matter of impossibilisy to copy frow an Antockrome or other mossic
plate upon oar blesch-out paper (Cto emulsion), I certainly drew
attention to the difficalties atiending the copying of such moeaic
sereened plate wpon blsach-out papers, but went on to show how I
proposed to surmount those difficulties, and my expetience since
wriling that article has confirmed my opinion.

Oi all the colour-sereen plates that have been proposed, I consider
the autochrome plate to be the most difficult to print {rom, partly
on sccount of the semi-opacity of the starch granoles and partly
on accoant of the tender nature of the emmnlsion film. Suill, in
spite of these gpecial difficuities in the cass of the autockrome plate,
it is even now possible under the conditions I referred to in my
Paper to dbtain fairly securate copies from the autochrome plates,
and as wa are making continual improvements in cur TCto enmulsion,
it will ot be long before satisfactory resulte are obtained.

T had hoped to have been able to zend some specimen antochrome
prints to the present exhibition of colour-photography, but it is
rather premature to come before the public. The two prints from
window transparencies which we are tending will prove, however,
that for such printing purpases the Uto emulsion as now prepared
is satisfactory in the sendering of the colonrs.

Now, with regard to the Editors’ article on the Warner-Powrie
process, I most admit that I bave heen very favourably impressed
with the ingenions method employed in making their sereens, angd
with the results shown to me by Mr. Powrie.- Relying wpon Mr.
Powrie's information that the cost of manufacture, in spite of the
imany coatings in volved, is only trifling, ¥ recognise in this Warner.
Powrie plate, with its many specinl advantages, a serious rival to
the antochrome plate, as soon a3 the former an be placed on the
market. . :

There is no doubt that this plate will lend itself mnch. more
readily to copy from upen our Tte emulsion than the autochrome
plate does, both on account of the greater transparency of the
coloured medis, and of the almost mathematicel adjustment possible
in printing by means of the printing-frame witk inclined mirrors.

I wish, however, to draw attention to the fact that this frame, as
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COLOUR SCREEN-PLATES.

drawn and described by the Editors and aitribatad to Miss Warner
and Mr. Powrie, is idantical with the printing Irame described iz
my article in the Angust Sapplement, and shown by me in use with
otie of their lined sereen positives 1o Miss Warner and Mr. Powrie
#t our factory in the monik of Augost. Two cppoxits mirrors are
simply taken away, as, of conrse, they are unnecessary in printing
from lined ecreen plates, . :

That the principle involved is exacily the same, whether dealing
with mossic or kired.screen plates, can be scon by substituting in
the third last paragesph of my paper the word line for dot or spot,
which would thus read: “It ju not diffenls to seo that & line, may
wnderneath a green lire in the original, will be bleached to green
by the vertical rays, and be further bleached do white by the
angolar rays poassing through adjacent red and violet lines.
the case of one-coloured areas in the original, the angular rays
actually assist the printing by diffusion of the colour uader the
adjacent black fines® This description agrees entirely with that of
the Editors regarding the Warner-Powrie <laims for their printing
&pparatos.

In our patent application jor this Rew printing frame the olzims
are made to cover not only mosaic but aisa linear-screened plates,
and in practice the frames, which will be very acon placed on the
market by » well-known German camers firm, will be made with the
mirrors detachable to slide into the frame, so thet they may be used
for colour plates of either paitern. o

Mr. Powrie employs the mirrors nearer the perpendicolar thae 1
bave done. This is simply 2 matier of adjusiment to the width of
the lines, and the thickness of the celluloid 8lm Inserted between
the coloured pasitive and the paper. In the case of the autochroms
plates I generally employ a very thin celluloid film to prevent the
paper sticking to the plate; otherwise it is preferable to have the
Paper in contact with the plate and use more slanting angulsr
rays. The thicknesas of the emulsion flm is probably sufficient
separation from the screen in consideration of the minute size of the
Lumidre starch grapales. 7

The Warner-Powrie screen has, of course, the great advantage
that dimensions of the lines, etc., can ba accurately meagured. In
the case of copying their positives by the reflected rays, the blue
lines being only half the width of the others, would cover the half
width of the red snd green lines in the <opy, the green lines would
cover half the blue lines and the half width of the red lines, while
the red lines would cover the other half of the blue lines and halt
the width of the green lines at each inclination. -
. ' De. J. H. Sxra.

THE STRUCTURE OF LIPPMANN HE_LIOCHROMES.

IIT.

Analyais of White Plates Caused by Excesslve
latensification,

The above results of the anthor's researches on the whites elucidate
s pheromenon which ia often observed before or after fixation, when
& plate is intensified with perchloride and amidol, plus sulphite.

1t bas already been stated that the grains become larger, and, there-
fore, closer together. Consequently, the reflactive pewer, patticolarly
of the firat lamins, which is most easily attacked by the reagents, iy
increased.

So long as the grains of the first metallic film possess a certain
transparency the colour does not markedly alter, az part of the inci.
reaches the second lamina and is reflected back, H, how-
a2 is generally. ihe case with a secand intensification, the first
Elm loses its transparency almost entirely, then the ratic of reflec-
tive power of the frst two films is altered, as that of the fizet pre.
ponderates. The result of this is that the colour presenls a dirty
white appesrance, and the want of transparency is greater the
thicker tha grains of the first lamina become, With great intepsi.
fication the colonrs completaly ditappear, especially in the fully ex-

ever,

. fication. '

posed parts, and the
fog.

Figs. 7, 8, and 9 show the appearance of a section through almost
Pure gresn before and after intensification. Before intensifieation
the. laminm are pals and fine-grained, and the metallic precipitate
is ahsolutely wanting on the surface. (Fig. 7.) ‘Therefore the light
can penetrate Lo the second and third film, 'and their analytical snd
reflective actions wre added together. It is guite different in Fig. 9,
which ia s section throngh the same colonr after two intensifications,
All fiims, especially the first, net like a white-producing mirror—thas
is to sar, they contain extracrdinarily coarse grains and have losb the
best part of their transparency. Moreover, it can ‘e seen that sach
£im has become distinetly thicker. The limiting zoné has given way
to the mirror zone. Fig. B shows the same cclour with ona intensi-

picture appears as though covered with a milky

The practical result’ of these Tesearches leads ome to formulate
the rule that Lippmann photochromes ehonld be intensified oxnce ta
give good whites, but should never be intensified twice, a5 otherwise
the frst lamina will be converted into an opague mirrorlike film,



7.

[Bupplemend.] .

¥ . THE , BRITISH JOURNAL, OF PHOTOGRAPHY.

, - [October 4, 2907

.

S [ . .
" and therefore the chromatic interference which is
by the second laming can not longer take place.

Sy

. Anaslysia of Ov.r-l:xpa;ad. Plates,

-Even by mers examination an over-exposed pictura shows » lusire-

less white, greyish or pinky, and mors or less pure, but hard-
eilbounetted colours, Microscopic analysis explains this phenomenon,
which is’ome of the meost’ frequent defects in working Lippmann’s
PPOCESS, . L uv.e 4 - . . ]
. The:lamine of euch plates consist of a thin yellowish and extra-
ordinarily pale precipitate, which allows more light to pass to the
underlying filma than nsaal. The intervals also are more or Jess
strongly acted upon; they thow a delicate, light grey grain formation,
50 that the contrast between the lamin and intervals is considerably
decreased. (Fig, 13.) Finally, the first lamina is completely wanting
or reduced to o pale indefinite strips. (Figs. 18 and 13.) This pale-
ness is more or less seen in the secund lamina. The phenomenon
naturally depends on the f{atigne of the surface region of the sensi-
tive 8lm, which is 86 strongly salarised that it cannot be reduced *o
a dark colowr. * . . '

‘Whites show in over-exposed plates a very pale and transparent
mirror film, which with considerable zolarisation may even be totally
Absent. The pale, small, yellowish and almost invisible graine
ponsess no reflective power. Behind the mirror zons are varicus
fine stripes without contrast, and an extended region of irrégular and
comparatively vigorous rednction which extends 1o the glass,

* Chenge of Colour by Over-Development

S e Intensification.

" * The Jeast averalepping of the correct exposure leads, as will be seen
later, to falsification of the colours and loss of the whites. Red and
orange are exceptions, the two colours which Irom their poot
photo-chemical. action rather gain than lose with moderate over-
exposare. T o Lo LTl

The colour values of the plctore is also changed by over-deevlop-
ment or intennification, even if the plates are correctly or slightly
under-exposed. If the damage iz not too great it can be equalised
by cementing under a prism with Canads balsam, as then the gelutine
loses & little water, and therefore the laminm get nearer one another.
1l the fault exceeds certain limita, the coloura are ao falsified that
neither in moderately oblique light nor in o benzole tank will the
piclure give ihe true colonrs. .

Microoopic analysis shows that euch colour changes are to be
sscribed 167 thickening of the first lamina, which then reaches the
suriace of the gelatine. Since by this thickening the difference in
the path of the rays reflected from the surface and from the interior
of the plate iz enlarged, the same wave-length, even with normal, or
almost normal, illomination, ahich produce the lamine, will mot
predominste, as will light of  greater wave.length.

One of the most unpleasant and most frequent occurrences m

Lippmann’s process is the transition of the blue and violet into white. -

This change is due, not to & narrowing of the intervals, but only
and alone to their lessened transpatency, and ospecially that of the
first, which then acts ax an opague screen. It is thus quite immaterial
that the lamine and the deeper-lying omes are sharply defived, or
that the top one remaifis intact, the waves of light cannot actually
Peaetrate 10 the lower lamine, and therefore cannot produce inter-
ference. In plates examined without & prism and withont the benzole
lank, this trouble often sppears if the blue shows well, because the
limiting zone, a» is ensily seen, is the more troublesome the shorter
the wave-length of the light.

If the tank does not remedy this fault, one can reduce the plate
% as to enable the light {o penetrate into the deptbs of the film.
Az & preventive the use of light serecns has besn suggested to reduce
the energetic action of the shorter spectral waves. Such screens have
been used by all experimenters, and especially by Neohauss and
Lehmann, with good results. The author uses a weak scluticn of
aniline yellow with some erythrosine in collodien on the back of the
plate; the uss of the screen, which is rather expensive, is thus
avoided. Alsc w scrsen absorbs a great deal of light, and if not
ot first-rate quality detracts from the purity of the pictures.
Falsification of the Calours Through Dempneus

. s of the Plates.
Similar falsificetions of the colours appear in the use of too dry
. plates in &ampl weather. The correctly obtained and fixed laminm

LB e R L ey - lalm

become considerably further apart by absorption of atmespheric mols-
ture, and the oft-noted fault of & shiit. of the vologra tewards the
red ix'zeen, and green becomes yellow, and yellow erange of red, and
86 on. In order to obviate this fault the plate should be brought
into hygromelric equilibrium with' the air. A somewhat dangerous
remedy in reducing the graio of the laminm with a reducer.!
. The reverse phenomenon appears when the plates are placed in the
benzole tank ¢r mounted with a prism. The change of colour thus |
induced is towards the mors refrangible end of the spectram, and
sometimes produces the shift of more than half 3 tone. . For instance,
the red becomez orange red, and orange yellowish. Elue and viclet,
on the other hand, are scarcely modified, or, rather gain, in power
and purity. :
This well-known pheomenon is based acearding to the author
on the giving up of water by the gelatine to the benzole or to the
Canada balsam, so that naturally the distance between the laminem
is decreased. In order to get over this difficulty development ahould
be rather longer, so that the colours ehift tewards the red, or, still
beiter, the plate should be warmed befors exposure, and just before
Placing in the mercary skide, in a drying cupboard at 86 deg. Fabr.

Falsificatlons of the Colour Tones in the Darler
: Parts of the Flare.

With under.expesed plates or in places which correspond 1o the
shadows of a coloured object, the picture shows, instead of the irue
colour rendering, another colour, and, as a rule, it is the opposite
to the phenomena observed with- over-exposed plates, the shift
being towards the more Tefrangible end of the spectrum.

Thus the shadows of a head in sumlight sre brownish-green or
greenish-yellow, instead of the delicate rosy tint, An orange which
iz correctly reproduced on the jlluminated side shows pure green in
the shadows. ([Fig, 16.) )

These and other imperiections of dark or only briefiy expoted
objects can be aseribed, according to the author's researches, chiefty
to fixalion, the action of hypo or cyanide. Keeping to the example
of the orange, the plate was, a5 a matter of fact, affected in ths bright
and dark parte by raye of different intensity, reflections from neigh-
boaring objects being excloded, but in the strongly exposed parts
thers were formed numerous dense laming, whilst in the shadews
these were: fine and pale; in many cases there wers only formed a
gmall series of yellowish grains. -

The canse of this phenomenon, which had already beer shserved
by O. Cramer, is that in fization thers is more silver bromide dissolved
out in the shadows the weaker the action of light, and therefore
thin lamine in the dark parts approach one another during drving;
whilst in the brightly &t parts, which are therefore poorer in silver
bromide, they scarcely alter their relative positions.

From this fact we may deduce the practical lesson that Lippmann
plates should not be fired, because the disappearance of the silver
bromide causes a general reduction of the intervals and & consaquent
falsification of ihe colours.

According to the author’s views complete fixation of the pictares,
even when all other operations, such as exposure, development, inter-
sification, etc., have proceeded normally, caures with normal, or
almost normal, ilumination at least, & elight shilt in the direction
of the more refrangible end of the spectrnm, & favlt which cannot
be remedied, 4s mounting under a prism would only slightly increass
the shift; and if his failure has been less frequently cbserved than
the opposite one ithat is, 100 greal a distance between the lamine), it
is due to vigorous intensification, which compensates, 1o a certain
extent, the contraction of the intervals between the lamine, sctually
by thickening the first one. .

it is obvious from the researches that the most frequent imperfec-
tions of Lippmann heliochiromes is due to the almost unavoidable
changes of the normal distance between the Jaminm, a change caused
by the mechanism oi the photographic operations. Under certain
conditions—complete fization, too short exposure, too short develop-
menk, eic,~—ihe lamin® ere too near one another, and the oolours

Ide sakuth

1 The reducers snd sapecially dilute p i when y
restors Lhe oolours of over-developed or dump plates,  Bukb pot ooly do Lha
whites sulfer severely, bub after scme Lime the graln bleaches very much, and the
cture becotew wurse. The author has therefere entively given up the nie of
redneers.  Ouly Lo individual cases does he use It loeally to realore the bluss and
violeta, This retouching is done on tha wet plate with & fine brash dipped In weak
potamium cyanide solation -




pwhich agrees generally with that of the mpectral colours. ,
.-l-. The production of white iz due to the formatior of & dense | -
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shift towards the hlue. In othar and much jess Irequently occurring
failures the laminm bacome thicker, the reflecting sprfaces ate further
separated from one another, and the colonrs are then shifted towards
the red.” '

Anslysis of Pictures with Mant Yaint Colours,

Many emunlsions, in spite of great transparency, show a tendency
to zive only matt colours, and actually do not give whits, . A micro-
scopical examination of such plates proves that the camse of this
phenomenon is due o too little contrast between the lamine and the
intervals, The former are formed in sufficient number, but from their
yeliowish or bright greenish-grey colour are not sufficiently different-
fated from the more or less grey intervals. The mirror zone which
reproduces the white is very pale and transparent, apd poszesses no
reflective power. -

In order to obriate this very frequent famlt, which unfortunately
oceurs with every third or fourth emulsion, the awther hax made
many experiments and obtained successful results by alteration of
the developer. To increase the contrasts betwesn the lamine and the
intervals the following should be used:—

Potass. bromide 10 per cent. sol 20 ces,
Ammonia ..., 1.1.5 ces.
Pyro, 1 per cent, 50l 15 ces,
TREE riivenersenenes . 8.
and the general rule ix: reduction p na appear very quickly
in the intervals with an excess of ammonia, whilst the opacity of the

lamine is increased by an excess of bromide and PyTO; but the lamina

ought not to be 5o opague as to prevent the Intensifying action of

the deeperlying ones.

Laminge in Flates Exposed Without a Mercury
Mirror.

The earlier experiments of Erone and the more recent ones of
Rothé have proved the possibility of obtaining interference colours
with Lippmann’s plates whhout fusing a mercury wmirror. The
pictures thus made have only a faint brilliance, and require, mere-
over, much longer exposures. This is obwions, as the atationary waves
are formed by interference bebween the incident light and the few
light waves which are reflected from the surfsce between the gelatine
and the air. The author has repeated the interesting experiment and
obtained comparatively good resalts of the shorter wave-lengths,
violet to green ; far less satisfactory, however, were the reproductions
of the red, orange, and yellow. Esamination of sections show in all
cases the presence of correct laming, which are few in npumnber,
however, and are separated by intervals which are not free from
precipitate. Fig. 17 shows the eection through the blue of such
& resalt. The lamine, only three or fenr ir all, are composed of
very fine grains. The second lamina is the best and darkest. In
the limiting zone there is no precipitate, and this proves therefore
that, ez with the mercury mirror, the surface of the gelatine is
identical with the first oppasite phase ¢lane.

The whites obtained in this wag are also the same as those ohtained
with Lippmant’s method ; behind the dense thin mirror 2ome thers
are some fine lamice, which, deeper down, degencrate into an irrs.
gular grey deposit. .

Conclusiona.

From his Jong aud comprehensive researches on the strocture of
’:i:e Lippmann heliochromes the suther comes to the following con-

usions :— -

L. As already recognised by Nenhanss the specirum colours are
produced by a series of metallic lamine, separated from one another
by colourless intervals. Thess films ocenpy & thind or a half of the
thickness of the gelatine. Mesr the free sarface they are sharply
defined and distinetly separate one from the other, the deeper they
are the more diffise and indistinet they becoms. |
. @ Between the first laminm and the surfsce there is generally a
<lear zone, whick corresponds to the frst gpposite phase or null point.
Frequently throogh intensification this contracts considerably, or
completely dissppears. : o

* 3.The colonrs of natural objscts give pictares, the siructure of

metallic Iamina, the mirror zone, with great reflective yower, and
composed of an opaque dark clasely compacted precipitate. "Then
-thére sre some fins closely oontiguous stripes, which probably corre-
spond 1o the short waves of the visible spectram,

film, flled with & metallic Precipitate, the mirror gons,
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-6. The ealours mized with white show with their own lamine s‘J o

[Bapplemend.]
y i T LT
6. In eertain cases colonrs mixed with white ehow two kinds of
lamine: large stripes far removed from dne another, which belong
1o the long waves of the predominant colour, and one or two fine
pale films corresponding to the shorter wave.lengths. LR
.7. The interf ph , through Which the oolonrs are
produced in Lippmann heliochromes, can be sscribsd actnally to the
action of the rays reflocted from the first and second laming, . - The
others have only s faint, but, to a certain exlent, an intensifying
action. Pure spectral colonrs are an exception in their formation: if
the metallic precipitate is quite transparent, the decper lying tones
may also act, . Lo
B.- The good rendering of the colaurs is principally cansed by the
correct Jlimiting and perfeet transparency of the upper lamine, as
well as the normal value of the intervals. All causes, such as long
exposure, over<levelopment, incorrect intensification, ete., which
upset the ratio of the two first laminm as regards intemsity and
thickness, or such things as fixation and damp, which affect the size
of the intervals, alter the irue colours and canse false tonslities.
From this it is obvions that the greatest diffculties of the Lippmann
process are a3 follows: 4, the distance of the individnal lamine pro-
<duced in the plate by the coloured light during the exposnre must be
strietly kept, in spite of the coatracting action of fxation and the
expsnding action of intensification; 3, too little transparency and
too great thickness of the ficst lamina must be avoided, although a
certain opacity is essential for the correct roproduction of the bright
tones. By careful, clean work the perfect balance of these two
opposite requirements must be fulflled by workezs in interferential
phatography, T B B/ Caqar.

————rr

Patents_Chronology. . .

CorotR FrrErs.—No. 4,365, 1902. These flters are made by
cementing amall strips of glass or similay material of miform
thickness to the edges of & glass plate »o’ as to form & shallow
trough or cell into' which gelatine, isinglass, or other animal or
vegetable gume dissolved in pure glycerine,'together with” an

iseptic and the y oolouring matter, ia peored. ' Whilst
il warm a second glaes plats is lowered on to the top, and the
whols [eft to cool under pressure. Thie method is stated to give
absolute uniformity of colouring and cheapness, so that large
Bliers may be economically prepared. Arno Bauermeister,
Leipsic, Germany.

ProTocEROMOSCOPTS AXD CaMERas.—No. 3,476, 1902. A single or
sterecscopic photochromoscope, in which the’ reflectors, which
may be plain, coloured, or platinised, are arranged as shown in

the fignre. .If it is t0 be used as a camers, the reflectors,
f £33 may be remored and dark slides placed at the back and

" sides of the instrument. Thomas Knight Barnard, Hammer-
smith.

Prowrixe Process. — No. 9,184, 1902 Commercial_ . baryta
paper or other paper, which must be non-stretching and
have “a rough matt scriace,” is rendered impermeable to
anijline dye solutions by a preparation such as celluloid varpish,
Tt is then to ba coated with a bichromated ocolloid. " I gelatine
Yo used, then Boa, of Neson's No. 1 gelatine should be sosked
in from 40cz. to 50cz. of water, the temperature raited, and

' enough chloral hydrste or other agent added o make the
gelatine liguefy st about ?0deg.  F. Fuh glue may be used.
-and four parts sdded to twenty parta of water, snd ome part
of bichromste of potash. Casein is also ‘very 'suitsble. .Lhe
support or paper, which should be temporsrily mud_ on

- glass, ahould be placed on a whirler, opated, whirled, firied,
and exposed. After exposcre the soluble colloid is vl_'uhgd away,
preferably by immersion in » solution of the ame colleid. ‘Lhe
print is then rinsed, slained up with an ‘aniline dye comple-

" mentary in ocolour to the taking acreen, dried wnd warnished
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- obsolute sleobol, knd fnally for & few minutes i
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2 The stripped film is immeésssd ja aloohol snd water;, then m -
i celloidina. . .
at right angles to the film and Inid in

3. Fine sections are cut
water to gwell. . . .. .

Sometimen the water
eice one may use & still simpler plin, and that is to back the

. damp £ilm wlong apd across with a sharp ascalpel; to thew cover the

. mination it is almost impossible to ses it.

cnt places with a coverglass, and examine in thin way, when one
of more pieces showing the lamine will be eazily asen, R

The Grain of Flates.

. . :

Lippmarn and others who work the process contend that the
transparent emalsion, in albumen or gelatine has no grain, or only
such that a3 regards the wave-dength of light it ean be neglected.
Nenbanas, however, proved the existence of & grain almost, invisible
hefore exposure, but which ufter development varied. between
0.1 and 0.3 x, The author considers this far too high an estimate,
as it would be bardly possible with such e grain to register the

half-wave length :.of violet™ light (§A=01]1a). From varicus -

experiments, he belioves that he ia not far out in putting the
«ize of the grain st 0.02 to 0.06 u. (4. .o ..

The grain is spherical, of homogeneoms appesrance, and of ‘a
cclonr depending wpen the durstion of exposure, ther hygrometric
state of the atmosphers, and the developer. Generally, the grain
of the lesa exposed parts iy bluish grey; at the correctly exposed
places it is of a light chestnut-brown colour; when over-exposed,
Hne greenish yellow or pale ochrecolonred grains ocowr,. Strongly
solarised parts wre always a clear bright yellow, It mey be aa
well to point out that these colours are pot dependent on the
wave-length of the light, but en the Auration of the “action of
the latter; and they only appesr on the intensified plates; the
action of the mercury chloride is mot only to enlarge the grain,
but to give it & wnifctm character and opasity and & mors or less
grey tone... The colouc of the grain aliers also in rainy weather,

Hitherto the grain of the developed plate has been deslt with,
but, as Neuhauss pointed out, s grain can be seen before exposure,
bot with exireme dificulty, The suthor was most saccessful with
s flm deeply stainad with cyanine, obligue monochromatic illu-
minationi, and s Zeiss objective of N.A. 140, The spotless white
#nd transparent emmlsion will keep for several days unchanged
by the.direct action of light, » phenomenon which proves that the
grain cannot soffer reduction or blackening except with the help of
some photographie reducer.s T . '

The Structure of the Plate in Pure Spectral
Colours. . '

An examination of the eeclions throngh a pure or almost pure
spectrum colour shows different zones; first a laminated zone, and
then (below) an unlaminated zone. The structure depends on the
thickness of the plate; the transparency of the emulsion, and the
duration of exposure. Moderately thickly coated plaies show the
structare for about one-third or somewhat less of the total thick-
ness of the gelatine, and ihe following parts may be seen: the
limiting zone, which lies between the free surfsce and the first
lamina, the Zenker lamins, and finally the ictervals or spaces.

The limiting zone in the blue and viclet is very difficult to detect
Pec:.w.se it is so thin; in the red and orange, on the other hand,
it is compuratively distinct as a very fine stripe which is almost
fre_e from grain formation, but ths nearer one comes to the Zenker
stripes, the more distinet the grain, Even in the red the examina-
tion of this zous is not easy—cections immersed in water have &
refraclive index so near that of water that eveu by obliqus illn-
This is probably the
reason why Neuhanss expressed doubts as to its existence, The
author was enabled to see it by treating the film with an aniline

s replaced with glycerine, end the flm |-
sained with ag sniline dye insoluble in water. After some experi- |

ey g
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dye,"ench’sx aniline Klos, ‘which is inscluble in water or by costing
it wih coloured virnith.” Undér thess conditions, thanks to the
colonred filmi, it can be plainly seen (Fig. 1). Its thickness in the
swollen plates is about balf an interval, bui varies conaiderably.
which may be caused b; ual is , and

at least in principle, the often-ob-
fact, that the sarface of the gelating forins he firal interval,
- and that the reflecting surface of the mércury is thus in immediste:
contact with the gelaline during exposure8 .
" Ax the limiting Slm ia only & fraction of & wave-length thick, it.
is saxy to anderstand why ihe Hight reflected from the surface inter-
feres with that from the lamine, and why & prism is necessary or
the heliochroms must be placed in a cell flled with bensole or
xylol 1o eliminate this surface reflection. - - .

The Zenker laming consist, a8 required by théory, of a metallic
precipitate which is thicker in 1he middle. than the sides. It must
not be overlooked that in the dry plate the liminm are very close
together, and that they have great demsity and considerable Feflec-
tive power. In the unintensified plates the colour of the grains is
bright brownish vellow, in the intensified grey or coffee brown.

The ntumber of the laming differs considershly. In many cases
it varies, as pointed omt by Neohauss, between four and six, and
depends on the intensity of the light, the duration of the exposure..
‘and the’ transparency of ihe gelatine, Gensrally, the suthor thinks
that there are more.in hrilliant pure colours as in the aclar spec-
trum than in the mixed colours of natural objecta. He has some
specira showing thirteen and more laminm, which reach to the glass
and abow the colours from both sides. The same effect has been
met with in some histological heliochromes.? There are excep-
tions, and as s rale the nomber of lamine is anly five, six, or eight,

The thickness of the lamin® iz everywhere the same, an is also
that of the intervals, Their intensity and the sharppess of their
edges decrease the further they zre from the surface of the plate.

- show that the first Jamina is the most distinct, and, as o rule, more
sharply defined on the edge. Then follows the first interval, which
is the purest and most colouriess—that is, the freest from silver—
of all; then the sscond Jamina, dense and sharply defined ; then the
second interval, which is almost as clean as the first. Behind these
the contrasts between the laminm and intervals are less distinct
a8 the istervils becoms filled with precipitate, till the finsl region
is reached, in which the lamine disappear, as does also the silver
precipitate (Fig. 1d).

As will be seen later, the relative intensity of the first lomine
varies according to the duration of exposure and the degree of
intensification. In normal plates the iwo first lamine are pructi-
cally the same intensity and thickness; in over-exposed plates the
first lamina, in consequence of photo-chemical {atigue, is weaker or
disappears altogether. In this esse the second or third are the
strongest.

The film without Jamine varies considerably as regards thickness.
In very thin plates it is almost or entirely wanting. In moderately
thick plates, as in Figs. 1 and 2, it may be two-thirds to one-half
of the total fllm. As a rule it is without silver grains, though here
and there some may be feen which possibly correspond to over-
seneitive bromida of silver. 1f the exposure is too long, or the plate
is developed too much, this region is flled with a fine yellowish
or light brown coloured precipitate of coarse particles. This very
frequently happens in the pure red or yeliow., The appearance
of the section through the other colours is, independent of the
function of the wave-length, practically the same. Fig. 2 shows a
section through the blue atA 0.475 4. The extraordinary thinness
of the limiting zone &nd the comparatively grest fineness of the
laminme will be moticed, En many sections the suthor thinks that

* This fact hop to Rothéd's

* He speaks here of the emulaion which wil] register all colonry up 4o violet. That
which will ouly record 1ed and yellow has a moch coarset grala, ?

* This was first absarved by Liippo-Cramer and also by Neuhauss fn 1908, thoretors. |

one ean do away with the usaless operation of fzlag and the consequent reduetion
of the Intervaly between the jamine. Lebmann alan dota nok Oz the plates,

d from a &1t of wiv between Lhe mercary and the gelatine (' Compt-Read'.,”
1904, pp. 565-7). 1T this was a0 the reflection of the incident Hght would take placa
feom  wabatance with lower refractive index thaa that.of gelatine, therelore thers
Mtnt be formed & maximom and not w minimom on the surtace of the gelating.
This fa never the care with correctly expred uniotensified plates,

© 1 Profemsor Cajal wses ithis process for obtaining hellochromes of histotogical
and pathologicsl sevtions, —Epa, " B, 3.~ .

This fact, sz will be seen later, is very important, Figs. 2 and §

/

that the inmine are dus to the Hght .
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thers aze less lamine in $he blge and violet than im the mors
refr.angible colours. It ia difficelt, bowever, to follow thess fine

> and it may be merely & case of ‘coincidence (Figs. 2 and 12),

The Anslysis of White and Gray,

These are two most important colours, sad from s ewrefnl con-
sideration of all the litaratare on the subject, and the stody of
nany sections, the author comes 1o tha conclusion that fAe forma-
Pure swhite ds produced by intensification of the images.

Withont irtensification—that is,
of coarse grain—it is mot possible
Teqaire a closely compacted, opaque film with metallic lusire. As
will be seen from Fig. 5, the whites consist of ihree regions, the
BHITOr Zone, the laminated zoze, and that which is characterised by
diffuse reflection the rear zone, -

It is characteristic for white or grey, or all colonrs containing
an admixture of white, that the limiting zone disappears. In s
place, and in place of the first lamina, there appears a new dense
dark film of great metallic reflective power, Ba and 6a. This [amina,
sharply defined om both sides, containa large spherical metallic
grains packed close together, and of a dark brown colowr. The
general rule is that the more brilliant the white, the more opagne
and compacted is this region, which, if the plate i not intensified,
is only a bright transparent yellow or light browm, with distinet
spaces between the grains.

This observation is important, for it proves that to obtain whites
thers must be (1) a metallic reflecting precipitate in the limiting
zoue, and (2) complete apacity of the frst laming, which combines
with the limiting zone to form s morphalogical wnit. The result
iz that pearly the whols of the incident light is reflected, and the
few rays which do get through into the deeper paris of the plata
cantiot produce interference. Behind the mirror zome there is o
very fine interval, and a series of very dark, extremely thin, elosely
compacted giripes {Fig. Bb). These stripes are never wanting, even
if the white of the object is very pure. If the white is mixed with
they sre more numercus than in neutral
grer. It is vary significant that the distarce between these lamine
is extremely small —ahout the same as for violet and blue; sometimen
adiﬁemintﬂcheumdsepamﬁmmbeuenulhughmy
were caused by light of differing wave-lengthy, They are so fine that
it is difficult to see them in a plate

that is not swollen in water,

The suthor does not consider that these phenomens sre contrary
to theety. The thickness of the mirror Zone ot the surface of the
gelatine is probably due to the combined action of the ultra-violet
rars. The graip of the emulsion iz too cosree to give regular
. periodic laminm, bat only diffuse deposit. On the other hand, the
blue and violet of greater wave-lengths are regisiered, if omly
Dartly, whilst the comparatively coarse siripes which appear be-
tween the fime omes are perhaps the maxima for the long waves
green, red, and vellow for which the chromatic sensitining is teust.®
The preponderance of violet in the image of white depends
probably on the rapidity of development. Then appears a phenio.
menon similar to that which is cheerved when a plate exposed for
only & short time is exposed again for & much longer time:
development only the longer-exposed picture is soen. Perhaps
also the greater atiraction of the vialet maxima for the develaper
comes into play, and the places corresponding to red and vellow
scarcely act. . There appears then the well-known action of contrast,

o obtain pure whites, for these

which i f.reqnantlyl observed on ordinary plates, namaly, an ex- -

daveloped place.

the formation of white on
those parts of the plate afected by light of every wave-length, is
ot due to the sdmixture and fusion of the reflective action of
many different lamine, sr assumed by Lippmann, but excluzively
to the reflective powers of a.dense, opague, dark surface fitm, on the
opacity of which the brillascy of the eclour depends. Conse-
quently, neither the fine lamine within the
ence phenomens (since the Genmity of the

mirTor zone makes thia
inpossible) have anything to do with the

appearancs of white.

* Mikve rirroe sone s formed. mors sasly fn slow plates, this ts doe 1o the fack,
atteady mantlonsd, that thess Plates ara specially senaitive to the shOCter waYos.

without the artificial production

‘.

plate nor any interfer.

That the aothor is correct is proved by the following phenomena :

1. If the whita places are rubbed, their brillisncy decreases with-
out colour eppearing; only when the mirror zome is' completely
removed does white ditappear and blie of s more or less dark
grey ol “violet or bluish tinge appesr. In-the frat place there
slways appears a greenish bine tone, the formation of which, as
shown by micrographic exsmination of the jnbbed paris, must be
ucribgdhthemirrormebeoumhgthjnner. As aoon as this
zone ia removed there appears o dirty indefinite violet, which per-
sists till the plate hecomes guite transpareat. This last fact proves
that the whites are caused by tho action of the violet raya.

2. Obligne Numination of Lipp heliochromes produces, as is
well known, @ shift of the colours towards the mere refrangible
part of the spsctrum. Orange-red becomes yellow,” gresn, blue,
and 80 on, and this shift is the more distinct the greater the angle
of incidence. This change of the picture in oblique light 3
o0 the laminated structure of the gelstine, and ia easily explained
by the incrense of path, which ths waves of shorter wave-length
than double the intervals must traverse. Inolination of the plate
o the incident light produces no <hange in white, a certain proof
that this colour does not depend on laminar formation, :

3. Neither varnishing the picture, nor slight swelling, nor test-
ing in & benzols tank have any influsnce on pure white, whick is
thus sharply differentisted from other colours. This is also an
indirect procf of the absence of the limiting zone above the mirror
zone. Impure whites or greys will nsturally alter in tint under &
prism or oblique incident lighi. : o

.!:x'pl.nnation‘ of the Figures.

Fig. 1.—Section through pare or almost pure red. Swollen in water
aad examination with & Zeiss spochromat, N.A. 1.40,0 2 mm, foous.
Central white light, o the limiting zone, b first Zenker lamina, ¢
second interval, d deeper lying lamine, with indefinite edges, ¢ un.
lamirated zone. - - - : S

Fig. 2.—Section through the blue, in the reproduction the deeper
lying lamina are badly drawn. Conditions of examination as in Fig. L

Fig. 3.—Bection through the red in dry—that i, in gelatine not
swollen in water.’ ingtion in Caneds balsam., Central miomo-
chroniatic light. i ]

Fig. 4.—Section through greenish yellow. Same conditions a3 in
Fig. 3. The limiting zons wnd the grains in the individual lamine
cannct be seen, :

Fig. 5.~Section through pare briliiant white. Swollen gelatine.
@ 5pAQUS mirror zone, b the fine stripea lying under the mirror zons.

Fig. -6.~Bection throngh yellowish white, a mirror zone, ¢ fine
stripes, d lamire corresponding o the yellow. E L

Figs. 7, 8, and 9.—The action of intenaification on the colonr. i

- Fig. 7 ehows the unintensified solour, the etripes are too dark
in the reproduction. = - .

Fig. 8.—The same ¢olour intensified once in a sublimate bath. .

Fig. 8.—After two intensifications, It will be observed haw the
scarcely visible grain in Fig. T becomes thick and dark-iz Fig. 3.

Fig. 10.—Red. Ths thickness of the first lamins waa rednced by
friction, so that blue and green atripes appear, | -
. Fig. 11.—Section through bright green, which by over-exporurs and
over-development has become white; b mirror zone, ¢ fine stripes
belong to the white; the other laminm belong to the green, .
- Fig. 12—Seotion through over-exposed blue. Tha paleness of the
luming ¢ and the abssnce of the mirror zone will be noticed, -

| Fig, 13.—Bection through over-expossd orange. The first lamina
fhianting.mdt!uucdndi@nlnontherpah.l o --

Fig. 14.—Section through bright blue mized with white; a mirror.
shne, b fine secondary laminm, oL C P

'Fig. 15.--Section through bright lemon yellow. , The first Lamine
represent the phase of conversion inte the mirror sohe. ;. .

.Fig. 16.—Section through under.exposed and overdeveloped green, .
which cor ds 4o the shadow side of an orange. -The fnensas

and trsnsparency of the laming, which are somewhat too dark in_

Tha unequsl bebavionr of the piate with the green, Ted or orange, whick,

nately, fraquently happens, is dus to the addftion of the same quantity of srythro-
w4, cyunive and glyelne rd to the smuhion. The whites are then Brequently not
pure, bat tinged with red or yellow., - - . A

b tion, will be noted. | S
+Fig, 17.—8ectivn, through the blue in & plate exposed without -
Amercury mirror. .. - R




THE STRUCTURE OF LIPPMANN HELIOCHROMES.

Colours Mized with White.

Compourd tones, such ae grey, pink, cream, light blue, ete.,
formed by admixtors of & principal calour with white, oocur very
irequently, and the artistis value of the reprodoction depends to a
great oxtent oo the correciness of the tonality of the latter. One

actually is the
& yellowish white
(Fig. §. The surface of ihe plate shows the thin transpareny
mirror zone. Close behind is a fina pale stripe (c), which perhaps
balongs tofthn violst or blue, and then two op three thick lines
separated from one ancther by wide intervals which cotTespoad
th; laminm of the yellow. ®
rregularities in the intervals between the lsmine are frequan
observed with compound colours; sometimen they are duamz: ﬂ‘l"\l:ly-
iob and to mmegual sbeorption of water. In thoge cases in which
e waler hig acted tornlougtimomdthoﬁ.nerlinecmmmr
the differcot thickdfess and distance of the Iamine
mrast b ascribed to the registration of different waves. Neither
with compound colours nor pure white are all spectrum waves to

Bluish, reddish,

» I
) !

snd greanish whita have a similar stroctuve; -
. oll theeo coloars show with the mirrer zone & laminar system and

II,

their optical effect is added to the reflection from the mirror zone.

For the chromatic interference, as with pure colours, only the
two first—or, as noted above, in the case of fine pecondary strip
(Fig. 1lc} the three first laminm —are used, The eolour thus formed
is weakened by ths somewhat disturbing reflection of white from
the mirror zone. That the surface flm, in spite of its paucity in
precipitate, canses weakening of the colour is proved by rubbing
or gcraping the plale, for them the whitish tinge disappears and
the dominant colonr appears much mors strongly, and #f the scrap.
ing is continuved it in shifted towards the more refrangiblé end.

After the author's views as above had heen Published, he heard of
Lehmann’s work on the same mabject, but the resulta of the two
workers are not in eement. .

According to Lehmann, white is formed not, as assumed by Lipp-
mann, by the canfusion of the incident light of varioua vibrations
from the laminm, but by reflection from two laming correspending
to complementary colours. As proof of this eFaumption, Lehmann
advances {1) the possibility of oblaining photo-micrographe under .
special experimental conditions of the registration of two wyn-
chronons waves; (2} the spéctroscopic ezmmination of the tight
reflected from the whites of & picture placed in a benrole tank,
In the latter case ho observed that the whiter of the pictare did not,
~at the whites in nature, smit a continuous spectrun, but a dis
continuous one, or & coptintons spectrunr with two or thres distinct




) P erating. From this Lehmann cencludes, in agree-
** ment alsé with Pianndler,* that the plates do not possess the power

of registoring siyultaneously a greater number of waves of vary-
- ing vibration, but cnly two or three; snd he explains the Iormstion
of white and grey by the wellknown property of the retina of
synthexising to white when two oomplementary colowrs sct cn

principle his colncides with the authors conclusionn as to .

In

the formation of two kinds of Isminm; but the question does not
appear to the author to be experimentally proved, for, as will be
seent later, the desper lying lamins do not, or only in Tare cases, help
Lehmaon's conclusions have caused the anthor to repeat his experi-
ments, and ha comes o the conclusion that brilliant whites are dus
entirely 10 the first mirror zone and not to Jamine, . The following

are also sdranced in favour of the axthor's views, sod much against

Lehmann's : —
a. If the whites are rubbed with a pad dipped in aleohol #ill the
mirror yone disappears, there appears first blus violet, although the
. opacity of tbe metallic particles is appreciably reduced when
examined by tranamitted light. If the pictore is still further
rubbed 1ill quite transparent, the white never sppeams when it is

‘put in the benzole tank., The colours behave guite differently

as they reappear.
5 H a very thin plale is used so as to prevent the formation of
the ngleminaied sone, all the colours will be visible when the plate
ix looked at from the buck, but whitz is never seen,
. If » plate is left, without varnishing, exposed to the air for
some -montha, the whites are the first to disappear, probably on
account of oxidisstion. This rapid alteration can be explained by
the fact that the mirror zone, ax alrsady pointed out, lies abso-
lutely on the surface of the gelatine,
d. Everything which atincks the surface of the gelating of the
developed plate, mch s» washing, friction, deposition of mercury
oxide on the sensitive film, elc.; prevents the eppearance of the
whites, whether the plate is examined in air or benzole.
¢. In and: plstes, if no colour of the longer wave-langths
green, yellow, and red has acted, nothing but & brilliant white is
obtained on intensification, especially if slow-acting plates are used.
On the sesumption that two complementary colours, for instance
red sod gresn or yellow and viclet, have beem registered, this
formation of white is incomprehensible.
f. Whites also appear on platea which have been exposed withont
the mercury mirror, and in which the laminm ars extremely thin.
The white cbtained by intensification is as brilliant as in pictures
obtained under the ordinary conditions.
g White is also obtained by the intensification of pictures taken
on non-orthochromstised plates, ‘
- B The exsmination of white in obliqne light, that ix, wmder the

glass prism, shows, as y mentioned, not the least gualitative
change, whilst all other colours are shiffied towards the greenish
blue. It should also be noted that whilst red, in passing into blue-
green, mistes the orange-red, vellow, snd bright green, the biue
onlr slightly shifta towards the viclet. This result, which can be
casily explained mosthematically, is not in favour of Lehmann's
theory. If the whits ia actually formed by the action of two reflect-
ing lamine belonging to two complementary colours, as, for instance,
rod and green, it is not obvious why, in the shift of the red into
blue-green and the green into dark blue, that is in the shift inte
two colonrs whick sre ne longer complementaries, the wifits doea
not ehift into & more or less distinct blus, and tharefore disappear
as white, .

_i- Later experimenta on thin sections have proved that the fine
lines at equal distances which liclong to the whites do not as 2 Tule
exceed three, and that, apart from the transparent intervals behind
the mirror zone, the spaces between the laminm are filled with &
diffuse put':iplhte.. Under these oconditions the interference action
of such lamine must be nil, even if the incident light reaches them.

. Finally, Fpeclroscopic ezamipation of the pure whites shows

& contingous image without gaps, which is mors or less similar to
the continuons spectrum from & white object. What In the differ.

" whites, s obtained by

‘appears in fast plates withouat ind
' when eramined in the benzole tank, appears somewhat better,

iy o SRR e R - B e s . it N
The author thinks that Lehman did nob test pure brillist °
intensification on ‘slow, fine-grained plates,
but the half-white with a bluish or viclet tinge, which usually
ification 10 Thi.r udo-white,

but ¢an never be compared with the white obtained by Lippmann,
Neuhonss, and tho author under the staled conditions--—that is,
treabment with sublimate and an' amidol developer after weak
development, This assumption appéars to be all the more likely s
the suthor’s spectroscopic examination of the dirty grey on quick
plates without intensification, as in Kranseder's plates, made accord-
ing to Lehmann's formula,ll shows that the specirum actually does
possess marima. . :

The suthor was never able o obtain satisfactory colours before he
learnt how to intemsify, bui since then he has obtained whites,
in all soris of eubjects, which are purer and more vigorous than in
ths best black and white photograph.

Analysia of the Grey and Dark Parte

The dark 1ones, or those mixed with black, ave dependent, accord.
ing i0 theory, on the fineness and transparency of the laminm. I, for
inatance, we examine s dark green, as in Fig. 16, we shall ses that
the mirror is guite absent, and that in its place is & colocziess
plane. KNoteworthy also ia the small number of laminse, only four
or five, and especially their extraordinar, transparency and light
vellow colonr. In many cases the Jaminm appear bo consist of & singls
row of yellowish graina. The intervals ere clean, comparatively
large, and quite {ree from precipitate. Under such conditions it is
obvions ihat the plate will reflect only & small part of the incident
light, and also ultow the dark background of the asphalt on the
back of the plate to shine through, Naturally, the colour will be
much darker the paler the lamine. Dark colonrs also appesr very
stable when the plate ia mboed, s fact which is easily understood

' when ope bears in mind the exlraordinary transparency of the

laming which take part in the inderference, R

Brilliancy and Purity of the Interfercace Colours.

Everyone who has worked st all with the Lippmann process will
have observed the great differences 1n the purity and brilliancy of
the colours. Soms very tramsparent plates reproduce the whele of
the spectrum in brilliant pure tones; other emulsions give all the
colours, but dead and impure; others again ss though coversd with
a grey or white fog. Some fairly senasitive plates, which give other-

" wise good colours, convert the white into grer, violet, or cream;

othera again give certain colours, usually red, orznge, and yellow,
fairly well, but are totally wanting iz green, blne, and violet.

In order to understand these phenomena, one must bear in mind
that Zenker's exact theory is only carried out under defective cons
ditions, due chiefly to the special nature of the photachemical actions.
The lamine are not absclutely emcoth abd sharply defined, tor are
they everrwhere of equal thickness, also they do not possess that
uniform perfect transparency which theory requires, so that ali may
take part in the interfersnce of the incident white light.

The brilliancy and intensity of the interference colomra depends,
ot Jeast wo it is generally assumed, cn the perfection of the lamellar
struciure of the plate, and the purity and brilliancy of the colonrs
is greater the greater the number of the reflecting laminm. Broadly
thip view is correct, but theory does not coincide with practice. Ths
anthor states thab many of his pictures of great brilliancy wnd truth
possess only three or four especially brilliant and correct reflecting
laming, whilst others with ten or twelre regular distinct laminm
gave less bright pictmres. The brilliancy of the colours thus depends
not on the quantity, but the quality of the [aming and intarvals.

From some hundrade of very careful observations the author comes
to the conclosion that in most cases the colour is due to tha refiection
and interference of light from the iwo uppermost laminw. Ths
deeper-lying ones have very little to do with the formation of the:
colours, in the first place becausa they receive but Litile light, and
therefore can only reflect litile; secondly, becaunss they have pat
sharp limits and are not separated by perfectly colourless intervals,
eo that the light cannob be prbpertly analreed, bat only diffused ;

:{lu; #sks the author, between his and Lehmann's spectral examina
jon 1 ;

* ¥ Drude's Annalen,” 1904 Ses also » B.J.," Gctober 12, 1006, p. S07.

1% Au o matter of fact Lehmana states 10 bis book that he nerer intensifies.

L The anthor's expetiments with Lehmano's plates with the speclal Alter have
given excellent results as regards speed and colour rendering.  4ll sttempia to
obtatn a good white were fallures. Further, the colours are somewhat dzad-looking.



