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Sgcrios 111, 18095, [29] Traxs, R8O

IV.—The Theory of the Sereen i the Photo-mechanical Process.
By E. DeviLLe.
{Read May 17, 1895,)

. TuE SHAROW OF THE SCREEN.

Although  comparatively new, photo-engraving. or the = half-tone
process,” ax it s popularly ealled, has growin so rapidly that it has now
become an important branch of’ the printing trade.  An investigation of
its theory may thevelorve prove of interest.

The object of the procss is to brealk the continuouns tones of an
orviginal into equivalent tones consisting of white and black dots suitable
for printing in the typographic press. For this purpose. the oviginal is
copied in the camera, but a short distance in tront of the sensitive plate u
sereen is inserted consisting of minute opagque and transparent figures: itis
adjusted to project a diffused shadow over the plate, the light being strong-
est nnder the transparent pavts and weakest under the opague parts. with
varving degrees of intensity between,  Whatever may be the subses
quent operations, the vesult, if they have been properly performed. i that
all parts of the print corvesponding to those parts of the photosraphic
plate which have received less than a certain amount of illumination are
covered with ink. while for all parts which have received more than the
said amount of illmuination the surface of the paper is left bave,  Hlumin-
ation means here the product of the intensity of light by the time of
X posuTe.

The fivst question that arvises is this: ow does the ilummation vary
within the shadow of the sereen ?

In copying a subject in the camera. the upvrl'm'a; of the lens” dinphragm
may be taken as the source of illumination : seen from a point of the photo-
craphic plate. it whole surface appears evenly illuminated, i the subject
is properly tocussed. the Hlumination being proportional to the intensity
of the lizht sent by the corresponding point of the subject.

Tet ABCD. Fig. 1. be the diaphragm. and MM the plane of the
sensitive plate.  For a sereen, let us take a single opague figure, L.
There is, on the plate. a certain space, MM, ouiside of which the whole
of the diaphragm is visible and the illumination uniform. There is another
space. NN, inside of which the diapbragm is invisible and where the
ilumination i= zero: this is the shadow proper.  In the space inside of
MM and outside of NN, a portion only of the diaphragm is visible. and
the illumination varies according as the diaphragm is more or less covered
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20 , ROYAL sOCIETY OF CANADA

by the opaque figure, L. of the seveen : this is the penumbra. Desienat-
ing by [ the illumination outside of MM, and Iy ¢ the fraction of the
diaphragm visible from a point 7'
of the plate. the illumination 7 at
Tis:

i = ql.

The uncovered portion of the
diaphragm is found by projecting.
on the plane of the screen, the
perspective. abed. of the diaphragm
seen from T The planes of the

‘ diaphragm and screen heing paral-
lel, the fignre abed is similar to
S ABCD and the povtion of abed
which is outside of the opaque fig
ure LL. Learsto the whole surface.

}7‘," NN i b abed, the same ratio as the un-
[ T covered portion of the diaphragm
‘/’ ¥ bears to the whole suvface, ABCOD.

Fia. The visible fraction of the dia-
Sl 1 . .
’ phivagm = thus ascevtained by

finding the fraction of the diaphvagm’s perspective not covered by the
opaque part of the sereen.

A line, G on the surface of the plate, such that from everv one of
its points the same fraction of the diaphragm is visible is o line of equal
illumination.  When 7 is displaced along this line, the nneovered portion
of the diaphragm may change its shape, bt its area remains constant,

Let £ be the centre of the diaphragm and poits perspective on the
plane ot the screen, 7 being the point of sight. When 77 moves along
P podeseribes another cnvve. fg, which is the perspective off FGseen
irom . The screen and plate being parallel. these curves ave similar, and
any relation existing between the curves described by p holds good for
the curves deseribed by T In process work, the distance from the
digphragm to the plate is <o large compared to the distance from the
sereen 1o the plate, that these two sets of enrves are practically equal. 1t
will he assumed herveafter that they ave exactly equal. but this is done
merely for the sake of simplicity, as the relations which we will find are
mdependent of this asswmption. Aecording to this instead of determiniog
the lines of equal ilhamination on the plate. it will be sutficient to calenlate
the curves described on the scereen by the perspeetive of 2 when the
visible portion of the diaphragm remains constant.

Weo will commence with the simplest case. that of the chiess-homnd
sereen with squarve diaphragm. and we will suppose hoth 1o be so adjusted
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[PEVILLE] SCREEN IN THE PHOTO-M ECHANICAL PROCESS 31

that the ];m'slm-tiw of the diaphragm fits as shown in ABOD, Fig. 2
the diagonals of ihe perspective being cual and parallel to the sicdes off
the squares of the sereen.

Let 7 he the ilhwmination when the whole of the diaphragm ix visible,
as in Fig, 2. and desienate hy 2a the side of a square of the sereen: the
arvea of the diaphragm's perspective is:

D,

Now displace the perspective by moving the point of sehit on the
plate, aud take O as origin of the co-ordinates. 047 and OV as the axes
The centre of the perspective comes in P, Fig. 3, its co-ordinates heing .o

-
PO Re I
e
..
'T?/’f'{f% o éi/é

L

e
e i
b

Fra. 2. Fro. o

aud . The whole airface of the diaphragm has consed 1o he visible:
fwo corners are cut off by the opague squares of the sereen. The area of
ONe COTTer is:

I:” - ‘]'.:I::

andd the avea of the other:
(@ —y)-
<o the visible portion of the digpliragim i
2t — (a—2) — (a— Wy

and the ilwmination :

it

i=1 [2”2 —fa—w) == )

from which we obtain:

(a__.l:}_i_{ﬂ,—'-fﬂhl: Qﬂ(].—_;_) (]:'
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32 LROY AL 2OCTETY OF CANADA

The curve of equal Hamination is thevetore a civele, having its centre
in the middle of the transparent squave of the scveen. The velaton holds
;‘n.u:n.l S0 ]un_l__»: as the portions ent ot Trom
the diaphragm are vight angle triangles
that i= 50 long as £ remains within the
square, ABCD. Figo 20 When owrside. as
in Fig. 4. the visible portion ot the dia-
phragm becomes

a -+ 2.

anel the lomination.

benee

TR el square as asyvimplotes,

This last formula does not change when
P comes into the opague square. as in Fig, 3
the cuarve of equal lumination is =till an

by perbola, with the axes of co-ordinates as

asvinptotes,  But, when the visible portiou

b AL A A, : o b w T T : -
T 7 of the diaphragm s veduced to two vight

Fia. 5. angle triangles. as in Figo 6. the enrve azain

becomes o civele. For the avea of this visible povtion is in that case:

(@ — ) =+ (@ 4+ y)~ —

7
-

andd the ilamination ;
. [ (a — oy -+ (a4t uv
I = ! - - "
2 i
henee
Ed L] ok £l "I - . o
(a—a)y + (a+y) =205 (3) Fre. .
The centre of these circles is the middle o the seveen’s opagque square
as in the transparent square, the curves of equal lumination arve civeular

solong as P is within the squave tormed by joining the middle of the
sides of the opaque square,
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(pevitie]  SCREEN IN THE PHOTO-MECHANTOAL PROCESS A5

When 7 is equal to one-half of I the line of equal illumination coin-
cides with the =ides of the screen’s squares.
The eurves ave plotted in Fig, 7

il

for values of I increasing in arith-

metieal progression from Jfy to 1

11 we take for § that eritical
amount of illumination which is just
sufficient 1o prevent the deposit of
inlk on the corvesponding part of the
print, the eurves of Fig. 7 indicate
the shape of the dots.  They are
black dots under the opague square
of the screen, and white dots under

1

i
the transparent square, For 7= 3

they  become alternate blaclk  and
white squares, the print being an ex-
act copy of the screen. We will eall
thiz the middle tone of the print.

A cross-lined sereen, in which
the opaque and transparvent lines are
of equal width gives precisely the
same  curves  as  the  chess-boud

sereen.  The sereen and dinphragm

must be adjusted to fit as shown in
Fie, 8 this condition is fulfilled when the distance, f, trom the sereen
to the plate is:
I .
- . i+
st ) n

.' F beine the distance from the plate to the

) ' &\/ diaphragm, n the nwmber of the scerecen's
8 lines to the incl, and 2 the diagonal of the

opening in the diaphragm. Woeo will =ee

N loter on that this is also the proper adjust-
W ¢ i ment when the transparent and opague
\ . lines of the screen ave not of U."-l:l| width,

-4

; With this sereen, we take D, Fig. 8,
e for origin of coordinates, D oand DO oas
Fra. 8, aves, and we call 2a the distance from the

centre of the transparent square to the
centre of the intersection of the opaque lines. The equations of the
curves of equal illumination ave precisely the same as for the chess-

See, DL, 1805, 4.
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34 ROYAL S0CIETY OF CANADA

hoard screen.  The lines of the eross-lined sereen are shown dotted in
Fig. 7.

There are three important differences to be noted in the behaviour
of the chess-board and cross-lined screens,

1st. The squares of the print's middle tone are, with the chess-board
seveen, cqual and parallel to the squares of the sereen. With the cross-
lined sereen, they are turned around 45% with reference to the lines of
the screen, and their area is donble the aren of the transparent squares.

2nd. The aperture of the diaphragm with the eross-lined seveen is
twice as large as with the chess-board screen, but the exposure is the
same T both, becaunse there is never more than one-half’” of the aperture
vigible from the plate through the erosslined sereen.

Srd. The rvelative positions of the diaphragin and of the screen’s
squares for one of the sereons are inverted with the other sereen.  With
the chess-board sereen, the diaphragm's perspective is inseribed in the
square of the sereen ; with the eross-lined screen, it is the square of the
sereen which is inseribed in the diaphragm’s perspeetive. The character-
istics of the two sereens seem to be due to this inversion.  Thus the effect
on the dots produced by increasing the width of' the transparent lines in
the erosslined sereen is obtained with the chess-board sereen by in-
creasing the size of the diaphragm. With the chess-board sereen, @ modi-
fication in the shape of the diaphragm’s aperture would requirve a cross-
lined screen with transpavent figures of the same shape, to produce the
same dots,

The two screens do, however, behave exaetly alike when the cross
Jined sereen is used in connection with a diaphragm consisting of one or
more pairs of equal apertures, preferably a
single pair.  This screen then transforms
itself, so to speak, into a chess-board sereen.
The distance between the centres of the
components of a pair is:

—_ I'F =
= TS (5)

A double square diaphragm must fit as
in Fig. 9 to correspond to the srrangement
shown i Fig. 2.

The double aperture produces twice as
many dots as the single aperiure; in the
shadows, there i= a white dot under the middle of each transparent
square, and another white dot under the intersection of the opaque lines,
The squares of the print's middle tone are no longer turned around 457
thev ave equal and parvallel to the squares of the screen.  All this can be
verified by ecaleulating the curves of equal illumination. in the same
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{pevitie]  SCREEN IN THE PIHOTO-MECHANICAL PROCESS 35

manner as we have alveady done, and as the matier is quite simple, it is
nnnecessary to say anything further aboat it.
Reverting to Fig. 7.1t has been explained that the curves are lines of

A . :
equal illumination. the value of ;,e.}mngmg by J, from one curve to the

next one. Under the centre of the transparent square the illumination
is [; at the fivst curve or eircle it is reduced to 15 of I; at the next
curve to 13 of I, and =0 on till the last cirele under the opague square,
where it is & of 7. Under the centre of this square it hecomes zero.
Thus each curve is the limit of the space or surface which has received
an illumination not less than the fraction
i
T
of the original intensity.
1t will be shown further on that for copying from negatives and for
making vignetted sereens, this gpace or su rface must be proportional to 7.
The table underneath of the areas of Fig, 7 shows that this condition
is not fulfilled by thesquare diaphragm and the sereens employed ; the
small dots, black and white, are too smail, and the larger ones, near the
middle tone, change too rapidiy.

iy | Avea. “ 7 ! Area. ii 7 | Area il q - Ares.
005 | 00303 El'i 030 | 02578 | 5| UEEG :‘ 0°50 08430
010 | 00783 i 08 026 060 | o6eis | 085 | 08812
015 1155 040 | 075352 pes - OTITE L 090 00215
Rt T O O O B (A L B
025 | oro63 0 050 | o000 O0°TA | 0R0ET |1 10000

It will be observed that errovs ave equal for dots of same size,
whether black or white ; in other £X
tables we will only give the areas /]1\
of the white dots. IR
The cireular dotr can, with ' i

the chess-hoard sereen, be made e
perfectly exact by a diaphreagm 77 :
of proper shape, but the diserep- - A
ancy near the middle tone can- \-\.
not be removed entively, although
it may be reduced s much as de- \ X L
sived. v

The general shape of dia. N /
phragm indicated by theory is -

Fra. 10

one involving two separate ex-
posures, and is shown in Fig, 10. It consists, for the first exposure, of
a4 square of which the corners are eut off and replaced by triangles.

Droits réservés au Cnam et a ses partenaires



18] ROYAL SOCIETY OF CANADA

Designating by A the height of a triangle, by & the base. and by m the
ratio between the second and the fivst exposure, we must have

1 .
h=g5h(m-41) (6)

The length of & is given by the equation :

b= ! _(j_ ) (_:1)} =

in which 2 is the dingonal of the figure and « the ratio of the eireum-
terence to the diameter. The fivst exposure is given through the whole
aperture ; the second one through the central cross shown by brolen
lines on the figure.

[t would unduly expand the Tmits of this paper 1o ive the full
theory of this diaphragm, and it is quite suflicient for ounr purpose
to calenlate the enrves which it gives, without inquiring any further.

E This diaphrigm is adjusted
1 77 =0 that its perspective will fit in
. the squares of the screen as in
- Fig. 11, The aperture of Fig. 10
| i,},j is ealeulated for equal exposures ;
s the value of b s

L R ‘\ o l. PR e ]

Fre, 11.
The ecaleulated enrves arve shown in Fieo 120 The smaaller dots still

are civeles; the larger ones are
composite curves, consisting ol ares
of cireles, ellipses and hyperbolas.
Their areas are given hereunder.

07 | Area. iy Area.
s (113 030 (=221
(114 (A1 a5 . Al
01 | 013 010 0370
il ' 20 0 AR ERE
(25 | {125 (500 (130}

The first five dots are civcles:
their arveas are :_'1||:~'u'|‘.1lu'|“.' correct,
The s uare of tne middle tone is, of
CONT=e, correct, The errors in the
remaining fonr dots are very much

rodueed,

The perfection of this result may

be improved by increasing the ratio Fre, 12,
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heiween the second and the first exposure sud modifying the shape of

the aperture accorlingly. the ouly limit being the length of exposuve
which the operator is willing or can atford to give. It is unnecessary to

add that the ovder of the exposures is im

material; they may commence with the VS
cross and end with the whole tigure, ’ A

The cross exposure may be made less r_f'-g b \n\
than the one with the whole figure, bt //,, .
ounly up to a certain point, The point is /,-""’ _”‘1 \\
veached when the guantity nnder 1|Ju radi- __,;}
cal in (7) becomes equal to zevo.  When \-H,H _ 7
the ealeulations are made. it is found that N /

i

Froa. 13,

the figure assumes the shape of’ a star, like
Fig. 13.

ht‘i]'l"‘

The whole figure and the inner

CTOSS now identical, there is no

longer any nec essity for two separate ex-

posures,  The value of b, which is the side of the squave formed by join-

ing the four inner angles of the star, is:

il b= 03688 4,
A beingithe diagonal of the star. The
height of the tiriangles forming the

four wings is:

ho= 0318 4.

The dots produced by this aperture

are given in Fig. 14,

«till are civcles, the larger ones being

arcs of circles, ellipses and
Their areas are

The smaller omes

bound by

hyperbolas.

14.

Fro.

civeles, are corrvect,

other dots, although larger than with the two separate exposures,

o Area. i i [ Area
G5 | 005 | 080 0026
o 010 035 | 03233
015 | 015 '! Gd0 | 09659
w20 om0 | 045 04215
005 | oz | 050 0,50

The three smaller dots, which are
The crror for the

12 small,

and T believe that this shape of aperture willanswer all practical purposes.
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As already explained, any shape of diaphragm suitable for a chess-
board sereen is adapted to the cross-lined sereen by using pairs of aper-
tures, the distance between the components of a pair being given by (3),
but it is necessary to have a sereen in which the opague and transparent
lines are of equal width.  Correét gradation cannot be produced with a
cross-lined sereen by means of a diaphragm having a single aperture,

1L Copving vroym PosITIVES,

The object of the photo-mechanical process is to produce a print
which will be an exact copy of the original.  Before proceeding further
we must define what an exact copy is in this particular ease,

A print is an exact copy of the original when any tone of the print
and the tone of the original which it vepresents, send out or reflect light
of equal intensity.

In an original on white paper, a tone is produced by o semi-opaqgue
film. The incident light has to pass through this film a first time before
reaching the underlying surface of’ the paper, and is partly absorbed on
the way. The remainder is veflected and diffused by the paper, after
which it has to pass o second time through the film, where it i again
partly absorbed.  What is left is the light sent ont by the tone in ques-
tion ; it varies, according to a certain law, with the opacity of the film.

In a halt-tone print made with black ink on white paper, the inei-
dent light falling on the ink is. we will assume, entirely absorbed ; that
falling on the white surface is reflected and diffused, the intens.y of’ the
light sent out being proportional to the percentage of white paper in the
tone—that is, proportional to the arvea of the white dots,

Let L be the intensity of the light sent out by the pure white paper:
the intensity for the middle tone of’ the print i= 05 A becanse one-half
of' the surface i= covered by ink.  Reducing the white dots to one-halt of
the middle tone squares, the intensity becomes 0025 L. becanse three-
quarters of the surfuce are covered with ink.  With black dots of this
size. the intensity is 0-75 L, because three-quarters of the surtace are b,

I assnine that Black ink does not reflect any Hght 5 this is not quite
true, but is safficient for our purpose. I iind from photometie measire-
ments on a cood half-tone print, that the intensity of the light coming
from the ink is only 2, of the intensity for the white paper: this quan-
tity is 20 small that we may neglect 1t

Sereens and diaphragms adjusted as we have seen would give very bad
vesults in copying {rom positives.  An investigation of the muiter shows
that the illumination is too small in the central parts of the dots, black
ancd white, while it iz excessive on the edges of the squnres of the middle
tone.  With the cross-lined sereen, for instance, it would be necessary to

rive a supplementary illumination under the contral part of the trans-
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parent squaves, for improving the shadows, and under the infersection of
the opaque lines, for improving the lights. This iz done for the lights
by muking the transparvent lines of the screen wider than the opague
lines. Fig. 15 shows a screen in which the transparent lines are double

Fre, 15,

the width of the opaque lines; the perspective of the square diaphragm
is adjusted over the intersection of the opaque lines, AC' being equal 1o
PO, With the sereen made of lines of equal width, the diaphragm, in
this position, was entirely hidden by the opagque lines © now, there are four
triangular portions visible from the plate which give under O a certain
amount of supplementary illumination, the effect of which is to improve
the high lights. The shadows, however, are injured in proportion as the
lights are improved. _

T have now to explain why the diaphragm must be adjusted as in
Fig. 15 ; this necessitates a digression. '

The grain which we have been considering so far is one consisting of
colated black and white dots: only in the middle tone do the dots come
into contact, and then only at one peint. the corner of the squarves. It
must not be supposed that any serectt OF aby diaphragm produces a grain
of this kind ; on the contrary, it is the exception and not the rule. Itis
not obtained with other sereens than the eross-lined and chess-board, andd
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even then, not without precise adjustment of diaphragm and seveen,  The
general form of grain is reticulated ; the small dots may or may not be
isolated, but the larger ones are connected, the black ones by thin black
lines, or the white ones by thin white lines,  These thin lines have an ill
effect on the printing qualities of the block ; the blaclk ones spread and
the white ones clog in printing,  Being so thin, they are Jiable to break
in development and to cause nneven tints,  These lines do not appear or
disappear gradually ; while the dots” are still o considerable distance
apart, a very slight change of' illumination eauses the connecting lines to
shoot out between them.  This sudden accession to the area of the dots
destroys the continnity of the gradations,

The adjnstment given in Fig. 156 produces a print of which the middle

Fia. 16,

tone consists of equal black and white squares. To prove this, move the
perspective of the diaphragm to the pozition ABCD, Fig, 16 ; the visible
portion is :
8= (a4 b7

a being one-half of PO and b the distance KN, Moving now the centre
F of the perspective around the squaves FLMWG and HFGK. it is found
that the area of the visible portion remains constant,  The sides of the
squares being lines of” equal illumination, these squares are the dots of the
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foevitie]  SC REEN IN THE PIIOTO-MECTLA NICAL PROCESS 41

print’s middle tone, The construction of the eurves for any other dots
shows that they ave not connected.

With a larger or a smaller diaphragm, FG and the other sides ot
the squares cease 10 be lines of equal illumination : there ave. therefore,
no dots of that shape in the print, and its middle tone no longer consists
of equal black and white squares. The construction of the curves shows
that the larger dots ave connected. Moo small a diaphragm gives con-

m' ~
Fra. 17,

nected black dots; one too large gives connected white dots.  Both are
NMustrated in Fig. 17 for diaphragms muech out of adjustment.  With
bhetter adjustment the effect would be less marked. _

Let us now take an original made with black ink on white paper.
To be an exact copy the print must pe formed of tones equivalent to
those of the original.  Where the pure white of the paper is preserved in
the original, black dots must be absent in the print.  Here we meet a
di1ﬁm11{3' . the dots in the engraved bloel are in relief and the depressions
between them arve very shallow. If more than a few dots ave cmitted.
there is nothing left to support the inking-roller, which is pressed
against the bottom of the depressions and the print is not elean.  Conse-
quently, unless the extent of the high lights be very small, we cannot
produce a print which will be an exact copy of the original; the high
lights, instead of being pure white, must be a tone consisting of black
dots, which may, however, be as fine as it is possible to print. We will
consider the ease where the extent of the high Jights is so small that the
dots ean be omitted,

Let L be the intensity of the light coming from the pure whites of
the original: leaving out the sereen, the illumination received by the
photographic plate at a point covresponding 1o the pure white is CL, C
heing a constant depending upon the length of exposure, aperture of
diaphragm. ¢te. The intensity for any other tone of the original may be
represented by ply, p being a fraction smaller than one: it eauses an
illumination of the plate equal 1o CpL. Now insert the screen ; the
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42 ROYAL socruTy OF CANADA

aperture of the diaphragmi, of which the full area B was formerly visible
from the plate, is partly hidden by the Opaque lines of the sereen, leaving
only the portion r uncovered, The illumination becomes

r

i

or, i’ we desionate by @ the largest portion of the Lli:lph]'ﬂ}.{l}l’ﬁ aperture
visible throngh the sereen, and by g the fraction thepeos visible from the
particular point of the plate under consideration :

Qi

N ¢
t = (pl i

= !(:;}L

We can take for ¢ the eritical amount of illumination which determines
the formation of the dots; it is approximately what Messps, Hurter and
Drifiield call the “inertig " of the plate. The ontlines of the dots wil]
then be the curves for which the uncovered fraction of the diaphragm is .
i '
T oLy
For p = 1, that is, for the pure whites, the iMlumination at the daric-
est point, 0. of the plate (Fig, 15) must not be less than L. otherwise g
black dot would be found in the print. It must not be more than i,
because a tone. pds ot the oviginal, loss bricht than pure white, would
be represented by pure white in the print. It must, therefore, be equal
) LAl
o . As the value of g 1or this point, O, js ¢ * We must have .
L R
T UL
Irm'mlufrhlg this value in “quation (8), it becomes -
A h

=

by
(= o5 (9)
()

)

We now have only to calenlate by means of equation (9) the value of
g tor each tone p ot the original, and, with these values of 7. to plot the
curves of equal illumination in (}e sme way as we did hefore, They are
represented in Fig, 18 for values of Pincreasing in arithmetioa) ratio from
25 10 1. and for a sereen i which the Opaque lines are one-half the
width of the transpavent lines : {hese lnes arve shown dotted in the figure.
The values of ¢ are given hereunder,

r ff i q H i M i
T 0142 o= (st [ 0347 IR EL L2
ks LT s [ (a5 (i 1405 @AY
[IR1H] e1as g 23 (1330 U476 i o
&y ! s 053 I 25 [T
0500 I e 0256 020 | gy
s (167 45 415 15 IR

Forp = 1. g iz Lor (0144,
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As p decreases, ¢ inereases. slowly at fivst and more rapidly after,
until the value of 1is reached for p = 014, This value of g, vepreseni-
ino the full effective aperture of the diaphragm. it follows that the illu-
mrination is insufficient to produce white dots for tones of the original less
bright than 0-14 L ; they are represented by solid black in the print.

The smaller black dots ave circles; their equation =

o L2
(0 —a) +(@a—y) _-ﬁ—ra (j‘i.—l).

The larger dots are bound by composite curves; their equations are
somewhat cmu]llmlluu but it is ‘Inu.nw 11-.|--1]|J€' to construct the curves
of auy diaphragm hy points. The diaphragm is placed in a number of

l;t'[li_ 1= - |"'IH. ]E.'.

different ]"‘*-l‘ iong over the sereen, and its visible area measured for each

position.  The curves of equal hmination arve then interpolate (] hetween

the ]H'Ji]]]'r- =00 Ili"!_a_"l‘m-I}'LL'li.
the print is. The area of the white

the avea of the black dots to 1—p;
he like the dots of Figs. 12 and 1L Instead of this,
-5 Lo, which 1s one halt' the brightness of

ihe print by the black dot shown by

It i= at once seen how m:pa-r:'n-l
dots should be il!'ﬂ}'ﬂl'lit!li"ﬂ Loy poand
thar i=. 11Ll'}' shonld
we see Thi the x'.'l'i_l,[i!'.'.t'_ rone. !

the white paper. is 1'1'|e‘J'L'-—-‘1‘.-1x"1
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a broken line in Fig, 18 it ought to consist of equal black and white
squares,  The original tone, 0-25 L. which is one-gquarter the brichiness
of white paper, is vepresented by equal black and white squares, which
are one-half the brightness of white paper.  In the deep shadows, the
dots disappear altogether and detail is entirely lost.

In actual practice the vesult is slightly different. A shorter eXPOSUTE
is given in order to produoce fine black dots in the high liohts. and all the
black dots ave slightly enlarged.  The light tones are improved, hut there
is o corresponding loss in the shadows where more white dots disappear.

The proportion between theopaque and transparent lines of the sereen
may be varied.  As the width of the opague lines decreases. the light
tones of the print are improved ; the dark ones become worse. ]"ij_{'..lfl
Hlustrates an extrene case. the proportion between the transparent and
opague lines being 3-415.  The light tones are very much improved, and
the original tone, 0°5 L, is correetly represented by equal black and white
squares, but all the original tones less bright than 0-33 L are translated
into solid black. From the foregoing we may conclude that an original
in which the dark tones predominate must he copied with a sereen having
wide opaque lines. while a subject in which light tones predominate is
better translated by a sereen having thin opaque lines, I am inclined to
believe that the opague lines should not be mueh more than one-half and
not much less than one-third the width of the transparent lines,

A larger diaphragm than the correct size, or, what is the same thing,
adjusting the sereen further away from the plate, produces approximately
the same effect as a sereen with thinner opaque lines ; the opposite effect
is produced by a smaller diaphragm or by placing the sereen closer to the
plate.  An examination of a nunther of good prints shows that this mode
of adapting their screen to the charvacter of the original iz resorted to by
some of the best operators, but it must be used sparingly, becanse it is
apt to produce reticulation, A reference io Fig. 15 shows what'is taking
place.  With the larger diaphragm. the four triangular portions which
are lighting the point O under the opaque lines. are inereased in area.
precisely as they would be if' the opaque lines were thinner, while with
the smaller dinphragm their area is reduced as it would be by wider
opaque lines, -

We already know that with the ¢hess-board sereen we must look to
changes in the size of the diaphragm to produce
the effect of unequal ruling of the erosslined
sereen.  An inercase in size. as in Fig. 200 produces
illomination at O under the centre of the centre
of the opagque square by the four uncovered cor-
ners of the diaphragm,  Making the area of these

founr corners one-cichth of the total avea of the
Fra, 20, aperture gives the dots of Fig, 18 ; the dots of Fig.

19 ave obtained by a still larger diaphragm, the four uncovered corners
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heing one-quarter of the whole aperture, But we now have a resource
which was not availuble with the cross-lined sereen: we can change
the shape of the aperture,  Fig. 21 represents a diaphragm producing

iy

e 21

(he effect of a cross-lined sereen in which the transparent lines are double
the width of the opaque lines. The dimensions are:

j =1

AR = .

| B R
[ B4

ot

0D = .

- B

= . 4.

[
i

The dots of this diaphragm are given in Fie. 225 a comparison with
Fig. 18 shows a very great improvement. The light tones ave fairly trans-
lated © the dots are only a trifle too small, but the gradation is good.
The light shadows are not quite so good, but mueh better than with the
croselined sereen ; there is no improvement in the deep shadows. This
dinpliragm requires two and one-half times the exposure of the square
dinphragm. s vapidity may be inereased by making the arms of the
iiner star less pointed and inereasing proportionately the width, EF
(Fig. 21), of the extensions, but that malkes all the black dots smaller
and the print less perfect. It ds quite vasy to devise other shapes of dia-
phragms. Onelis given in Fig, 27: the apertuves are not so elongated as
in Fig. 21 butit has the drawback of requiring very accurate adjustment.
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The shorter dingonal of the rhombusshape extensions is 0419 of the
diagonal of the central square ; the longer diagonal of the rhombus is
twice the length of the shorter one,  FHach of the smaller squares is equal
to one-gquarter of the area of the central squave.  The dots produced by

A method mueh in vogue among operators consists in wiving the
exposure through several square diaphragms of varvious sizes, With a
chess-bonrd sereen, the procedure may be as follows -

The first or preliminary exposure is given through a diaphragm
AB. Fig, 23, placed at g distance, OP. from the optical axis of the lens
equal to the diagonal of the aperture. The length of this diagonal is

deduced from equation (16), The pur-

pose of thiz exposure is to sive the

lnmination which is lacking ander the
centre of the opague squares of the
serecn,  The illomination due to this
diaphragm is maximum under the cen-
tre. of these squares, while it is null
under the centre of the transparent

squares.  The preliminary exposure should be just sufficient to give a
trace of the highest lights, if the plate were fully developed and intensi-
fied,

The main exposure is given through the dinphragm (D, equal to 4 B,
and placed in the centre of the lens: it is equal to two and a half times
the preliminary exposure,  This exposure determines the size of the dots
i the lights, but the shadows ave still vervimperfect.  If the plate were
now developed and a block made, the middle tone of the print would be
found to represent the tone. 0057 L. of the oviginal ; all tones less bricht
than 04 L would come ont as solid black.
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For improving the shadows a supplementary exposure is given with
the diaphragm EF, the diagonal of which is equal to one-half of CD,
This exposure is from ten to fifty times the prelinainary exposure ; the
longer it i8, the greater iz the range of tones reprodiuesd by the print. It
has no effect on the lights, Making it cighteen times the preliminary
exposure gives approximately the dots of Fio, 220 The middle tone of
the print represents the tone. 0025 5. of the original @ the shadows less
bright than U-14 I come out as solid black, In other words, the range
of tones reproduced is from } Loto Lo Designating by I the aupp}emeﬁt—
ary exposure, the range of the print is from

For instance. a supplementary exposure equal to thirty times the pre-
liminary one gives a range from 5 to 1.

We can now understand better the mode of action of the diaphragms
of Figs. 21 and 27, In both, the equivalent of the preliminary exposure
is given through the rhombus-shape extensions at the corners. The sup-
plementary exposure in Fig. 27 is given through the four smaller squares ;
in Fig, 21 it resalts from the star-shape of the main aperture.  The pre-
liminary and main exposures, in the method descri bed above, may be re-
placed by a single exposure through the central part of the diaphragm of
Fig. 27.

The gradations may be improved by stubstituting for the original a
sheet of white paper during part of the supplementary exposure. Let
us assume that the original is on white paper and that the highest lights
are represented Ly the pure white, After the preliminary and main
exposures let us give a supplementary exposure of 4 om the oviginal, then
substitute the sheet of white paper and give an exposure of 2. The
range of tones veproduced by the print iz dvom } L to L, as in the
exnmple cited above, bmt the middle tone now represents the tone
058 L of the original, instead of 025 L as formeriv.  That s a very
great improvement,  On the other hand, the total exposare which, by
the first method, was 21'5 times the preliminary exposure, is reduced to
9-5. less than one-half of what it was before,

The methods which we have deseribed are all more or less imper-
feet.  Theoretically the correet method. which involves two separate
exposares, is as tollows:

1st. Expose. without the screen. on the orviginal, which we will
assume again to be on white paper. and time the exposure so that if’ the
plate were then fully developed and intensified, it would just show a trace
of the highest lights of the original. The size and shape of the diaphragm
ave, of course, immaterial. but for the sulee of simplicity in the explan-
ations, we use the same diaphragm as in the second exposure.
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2nd. Cover the orviginal with a sheet of white paper, remove the
plate-holder 1o the dark voom, insert the screen, and give o second
exposure, equal to the first one, on the sheet of white paper, using the
star diaphragm of correet size (Fig. 13}, If this exposure were given
alone, and the plate fully developed and intensified, the negative would
show an extremely tine opaque dot under the centre of' each transparent
square of the sereen,  After receiving the two CXPORUTES, the negative is
developed and the usual operations follow.

Usine the same notation as before. the first exposure has caused an
illumination, at any particular point of the plate, equal to '

p .
The second exposure gives the illnmination.
¢ L,
<o that the total illmmination at the point of the plate under consideration is
pli + ¢ L.
The ouilines of the dots are the curves for which

pli == gLl = |,

;
pPra9= 7
7, is the illumination produced, during the first exposure, by the highest

liwhts of the original ; it is alzo the illumination under the centre of the

i
transparent squares during the second exposure.  In both eases we have
<o timed the exposures that L is just sufficient to produce printing density

on the negative,  But that is precisely the definition of i ; therefore
I=1i
and the equation of the dots becomes -

p+qg= 1.
This egnation means that the tone. pL, of the original is represented
by dots, {rom the outlines of which the fraction 1T — p of the diaphragm
is visible. We have seen, in the first part of this paper. that the aveas of
these dots are practically correct.

The first exposure may be given with any kind of diaphragm, and
mnst be just sufficient to impress on the plate the highest lights of the
orviginal, whether on white paper or not,

The second exposure can be given on any uniform source of illumin-
ation, provided it is so timed as to just produce printing density under
the centre of the transparent squaves of the sereen, I white paper be
nsed, it is preferable to place it out of focus, so that the grain of the

Droits reserves au Cnam et a ses partenaires



[pevicie]  SCREEN IN THE POOTO-MECHANICAL PROCESS 49

paper may not show,  Fach of these exposures can be timed very aceu-
rately with trial plates—a most important consideration,

We will see later on that the second  exposure alone produces a
vignetted screen. The mode of action in the process last described, there-
fore, consists in impressing, before development, a vignetted screen upon
the negative.

Unfortunately the exposure on white paper obliterates, to some
extent, the image in the shadows, and increases the difficulty of obtain-
ing sharp dots with clean edges. In that respect the process is much
Ciferior 1o those which we will now investigate. It has the advantage of

requiring a very short exposure.

TIL. CorviNg FROM NEGATIVES.

Exposure through a negative sives a transparency or positive ; the
interposition of the sereen does not modify this relation,  What is to be
done with the dotted transpavency does not come within the scope of this
paper. Whether a negative is to be made from it, or whether, by some
peculiar process, the engraved block is to be made directly trom the
transparency, 1 will leave for others to decide.

To understand what is to follow, I must give briefly Messra., Hurter
and Driffield’s definitions of a perfeet negative ; for further explanations
[ refer to their original paper.

The opacity of a filu i the reciprocal of the number expressing the
fraction of the incident light which emerges from the film. An opacity
of ten lets one-tenth of the light pass. stopping nine-tenths of it. An
opacity of two lets one-half of the light pass. An opacity of one does
not stop any light; it is perfect transparency. The density 1= the
logarithm of the opacity.

Two opacities, 0" and O, put-together form an opacity, O, equal to
the produet of 0 and 0. Two densities, D' and D7, produce a density,
D, equal to the sum of D" and D

[n a perfect negative the opacities are proportional to the light
intensities by which they were produced.  These opacities or densities
are reached at o certam stage of development with a shorter or longer
development, o density, D, becomes aD, « being the “development
factor.”

T.et [ he the highest light intensity of' the original, and ML the
corresponding n]mzu-it}-' of the negative. Another fone pL. of the original,
is represented in the negative by the opacity Mp L, and the licht trans-

We now place {his negative in front of the camera and

{ Determination of the

1
mitted is pr“L-

14 Photo-chemical Investigations, and a New Method o
Sensitiveness of Photographic Plates,” by Ferdinand Tarter, P, and X, C
Driffield—Journal of the Soctety of Chemical Industry, May 31, 1890,

See, 111, 1895, 4
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copy it throngh a sereen. The illumination @ of the plate i=, we have
seen, proportional 1o the intensity of the light transmitted through the
negative and to the avea of the fraction 4 of the diaphragm not hidden by
the sereen.

. Ny

D=L

N being a constant.  We may take for i the value of’ the illumination on
the outlines of the dots and caleulate ¢ -

Mp Li
- 'f_i;;_‘, (107

Assuming again that the tone [ of the subject is to be represented by
pure white paper in the print. there must be no black dot when p is equal
to one, and eonsequently the illumination under the centre of a transparent
square, where the light is given by the full efleetive aperture @ of the
diaphragm. must be equal to 7. or:
MLi
=y

Introducing this value in equation (10}, it beeomes

§=1p (1L}
This equation means that any tone ploof’ the original is transformed into
dots, from the outline of which the fraction p of the diaphragm is visible.

For correct representation. the arvea of the white dots must be pro-
portional to g, and the area of the black dots 01 — p o therefore the are:
of the curves of equal illumination must be proportional to ¢ under the
opagque squares of the sereen. and to 1-— ¢ under the transparent squares.
Such curves arve given by the chess-board sereen and the single or double
exposure diaphragms described in the fivst part of this paper, The dots
are shown in Figs. 12 and 14, and ave practically correct.

The negative must be what is termed a “soft 7 one, and must be
produced by full exposure and short development. It should be much
less dense than for printing by contact.

The formule indieate that there ave white dotsin the deepest shadows
of the print : there is no solid black,  In theory this is absolutely correet,
beeause the elear glass of the negative does not indicate absence of light
in the subject, but only an illumination less than the inertia of the plate
on which the negative was made.  We must remenher, however, that we
have assumed the ink to be perfectly black, which is not the ease; we
should therefore elose the white dots in the deepest shadows. With a
negative of average density. these dots ave below printing size : they do
not appear in the print; with a thinner negative it is sutlicient to use a
diaphragm very slightly larger than the correct size.
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The easiest way of making the transpareney is to employ one of the
enlarging and redueing cameras which have a partition in the middle,
carrving the lens, and one of the ends arranged to receive the negative.
The ordinary copving hoard is covered with white paper and set some
distance away from the negative ; it is lighted, as usual. by electric light
or otherwise.  With a negative of proper density, the exposure need not
be excessive, although longer than with the process as now worked.

It is possible to employ an arrangement like the enlarging Iantern.
provided the souree of light be of’ the vight kind, It must be a surface
of uniform illumination; the lime-light or the are-light will not do.
Tnecandescent gaslicht may answer the purpose.  After focussing, and
before exposing the plate, the condenser should be carefully adjusted,
This may be done by marking, with ink or pencil, on a piece ot white
eardboard. the outline of the diaphragm’s aperture and inserting it in the
diaphragm’s slot.  The condenser and light are now moved antil the
image of the latter is formed on the eardbonrd; it must fully cover the
diaphragm’s aperture and be perfectly uniform. [ it were otherwise, the
shape of the dots would be governed, not by the diaphragm. but by the
shape of the light.

1V, Copyivg THROUGH VIGNETTED SCREENS,

The screens which we have been investigating consist of opague and
transparvent parts; a vignetted sereen is semi-opagque over its whoilo
surface, and divided into minute zones of varying degrees of opacity.
This sereen must be placed in contact with the photographic plate; its
use is therefore restricted to dry plates,

It may be made to copy {rom an original or transparency. or from a
negative; from a p actical point of view, the tirst ease is the only one to
be considered.

In copying from the orviginal. the screen is placed as usnal in the
camera, but in contact with the plate ; the shape of the diaphragm is im-
material, and so is its size, provided it is not too large. A transparency
may be copied in the camera ovin g printing frame. The arrangement
of the camerashonld be something like that described for copying from
negatives, with the exception that any illuminant is saitable ; the are
light would answer the purpose admirably. For the printing frame, the
transpavency is stripped and placed between the plate and the scereen.
Exposure must not be given to dittused light, but to light emanating trom
a point, like an ave light ; the frame must be kept in the sawme position
dwring the whole exposure,  The theory is identical for the camera and
for the printing frame; we will invesiigate the latter only.

In a perfect transpavency, the opacities are inversely proportional to
the light intensities which they represent. Tiet L be the greatest light
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intensity of the subject, and pl. another tone, O and O, the opacities
by which they are vepresented ; we must have

pL 0,
L0
o
0,
P = 0
anid
D— D = —log. p.

D and D being the densities of the transparency which represent the
light intensities pL and L. Ina transparency developed more or less
than required to produce a perfeet one. the last equation becomes :

D — D, = — alog. p, (12)
a being the development factor.

A vignetted sereen is produced by exposing a photographic plate to
lumination which varmes in amount at different points of the plate.
Liet £ be the greatest illumination of this plate, and gl another illumin-
ation.  The opacitices o, and o produced, being proportional to the ligrht,
intensities. we have

il i
[ o
or

i/
f =
i . U.I

anil

r."l]  — (2’ == — l()lj:-l;_ rf,_

dy and d being the densities of the screen produced by the light inten-
sities, I and g, the development factor heing one. With another factor,
/A, the equation becomes -

d—d=— fFlog. ¢. (13
We place this sereen and the transparency in the printing frame, and
through both give the proper exposure to the plate. The negative is
developed, the engraved block made and the print struck off as usoal.
The final result ix that wherever the sum of the superposed densities of
the transparency and sercen has been greater than a certain density, M,
there is ink on the print, and whevever this sum is less than M, the white
paper of the print is left bave ; the outlines of the dots are, therefore, the
lines for which we have :

Dd-d =M (14)

Fhis density, VL is the one which lets through just that critieal amount
of illumination which was stated to be about egual to the inertia of the
plate, and which is the illumination on the outlines of the dots.
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Assuming, as before, that the highest light. L. of the subject, for
which the density of the transparency is D . must be represented by pure
white in the print, we must have

D -+d = M.
d, being the greatest density of the sereen. Combining with (14), there

COmes
D—D =d —d

Replacing both members of this equation by their values from (12) and
(13), we obtain

— a log. p = — (I log. g
This equation i= satisfied by :
o = (7.
and
p=1. (15)

The first velation shows that the development thctors of the trans-
parency and screen must be equal @ oa strongly developed transparency
requires a strongly developed sereen.

The second relation means that the outline of the dot by which the
tone pl of the subject is vepresented. is the line of the scrveen which
received the illnmination pl while the screen was being made.  In order
to produce a corvect print. the surface inclosed by this line must be pro-
portional to p for the white dots, and to (1 — p) for the black dots. We
know that this is approximately the result of an exposure hehind a chess-
board sereen through a star or double exposure diaphragm; we ave,
thevefore, able to make vignetted sereens possessing the gradations re-
guired toproduceexnet copies of an original.  For this purpose we expose
a photographic plate on a piece off white paper placed out of focus, the
dinphragm and sereen being adjusted as explained in the tirst part of this
paper.

The theory for copies in the enmera is so mueh like the theory for
contact copies in the printing frame, that further explanations are not
necded.

The vienetted sereen having to be placed in contact with the photo-
praphic plate, it face cannot be protected by a class cover s it can only
be varnished,  Very likely it will soon e seratehed or damaged. and will
have to bereplaced frequently.  Theoperator should have a set of sereens
of various densities to select from; light sereens for light transparencies,
and dark sereens for intense transparencies,  There does not appear to be
any reason why every operator should not mudke hi= own vignetted
seveens : they ave produced by operations with which he s familiar. anidd
which do not present any special difficulty. The plate on which the
sereen is to be made is, we have seen. exposed behind a chess-board sereen
through a star ov double exposure diaphragm,  The correct exposure i%
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gscertained by trial. - After development the sereen is found to consist of
semi-transparent and semi-opaque dots alternately disposed ; examining it
under a moderately strong microscope, the central part of the semi-
transparcnt dots must be thing but not clear glass. The presence of
minute spots of elear glass indicates under-exposure.  Under a strong
microscope it will be found that, even with correct exposure, there ave
very minute dots of elear glass in the centre of the semi-transparvent dots ;
their size must be kept down by a full exposure. A sereen not sutliciently
developed dees not reproduce the deep shadows ;) they come out solid
black in the print, and the shadows are generally too davk, A sereen too
much developed gives a print in which ihie shadows are too light ; there
is no solid black., Under-exposure is indicated by the absence of the
finest white dots in the print, A long exposure, within reasonable limits,
gives a dense sereen, but corvect gradations: the only disadvantage is
that it takes a long time to print. The collodion or emalsion must be of
a kind giving soft negatives with good gradation, Special care must, of
course, be taken to have the plate perfectly clean and everything in first
elass working ovder, so as to seeure a sereen free trom defocts,

In theory, the vignetted sereen is the most perfeet one for the photo-
mechanical process, because correct prints may be oliained from thin or
intense transparencies by using thin or intense screens, while in copying
from a negative through o chess-board sereen, the negative must be of
right density to give a correct print.

V. Tue Diapmnacus,

The proper shapes for the apertures in the diaphragms, or © stops.”
as they are more generally called, have been deseribed in the course of
this paper: we have now to consider their adjustment, '

The square is the only shape adapted to the cross-lined sereen with
unequal Hnes ; its adjustment has been given in equation (4}

F

But this is not the proper way to use a cross-lined sereen.  Its opague
and transparent lines should be of equal width, and it should be employed
with double aperture stops, so as to work like a chess-board screen. The
adjustment of the diaphragn is then given by the formula:

_ e
= 2 a4
0
JL' . .
4=5- (16}

N . . . .
I'he distance between the centres of the pair is:

e = dv3,
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The cross-lined sereen, emploved in this way, gives twice as many dots
as otherwise ; a coarser ruling must be taken to obtain the same fineness
of wrain. It for instance, it should be desived to have the grain of 150
lines to the ineh, the sereen for the double aperture should he yaled 105
lines to the ineh, It must also be observed that. with the double aper-
ture, the squares of the middle tone are not turned around 4575 to
keep them turned in the print as they now ave, the ruling must be
parallel to the sides of the sereen, not to the diagonals, The double
aperture diaphragm, illustrated in Fig. 29, is for sereens-so ruled,

The adjustment of the chess-hoard sereen is the same as for the
double aperture, and is given by equation (16}, n being the ruling from

[ .
which the sereen is made and o, inch the side of a squave of the screen,

In the aperture of Fig. 21, 4 is the diagonal of the nner star,

In equation (6] we ]wru two variable quantities, 2 and 7, the
adjustment can therefore be made by changing the size of the dia
phragm, or by changing the distance of the screen, or by both, So long
ax the product of 2 and fis equal 1o, - it does not watter whether the
Lliupln'*ln'ln is smull and the screen far from the plate, or the diaphragm
large and the screen close 1o the plate ; the result is identical.  In prac-
tice, there are many reasons why the diaphragm. and not the sereen.
should be made adjnstable ; 1 will only give one. It is essential that the
distance 7 from the sereen to the plate be uniform thronghout. and. being
so very small. no adjustable arrangement can aecomplish that =atisfac-
torily.

The sereen should be perfectly flat, amd. for large sizes at least,
nothing but plate glass should be used for the negative or transparency,
The screen and 1:1 ite should be separated by blocks of silver or glass,
planed down to an accurate thickness, and they should be brought h\'
pressure into close contact.  This pressare must be applicd to the edges
and not to the centre of the plate.

I consider L of an inch as being about the !'igl]t distanee between the
plate and the screen, This :lih'nvc- a elass cover 5 ineh thick to protect
the sereen and leaves ahout 45 neh ]_H‘I\‘. een the face of the plate and the
oluss cover, which is quite onnuul\[ [t is this distanee which [ have
adopted for the following elassification,

All diaphragms. w hether consisting of a single aperture, or of’ a pair
of apertures, or of multiple apertures. aind whatever their shapes may be,
are included in one general sevics. o number zero of the series, the dia-
sonal of the single aperture is onc-quarter of an inch. There is an exeep-
tion for the square diaphragm now in general use with eross-lined screens
for this shape or multiples of this shape, the diagonal of number zevo is
one-half ineh. No smaller sizes ave likely to be requived for this process,
The linear dimensions of the other diaphragms increase in geometrieal

f [ ln n:'a.iu_nhtm" l]'ﬂ distance hetween t]!ﬂ. acreen and the plate, L"u. thickness of the

ghias cover st b eounted at twe thirds of its actual v aloe, in order te allow for refraction
through the glass.  Thus the cover said to Le 116 inch thick is really 3732 inch thick.
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progression from this size, the ratio being 1:05. FEach diaphracm bears
two numbers: the first one is the serial number and indicates the place of
the diaphragm in the series ; the second one is a number of inches which ve-
presents the extension of the camera to which it is adapted, when the sereen
used is raled 100 lines to the inch or made from this ruling, and also when
the distance from the sereen to the plate is onesixth of an ineh, The
camera extension is readily ascertained by nailing a yvard measure on the
tailboard and adjusting it to show the distance from the diaphragm to
the plate.  So, an operator using a screen of one hundred lines to the
inch has only to seleet the diaphragm bearing the number of inches
which, after focussing, he reads on the tailboard of the camera.

11 the sereen should noet be vuled 100 Tnes to the inch, then, for 105
lines take the next smaller diaphragsm of the series; for 110 lines. take
two sizes smaller; for 116 lines, tale theee sizes smaller and so0 on. When
the sereen i 05 lines, fake the next size lavger; if 91 lnes, take two sizes

]:il’;_‘:v:‘. ete. The classitication of the sereens is as {follows

71 lines to the ineh s . . . T stops coarse,
Th : H

75 5}

=2 4

2h 3

0] 2

a5 1 stop

100 0

105 . . . : . 1 stop tine
110 2 .‘\TH[!.‘-'\
116 3

122 ¢ |

125 d

144 ¢ i

141 T

The number of inches to be marked on each diaphragm is given by
equation (16}
i)

6

For ithe exceptional squarve shape this number of inches is deduced
from equation (), and is only one-half of the above.

A serveen ruled nlines to the inch requires a diaphragm in whieh the
diawonal 2" of the single aperture is such that

A 10

— n
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The difference & of the serial numbers of the sizes A" and 2 i=s gnvcmed
by the relation

or
_ 1o
=06

The classification of sereens given above was calenlated by this
formula.

The principle of this sevies is ensy to understand. The idea is to have
two numbers on each diaphragm, one. n number of inches. for adjusting
it to the lens, and another one. the serial number, for adjusting it to the
SCTEET.

A full set of diaphragms for one lens and one sereen comsists of
fourteen numbers ; they are taken from the general series and fitted to
the lens.  For more than one sereen, there must be as many additional
stops as between the conrsest and the finest seveen.  Thus for sereens of
01 and 110 lines, the set consistsof 14 4 2 + 2, or 13 diaphragms, beeause
91 lines is two stops coarse and 110 lines two stops fine.

Although the basis of this svstem is o distance of the screen of §
inch, the series may be used for any other distance, bt with this differ-
ence, that the numbers on the diaphragms are for another sereen than
100 lines. For instance with a distance of the sereen of } inch, the num-
bers correspond to a screen of 83 lines, and it is from it that the other
sereens have to be counted eoarse ov fine,

The illustrations rvepresent the actual sizes of numbers of the series,
Those who are familiay with the photo-mechanical process will find them
somewhat smaller than the square stop to which they are accustomed, and
may believe that they are proportionately slower, It is not o their
rapidity must not be estimated from their comparative sizes.  There are
Lwo rensons for this. The first one has already been st ated ; as now used,
there is always a portion of the square aperture hidden by the sereen,
while the full aperture of the new stops is, in most cases, effective.  The
cecond reason is that to obtain the same fineness of grain as ab present,
the new stops require @ coarser screet which means a larger aperture.
Where a longer exposure is required, it is, as in copying from negatives,
Ly reason of the process and not on account of the sizes of the apertures,

The exposare can be reduced by the use of multiple apertures instead
of single ones @ this can be done with any kind of sereen,  The exposure
is reduced as many times as there are apertures in the dinphragm. It
must be borne in mind that multiple apertures require great perfection
in the sereen and very accurate adjustments,  For a double aperture, the
cereen must be three times more perfect and the adjustments three times
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more accurate to give as good a result as the single aperture.  There is
little doubt that the most perfect prints will be obtained
apertures.

Fig. 24 is the square stop now used with eross-lined sereens ruled
diagonally.

with single

x . or ) _ .
Fig. 25 is the same stop with four square apertures, requiring one.
fourth the exposure of the first one. The number of apertures may be

o ..
1135,)- NS
m 9 Gin

Fra. 24,

two, three, four, live or any other nu mber; the yule is to dispose them
like the squares of a chess hoard.

TN

—— [ S B
— S22 . !
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Fig. 26 is for copying from originals through a chess-hoard sereen
it requires two and o hall’ times the exposure now given to produce the
game grain.

Fig. 27 is also for copying from an original through a chess-board
seveen : it has multinle apertures and therefore reguires shorter exposure.

All the above ave for copying from originals and are given mevely
as illustrations of this paper.  To obtain correct vesults, some of the
following shapes have to be employed.

N2
T ST

T T+, E
-t

32 T g

']

Fric. 24, Fra, 29,

Fic. 28 is the single star aperture for the chess-board sereen,

Fig. 29 is the double star aperture 1o a cross-lined sereen in which
ihe lines ave of equal width and parallel to the sides of the sereen.

Fig. 30 is u fiveaperture diaphragm for the chess-board sereen only,
The geﬁuml yule for making a multiple diaphragm for the chess-board
seveen is that cach star must be inseribed in the alternate squares of" a
chess board,  The mle for the cross-lined sereen is that there must he
one pair or several pairs of apertures; the line joining the centres ol the
components of any one pair must be inclined at 45° to the lines of the
BT,

Fig. 31 i a =ingle apertare and double exposare diaphvagm for the
chess-hoard sereen it is made in the shape of a reversible Waterhouse
diaphragm. The fivst exposure Is given through the full aperture. after
which the cap is put on the lens, the diaphragm veversed el for end in

the slot and the second exposure given.  This diaphragm may, like the
others, be made with multiple apevtures by the rules given above.
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There may be cases where it is desirable to modity the gradations of
the print ; this can be done by remembering the following rule:

[, an, Fra. 21,

The dots, black and white, are enlarged by making the points of the
star more acute in the diaphragm’s aperture ; they ave reduced by
making the points more obtuse. The squares of the middle tone and the
tinest dots are not changed.

VI Coxcnusions,

From these investigations we’conclude that there are three methods
for translating correctly the continnons half-tones of an original into
tones consisting of white and black dots.

1st. By copying from the_original, civing o fivst exposure without a
sereen on the original, and a second exposure, th rongh a chess-board or
cross-lined sereen. on a sheet of white paper or other source of uniform
illumination. This method does not produce dot: with edges as sharp
and clean as the other two methods,

Ind. By copying from a negative through a chess-board or cross-
lined sereen. A negative of proper density produces a perfeet vesult, but
It gives a transpavency and therefore requires some new process for
etehing the block.

srd. By copying from the original or printing through a trans-
parency with a vignetted screen in contaet with the photographic plate,
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This method is unfortanately resivieted to dry plates, otherwise it wonld
he the hest of the three,

The cross-lined sereen mentioned above iz one in which the opague
and fransparent lines are of equal width and has to be nsed with n
double aperture diaphragm, but it must be remembered that in order
to produce as good a result as the chess-hoard sereen, the adjustments of’
the screen, plate, and diaphragm, would have to be three times more
accurate and the sereen itself three times move pertect.
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