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An optlcal printer 1a a device for photographing the frames
of one fllm so a8 1o make snother film.

LY

B + ’;a-

I
c

It conslsete eseentially of a camera (C) connected by a
bellows (B) to a lens (L) almed at a film in a gate (G) 1lluminated
from behind by a lamp (I).

The camera and gate each have motorized intermlttant fllim
movements so thagt any frame of the "original™ film can be
conveniently photographed onto any frame of the "print" film.

The camera can be an ordinary clne camera, less ltas lens,
and the gate can be an ordinary clne projector, less 1ta lens.
Ideally they have ldentical syatema of fllm registration, as 1if
one Were the lens' image of the other. The lens can be any
bellows mountable lens. Ideally 1t ie specially corrected for
the esmall and nearly equal sizes of this obj)ect and lmage.

The camera and the lene can ellde independently to and fro
the fllm gate. Thie adjuate the magnificatlon and the focue of
the photography.

MAGNIFICATION If the lens 1s (nominally) midway between the fllms
when one 1s focused on the other, then the magnificatlon
1s 1. At M=1 (also called 1:1)} the whole of the original
frame 18 photographed at a slze which fllls the whole
of the print frame.
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If the lens 1= moved closer to the gate, then the
camera must be moved back, farther from the gate,
to keep the one film focused on the other, Then the
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M=3

magnification 1s greater than 1. At M>»1 a part of the

original frame 1» photographed at a size which fille the
whole of the print frame.
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Ir, starting from the 1:1 estup, the lene 18 moved
farther from the gate, then the camera musit aleoc be
moved back, farther from the gate, to keep the one film
focused on the other. Then the magnification 1s less
than 1. At M<! the whole of the criginal frame is
photographed at a size which does not rill the whole

of the print frame, The remainder of the print frame
1e¢ filled with a photograph of the gate as it surrounds
the original frame (1deally perfectly black).
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For each position of the lens there ls exactly one
correct (focused) poasition for the camera, But for
each position of the camera (except the 1:1 poeition)
there are two correct poeitlons for the lene. Cne
glves M> 1, the other M<1.

BLOWUP & REDUCTION The printer gate may hold Bmm film and the prlnter

ELOWUP SHARFNESS

camera 16mm, or vice versa. With an ¥=2 setup an
S8zm original frame 1s photographed ontc a whole

16om frame. With an M= setup a whole i6mm original
frame 1s photographed onto an Bmm frame. Conversion
between any two film gauges is posaible this way,
provided the frames have the saase proportions, as
8mm, super Sam, 16mm, and sone 35ma do.

A 16mm picture of a flea can be just as sharp ae

& 16mm ploture of an elephant. But a 16zm pleture
of an 8mm pioture capnot bs expected to be as sharp
as a 16mn plcture of a 16mm pleture. Flctures differ
from things in having very limited detall. The 16mm
blawup, even if it preserves all the pletorial detall
of the 8mm original, spreads 1t oui, S0 the blowup

ie less sharp absolutely than the original.



PRINTER LENSES

OPTICAL ZOOM

LERS APERTURK °

Under extreme magnifioation -- a microscope obJjective
could be the printer lene -- plctorial detall 1s diffuse
and the underlying natural thing, the emulsion, 1is& all
that could be photographed sharply. But the graine are
too small to be sharply ilmaged with light. Here even
the natural thing has been photographically exhauated,

An Bmm origioal blown up to 16mm and projected will
appear sharper than the same Smm original optically
printed onto Bmz and projected. If the blowup optice
are good this 1s even true when the 1:1 printing 1s by
contact. Likewise for 16em to 35am. (Thle 1s all due
to the print film being in effect twice as sharp and
half as graloy io a bigger frame.)

A lens well-corrected for M=1 18 less well-corrected
for M=2 (or M=%). A lens well-corrected for M=2 ia
lees wall-corrected for M=4 (or M=%). Ete. (Floating
elemente improve thims.) A lens well-corrected for M=1
for a larger format i1s lese than 1deal for M=1 for a
smaller format. With such specialization (and expense)
in optical printer optlcs what 1s the hope for the

§50 SOmm enlarger lens, optimized for M=.1 and much too
large a format? Kot bad, provided the sharpest aperture
is found and heeded and focusing technlgue s good.
Also, for Mgl an asymmetrical lens should be mounted
the right way, whlch 1is usually with its smaller glase
facing the smaller 1mage.

A very sharp cheap printer lens 18 the Canon Macrophoto
35mm f/2.8.

Optical printers do mol uss 300m lenses, although they could.
AD optical printer zoom ls made by moving the camera and
1ens each frame, s0 as to vVary magnification while bolding
focus. It is a dolly shot! A dolly shot 1s equivalent

to a zoom for a flat subject.

Geometriecally this zoom oan be identical to a zoom had
1t been made in the original photography. It can also
be deviant, by tracking not to the center of the frame.

Pictorially the zoom getls grainy, showing that it was
not made in the original photography.

Rather than foous at each frame, camera and lens positions
can be precharted for, say, every 10th fraze, and the other
positions interpolated or computed. Omn the J=E, ecounting
the turns of the lead screv ls & means of repeatable
positioninog. A follow-focus mechanisz 1s & boon to optical
momﬂ L]

The rate and course of zooming 15 a factor of style,
as it is in original cinematography.

For pleture taking the printer lens should be st whichever
aparture gives the sharpest plotures. This is found in
teste. ITf a lens must be stopped down past £/8 to reach
optimum it is & terrible printer lenas.
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FOCUSING Printer focusing procedure is different at different magnirl
At 1:1 the camera, not the lens, is moved for rocusing.snonl;ation
at magnifications greater than about 1.4 18 it better to move
the lens for focuslng.

Near the 11 setup lens motion has no focusing effect. With
the camera fixed in 1ts 1:1 position lens motion adjusts
magnification between about M=.96 and M=1.04 (at t/5.6).

FOCUBING APERTURE With all but the best optical printer lensea elther
(1) foous at the taking aperture or (2) foous at a
larger aperture and then shift focus by a pre-sstablished
distance before taking. Thla " fudge-factor” 1s found 1n
film teasts.

FOGCUSING PRECIBION Especially when focueling stopped down, focus many
times (perhaps 20) and set an average position.

FOCUBING TARGET Use whatever target is found easlest to focus omn.
One caution: the fudge-factor le target dependent.
Very fine resolution targete may require different
fudge factors than coarser targete do.

DEPTH OF FIELD At indicated f/5.6 there 1= already mors than encugh
depth of field for a bipack, st 1:1. Also 1t 1§ unneceBBATY
to refocus when adding the gecond fllm, Likewlse when
a single film 1e reverssd spulsion to base, At larger
apertures and at larger magnifieations depth of field
is less.

BOLEX PRISM It len't a worry. There 1sn't & distinctlion between RX
lenees and non-RX lenses for most any lens whioch will be
used on a bellows for optloal printing.

BOLEX GROUNDGLAS3 Only for the best optical printer lennes, which will
be used at apertures larger than ¢/4, doee the Bolex
groundglass need to be reset from 1ts everyday positlion.

DEFOCUB To throw an image out of focusa without changing its size, 1f
printing at 1:1, move the camera & distance and the lens $ thils
distance, in the sanme direction.

X-Y ADJUBTMENT Besides its to and fro povenment the lenes hag lateral
movements. These adjust the position of the original
frame's image on the print frame. For example, 1f the
lens 18 raised a bit...
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EXACT t:1

AIMFRAME
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4t 1:1 moving the lens up a distance A raises the viewed
field by twice d. Likewise for down, right, and left.

At M> 1 lateral adjustment effects a scan of the original
frame. This 1e not geometrically equivalent to a pan,
bad 1t been made in the original photography,

On eimple optical printers the only lateral ad Justment
is of the lens (rather than the heavier camera or gate).
Thie 1s geometrically adequate.

But the J-K adjusatments are even too flimsy for a lenes.
It helpa, after they are 2et, to gently tap the lens, ac
it finde a stable position, and then to readjust if
necesaary, etc., etc.

The lateral movemente of the lens, the to-fro movements of

the lens and camera, and a tilting of the camera (if necessary)
allow the optical printer to be set for exact 1:1 reproduction.
Then the printed image is the same size and in the same position
as the original image. If the printer lacks a tilt adjustment
the oamera may be shimmed.

A Bpeclal frame 1s made to gulde the exact 1:1 setup. To make
an "almframe"” use the optical printer camera (though not
necesearlly with the optical printer lens) to photograph a
target which 1e epeclally drawn to contaln detalls exactly'
coinclding, as seen through the camera eyeplece, with detailas
permanently on the groundglass. The photograph made while the
colncidence ia geen 1s the simfrane.

Every groundglass has some permanent details, even if only ite
flaws., The fleld edge 1s a poor cholce of detall if the mask
1s thick or 1f the eyeplece is aberrated at the edge. Two
points of detall are enough for a well-aligned printer, three
pointa for a suspect ons.

A retlcle made on high resclution film pay be attached to the
groundglass to add detalla. Bmall patterns of concentric circles
and other patterns which self-moiré are 1deal. 4Also the almframe
can be & negative of the fine-patterned retlicle.

For exact 1:1 setup, the almframe film is registered in the
printer gate and the printer camera and lens adjusted to
achleve that same coincldence of details, as seen through
the eyeplece. Focuelng must be completed before the final
ad Justment to the almframe. It 18 convenlent to incorporate
a focusing target in the aimframe.

The almframe has validity only for the camera 1n which it wae
made. It does not depend on the accuracy of the camera's
reflex viewlng eystem, only the astabllity of the esystem.
Whenever there 1s doubt about the validity of the aimframe,
such as after a camera repalr or because of wear to the film,
the 0ld almframe can be registered 1n the printer gate, aimed
on, .and photographed to make a newly valid almframe.

For rotoscoping with primitive contrapiions, an aimframe may
be projected and drawn. This drawing 1e later used to ainm
the camera (whose aimframe 1t waa) when photographing the
rotoscoped drawings.



BAMEFRAME

FRAMELINESE

The 1:1 accuracy of optical printing with aimframe setups 18
limited by 1. the preclsion in the makling and then in the use
of the aimframe,
2. the precision in the film regletration mechaniems
of camera and gate,
3, only if the two mechanlems are different, the
precision in the film dimensione (perforation
and slittinog).

Btep contact printing, such as by bipacking in the optlcal printer
ecamera, 18 a convenlent method for making exact 1:1 reproductioms.
It muet give exposures which are axact 1:1, but there 18 then some
shrinksge 1ln processing. Optical printing with the aimframe method
compensates for processling shrinkage. ©&Shrinkage esrrors are too
small to matter with simple printers.

A strip of identical frames, ghot in the optlcal printer camers,
18 cut ip two and reglstered in both the printer gate {upright,
emuleion away from leme) and the camera gate (as it was shot).

The coincidence of details of limage and sameframe 18 viewsd throug
an opening in the rear of a speclal pressurs plate. A prismatlc
gate focuser may be substituted for the pressure plate, but only
the most positive reglastratlon syatems will be unaffected by this.
Only the moat solld optical printers will allow loading the camer:
without di=turblog the setup.

The sameframe method does not compensate for proceseling gehrinkage.

If the camera which made the original film had a frameline
much higher or lower than that of the printer camera, then
the vertical adjustment of the lens should deviate from the
almframe setup, to coopensate for this, Otherwige the print
will have a very thick, or even a double framelline.

Sometimes the sole reason for optleal prioting 18 to adjust
the height of the frameline of an origloal riﬁm shot with

& wayvard camers. Sometimes it is to simulate such film.
Then the printer camera must have its frameline adjusted.
For & Bolex thies 18 & simple claw exchange ( revartible).

To make a frameline adjusiment, 4f the reflex viewfinder is
wall-get, then even if 1t does not view the full frame, the
vartical adjustment can be made untll the upper framelins
jugt appears, then until the lower frameline Jusi appears,
and the two adjustments averaged.

If the reflex viewfinder ls untrustworthy, then a camera
gate focuser can be used. Or this method: reglster in Lhe
printer gate a bipack of the original with any file shot in
the prioter camers. Determine how much vertlcal ad justaent
geparates thelir framalines. Make that much ad justment to
the aimfrape setup.

The framelines of the original can alwaye be eliminated
from the print by setting the magnification glightly greater
than 1..



EMULSION POEITION A prioril, a film of an alphabet could be any of these

elght ways,
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I1la IIIb IVa IVb

Each sketch showa emulsion -facling out. For double
perf film there are only four ways. The a and b ways
become the same.

Camersa original is IIla.

A contact print from camera original 1s Ib.
A contact print from a contact print from camera
original 1s IIIa agaln. Ete.

All the othere are shams ~- elther optical printing
errore or elae films of alphabets somehow reversed.

Given a double perforated I, II, III, or IV 1t 18 eary
to make a double perforated optical print whioh 1ie
any of the four.

Single perforated films are a paln in the side. Glven,
for example, IIla, 1t 1s possible with a usual optical
printer to make either Ib, IIb, IIIa, or IVa, but none
of the other four. These could be made vla a double
perforated intermediate. With a priem or other 1mage
rotator, or a speclal reveraed gate, it is poselble

to convert any of the eight waye to any of the elght waye
Figuring out how to do these is a good exerclee for

the student.

The two non-ghaz emulasion positlione are sketched again,
thie time with emulslonas faclng 1in shown dotted.
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CAMERA ORIGINAL CONTACT PRINT FROM

CAMERA ORIGINAL

Hotice that when pletmres "read right" single perfs are
on the left, and "before” . is above.

Notice that camera original reads right with emulsion
facing away. Contact print of ocamera original reads
right with emulsion facing toward the viewer.



Except when optical printing i1s done in alliance with
contact printing, it 1ie usual to maintain emulsion
position through all optical printing etepa. Btarting
with camera original eaoh generation 1e again IlIa.
For this there 18 a simple rule.

To reproduce the emulsion position of the original,
insert it in the printer gate with emulsion away
from lens, heads up, runncing upward.

Optical printing "through the base"™ does not degrade
image quality.

The eptical printer can also imltate the contaot printer,
1f the original is lnserted in the printer gate with
emuleion toward the lens,

TIME The optical printer gives as absolute oontrol over the flow or fits
of time as the gods could have., But it's just a movie.

dctually, two limitations on optical printer’time manlpulation are
the grainy ground of film pictures and the mere 24 frames per second,
as showr by these two examples.

FANCY FREEZE

FANCY BLOW

DIFFUBKERS

A eingle frame of the original printed repeatedly ls a
freeze frame, Unfortunately the rumning graiu pattern
of the origlnal freezes with the pilcture. The plcture
has lost i1te ground. Thie can be avolded 1f there are
at least three frames without motion in the original, by
alternately printing among the three.

To slow motion to 3/4 speed (as is required when original

shot at 18fpe 18 to be made into a 24fps print) 1t is usual

to print every third frame twice. ABCDEFGHI... becomes
ABCCDEFFQGHII... « The micro-freezes, Jjuat two frames long,
coning every 1/6 second, are percelved through their rhythm.
This oan be avoided by randoaizing the frames to be doubled
while atill ohooelng one frame from each three of the original.

For poorly designed condenser systems a diffuaer will even
the 1llumination over the frame.

Other than for this, diffusers are located lmmediately
bekind the original film to alter image qualliy in several
ways:

1. reduce the appearance of scratches on the fllm base;

2. soften the appearance of graln, and without reducing
resolution per se, reduce sharpness;

3. reduce the apparent ocontrast of B&W originals,
approximating the tonality in contact printing.

Opal glass, a more extreme diffuser than groundglass, 1e

more offective in each of the three ways.

An opal glase oan reiuce exposure by 4 or even more stops.
An accidental or forgjotten opal glass can devastate an exposure!



Uv FILTER 4 Tilter which absorbs the ultraviolet, suoh as Wratten 2B
or 2E ilmproves sharpness with almost all lenses.

4180, printing ooler film onto color f1lm, or B&W £ilm onto
color film, there 1s color reproduction advantage to using
a UV filter,

Some color rawstooks have such flltration buillt in, some don't.

Even printing color film onto B&W film there is tonal advantage
to uaing a UV filter.

IR FILTER A fllter which absorbs (or reflects) the infrared keeps much
of the light energy which would heat the original but mot
contribute to the photography, off the origlnal. Thia filter
must be located between the lamp and the origlnal.

Frinting Kodachrome original onto color film, there 1s color
reproduction advantage to using a fllter which reflects the
far red (past 670nm) and near infrared. Printing other color
originals there 18 color reproduction disadvantage to using

a filter (such as many heat filteres) which remove the far red.

GREEN FILTER Printing B&W to B&W with a non-apochromatlic lens, a green
filter can improve sharpness.

FILTER LOCATION The ppectral effect of a filter on the photography is
the same wherever it 1s looated between the lamp and
the rawatock. The optlcal effeot of a filter can't be
good, #0 1t ought to be located on the illumination side
of the original rather than on the lmage-formation side.
(There, flaws in filters are harmleas. 4 color fllter
may even be perforated to reduce its effective saturation.)

IEXPOSURE In optical printing as in orlginal photography, the exposure is
ad justable, and a necessary conelderation. But there is a
difference. The natural scens may exhibit an lmmenes brighiness
range, from the brightest light sources (and secondary sources --
reflections) to the darkest light sinks. The film orlginal
i1s limited 1n brightness range, between the clear of the base
and the maximum density of the syulsion. This could be an
11 astop range for some color reversal fllme, but only about

6 atops for a negative original.
The exposure problem in original photography 1s to declde what
portion of the immense brightness range t0 capture on the film.
The exposure problem in optical printing 1s to decide how to
capture on the print file the whole of the original 1image Trange.

EXPOBURE ADJUSTERS3 SHUTTER SPEED 4 variable speed motor or gearing can
give a few ntops of adjustment. Brevity 1s 1imited by
inertia. A single-frame mechaniem cannot be expected to
complete a cycle 1n less than about .?! second. 8low
running ie unlimited, but emulsions mlarespond to very

~ long exposures, losing speed and galning contrast.
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¥With the variable shutter the shutter speed (the time
the 1ight strikes a poirt in the frame) may be adjusted
although the printer camera runs at just one speed.
Exposure can be adjusted over eeveral stops with the
variable shutter. Brevity 18 limited by the shutter
mechanice which muet give equal even exposures at the
smalleat shutter angles.

To cut exposure by 1 stop using the varlable ehutter,
halve the shutter angle. To cut another etop, halve
it agaln.

Uaing the variable shutter for exposure ad justment makes
1ts uee for fades or dissolves inconvenient.

LENS APERTURE Thie is a 81lly way to adjust exposure.
Changing lens aperture changes plcture sharpness.
Except for fine expoeure atjustments (t% satop) the
lens is best left at its sharpest opening.

(For exposure testing and other dirty work, lens
aperture 1g a handy exposure ad juster.)

LAMP VOLTAGE This 1e the classical way to adjust
exposure for B&W pripnting. But 1t 1introduces color
changee. Also, modern halogen lamps lose life at
prolonged low voltages. Voltage ad)ustment 18 a
practical means for fine exposure ad justment.

Dropping the voltage 10f reduces the light about $
stop while changlng the color about CCO5Y+CCO2M.

POLARIZERS Two polarizere, one rotatable, is a cute
way to adjust exposure. But sheet polarizere get

hot and have short lives in the optical printer.

Only very expensive ones can maintalp color neutrallty
over a 10 stop adjustment range, and 1t is sad to

fry then.

ND FILTERS These grey filtere are the preferred
way to adjust exposure.

.30 of Neutral Density equale one etop.
Neutral Denelty values add as filters are stacked.
Thus an ND.10 filter + an ND.20 filter + an ND.30

filter works like an ND.60 filter, and this cuts
the light 2 stops. EKtc.

.10 of Neutral Denesity equals 1/3 stop.

A clear glass or film may be ueed ae an ND.035 filter
for finer exposure adjustmente,

ﬁbng. graded ND filters allow continuous exposure
ad justment.



ND filters of higher value become hotter and have
ehorter lives. In a pack of ND filtere, lower values
should go toward the lamp. Past .60 it makes 1ittle
difference.

Wratten #96 gelatin ND filters are expenelve because
of thelr optical quality, unnecessary Wwhere they are
located in the optlcil printer.

Lee theatrical filters #209, #210, and #2711 are good
for ND.30, ND.60, and ND.90 and cost 1/100 as much as
Wrattens.

There are glass ND's, both absorptive and reflective,
of great permanence. Also, developed B&W fllme, flne
halftone Bcreens, etc. can be used as ND filters.

SPECIFYING EXPOSURE The many variables of exposure include:

. the type of original film and 1ts plctorial qualitie
the type of print file (and if a lab stock 1ts
batch number)
magnification
lens aperture
diffuser (if any)
lamp voltage
. shutter angle
8. non-RD filtration
ag well ae 9. ND fllters

~I v B o -
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FILM SPEED ABA and related values are speclalized to original plcture
taking and are not gqulte appropriate to optical primter
apprlications. The values are informative for comparison
of similar stocks. For many printing filme ASA and related
valueg are undeflnable.

The optical pripter willl have exposure standardes unto itself,
determined by testing., Once it 1s known how to beat expose
a certain original onto a certain print film, good estimates
can be made for similar originals or similar print films.

RIGHT EXPOSURE Working in reversal there 1s a temptation to want the
optical print to match the original. Reslst this
temptationt! You want the optical print that produces

the best release print.

(Even if the optical print must be intercut with the
original, 8o that the two must produce matching releacge
print, it doeen't follow that the two muet match, and

they shouldn't.)

Starting from reversal cAmera priginal the beal reveraal
optical print ie typicslly a little (about ND.20) darker
than the original. This avolds ithe print film'sa toe,
The best revereal optical print of this will mateh 1t.

And B0 on.
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Starting from negative camers origlinal the best interpositiv
print has some density in the highlighte. The best

Internegative is a little darker than the original negative.
A further interpoeitive would best match the firet one, ete.

Gammas multiply. For example, a gamma 1,5 original printed
onto gamma 2 stock resemblea a gamma 3 original,

In many-generation pietorial optlcal printing a chain of
gamma 1 stepe results in unchanging plecture contrast.

7333 and CRI are gamma ! color reversal Btocks. 7243 4195 g
E4mmA 1 color negative stock. PXR and 7361 are gamma 1 BaW
reverasl stocke., 7235 lg a gamma t BLW negative stock.

For B&W negative there 1s the option of alternating gammas
above and below 1 -- 7366 with gamma 1.4 and 7234 with gammg
-7 == and multiply out to 1.

There are no avallable reversal stocks with gamma less than 1,

For color reversal ECO, until its dleappearance in 1985, was a
favorite gammsa ! camera stock and ECO--ECC--ECO--ate. was the
claseical printing scheme. ECU=-=-T399--7399-~08tc. was a similar,
poselbly better escheme. For each, only the relesse print would
be on higher gamma stock. No proegent color reversal scheme has
that advantage. Higher gamma origlioal VEF--7359-=7390--ste.,

18 a printing acheme. For this, the relsass print too will be
on 7399. Original Kodachrome follows the VNF mchams.

7399 stock misbehaves with exposure times longer than about
.1 Becond.

For B&W reversal PXR--PXR--PXR--o8te. 18 the claeslcal printing
8cheme. PXR--7361--7361--atc. 18 a similar, slightly better
scheme. For each, unless an cpal diffuser 1s used the effective
gamma 1s much greater than t,

For color negative ECN==T243<-7243-~0tc. 18 the classlcal
printiog scheme. The alternating positive and negative pletures
8llow different manipulations. Cptleal printing from pleture
nagative requires unusual cleanliness, to avold white apecks

in the final image. A good mtrategy 18 to make the odd printiog
Bteps gquick and simple, perhaps even contact printed.

The shortcut acheme for color negative ECN--CRI--CRI--etc.
compriees only pilcture negatives.

For B&W negative there iz a shortcut scheme BWN--T7361--7361--0etc

Tonal degradation eometimes confused with contrast increase
may be due to mlsexposure, or to lwpossible exposure {(as when
the print film lacke the exposure range to handle the denaity
range of the original). Then plcture falls on toe or shoulder
and is tonally compressed.
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Through generations grainlness pemi-adds. The grain of the
original is in part added to the graln of the print stock.
The print may thue look less grailny than the original, or
more gralny, or Juet differently grainy.

Through generations sharpness diminishes. The unsharpness of
the original Joins the unsharpneas of the lems and the unsharp-
ness of the print stock, in the print. Sharpnesa may be
boosted, however, by boosting contrast.

Optlical printing with the best lenses onto relatively thick
emulelion print films may be sharper than contact printing.
Generally optical printing 1en't as sharp.

Plcture degradatlion from generation to generation could be
avolded by making the plctures very large, or by digitalizing
them. But in thie medium the original, intermediate, and
Tinal plctures are all of the same elze, made in similar ways,
of elmilar materiale. Besides the practical economy, there

le conceptual economy in thls. Intuitlions transfer easily
from one formally simllar plcture phaee to another. Thue
making the generatlons the same makes them different. This
is the paradox, or the folly, of optical printing.

BELLOWS FORMULA Exposure may change with magnification. 4 "bellows

FADES

foraula" works for woet printer lenses and =most 1lluminatio:
eystema. It prescribes...

magnification coapeneation

M=.13 add KD.S50

M=.18 add ND.46

M=.2§ add ND. a1

M=, 35 add ND.34

M=.50 add ND.25

M=.T1 add HND.14

=1 normal

p M:;.# remove ND.16

er ! M= remove ND,35
Bl vp Sperf- N=2.8 remove ND.56
M=4 remove ND.SO
M=5.7 remove ND1,.04

M=8 remove ND1.3t

Plcturees like things fade in many ways. Brightness fades are
gradual exposure changes leading to black, or, starting from black
leading to normal exposure.

her
To fade out with a positive original, exposure is decreased, eit

by adding ND filters to the normal pack or by olosing the shutter,
_SOR® ROIre each frame. When the XD added ia somewhat darker than
the black of the original, this counts as exposure cutoff.
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To fade out with a negative original, with the same effect,
exposure is lncreased, by subtracting ND fillters from the normal
pack, some more each frame. When the ND subtraoted 1s somewhat
darker than the black of the original, this counts as exposure
cutoff., Thie fade 1s i1mposaible without an abundant reserve of
printer illumingtion. The normal pack must ocontaln enough ND for
the removal. 4n alternative 1s discussed below after dimsclves.

A fadein 1o the eimple reverse of a fadeocut.

LOG FADE The traditional fade 12 made from a positive and ia logarithmio.
With ND fllters & log fadeout 18 made by adding each new frame
a certaln amocunt wore ND. With revereal orlginal, 3.00 added
about completes the fadeout. For exampls, a 30 frame log
fadeout is made by adding .10 of ND each frame.

For every ND value there 1s an equivalent shutter angle. Chart
C below shows the equivalences and ia adaptable to any shutter.
A variable shutter could be callibrated in both degrees and
ND's. But toward the bottom of Chart C the angular settlngse
are too cloee for ordinary varlable shutters. Long smooth

log fades from reversal original are difficult with varlable
ehutters. However, from interpositive original a fade is
finished at about ND1.60, avolding the diffisulty.

BOLEX VARIABLE SHUTTER Although it is marked in stops, 1t 1e gonflgured
for angular callibration. Open 1s 130%. Just
closed ie 0°, Midway is 65°, Percentage of
full can be substituted for degreeg. Fine
callibration should nmot be attempted for there
is play in the mechanlenm.

LINKAR FADE The linear fadeout, compared with the log fadeout of the
same length, starts slower and finishes faster.

With a varlable shutter a linear fadeout from a posltive
original 1s made by subtracting each new frame a certaln
angle. For simpllicelty, take a &1near fadeout to be complete
at 0., For exgmple, with a 180° shutter a 30 frame linear
fade changes 6° each frame.

ND filtere can be used to make a linear fade, The fade
is planned as if for a varlable shutter and then ND
equivalents are found in Chart C.

OTHER FADES Any gradual transition between full exposure and black
is an exposure fade. The "look", and perhaps the "meaning",
of a fade depends on how the expoeure changes with the frames.

FADES IN ORIGINAL A fade made from a scene looks distinctly different
from one made from a film image of the scene 1f the
scene contains bright highlights. Made from the scene,
the highlights shine on when the remainder of the scene
~ 1s practically black. Made from the film, the highllighte
follow the other light parts of the plcture.



sani C NEUTRAL DENSITY AND EQUIVALENT SKUTTER ANGLE

— _——

PERCENT DEGREES DEGREES
NEUTRAL OF FULL FOR 170° FOR )
DENSITY SHUTTER SHUTTER SHUTTER

0.00 100% 1709

.05 89.1% 1520 S
.10 79.4% 1359 _
.15 70.8% 120°

.20 63.1% 1079 -
.25 56.2% 96°

.30 50.1¢% 850

.35 44.7% 760 =
. 40 39.8% 689 e
45 35,5% 60° el
.50 31,64 540

.55 28. 2% 489

.60 25, 1% 43°

.65 22.4% 389

.70 20.0% 340 s
.75 17.8% 300 T
.80 15, 8% 27°

.85 14,14 249

.90 12.6% 21,49

.55 11.2% 19,19

1.00 10.0% 17.09 —
1.05 g.91% 15,20

1.10 T.94% 13,59

1.15 7.08% 12.0°

1.20 6.31% 10.7°

1.25 5.62% 9.6° ZE——=
1.30 5.01% 8.59
1.35 hob7% 7-63 ZE
1.40 3.98% 6.8

1.45 3,559 6.0°

1.50 5.16% 5.49

1.55 2.82% 4,89 -
1.60 2.51% 4,30

1.65 2.24% 3.89

1.70 2.00% 3.40

1.75 1.784% 3.0 .
1.80 1.58% 2.7° e
1.85 1.41% 2.4°

1.90 1.26% 2.14° ~
1.95 1.12% 1.918 —
2.00 1.00% 1.70 e
2.05 -891% 1.529 -
2.10 .794% 1.359

2.15 708% 1.20° -
2,20 6314 1.07° S
2.25 .562% 96 -
2.30 .501% .859 ===
2.35  B4TE 76 _
2. 40 3985 .68° E—
2.45 - 355% 60° ——=——
2. 316% 549 ———x
2. 282t .48 T

O R PO MO
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“*Refer to this chart vhen clanning linear fades and {issolvaeg+s

Squivalent Shutter Open ings

o]

#N.D. % of Full Shutter 180 130 e
.00 100 140 130 75
.05 89.1 1R0 115 209
.10 79.4 143 113 18¢
.15 70.8 127 92 147

~ .20 83.1 114 A2 148
.25 SR, 2 101 73 132

-.30 (1 stop} 50.1 90 65 117

—.35 44,7 80 58 115

-.40° " 39,8 72 52 94

~.45 3s.5 A4 4 93

~ 20 - 2L.6 57 4] 74

-.55 28,2 51 37 L

~ .60 (2 stops) 25.1 as 33 5a

- A5 22,4 a0 29 53

~.70 - 20 364 26 47

~.75 17.8 32 23 a2

~. 80~ 15.8 29 20 37

~.,85 14.1 25 18 33

™~ ,90 (3 stops) 12.58 23 iR 30

~.95 11.2 20,2 15 24

~1.00 10 18 13 24
1.05 8,91 16 12 21
N1.10 7.94 14,2 1n 19
™~N1,15 7.08 12.7 3 17
™~1,20. (4 stops) A.31 11.4 3 15
1,25 5.62 10.1 - 13
~1.30 5.01 9 7 12
1.35 4,47 8 7 11
~~1.40 3.98 7.2 g 9
1,45 ~ 3.55% 6.4 5 !
1.50 (5 stops) 3.15 5.7 a 7

-
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IMAGE SUPERPOSITION In an overall combinatlon of two images, the two
can infuee each other as lightnese or as darkness,
or they can be slapped ontc each other. There are
three baeslc types of lmage superposltion, named
according to how they are made.

Pictures A & B combined by...

(1) Double exposure from positives. The print film
Pl xpesune, Cron poglie

expoeed twice, once from A's positlve, once
from B'e positive.

(2) Double oxsoeure from negatives. The print film
Ts expose wice, once Irom A & negatlve, once
from B's negative.

(3) Bipack. Two films, either A's and B's poeitives,
or elée A's and B's negatives, are inserted
together in the printer gate. The print fillm
1s expoeed once, from this palr,

The print film 1s unspecified. It 1s 1n the filnal
positive print that the three types of combination
are compared, and they look very different. For
B&W the differences can be described by how tones
combine.

wWith (1), lightness dominates. Where one tone
combinea with another tone the result is nearly
the lighter of the two tones.

With (2), darkness dominates. The result 1& nearly
the darker of the two tones.

“::::? With (3), there 15 contrastificatlon which complioates
the tone combination. If a bipack is examined rav

{(unprinted) wherever both images are clear the bipaek
1g clear. Wherever elther image 1s black the bipack
18 at least that black. Wherever both images are
black the bipack is doubly black. The blpack, whioh
appears dark, bhas a tonal range doubling that of the
single images. The bipack 1s unprintable 1n toto.

To abstract a ploture from the unprintable bipack
printing exposure 1s typlcally inocreased 1-4 stops.
With 4 stops increase, wWhere clear and black eoincide
prints as a dark grey wauld—not a clear domination

of either lightness or darkness. With 2 stops lncrease
there 1@ darkness domination.

GAMMA 3 BIPACK If the bipack is printed onto gamma ¢ material, to reduce
the contrast t0 mormal, it is a true tonal blender,
without dominance, of the two images. As the graphs below
show, the gamma ¢ bipack i1a the mean between the type (1)

~ and type (2) double exposures.

INCIDENTALLY i t.n:;o (3) of a type (1) and a type (2) 1s just a type (3)
again.
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Four 1dealized graphs s=ummarize the three basic types of
superpoeition and the gamma ¢ bipack.

Example: 4 has density .75 and B has density 1.75 in one
place. From the first graph, the double exposure
from positives has denalty about 1.0 in that placs.

BiPACK. (Lo compEni)

15 Pov

i 4 1.1 20 I.IF

For a double exposure it doeesn't matter which exposure ls
first, or what time separatee the two. In some multi-head
optical printers, using a beam~-splitter, the twoc exposures
are sigultaneous. ZKither way, the two films can be
independently adjusted for exposure, filtered, etec.

For a bipack 1t doesn't matter which film 1s 1n front. Also
the two may be optically instead of mechanlcally bipacked.

In some multi-head optlcal printers the flims are in separate
-gatea, ones projection becoming the other's 1llumination. IR
a simple printer one fllm may be in the gate and the other 1m
the camera, in front of the print film. Any way, the two
f£11ms share one exposure adjustment and flltratlon.
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When rilwe will be physically blpacked they should firet
be wiped with a lubricating fllm cleaner. This 1e good
practice for all optical printing when delicate originals
recelve heavy handling.

EXPOSURE COMPENSATION For superpoeitions from random plctorial originals:

For double exposures, the typical exposure adjustment
1a one stop of decrease from normal, durlng each
exposure.

With this adjustment a double exposure of
plcture A with plecture A 1p the Bame as a
single normal exposure of A.

For blpacks there ie mo recipe. Exposure adjustment
1s extremely dependent on which tones colncide with
which. The adjustment 1s an increase from normal.
In ignorance of the orlginals (why?) and ignorance
of the intentions (why?) guess 2% stops increase.

Ro exposure adjustment can make a bipack of
plcture A with picture A the Bame as pleture

A printed the same. But a gamma # bipack of
plcture A with plcture A 1s the same as Picture .

SPECIAL ORIGINALS For superpoeltione not from random plctorial originals
tonee might mot combine at all. One image might fall
on the other'se black, or clear, and expoeure compensatlon
18 different, perhaps unnecessary.

With speclal, rigged, originale superposition is not
image combination 1n the earllier sense but image
apportionment -- implantings and supplartings.

The rulee of tone combination etill apply, but trivially,
and a elmpler logic prevalles.

Double expcsing from positivee, where one lmage is

_____22?; black the other image appears, unaffected by the double
exposure, Where one image 1s very light 1t appears,
hardly affected by the double exposure.

Double expoaing from negatives, where one image (the
picture, not the film) is clear the other lmage appears,
unaffected by the double exposure.

Bipacking, where one image 1s any even tone, the other
image appears, unaffected except for brightness. The
clear parts of one film are windowas for the other film.
But it is possible, with snough extra exposure, to

force one image through the blackened window of the other

The most extreme caseg of rigged originals involve high
contraat masks, disoussed below.

TEXTURING In-a bipack, an image .of a plaln vwhite surface, showlng Jjust
; E? its texture, imparts thls texture to the other lmage.
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MULT1-EXPOBURE Triple, quadruple, etc. multiple exposures are made

MULTI-PACK

similarly to double exposures. If there would be §
exposuree from the same or nearly the same original,

then each should receive 1/5 normal exposure. From

Chart C, 1/5 of full shutter equals ND.70 compensation.

?oro likely the originala are special, and the compeneation
ess,

Tripacks, quadripacks, etc. are unmanageable in selmple optical
printere. For such effects intermediate prints muet be made.

For example, to quadripack 4,B,0,D make printed bipacks of

A with B and C with D and bipack these two printe. The order

of the originals doesn't matter.

NATURAL SUPERPOSITION Of the three types only (1), the double exposure

FLASHING

from positives, corresponds to possible camera origina:
An original double exposure made from two real scenes
1a practically the same as a printer double exposure
made from poseitive images of the acenes.

Type (2), the double exposure from negativea, 12
an artifact of the "log linear" response of negative
films.

Type (3), the bipack, 1s an artifact of the
transparency of fllm images, at lesast one of tham.

Type (1) 18 nature's super. Preasing one eyeball
produces such superpositions.

Double expoeing an image with no image -~ mere light -- lightens
{({or with colored light and color print film, colors) the blacks
and darker tones while having little effect on middle tones

and even leeses on lights. It 1s not a true method of contrast
reduction.

Sepla toning can be esimulated by both color flashing and color
f1ltering when printing B&W original onto color reversal print filr

A healthy yellow, magenta, or cyan flash when printing onto color
reversal film yields, respectively, the yellow, magenta, or cyan
image, a® if thie dye layer were prised from the original film.

There is no photographlc method for unflashing a flashed image.
There 18 image addition (doudble exposure) and image multipliocation
(bipack) and even image division (bilpack of positive with
negative), but no image subtraction.

CORTRAST ADJUSTMENT Gammas add or subtraoct in a blpack, so blpacking

can adjust contrast. A bipack (printed gamma 1 or
viewed raw) of an original with its duplicate 1is
like a double contrast original. A bipack of an
original with its low contrast negative is like

a darkened reduced contirast original.

‘The bipack of an original with 1te high contrast
negative 1s like a Sabattier solarization!
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COLOR IMAGE 3UPERFPFOSITION There are the same three baslc types.

Double exposure from positives gives additive
ocolor mixture.

Blpacking glves 20-called subtractive color
mixture. When blpacking color negatives the
extra orange mask should be neutrslized by
filtering.

Doubls exposure from negatives glvees something
elaa,

For greys in the two lmages, combination 1s
as for BAW. But for colors, not only are new
colors producsd but apparent brightnesses do
not combine quite the same ae for B&W.

The dyea in Wratten CC filltera Y,N,C are

gimilar to those in ecclor filma. Film colora

can be simulated by packs of these fllters and
mauch can be learned about film color manipulation
from familiarity with the fllteras and thelr
combinations,

Example 1: Image 4 is orange (CC200Y+CC100M)
Image B is blue (CCYOOM+CC200C)

Double exposure from poailtives glves a raspberry
color (CCTOM+ND.30)

Double exposure from negatives glvee a falrly dark
greylsh green (CC70Y+CCTOC+ND1.00)

Bipack, with 3 stop exposure compensation, gives a
middle grey (ND1.10)

Exanple 2: Image A is maximum red (CC250Y+CC250M)
Image B 18 maximum green (CC250Y+CC250C)

Double exposure from positivea gives yellow (CC220Y+ND.3
Double expcosure from negatives givee black (CC30Y+ND2.2C
Bipack, with 3 astop exposure oompeneatlon, glven

brown {(CC30Y+NDt.60)}

Exanple 3: Image A is a flesh (CC30Y+CC20M+CC10C)
Image B 12 sky (CC60M+CC80C)

Double exposure from poesitives gives scc1er+ccasu+ccaec
Double exposure from negatives gives CC18Y+CC45M+CC58C
Bipack, with 1 stop exposure compeneation, glves

( CCSOM+CC60C)

WEIGHTED DOUBLE EXPOSURES In double and other multiple exposures there 1
- no need to have the several exposures equal. To
plan welghted multl-exposures, work in shutter
angles allotted to each original. Typlcally the
total will bs full shutter. Bhutter angles can
be converted to ND's using Chart C.



DISBOLVES A diseolve begins with one plcture, Then a second plcture
gradually appears, all over the frame, shares the frame with
the first plecture, and gradually replaces 1t.

The traditional dissolve 18 a simultaneous (double exposed)
linear fadecout of the first lmage and linear fadein of the
seoocnd, made from poeitive images.

A simultanecus log fadeout and log fadein makes quite a lumpy
dissolve (becoming dark midway, from poeltive images).

Regular dissolves are planned as 1f for variable shutteres. At
each frame the ahutter angles for the itwo exposures must sum
to the full shutter angle. ND equivalents can be found in
Chart C and ND filters can be uped to make the dlassolve.

It 18 not neceasary for the fadeout and the fadein to be the
same or even of the same type. Any choesen fadeout has a
complementary fadein (found by eubtractions from full shutter
angle), and vice verasa.

A digeolve from negative originals 1a made by pretending they
are positives and following the method for posltives. No
dimsasolve made from negative originale will look the same as

a dissolve made from the corresponding positive originals.

EFFECTS DIS3OLVES Dissolves are great smoothers, not only between scenes
but between "effects".

For example, a dissolve between a plcture 1lluminated
through one color filter and the same (synchronlzed)
plcture 1lluminated through another color filter makes
a slur of coloratlions -- a straight 1llne course through
color gpace -- betwesen the two.

A dissolve between a plicture positive and the same
(synchronized) picture negative forma a plctorial
bridge from positive to negative. The bridge 18 of
strange stuff. The all-grey plcture 1s not on the way.

The mentioned strange stuff 1s remlniascent of Sabattler
solarization again. The double exposure of a plcture
with 1ts negative, preferably onto contrasty fillm,
glves a reversing tonality: Dark things beccme lighter
than middle tone thinga, which remain darker than light

things.

FADES FROM NEGATIVE If a dlssolve 18 made between a negatlve orlginal
and a clear {or orangs) film the result resembles
a fadeout. For the fadeout to resemble a log fadecut
a special dissolve is required. The clear film 1a
faded in approximately logarithmically, and the
negative 1a faded out complementarily.
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COLOR EXPOSURE The earlier diecussione of exposure apply as well to

TESTING

color printing except that nmow color and brightness are
adjustable. The adjustments are made primarily with
cC filters and ND fliters.

A CCY-- filter worke roughly 1ike an ND.-- fliter on
just the blue part of the spectrum, while not affecting
the rest of the epectrum. 8imllarly a CCM filter cute
the green and a CCC filter cute the red. ND rfllters
could be eliminated by CC fllters. For example, ND.30
18 roughly CC30Y+CC30M+CC30C. This elimination 1le
geldom practical and ellgbtly inferior spectrally.

Color adjustments are pade secondarily with UV filters,
IR filters, and band rejection filters.

A8 with B&W, correction of misexposed originals should
be done in earlier rather than later printing stepa.

For a general color exposure determination, the test original
should be a well-exposed film of the relevant kind, preferably
with large areas of pear-neutral mid-tones.

Jointly varylog CC and ND filtratlon, a long series of testi
sxposures is made. The developed print 1e compared with the
original. Simple resemblance 10O the original 1is less desirable
than preservation of cruclal guillties of the original. The
decielon of "right exposurs” 18 mot easy.

It is tempting to shorten the test by varying CC and ND separately.
AnD KD wvalue im fixed and the cc'm varled. A CC value 1a fixed and
the ND's varisd. This makes decislons the more dlfficult,

regqul ring best-color judgementes on off-brightnees plictures and
best-brightness Judgemsnis on off-color pictures. This leads

to simplietic criteria for declislion.

Example of a Joint color and brightness teat:
Each line in the chart repressnts CC filtratiom to be
added to an initlal guess of the right cC's.
At each line make a seriés of ND variations surroundlnog
an initlal gueess of the right §D. FPerhbaps the guess -.50,
--m. --3':]. --ED. —-10, the Eu'l! 1‘.‘1:. +r!ﬂ| "'lE'Dr and ++}|:
The meries 15 lopaided because the CC filtrations are all
added to the CC guess.
The 37 CC variations X the 9 ND variations = a 333 frame

test.

Y M c
o 0 0
0 0 10
0 0 20

3 o 0 30
0 10 0O
0 10 10
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A jJoint ceolor and bhrightnesa test 1eg a net spread over the
loglcal reglon around an initlal guese, to catch the right
exposure,

The 37 line test in the example 1s a rather fine 10-20-30 net
usgable when there is falr confidence in the 1nitial guess.

When there 1s better confidence in the gueas the teat could
be abridged to a 19 line 10-20 net (by omitting the lines with
30's) and the ND variations also reduced.

Very fine adjusatments to color exposure, requirlng tests with
increments finer than CC10 and ND.10, are only Jjustified when
two color exposures must match in two parts of one frame, or
in rapidly succeeding frames. 4s absolute adjustmente, CCO5
and CC025 are too likely to be defeated by the procesaing lab.

¥Yhen there 13 little eonfidence in the gueses the 10-20-30 net
could be modified te a eesarser 20-40-60 net (by doubling sll
values, including the ND varlations). This 1s #till a 37 line
test. 4 10-20=30-40-50-60 net would require s palnfully long
ehart (253 lines!). A time and money and time problem arises:
whether to do the huge test and determine the right exposure nov,
or to do a coarse test and aluwoast deteruine the right expoasure
and perhaps have to do a flner retest.

Other test series can be designed with specifio goals. Also
the variations can be incorporated into the guess, rather
than "added on, for laproved accuracy.

-
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Any oombination of CCY, CCM, CCC, and also CCB
CCR can be reduced to a nea;ly oauivalont conbiniigan
of Just two of the firat 3 kinds and some ND.

Method: 1, change CCB to CCM+CCC
change CCOG to CCY+CCC
change CCR to CCY+CCM

2. add together all CCY
add together all CCM
add together all CCC

3. whichever of the three kinds has the smmallest
total 1in step 2 1» elimlnated. 4Ap equal
amount of ND ia added. 4n equal amount 1is
s:btr;cted from the remalining two kinds in
step 2.

4, count the number of CC flltere in the 1nitial
and final packe. If the number has increased
eubtract ND.O&4 times the increass. If the
number has decreassed add ND.04 times the
decrease,

Exapple: Reduce the pack CC20Y+CCI10C+CC4OR

1. pack becomes CC20Y+CCI0C+CC40Y+CC4OM
pack becomes CCA60Y+CC4OM+CC10C
pack becomes CC50Y+CC30M+ND.10

NN Y

. pack becomes CCS0Y+CCIOM+ND.14

HIGH CONTRAST PRINTS The techniquee for printing onto high contrast

(masking) stocks are little different from those
for printing onto low contrast (pictorial) stocks.

The high contraest stock itself is the tone-difference-

exaggerator.

One grey tone in the original may print unchanged
in the high contraet negative (hiocn).

Tonee & little darker thanm that one in the original
become much lighter in the hicon.

Tones much darker than the one in the original become

¢clear in the hicon.
Tonea a little lighter than the one in the original

become much darker in the hicon.

Tones much lighter than the one in the original become

black in the hicon.
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Thlie makes expoeing & hleon priot from a continucus tonse
original fairly critical. T362 stock can be developed to
about gamma 4. Then with 1¢ etops extra exposure, regione
of the original which previously printed clear onto 7362
eould print dark grey, and regilons which previously printed
dark grey onto 7362 will now print black.

All but about a three atop range of tones in the orlglnal
print clear or black in the 7362 hicon. Adjusting the
exposure adjusts where this blunt "cut” occurs in the
original.

Exposure ls somewhat dependent on proceeaing time,
temperature, and agitatlion. It 1e strongly dependent
on UV flltration.

An exposure teet 18 made by printing the orlginal onte
the hicon stock at a long series of closely epaced
exposures. The original and print-wedge are kept for
reference,

CONTRAST BUILDING STEPS A hicon print of a hicon print is apn exaggeratlon

HICON SPECELE

of an exaggeration of tone differences..

A1l but a three stop range of tones in the Tirst
hicon print clear or black io the second hicon.
But this three stop range resulted from a 3/4 stop
range in the original. That 1s, all but a tiny
part of the plcture should nmow be eliher glear

or black.

If the firet hicon had gamma 4, the second hilcon
had effective gamma 16, the third had effective
gamma 64, and 80 on.

After 3, &4, or 5 hicon generations a high contrast
mask lg derived from the continuoue tone origilnal.
It 18, practlically, all clear and black.

No area of middle tone survives generation after gemeration
on 7362. Its graininese makes 1t not a eingle tonme, 8o
this tone pattern 1s made starker and coarser by each
contrast bullding step, becoming a black and clear speckle.

To avold speckle, exposure must be adjusted at an early
step, before there 1s black and clear inm the pattern, to
force the whole area to clear or to black.

To promote speckle, exposure 1s ad juated to hold the area
in the greys through several eteps.
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TONE ISOLATION The parts of an original which share a Blngle tone can
be 1sclated by a hicon mask derived from the original
ap followe (all printing eteps belngz exact 1:1):

1. make & negative hicon from the original with

2.

eéxposure adJusted to make the choeen tone go
light, while tones somewhat lighter than it

go dark:

blpack the original with the result of 1, printing
onto hicon negative;

5., additional contrast bullding asteps as necessary.

LOGIC OF MASKE COMBINATION Hicon masks belng all clear and black obey

IMAGE SFREAD AND BLOOM

saimplified rulee of superposlition. With
appropriate exposure, printing onto hicon
negative, the rules are:

1. In double expoeure, where there 1s black
in both originals becomes clear. The rest
beccmes black.

2. In blpack, where there 18 clear 1n both
originals becomesa black. The rest becomes
clear.

For masks, double expoaure and blpack are
intimately related by these two Boolean Rules,

which refer to the whole of the mask (all printinp

etepe belng exact 1:1):

1. The uwegative of the negative of A 185 the
seame &8 A.

2. The raw (unprinted) bilpack of the negative
of A with the negative of B 18 the same as
the negatlve double expoeure of 4 and B.

These two rules enable blpacks to be eliminated
for double expoeures, and vice versa. Large
multi-packe, which are impractical, are
eliminated for large multl-exposures, which
are practlical.

Exposing a hicon print from an already hicon
"original® seems non-critiecal. Black becomes
clear and clear becomes black over several stops
of expoeure change. Howaver, most of these
exposures are overexposuree which swell and spread
the areas of black image. With the firat 2 or 3
etops of overexposure the apread 1s microscoplc.
Beyond thle the edges of areas give out and
positively bloom.

Bloom ie pretty. It is the result of both lena
diffraction and filp halation. It hints that
lurking under every sharp exposure, many stops
down, is a secondary pattern of exposure spreading
over the whole frame.



MASE AND COUNTERMASKE A

28

Bloom makes it impoesible toc separate darker tones
of a continuous tone original with a hicon print
by brute force of exposure adjustment,

Image apread 1e& the result of edge uneharpness

of both lens and fllm. It makee the high contrast
photography of tiny detalls, like fine print,
difficult.

Reversal proceessed hicon can show lmage shrink
a8 well as image spread, and at exactly the right
exposure, nelther.

Usually overexposing the hicon is unneceseary.
Not guite black blacks indicates a safe exposure,
and all that ie needed if there will be a later
hicon generatlon.

high contraat negative print made at exact 1:1

from a high contrast mask 1s 1ts "countermask”.

Exact 1:1 reproduction (diescussed above in AIMFRAME)
18 the first requirement for good fitting of the palr,

Having achleved exact 1:1 reproduction, perfectionlsts
will notice that image spread causes a alight wisfit
of maek and countermask, the black regions slightly
overlapping. Three ways around thls are:

1.

to uee the sharpest lens and film (viz. 7369},
or better yet, to contact print with this fillm;

2., to make the countermask with spread as usual
while alao remaking the mask, by printing it
firet with excesailve (double) spread and then
printing that with usual spread;

3. to use reversal processed hicon as dlscusaed
below.

Changing the magnificatlon cannot correct spreadling.

REVERSAL/NEGATIVE FITTING

A beautiful trick allows well-fitted mask palrs
without exact 1:1 setup. They are made by
expoeing two lengthe of 7362 from the same hicon

original using the 1dentical (undisturbed) setup.
One length ie proceseed negative and the other 1ia
processed reversal. They are the maek and
countermask. The original may be diecarded.

For perfection, exposures are ad justed so the
glight spreading of black in the negative print
1s squal to the slight apreading of clear ln the
reveraal print.

This mask and countermask might fit each cther
exactly, but if the setup wasn't exact 1:1 they
will mot fit their common Bource exactly, which
@&y Oor may not satter, Alac the perfection of
£it is with respect to the camera's reglasiration
eystem., If the printer gate has a different
systes, then that perfectlon will soco ba lomt.
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Thias problem arose above in AIMFRAME. Simply,
an optical printer with unmatched camera and
gate reglstration mechanisms, hovwever excellent
they may be, is doomed to registration defects

in most sffects.

1f mask and countermask are soft-edged instead of hard-edged
then they blend inatead of fit, and thie 1s highly tolerant
of registration defecte and 1ipexact 1:1

Making a palr with sultable softnesses is not easy, however.
One cannot be & hicon print cof the other., Even a gamnme 1
negative of a soft-edged mask will not have blendable softnese
A method involves making gamma 1 posltlves from a hard-edged
maek palr, printed out of focus., If gamma 1 reversal (7361)
doee not have sufficlent black, negatlive-positive (7234-7366)

does,

Instead of actually making soft-edged masks, the hard-edged
maesks, defocused, can functlion as soft-edged. BSince the
usual uee of mask palrs 18 1ln bipacke with picturee (which
shouldn’'t be defocused) this maneuver requires elther a
printer camera which takes a blpack or an "aerlal image"
type multl-head ¢optical printer. 1In each of these the
"bipacked" fillms are separated.

Wipea, inserte, splitscreens, colored titles, etc. are all
exanples of the same technique. One plcture 1s blpacked
with one maek and this is exposed onto a pictorial print
film. Another plcture 18 bipacked with the countermask and
this 18 exposed onto the same frames of pript film. The

maek and countermask partlition the frame for the two plctures.
There 18 no black reglon and no region of plectorial double

exposure in the print. .

Any palr of mask and countermask, where one proceedes
gradually from all clear to all black {the other from all
black to all clear) defines a wipe. "Proceeds gradually”

ie sublect to interpretatlion.

Pretty nearly all image marrlages fall into three categorles:

I1I

I. One reglon takee 1ts shape from the thipmge pictured within it.
II. One region takes its shape from the things plctured around 1t
III. One region takes its shape from eome not-plectured thing.
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MASK ELACENESS For successful image marriage the black of the hicon mask
should be about 3 stope darker than the black of the plcture
which will fill the black reglon.

HICONS FROM COLOR ORIGINALS

or

HICON PROCESBING

7362 film 18 genelitive to blue light only.
For example, 1t cannot "see" the brightness
difference between white and bright blue, or
between yellow and red.

Color filtering with 7362 hae eilther no effect,
or the effect of ND filtratlon.

If & hicon maek is wanted, based on color
differences, elther

I. First print the original onrto panchromatlc
continuoue tone film (7276, 7235, ete.)
with color filters as needed to separate
the colors. Then print thie onto 7362,

II. Print the origlnal onto panchromatic
hieon film {7363) with color filltere as
needed to separate the coloras.

If two colore are different, there 1ie a fllter
which will make them record differently on
panchromatic film.

Thie 18 simpler when the two colors are on film
than when they are ln the natural world, becauee
film colore are spectrally eimpler. To decide
what filter best eeparatea two flilm colors

think of each color as made of CCY, CCM, and CCC.
Wherever the difference between the two colors
1s greatest (in the Y, the M, or the C) chooae
the complementary filter (B,G,R, reepectively)

in a strong (non-CC) vereion.

Example: Color 1 ie a flesh (CC30Y+CC20M+CC10C)
Color 2 18 eky(CCOY+CCEOM+CCBOC)

The greateat difference 18 1ln the cyan
C), eo & red filter such as Wratten
29 1e used to separate thls flesh

and aky.

Negative
1. Develop 6 minutes in D-11 @70° with contlnuous agitation.

2. Rinss 30 seconds in stopbath or water.

3. Fix 1% minutes,

(3#. 7369 only. Rinse 1 minute in Hypo Clearing Agent. )

4. Waph 2 minutee in running water (longer for permanence),

= 5. Dry.
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Revereal

T. Develop 6 minutes in modifled D-11 (adding 2§ Sodium
Thiocyanate per liter) @70° with
continuous agltation.

2. Rinse 1 minute in water only.

3. Bleach 1 minute in R-9 or "Xodak Bleach".

4, Clear 1 minute in CB-1 (eolution of 90g Bodium Sulfite

per liter of water).

5. Rinee 2 miputea 1n water.

During thle time flash to light: 10 seconds at 7 foot

from 100 watt lamp, or equivalent exposure. This is

extremely approximate. The roomlight may be left on no»

Develop 3 minutee 1n D-11.

. Rinee 30 eeconds in etopbath or water.

. Fix 1§ minutes.

. Wash 2 minutes in running water (longer for permanence).

10, Dry.

At reversal step 5 the film looks like carved ivory.

OPTICAL PRINTED RELEASE PRINTS The work of film art might not tolerate

RITUAL AND ART

the extra generation to a master suitable
for laboratory release printing. Or it
might require such unusual release print
material or treatment of the release

print material that a laboratory won't
touch 1t. Then optlcal printed release
prints are reasonable., Sound may have

to be magnetic, on a atripe applled to the
finished print (preferably in emulsion
poeitlon IIla).

Two mediume may allow production of exactly the esame
range of objects, but by different means. Then different
objecte will in fact be made in the two medlums and the
occaslonal identical objectes wlll have different meanlngs.
Enow what medium you are 1in.



