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Preface to the Second Edition

Since the first edition of this book, there have been sig-
nificant advances in motion picture and video lighting
technology, and we have tried to include as many of them
here as possible. However, despite the advances in light-
ing eguipment, film stocks, and lenses, and, of course, the
introduction of DV and HD video technology and its accep-
tance in the professional world, the fundamentals of lizhting
remain the same. Good lighting is eternal; the basic concepis
of lighting have not changed since they were explored by
Rembrandr, Caravaggio, and other masters.

In this book we attempt to cover both the technology of
lighting as well as the aesthetics, the techniques, and the
“process”—the thinking and methodology by which a scene
gets lit and made ready to shoot.

One factor will never change in motion picture, video, and
HI} production: time is always of the essence. Production
costs money—usually a lot of monev. As a result, the
ability to be fast is always as important as any other aspect
of vour performance. This is true whether it is a no-budget
lilm or a large studio film. Ask any Director of Photography;
he or she will tell you that the ability to achieve good results
guickly is crucial to getting and keeping the job.

Understanding the process is critical to being fast, but
knowing the capabilities of the equipment and being well
versed in how other people have done it before is also
important.

On the set, we often tend to work intuitively. As you learn
lighting, however, it is important for vou to think carefully
about what vou are doing and why vou are doing it. This will
lay a solid ground under your intuitive decisions later on and
will ultimately give you more confidence. As vou work, others
will be watching you: the director, the AD, the producer, vour
crew, The more confident vou are in what you are doing and
the approach vou are taking, the smoother things will go.

Learning lighting is a life-long pursuit. Few people ever fecl
they know it all. The chance to constantly learn, get better,
and find new ways of doing things is one of the attractions of
lighting; if it were done by formula time after time, it would
be a boring job.

Whether you are just beginning in the held of motion pic-
iure and video lighting or if yvou have been doing it a while,
| hope this book will help vou continue in vour pursuit of
better lighting.
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THE HISTORY OF LIGHTING

Lighting is to film what music is to opera.
_ElBi D.‘Mill‘

Lighting creates the environment for storyvtelling and we
must never forget that, at its heart, filmmaking is telling
stories with pictures.

The first lighting for storytelling was fire. For some pur-
poses, it is still nearly perfect. Firelight is warm and glowing,
associated in the mind with safety, heat, and protection from
nature, It draws people toward it; they automatically arrange
themselves into a circle at a comfortable conversational dis-
tance. It flickers gently and provides a visual focus that pre-
vents one's attention from wandering. It starts out bright and
blazing, then gradually dims as the mood turns inward and
eyes grow heavy; it fades away to darkness just about the time
the audience is ready to go home. For the hunter returned
from the hunt, the village shaman performing a ritual, or an
elder recounting the story of the tribe, it was ideal.

As theater became more formalized, with written scripts
and larger audiences, daylight performance became the
norm: more light was necessary so that everyvone could see




FIGURE 1.1 Motivated, dramatic
lighting far The Thread of Destiny
{1970},

clearly. Classical Greek plavs were performed at festivals,
which ordinarily began at dawn and continued through maost
of the day. With little emphasis on costumes {other than
masks), staging, sets, or effects, the theater subsisted almost
entirely on the power of the spoken word. (Some purists

feel it's all been downhill from there.) Even up to the time of
Shakespeare and the Globe, davlight performances were the
standard for the mass market.

Increasingly, though, works were also performed in the
houses of nobility and for smaller audiences. These indoor
and evening performances were lit with candles and torches,
which doubtless had a simple and powerful effect. Staging
as we know it today came of age with the great spectacles of
Inigo Jones, the seventeenth-century British architect who
produced elaborate festival pieces with sumptuous cos-
tumes and sets.

Controllable Light

Controllable, directional lighting for the theater is not
a new idea. In fact, it dates back to the French chemist
Lavoisier, who in 1781 suggested that movable reflectors be
added to oil lanterns. With such innovations French theater
led the way in lighting during this period, but there was
always a division of opinion in European drama between
those who wanted simple llumination of the elaborate sets
and drops and those who wanted to develop a more theatri-
cal and expressive lighting art.

The first technological advance came with the introduction
of gaslight, which was more reliable and less smoky, but only
slightly less hazardous, The next advance was the introduc-
tion of limelight, which burned natural gas and oxygen in
a filament of calcium oxide (limestone), This signilicant
advance, which produced a beautiful warm light that com-
plimented the actors’ skin tone, is still commemorated in our
everyday language with the phrase, “step into the limelight.”
At about the same time, this smaller, more concentrated
source was combined with simple plano-convex lenses and
spherical reflectors to provide the basis for one of the most
important elements of modern lighting control: directional
and focusable units.

The great theater pioneers Adolphe Appia (1862-1928) and
David Belasco (1853-1931) were revolutionary figures in the
realm of expressionistic staging. Appia was perhaps the first
to argue that shadows were as important as the light, and the
first for whom the manipulation of light and shadow was a
means of expressing ideas. In opposition to the "naturalism”
of the time [which was, in fact, a very artificial broad, flat
lighting), Appia created bold expressionist lighting full of
sturm und drang.

2 ® Motion Plcture and Video Lighting



Helasco emphasized realistic effects to underscore the
drama. He foreshadowed the private thoughts of many a
modern cinematographer when he stated, in 1901, that the
actors were secondary to the lighting. His electrician Louis
Hartmann is credited by some as inventing the first incan-
descent spotlight (Appia, Gordon Craig, and Max Reinhardt
are also contenders), the foreronner of most of the lights
we use today. To counteract the harsh theatrical hardness,
Belasco and Hartmann also developed a row ol overhead
reflected soft lights, which were useful for naturalistic day-
light scenes, [To this day there is no such thing as a troe soll
light in theater lighting.) Laudably, Belasco gave Hartmann
credit on the billboards for the shows.

Carbon arcs, which use electrodes to produce an intense
flame, were also employed in theatrical applications begin-
ning in 1849, They were widely used, particularly in high-
intensity follow spots.

Early Film Production

With the advent of motion pictures in 1888, the carli-
est emulsions were so slow that nothing but daylight was
powerful enough to get a decent exposure. Filmmaking was
largely an outdoor activity until Thomas Edison (1847-1931)
unveiled his famous “Black Maria.” Built in 1893 by Edison’s
associate William K.L. Dickson (co-creator of early motion
picture technology), the Black Maria was not only open 1o
the sky but could be rotated on a base to maintain orienta-
tion to the sun.

As the motion picture indostry developed, early studios in
New York City and Ft. Lee, New Jersey, were open to the sky
as well, usually with huge skvlights, Some control was pos-
sible, with muslins stretched under the skylights to provide
diffusion of the light and control contrast. Becanse these
were silent films and noise was not an issue, less space was
necded in the studios since two or more production units
could work within a few feet of each other.

The first artificial sources used in film production were
Cooper-Hewitt mercury vapor tubes, which were suspended
under the glass roof of the Biograph Studio on 14th Street in
New York City around 1905, These were followed soon after
by the introduction of arc lamps, which were adaptations of
typical street lights of the time. The long-exposure reéguire-
ments, the lack of adequate equipment, and the still slender
eeonomics of the business made anything but flat, overall
lighting nearly impossible to attain.

As artificial sources were developed, the controlling factor
was the spectral receptivity of the emulsions, Before 1927,
black-and-white film was orthochromatic; it was not

The History of Lighting = 3



FIGURE 1.2 Arc lights in use on
an exteror set with rain effects.
[Fhoto courtesy of Mole-
Richardson Cod

sensitive to red light. Tungsten lights were almost useless
because of their large component of red.

Another adaptation of contemporary industrial equipment
to motion picture use was the intreduction in 1912 of
white-flame carbon arcs, which had previously been used
primarily in photoengraving. As with arcs today, these new
units {called broadsides) were characterized by very high
output and a spectral curve compatible with orthochromatic
film. Carbon-arc spotlights were purchased from theater
lighting companies such as Kliegl Brothers of New York
(whose name still survives in the term klieg lights).

Another legacy of Belasco's illustrious career was carried
on by a voung man who worked as an actor for him, Cecil B.
DeMille, DeMille rebelled against the flat illumination char-
acteristic of the open-to-the-sky film stages. In the film The
Warrens af Virginia, director DeMille and cameraman Alvin
Wyckoff used a startlingly modern concept: they used sun-
light reflected through windows as the sole source of light.

At the time, only a few American filmmakers, DeMille,
Edwin Porter, and D.W. Griffith’'s cameraman Billy Bitzer,
fought the stylistic preference for broad, flat lighting. Bitzer
had used firelight effects in The Drunkard’s Reformation in
1908, and the next year Pippa Passes evoked the changing
time of day with directional lighting simulating the passage
of the sun, The Thread of Destiny contained scenes lit
solely by slanting rays of sunlight and may be the first truly
effective use of chiaroscuro {(dubbed "Rembrand™ lighting
by Wyckoff).

4 = pation Picture and Video Lighting



Introduction of Tungsten Lighting

For years, cameramen looked longingly at the compact,
versatile tungsten lamps that were then available (called
Mazda lamps at the time), but attempts to use them were
foiled by the spectral sensitivity of the film stocks in use at
the time; they were almost completely blind to red light—
even slightly red objects would photograph as black. The
tungsten incandescent bulbs were {as they are today) heavily
weighted in the red end of the spectrum.

[n 1927, the introduction of a film stock sensitive to all
visible wavelengths (hence its name, panchromatic) altered
lighting capahbilities radically, The new stock was compatible
with tungsten incandescent sources, which offered many
advantages, including reduced cost. Broadway, produced in
1929 by Universal and shot by Hal Mohr, was the first film lit
entirely with tungsten.

Studio management saw in the new technelogy an eco-
nomical means by which set lighting could be accomplished
by the push of a button. The "bean counters” in the head
office {they had them even then) responded enthusiastically
to the economics of incandescent lighting, so much so that
in some studios the use of arc lighting was banned except
by special permission. With sound technology confining the

cameras to immobile sound-proof “ice boxes” and the result-

ing lack of the powerful arcs o create strong effects, together
with very static camera work, the outcome was many a
visually dull picture and one of the low points of studio
cinematography.

FIGURE 1.3 Early tungsten units

in use on the set of Broadway,
The dome-shaped wnits were
called "rifles” far their ability to
project light at a distance. The
open-face units were called
“Solar Spots’. Films were “show”
back then imeaning they needad
large amounts of light to get a
good exposure). Lenses were also
slow; the result was that sets had
to be lit to a very high lighting
level. [(Fhoto courtesy of Mole-
Richardson Co.)
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(b}

FIGURE 1.4 {a) Before the invention
of halogen bulbs, a typical large
tungsten lamp (in this case a

3K bullyin a Maole Skypan) was
enormaous, (Photo courtesy of
Mole-Richardson Co.)

(b Tungsten halegen bulbs
allowed the invention of "baby”
units—much more compact than
the normal units, Shown here is

a Mole “Baby-Baby” ——a *baby”
size 1000-watt light, which is
cammonly called a baby light.

The makers of carbon arcs responded to this challenge by
developing carbons that were compatible with panchromatic
film. Even with the new carbons, arcs remained (as they do
to this day) more labor-intensive and bulky. The death blow
was dealt by the advent of HMIs, which are more efficient in
their use of power and don't require a dedicated operator.

The drawback of incandescent lights was (and still is) theat
they are inherently far less powerful than carbon arcs. The
need to achieve maximum output from the incandescent
lamps resulted in the introduction of an improved reflector
made of highly polished, mirrored glass. Lights based on this
technology were sometimes called rifles, for their capacity to
project sharp beams long distances. They were efficient but
hard to control; they were hardly more than a raw source of
light. What cinematographers vearned for was a light of even
greater intensity, but with controllable beam spread and
distribution. In 1934, the introduction of the fresnel lens led
to the development of lighting units that are almost indistin-
guishable from those we use today.

Following the introduction of three-strip Technicolor with
the film Becky Sharp in 1935, arcs came back into favor.
Technicolor required a spectral distribution close to that of
natural daylight, which made tungsten lighting difficult. In
the intervening years, manufacturers had managed to make
arcs quieter and so white-flame carbons, which produce
daylight blue with very high output, were just the ticket for
the new process. The addition of the fresnel lens also made
them more controllable.

This was the hevday of the carbon arc. Not only did they
have the correct color balance, but the fact that Technicolor
is a process where the image formed by the lens is split by
prisms into three different film strips meant that enormous
quantities of light were needed. Some early Technicolor films
weere lit to such intensity that piano lids warped and child
performers (most notably Shirley Temple) were barely able
to withstand the heat on the set.

To use tungsten lights with color, it was necessary to lose
almost hall of the light to filtration, so their use on color sets
was very limited; they still found wide use in black-and-
white filmmaking and later in television.

The Technicolor Era

As with the advent of sound, Technicolor imposed severe
restrictions on cinematographers. Until color came along,
the use of light meters was almost unknown: cameramen
used film tests, experience, and guesswork to establish
exposure. The precise engineering needs of the three-strip
process made it necessary to impose rigid standards. In the

6 ® Motion Picture and Video Lighting



early davs, cameramen were not trusted to handle the job
alone. The licensing of the Technicolor process carried with
it the obligation to emplov one of Technicolor's advisory
cameramen io oversee color balance and exposure. Films
of this period are distinguished by having two cameramen
listed in the credits.

The constant supervision of the Technicolor cameramen,
along with the employment of color advisors, gave rise to
the still current myth of the *Technicolor look.” Contrary to
popular belief, the Technicolor process and the film stock
then available did not necessarily lead to bright, intense
color completely lacking in subtlety. What we think of as the
Technicolor look is in fact a reflection of the desire to show
off the new technology, coupled with the somewhat primi-
tive artistic tastes of the studio chiefs of the period. Since the
process gave engineers and advisors as much input into the
look of the film as the cameramen and directars, the dic-
tates of the head office could be implemented in an orderly,
bureaucratic way, thereby bypassing the age-old film tradi-
lion according to which directors and cameramen would
agree to ridiculous demands in the conference room, then
follow the dictates of conscience and art while on the set,

The pendulum swung back to tungsten with the introduc-
tion of high-speed Technicolor filim balanced for incandescent
light in 1951, Other companies such as Kodak and Ansco also
made tungsten-balance films available. This established the
standard that now prevails: color llms balanced [or tungsten
light but usable in daylight with filtration. Only recently have
Kodak and Fuji introduced excellent lines ol daylight balance
negative films. In 1955, vellow-flame carbons (tungsten bal-
ance) were invented, which made arcs usable with the new
tungsten-balanced films without the use of color correction.

One major obstacle remained for incandescent lamps:
the vaporized tungsten maetal that burned off the filament
tended to condense on the relatively cooler glass envelope
of the bulb, As a result, the output of the lamp steadily
decreased as the lamp burned; in addition, the color balance
shifted as the bulb blackened.

A far more practical solution was the invention of the
tungsten-halogen bulb in the early 19605, Emploving a
gas cvele to return the boiled-off metal to the filament, the
design resulted in lamps with longer life spans and more
efficient output. Another advantage of the smaller gquartz
lamps is their capacity to Ot into smaller housings than coald
a conventional tungsten incandescent. The result has been
more compact lights (baby babies, baby deuces) and smaller
lights, such as the popular Tweenie 650-watt size.

The History of Lighting = &



(a)

FIGURE 1.5 {a) Kino Flo color-correct fluorescent lamps on a set. (Photo
courtesy of Kino Flo, Inc} (b) Mole-Richardson 12K fresnel HMI. [¢) LED
panel lights mounted on a camera. (Photos courtesy of Lite Panels, Inc.)

=

HMI, Xenon, Fluorescent, and LED Sources

A revaolution in lighting came in the late 1960s when
enclosed metal arcs (HMIs) were developed for German tele-
vision. Their main features are the tremendous advantage in
lumens-per-watt output over conventional sources and the
fact that they are daylight—color-balanced without the need
for filtration.

HMIs have changed the lighting business by allowing more
powerful sources with less electrical input, which trans-
[ates into smaller generators and smaller cables, The largest
sources (12K and 18K) have output that equals and exceeds
the output of the power-hungry carbon arcs, but don’t
require direct current (DC) or a full-time operator.

Although these stable, efficient sources were originally
developed for television, filmmakers were quick to recognize
their advantages. When the first film was shot using the new
lights, evervone was horrified when the exposure varied con-
stantly. Research quickly revealed the cause of the notorious
flicker effect: HMIs are arc sources just like the old Brutes,
but while Brutes were DC, HMIs are alternating current [AC).
The light output varies as the AC cvele goes up and down; as
a result, the output of the light varies as well.
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With a few exceptions (such as using PAL equipment in a
NTHC country or running the lights off of & noncrysial sync
senerator], in video this is no problem, since both are syn-
chronized to the same AC cycle. In film, however, there are
many conditions in which the two are not svnchronized. We
now know the conditions that must be met for HMIs to be
used successiully, but the problem has added new consider-
ations to filming and imposed limitations on many types of
lilming. particularly high-speed photography and working
with live monitors.

Meanwhile, 1982% Blade Runner, with its stunning cinema-
tography by Jordan Cronenweth, popularized a new playver—
xenons. A gas-discharge arc, the xenon is a cousin to the
HMI and big brother to the xenon gas projector lamps used
in theaters. A highly efficient source coupled with a polished
parabolic reflector gives xenon the capability of extraordi-
nary output in an extremely narrow, focused beam. Although
very specilic in application, xenon has proved a useful and
powerful tool for the image maker.

The development of flicker-free HMIs that feature elec-
tronic rather than magnetic ballasts eliminated most of the
technical problems involved in using HMIs in oft-speed filin-
ing. One drawback is that in flicker-free mode, some units
emit a loud hum, which may be objectionable to the sound
department.

Kino Flo and LED

Other developments include the creation of fluorescent
tubes with color rendition good enough for color filming
applications. Pioneered by Kino Flo, color-carrected, high-
frequency Huorescent sources (lo eliminate Hicker problems)
have been extremely popular in all tvpes of applications.

A more recent development is LED panel lights, which are
extremely compact and can be made very small; they have
hecome verv popular for applications such as car interiors
and when it is impaortant to hide lighting units throughout
the set.

Today's image maker has a wide variety of powerful and
flexible tools available for lighting in film and video. The his-
tory of lighting is the story of adapting new technology and
new techniques to the demands of art and visual storytell-
ing. The same concerns still face us every dav on the set, and
we can draw on the rich experience of those who have gone
before us.

The History of Lighting = 9
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FIGURE 2.1 The dervation of the
fresnel lens.

LIGHTING SOURCE

Lighting instruments are the tools of our trade, Just as a
mechanic must know what his tools are capable of, we
must understand the capacity of our resources in order
to use them to their potential. Here we will examine them
classified in their major groups: tungsten fresnels, HMIs,
carbon arcs, open-faced units, PARs, softs, broads, and
miscellaneous.

Fresnels

With very few exceptions (such as the Dedo light), most
lights that have a lens use the fresnel lens. Developed in the
19th century for lighthouses by Augustin-Jean Fresnel, the
lens was further refined to address certain problems with
large glass lenses, primarily the fact that a larger lens tends
to collect heat in the thicker center and then often cracks.

Based on the work of Leclerc and Buffon, Fresnel developed
the idea of “collapsing” the basic curved shape into a thinner
profile. The curvature {(and thus the magnification) remains
the same, but the glass doesn’t get as thick and is therefore
less prone to cracking.




Tungsten Fresnels

All tungsten fresnel liphts are designated by their bulb
size (2K, 5K, ete.) and come in two basic flavors: siudio and
baby. The studio light is the full-size unit, while the baby is
a smaller housing and lens, which takes advantage of the
smaller bulbs in use today. As a rule—the baby version is
the housing of the next smaller size {for example, the 5K is
similar to a studio 2K with a box that extends farther from
the bottom to house the socket in a position to keep the bulb
centered on the reflector and lens, Their smaller size makes
them popular for location work.

The 10K and 20K

For many yvears the 10K was the largest tungsten fresnel
available; it is still widely used, but the larger 20K is increas-
ingly dominant for the kinds of uses traditionally assigned
to the 10K. The 10K is 110 volts (in the United States) and the
20K is 220 volts.

Still a popular unit, the 10K comes in three versions:

* The baby 10K provides high-intensity output with
a fairly compact, easily transportable unit with a
ld-inch fresne! lens,

*  The basic 10K, known as a tenner or studio 10K, has a
F0-inch fresnel.

*  The big daddy of the group is the Big Eye tenner,
which has a 24-inch lens.

The Big Eve is a special light with a quality all its own. The
10,000-watt DTY bulb provides a fairly small source, while
the extremely large fresnel is a large radiator. The result is a
sharp, hard light with real bite but with a wraparound quality
that gives it a soft light quality on subjects close to the light.
This is a characteristic of all big lights (the 12K HMI and the
brute arc as well), which gives them a distinctive quality
impossible to imitate.

MNote on large lights: Never burn a 10K, 20K, or a 5K
pointing straight up. The lens blocks proper ventilation
and the unit will overheat. Also, the filament will not be
properly supported, so it will sag and possibly touch the
glass. Either condition will cause the bulb to fail, and
overheating may crack the lens. The failure will cost
somebody hundreds of dollars and put the light out of
commission.

The 5K

Also called a senior, the baby 5K is similar in size and
configuration to a studio 2K, but has an enlarged bhox on the
bottom to allow the larger 5K bulb to sit with the filament
properly positioned in front of the reflector.

(b)

(e)

FIGURE 2.2 {a) A Big Eye 10K.
(b) A Mole Baby Junicr {2K).
[ch & Tweenie.
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FIGURE 2.3 A 12/18K HMI fresnel
on a Lite Lift crank-up stand.

Juniors

The 2K fresnel (also known as a deuce or a junior] is the
“jeep” of lights—versatile and useful in many different
kinds of situations. With higher speed film emulsions and
faster lenses (in film) for the the excellent low-light capabili-
ties of many HD cameras (in video], it can often be powerful
enough to be the largest source on the set. Baby deuces are
the more compact 2K fresnel units; they have the body of a
1K with a larger tray on the bottom to accommodate the FEY
bulb. They are also called baby juniors or B]s.

1K

The baby can use either a 750-watt bulb (EGR) or a
1000-watt bulb (EGT). The widely used name, 750, comes
from the days before quartz halogen when the 750 tungsten
bulb was the most common. Most are now used with the 1K
quartz bulb, but are still called 750s. The baby 1K, also called
a baby baby, is the small-size version. Because of its smaller
lens and box, it has a wider spread than the studio 750, and
this can be a useful feature when hiding small units in nooks
and crannies.

650, Betweenie, and InBetweenie

The 650 is a very versatile unit, sometimes called a Tweenie.
Its name comes from its position between the 1K and the
inkie. With the new high-speed films, the tweenie is often
just the right light for the small jobs a baby used to do. Its
compact size is a tremendous asset. Mole has also added the
Betweenie at 300 watts and the InBetweenie at either 100 or
200 watts. Several manufacturers make similar units.

Inkie

The inkie has long been the smallest light available, At 200
or 250 watts, it is not a powerful unit, but up close it can
deliver a surprising amount of light. The inkie is great for a
tiny spritz of light on the set, as an eyelight, a small fill, or for
an emergency light to raise the exposure just a bit on a small
area. When you finish lighting a scene, an inkie or two should
always be standing by for last-minute touchups. Because
they are so light, inkies can easily be mounted to a film or
video camera, handheld, hung on broomsticks, hung from
suspended ceilings, and rigged in all sorts of ways to accom-
modate strange situations.

HMI Units

12K and 18K

The 12K and the 18K HMIs are the most powerful fresnel
lights available. They have tremendous output and, like all
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HMIs, are extremely efficient in foot-candle output per watt.
Like the arc lights they are replacing in general use, they pro-
duce a very sharp, clean light, which is the result of having a
very small source {the gas arc) that is focused through a very
larze lens.

For daytime exteriors, the hig lights are among the few
sources that will balance daylight and fill in the shadows
sufficiently to permit shooting in the bare sun without silks
or rellectors. The fact that they burn approximately dayvlight
blue (5500K) is a tremendous advantage in these situations:
no light is lost to filters.

Some ballasts have Bates connectors, but some ballasts
are tied directly into the feeder cable with Camlok, pin, or
other types of feeder connectors. Most larger HM1 units are
220-volt lights, but some are 110-volt units, which can make
load balancing difficult. As with any large light, you need
to coordinate with the gennv operator befare fiving it up
or shutting it down, Be sure to clarify with the rental house
what type of power connectors are used on the lights you
are ordering, so that you can be confident vou have the right
connectors or adapters.

Many HMIs now have flicker-free ballasts that use square-
wave technology to provide flickerless shooting at any frame
rate. With some units you pay a penalty for flicker-free shoot-
ing at frame rates other than syne-sound speed (24 frames
per second); when the high-speed flicker-free button is
selected on these units, they operate at a significantly higher
noise level. If the ballasts can be placed outside or shooting
is without sound (MOS), as off-speed shooting usually will
be, this is not a problem.

The other good news about large HMIs is the substantial
reduction of the size of the ballasts owing to the change from
magnetic to clectronic ballasts. This is a great relief for elec-
tricians, who have had to move the old ballasts, which were
the size of small refrigerators.

Header cables are the power connection from the ballast
io the light head itself. Most large HMIs can take only two
header cables: a third header will usually result in the light's
not firing,

6K and 8K

The 6K HMI {and the newer 8K is a real workhorse, On
jobs where the budget will not permit a 12K, it performs
much of the same work. Although it generally has a smaller
lens, it still produces a sharp, clean beam with good spread,
In most applications it performs admirably as the main light,
serving as key, window lizght, or sun balance.

Some 6Ks are 110 volts and some are 220 volts, depend-
ing on the manufacturer and the rental house, They may
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FIGURE 2.4 A &K HMIwith its
ballast.

require a stage box, a twistlock connector, or a set of Siamese
connectors, When ordering a 6K, it is critical to ask these
questions and be sure the rental house will provide the
appropriate distribution equipment. Failure to do so may
result in the light's not being functional. Some makes of
HMIs (such as Arriflex) provide for head balancing. This

is accomplished by sliding the yoke support backward or
forward on the head. This is a useful feature when adding or
subtracting barndoors, frames, or other items that radically
alter the balance of the light.

4K and 2.5K

The smaller HMIs—the 4K and 2.5K-—are general-purpose
lights, doing all of the work that used to be assigned to 5K
and 10K tungsten lights, Slightly smaller than the bigzer
HMIs they can be easily flown and rigged and will fit in some
Fairly tight spots.

Smaller HMIs

The smallest units—the 1.2K, BO0-, 575-, 400-, and 200-wait
HMIs—are versatile units. The 1.2K and smaller units can be
plugged into standard household outlets, which makes them
extremely versatile. Lightweight and fairly compact, they can
be used in a variety of situations. The electronic ballasts for
the small units have become portable enough to be hid-
den on the set or flown in the grid. There are some things to
watch with smaller HMI units:

+ Prolonged running at a higher rated voltage may result
in premature failure.

+ Extended cable runs may reduce the voltage to a point
that affects the output and may keep the lamp from
firing.

«  Excessive cooling or direct airflow on the lamp may
cool the lamp below its operating temperature, which
can result in a light with a high-color temperature and
inferior CRI.

*  All bulbs are rated [or certain burning positions, which
vary from plus or minus 15° to plus or minus 45",

In general, bulbs 4K and above have a 157 tolerance
while smaller bulbs have a greater range.

When an HMI Fails to Fire

On every job there will be at least one HMI that will fail to
function properly. Some rental houses will provide a back-
up head, ballast, or both. Be sure to have a few extra header
cables on hand. They are the second most common cause of
malfunctions, the most common being the safety switch on

the lens.
+ (Checkthat the breakers are on. Most [IMIs have more

than one breaker.
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* After killing the power, open the lens and check the
micro-switch that contacts the lens housing, Make
sure it is operating properly and making contact,
Wiggle it, but don't be vielent—the light won't operate
without it.

= Ifthat fails, try another header cable. If you are
running more than one header to a light, disconnect
and try each one individually. Look for broken pins,
marbage in the receptacle, etc,

= Check the power. HMIs won't fire if the voltage is low.
Generally, they need at least 108 volts to fire. Some
have a voltage switch (110, 120, 220); be sure it's in the
right position.

*  Try the head with a different ballast and vice versa.

*  Lelthe light cool. Many lights won't do a hot restrike
but some have a special hot restrike function, which
sends a higher starting voltage to the head.

Care and Feeding of HMIs

* Always ground the light and the ballast with appropriate
grounding equipment,

* Check the stand and ballast with a volt ohm meter
{(VOM) for leakage by measuring the voltage between
the stand and any ground. A few volts is normal, but
anyrthing above 10 or 15 volts indicates a potential
problem.

+  Keep the ballast drv. On wet ground, get it up on boxes
or rubber mats.

= Avoid getting dirt or finger marks on the lamps.

il from the skin will degrade the glass and create
a potential failure point. Many lamps come with a
special cleaning cloth.,

= Ensure a good contact between the lamp base and the
holder. Contamination will increase resistance and
impair proper cooling.

Xenans

Related to the HMI (they are a gas arc with a ballast)
Xenons feature a polished parabolic reflector that gives them
amazing throw and a near-laser beam collimation. At full
spot they can project a tight beam several blocks. They are
tremendously efficient with the highest lumens- per-watt
output of any light (part of the secret is that there isn't much
spread, of course). Thev currently come in four sizes, 1K, 2K,
4K, and 7K. There is also a 75-watt sungun unit. The 1K and
2K units come in 110- and 220-volt models, some of which
can be wall-plugged. The advantage is obvious: you have
a choice between a high-output light that can be plugged
into a wall outlet or a small putt-putt generator. Be sure to
check with the rental house, as some units have Camlok or
other type of feeder connector, The 4K and 7K xenons are
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extremely powerful, and must be used with a bit of caution.
At full spot they can crack a window. Just one example of
their power: with ASA 320 and full spot, a 4 K delivers £/64 at
forty feet from the light!

Because the current at the bulb is pulsed DC, flicker is not a
problem for xenons. They can be used for high-speed filming
up o 10,0001ps. There are, however, some disadvantages,

All xenons are very expensive to rent and have a cooling fan
that makes them very difficult to use in sound Rlming. Also,
because of the bulb placement and reflector design, there is
always a hole in the middle of the round beam, which can be
minimized but never entirely eliminated.

Because of the parabolic reflectors, flagging and cutting
are difficult close to the light. Flags cast bizarre symmetrical
shadows. Also, the extremely high and concentrated output
means that they burn through gel very quickly, Many people
try to compensate by placing the gel as far as possible from
the light, This is a mistake, The safest place for gel is actually
right on the face of the light, which is the coolest spot.

The 75-wartt Xenon sungun is excellent for flashlight effects.
It is a small handheld unit that was developed for the MNavy,
and comes in both AC (110 volr) and DC configurations.

The newer models have motorized flood-spots that can be
operated during the shot. They have a narrow beaim with the
extremely long throw of xenons. There is, however, a hole

or a hot spot in the center of the beam. Xenon bulbs do not
shift in temperature as they age or as voltage shifis.

Brute Arc

The D carbon-arc fresnel is falling into disuse since the
advent of the HMI. For many vears, the brute arc was the
“big mama," the heaviest hitter. With many times the output
of the 10K, it was the standard Tor il to balance sunlight, the
major workhorse for night exteriors, and sun effects through
windows,

Invented by Sir Humphrey Davy in 1801, the arc was the
first high-intensity electric light. Tt was used in theaters and
then adopted by the Glm industry as the only source bright
enough to use with the extremely slow emulsions then avail -
able. It was the only artificial alternative to the all-glass or
all-skylight studios that were necessary.

The arc produces light by creating an actual arc betwean
two carbon electrodes. As the arc burns, the negative and
positive electrodes are consumed and so have to be continu-
ouslv advanced to keep them in the correct position. In
modern arcs this is done with feed motors, In the early days,
the electrode feed mechanisms had to be turned by hand.
This called for considerable experience on the part of the
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technician, and the term lamp operator was applied to the
most skilled electricians, Even today the name is used on
some older studio budget forms to describe set electricians.

The other reason is the gigantic power consumption of arcs
{225 amps for the standard brute, which calls for a #00 cable
run for each light) and the fact that it must be DC, which
dictates either a studio with DC or a large DC generator,
The bottom line is that, even with a very cheap daily rental,
the arcs are more expensive 1o operate than an HMI. The arc
was particularly useful in that it could be davlight- or
tungsten-balanced without gels, something that no other
light could do until fluorescent units with changeable
bulbs came along. This is accomplished by using either
white-flame carbons (daylight balance) or yellow-flame
carbons (tungsten balance).

For davlight-balanced use, the white-llame carbons run
high in ultraviolet, and a ¥-1 filter is usually added to coun-
teract the UV effect, MT-2 converts the white-flame carbons
to tungsten color balance. All arcs have an ancillary piece of
equipment called a grid or ballast. The grid serves two pur-
poses. It is a giant resistor that limits current flow across the
arc and reduces the voltage to the optimal 73 volts without
reducing the amperage. For arc operation, see the Appendix.

Open-Face Lights

Lights with fresnel lenses provide a higher degree of con-
trol and refinement—smoother and more controllable with
cleaner shadows. Open-face lights have no lens and are less
controllable, but they make up for it by being far more effi-
cient: an open-tace light will be far more powertul than an
equivalent-size fresnel light. Open-face lights are generally

FIGURE 2.5 A sicle-by-side
comparison of a Brute Arc (on
the right) ard a 12K HMI PAR.
Both units are mounbed an Male
Litewate crank-up stands.
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FIGURE 2.6 MolePARs (firestartars)
{a) With a stippled bulb [{Marrow
Spot); (b with a clear lens (Very
Marrow Spot).

better for when just raw power is needed, such as bouncing
the light or going through heavy diffusion.

Skypan

The skypan is simple in design. It consists of a reflective
white pan with a heavy-duty lamp sockel positioned to keep
the bulb at the center of the reflector. Maost have a switch on
the back. The skypan is used primarily when just raw power
is needed over a fairly large area, such as lighting a large
backdrop. There is only one flavor of skypan but either a 5K
bulb (DPY) or a 2K bulb (CYX) bulb can be used in it. When
ordering, don't forget to specify bulb size and remember
that this will affect vour cable order and your power con-
siderations. Only two basic accessories are available for the
skypan; a skirt that does control some of the side spill [and is
useful for keeping direct hits out of the lens) and a gel frame.
You usually won't get them unless you specifly in the order.

2K Open Face

The 2K open face is a real workhorse. Mole's version is the
Mighty-Mole, laniro’s is the Blonde, and Arriflex also has a
version. Its open-faced design provides far greater output
per watt than a 2K fresnel, making it the light of choice for
bounce sources. If going through diffusion, it can also be a
direct source. Mightys are used in book lights, frog lights, and
as backlight illumination for tissued windows, tented prod-
ucts, etc. Most versions have a collar that clamps on the front
of the light and provides the support for the barndoors, gel
frames, or scrims.

1000-/600-/650-Watt Open Face

Mickey-Moles (Mole-Richardson) and the Redhead (laniro)
and 1K Arrilite {Arriflex) are the little brothers of the 2K
open face and differ only in bulb (1K) and size. They are
great as small bounce sources (such as an umbrella light for
portraits], small-fill bounces, and for just sprinkling a little
light on background objects, Their small size (especially the
Redhead, which is remarkably compact) makes them easy to
hide in the set. The 650- and G00-watt baby sisters are even
smaller and find use in Electronic News Gathering (ENG)
and small unit video production. With a bit of diffusion they
are often attached to the top of the video camera as a travel-
invg fill light.

Lowell makes the lightweight, highly portable [P Lite
that is often used in small video and ENG production. Like
all Lowell lights, it has a wide variety of clever and well-
designed accessories: snoots, barndoors, snap-on flags,
dichroic filters, etc. Lowell’s Omni Light is a smaller version
of the DP and has the same range of accessories. It is an
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(a)

inexpensive unit and provides basic open-faced light or can
be used as a self-contained umbrella bounce.

PAR 64

PARs are raw light power in its most basic form (it is all cap-
itals because it stands for Parabolic Aluminized Reflector).
Cousins to auto headlights, they are sealed beams of light
{combined bulb, reflector, and lens) available in a wide vari-
ety of sizes and beam spreads. One of the most commaonly
used is the PAR 64 1000 watt. Eight inches across (64/8 of an
inch), they employ a highly efficient parabolic reflector that
is capable of projecting the beam with very little spread.

A completely clear lens for a PAR is called a very narrow
spot (VNSP), and with a light texture it is a narrow spot
{NSP). This makes them useful for hitting distant background
objects that cannot be reached otherwise. With a stippling
effect on the lens, the light becomes a medium flood {MFL)
and spreads the same amount of light over a broader beam.
With a more pronounced stippling, the light is a wideflood
{WEFL} with an even greater beam spread. Because PARls have
a long, thin filament inside the reflector, the beam of a PAR
is oval rather than circular. This can be a useful feature as the
beam can be oriented to "hit” the subject.

PARs are remarkable for their efficiency. A narrow spot 1K
PAR, measured at the center of its beam, genérates an output
comparable to a 10K measured at the center of its beam. The
trick, of course, is that it covers only a very small area, but
it may be sufficient for many purposes such as high-speed
table top or punching of light through heavy diffusion.

PARs come in two basic varieties. Film versions come in
a solid rotary housing such as a MolePar, which feature
barndoors and scrim holders, and in a flimsier theatrical

FIGURE 2.7 (&) PARcans used as
downlights create hot pools of
light In this scene from X-Merm,
Eino Flo units are a blg soft
source aver the fight rirkg.
When the camera is leoking up,
they appear in the scene: an
advantage of lights that don't
necessarly appear to be “maovie”
lights. {Photo courtesy of Tony
“Mako” Makonechnyj.)

(b) Skypansin use ona set, in
thizs case suspended above silks
to give a set an overall soft
ambient light. [Photo courtesy
of Mole-Richardson Co.)
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version called a Par can—very popular in rock and roll con-
cert lighting. Most versions allow for the bulb 1o be rotated
freely to orient the oval beam. Manv DPs refer to this unit as
a “firestarter.”

PAR Groups

PARs are also made in groups, such as the MaxiBrute, a
heavy hitter with tremendous punch and throw. They are used
in large night exteriors and in large-scale interior applications,
aircralt hangers, arenas, etc. The bulbs are housed in banks
that are individually oriented for some control. All the bulbs
are individually switchable, which makes for very simple
intensity control. All PAR group lights allow for spot, medium,
and flood bulbs to be interchanged for different coverages.

Dino, Moleeno, and Wendy

The Dino is one of the largest tungsten sources avail-
able, It consists of 24 or 36 PAR 64 bulbs on a frame. Mole-
Richardson makes a version called a Moleeno. A Wendy is
similar, but instead of PAR 64 bulbs, it uses PAR 36 bulbs,

MaxiBrute

The MaxiBrute consists of nine 1000-watt PAR 64 globes in
three racks. Each rack can be panned left/right and the entire
unit can be tilted up and down. Owing to the efficiency of
PAR 64 bulbs, the unit has tremendous punch, especially
when used with the very narrow spot bulbs. When the bud-
getis limited and sheer raw power is needed, this is a good
choice. Mole also makes a 12-light version. They are espe-
cially useful for night exteriors. All the bulhs are individually
switchable, which makes for very simple intensity control.

All PAR group lights allow for spot, medium, and flood bulbs
to be interchanged for different coverages, PARs are raw light
power in its most basic form. Similar to auto headlights {also
PAR bulbs), they are sealed beam lights (combined bulb, reflec-
tor, and lens) available in a variety of sizes and beam spreads,

They emplov a highly efficient parabolic reflector that is
capable of projecting the beam with very little spread. The
detachable lens is the variable that affecrs beam spread.

A completely clear lens for a PAR is called a very narrow spot
(WVMN5P), and with a light texture it is a narrow spot (NSP).
This makes them useful for hitting distant background
objects that cannot be reached otherwise,

With a stippling elfect on the lens, the light becomes &
medium flood [MFL) and spreads the same amount of light
aver a broader beam. With a more pronounced stippling,
the light is a wide flood [WFL) with an even greater beam
spread, Becanse PARS have a long thin filament inside the
reflector, the beam of a PAR is oval rather than circular.
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This can be a useful feature as the beam can be oriented

to "fit” the subject. A narrow spot 1K PAR, measured at the
center of its beam, generates an output comparable to a 10K
measured at the center of its beam; however, it covers only a
very small area, but it may be sufficient for many purposes
such as punching of light through heavy diffusion, or a very
large bounce or raking down a street for a night shoot.

FAYs

The smaller cousins of the MaxiBrute are the FAY lights, also
called 5-lites, 9-lites, or 12-lites, depending on how many
bulbs are incorporated. Thev use PAR 36 bulbs (650 watts).
The FAY bulbs are dichroic daylight bulbs. Before HMIs they
were widely used as daylight fill in combination with or in
place of white-carbon arcs. These types of bulbs also come
in tungsten versions so they can fairly easily be converted for
use in either daylight or tungsten balance situations.

Maost people refer to any PAR 36 dichroic bulb as a FAY,
but in fact there are several types. FAY is the ANSI code for
a 650-watt PAR 36 dichroic daylight bulb with ferrule con-
tacts. If the bulb has screw terminals it is an FBE/FGK. As
with the larger MaxiBrutes, the bulbs are in three adjustable
banks and they generally do come with barndoors. FAY bulbs
are only an approximation of daylight balance in that they
o not produce light that is precisely S600K and do tend (o
change color as they age.

Twelve-lites, 9-lites, and 5-lites are far more flexible than
one might imagine, With heavy diffusion over the barndoors
they can have a large-source soft light quality with real
power. Used raw they are a quick and adaptable bounce
source with individual switching control and straight on they
can cover the entire side of a building for a night shot.

Ruby 7

The Ruby 7 by Luminaria is a real innovation in PAR lights.
It is focusable, which is unique. Combing 7 PAR 65 bulbs in
one focus frame gives a wide range of intensity and coverage.

HMI PARs

The newest addition to the PAR family is the HMI PAR,
which is available as 12K, 6K, 4K, 2.5K, 1.2K, and 575. These
are extremely popular as bounce units, to create shafts, and
for raw power.

HMI PARs are different from tungsten units in that they
have changeable lenses, The basic unit is aVNSP (very
narrow spot), The auxiliary lenses can be added to make it a
narrow spot, a medium flood, wide flood, and an extra wide
flood. As with tungsten PARs, the beam is oval and the unit
can be rotated within its housing to orient the pattern.

(b)

FIGURE 2.8 (&) MaxiBrute {large
writsh and (b a Nine-Light (FAY)
unit, frant and back,
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FIGURE 2.9 A Moleeno—Male’
version of the Dino Light,

{b)

FIGUREZ.10 {a) A 2K zip soft light
with eggcrate. [b) A 12K HMI
PAR—one of the maost powerful
and intense lights available. Here
it is punched through a 4" = 4°
frame with ', CTO to warmi it up.

The 1.2K HMI PAR is one of the most useful small units
around, As an HMI it has great efficiency and as a PAR it has
tremendous kick for its size. The real bonus is that at only
1200 watts, it is small enough to plug into wall outlets. Since
it is already 5500K (daylight color temperature), it doesn't
require heavy blue gel to correct the color. This makes it
ideal for use on locations that have windows (and thus lots of
daylight); it is powerful enough to bounce or shoot through
diffusion as a fill light for situations where your main lighting
is the available daylight.

HMI PARS are available in sizes up to the 12K, which is
an extraordinarily powerful light, so powerful that it is
impaortant to be very careful in what you aim it at. It can, for
example, crack windows in a very short time.

Soft Lights

Soft lights have a general design of a semicircular pan with
small bulbs {usually 1000-watt bulbs) that bounce into this
clamshell, thus making a soft light. The size of the reflector is
what determines how "soft” the light is. Larger units gener-
ally just have two or more 1000-watt bulbs. They vary [rom
the 1K studio soft (baby soft) up to the powerful 8K studio
soft, which has eight individually switchable bulbs.

All soft lights of the clamshell design have certain basic
problems:

+  They are relatively inefficient in light output.

*  They are bulky and hard to transport.

=  Like all soft lights, they are difficult to control.

*  While the large reflector makes the light soft, the light
is still somewhat raw.

As a result of this rawness, some people put some diffu-
sion over the soft light for anv close-up work. Big studio sofis
through a large frame of diffusion are probably the easiest and
quickest way to create a large soft source in the studio, The
main accessory of all soft lights is the eggerate, which mini-
mizes side spill and makes the beam a bit more controllable,

Studio Softs (BK, 4K, 2K and 1K)

Studio soft liphts consist of one or more FCM 1000-watt
bulbs directed into a clamshell white-painted reflector that
bounces light in a diffuse pattern.

Some compact versions of the studio soft lights are called
zip lights, particularly the 1K and 2K zips. They are the same
width but half the height of a normal soft.

Cone Lights

A variation of the soft light is the cone light. Tt differs in thart
the reflector is a cone and it uses a single-ended bulb instead
of a double-ended FCM. Because the bounced beam is more
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collimated, the cone light is much smoother and prettier
than a studio soft. With a showcard collar and some dense
diffusion, the cone light is one of the most attractive beauty
and product lights, and the smaller ones are quickly flown
for a soft backlight. Cone lights come with dots that shield
the bulb from the hard direct light and double shadows char-
acteristic of open-faced lights. For extra punch when goir
through diffusion, the dot can be pulled.

s

Space Lights

The space light is almost always hung from overhead. It
consists of 6 or 12 nook lights with a silk “skirt™ and some-
times a bottom silk panel. It is like a huge lantern: it provides
a soft overall ambient glow. A frequent use is to provide an
overall ambient fill for very large stage sets.

(b}

IGURE 2.7 (a} Ruby 7 units
and 12K HMI PARS light & large
day exterior. (b) The Ruby ¥—a
focusable multi-PAR unit. (Photos
courtesy of Luminaria, Inc.)

ib)
FIGURE 2,12 (a) The Ruby 7 going
through a 4* x 4" diffusion and
a large muslin on a music
video. Note that the muslinis
“T-boned”—meaning thereis
only a stand in the center and
only one piece of the frame is
used, (b) A& DeSisti 1.2K HMI PAR,
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Fluorescent Rigs

Fluorescent rigs can be used with color-correct bulbs
(either daylight or tungsten balance) or as a supplemental
light when shooting in a fluorescent-lit situation such as
an office or factory, where the existing lighting cannot be
changed. This makes for verv quick shooting as they are
color-balanced (o the existing lighting, which is usually an
overall soft ambient; with a little fill for the eves, the light-
ing is often usable as is. Then it is just a marter of adding a
fluorescent filter to the lens, shooting a grayv card and letting
the lab take the green out {in film}, or by white-balancing the
video camera.

Color-Correct Fluorescant Units

The leading manufacturer of fluorescent lights for film
and video is Kino Flo, the inventor of this type of unit, Other
companies including Mole-Richardson {the Biax}); Flolight,
and Lowel also make them. The Pampa light is a color-
correct fluorescent unit that comes in its own travel case,
which is also the outer housing of the light itself; this makes
for an extraordinarily portable and efficient unit, especially
for any tvpe of travel joh.,

All of them emplov color-correct bulbs that function at
tungsten or daylight balance. Tubes are also available in
green, red, and other colors for lighting chromakev. The bal-
lasts run at high frequency, which prevents the flicker effect
that are possible with ordinary fluorescents that operate at
G0 Hz in the US or 50 Hz in other countries.

Ifthe requency of its power supply S0t compatible with
the camera speed, then ordinary fluorescents will fluctuate
on the filmed image (Kino Flo, Mole Biax, and Pampalights
operate at a higher frequency, so this isn't a problem).
Shutter angle {in film cameras) is also a factor. The best com-
binations of frequency, film speed, and shutter opening for
film cameras are

« GO Hz—25ps with any shutter opening

*  LG0Hz—24fps with a shutter opening of 170-175 degree
opening

=  GOHz—24fps with a shutter angle of 144 or 180
degrees,

Overcranking for slow motion definitely increases the
chance of getting Micker.

Kino Flo units come in a wide variety, from very large lights
ta illuminate broad areas down to miniatere bulbs that run
on either AC or DC to be tucked in small places or used to
light car interiors; the fact that they run cool makes them
especially useful for lighting actors in cars as there is little
chance of damaging the car or burning an actor, as might
happen with tungsten lights.
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Color-Correct Bulbs

Ordinary fluorescent bulbs do not have a continuous
spectrum and have a heavy spike in the green area. All tubes
that are used in film and video are color-correct, mean-
ing that they are full-spectrum and don’t have the green
spike. However, there is an additional issue: the CRI (Color
Rendering Index) must be at least 90 or higher (on a scale
that goes up to 100); otherwise, it will not render color cor-
rectly. CRI measures how accurately a source renders the
actual colors of a subject. A low CRI can make color rendi-
tion very inaccurate—a condition known as metamerism.

Some “daylight™ and “growlight” bulbs may be davlight bal-
ance but they are unlikely to have a CRI that is acceptable.
Optima 32 and Optima 50 bulbs are color-correct and have
a reasonable CRI. Kino Flo bulbs can be removed from their
housing and placed in ordinary fluorescent fixtures, thus
making an office or classroom ready to shoot without addi-
tional lighting. This provides no protection against flicker,
however, but at 24fps this is usually not a problem,

Cycs, Strips, Nooks, and Broads

When just plain output is needed, broad lights are strictly
no-frills, utilitarian lights. They are just a box with a

(@)

FIGURE 2.73 () Banks of Kino

Flo units light a very large
greenscreen for a stunt on Mission
impossible, (b) Several types of
Kinr Fla units. (Fhotos courtesy of
Kine Fla, Inc.)
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FIGURE 2.14 Pampa lights with
daylight-balance bulbs in use on
an open-shade day exterior. &
faur-bank unit keys them from
the side, and a twao-bank unit
over the camera gives a soft

fill. [Photos courtesy of Owen
Stephens, Pampa Light.)

double-ended bulb. As simple as it is, the broad light has an
important place in film history. In classical Hollyvwood hard
lighting, the fill near the camera was generally a broad light
with a diffuser. The distinctive feature of the broad light is its
rectangular beam pattern, which makes blending them on

a flat wall or cve much easier. Imagine how difficult it would
be to smoothly combine the round, spotty beams of Mightys
or fresnel lights.

The smallest version of the broad is the nook, which, as its
name implies, is designed for fitting into nooks and cran-
nies. The nook light is a compact, raw-light unit, usually
fitted with an FCM or FHM 1000-watt bulb. The nook is just a
bulb holder with a reflector. Although barndoors are usually
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FIGURE 2.15 {a} A Source Four leko
by ETC. {b) & Super Wendy in use
an an exterior. (Photo courtesy
of Lee Lighting.) {0 A Musco light
on location on an exteriorn (Photo
courtesy of Musco.) (d) An HMI
balloon light rigged far the film
Confessions of g Dargerous &ind.
Wind is always a prablem with
balloon light. (Photo courtesy of
Tony "Mako” Makonechnyj.)

(d
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FIGURE 2.16 A wvery large softbax
an an 18K for shadowless fill on a
beauty shot,

available, nooks aren’t generally called on for much subtlety,
but they are an efficient and versatile source for box light
rigs, large silk overhead lights, and for large arravs to punch
through frames.

A number of units are specifically designed for illuminating
cves and backdrops. For the most part they are open-faced
1K and 1.5K units in small boxes with an asymmetrical throw
that puts more output at the top or bottom, depending on
the orientation of the unit. The reason for this is that cyc
lights must be either placed at the top or bottom of the cyc
but the coverage must be even.

Strip lights are gangs of PARs or broad lights, originally
used as theatrical footlights and cye lights. They are often
circuited in groups of three, With each circuit gelled a dif-
ferent color and on a dimmer, a wide range of colors can be
obtained by mixing. This can be a quick way to alter back-
ground colors and intensities.

The Lowell Tota Lite deserves special mention. Small,
cheap, and fundamental, its no-nonsense reflector design
and 750-walt or 1000-walt double-ended bulb provide tre-
mendous bang for the buck. Practically a backpocket light,
the Tota can be used as an umbrella bounce, hidden in odd
places, or used in groups for a frog light or cyc illumination.
Twa Totas can be ganged simply by inserting the male end
of the stand clamp into the female side of the other Tota.
Adding more lights to the stack is a problem, they are too
close together (o allow the doors to open fully. To make a
stack of three or more, a special adaptor is available.
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Miscellaneous

Chinese Lanterns

Chinese lanterns are the ordinary paper globe lamps avail-
able at houseware stores. A socket is suspended inside that
holds either a medium screw base bulb or a 1K or 2K hipost.
Just about any rig is possible if the globe is large enough to
keep the paper a safe distance from the hot bulb, Control is
accomplished by painting the paper or taping gel or diffu-
sion to i, but a ditnmer is by Far the easiest way to conltrol
the overall intensity. Dimmers are a must for any light that
can’l take scrims or be controlled in some other way, such as
flooding or spotting.

Crane-Mounted Lights

The Musco is a very powerful wide-coverage light, It con-
sists of 6K HMI heads permanently mounted on a crane/
truck. Similar units include the BeeBee light and NightSun.
It can provide workable illumination up to a half mile away
and is used for moonlight effects and broad illumination
of large areas. Musco lights are available only from Musco.
The unit comes with its own 1000-amp generator, either an
onboard or a tow rig.

The 6K heads are individually aimable by a handheld
remote control that operates up to 1000 feet away from the
truck. The boom allows placement of the heads up to 100
feel in the air.

Source Fours

The ellipsoidal reflector spot (leko) is a theatrical light, but
is used occasionally as a small-effects light because ot its
precise beam control by the blades. By lar the most popular
madel in production is the Source Four, Because the blades
and gobo holder are located at the focal point of the lens,
the leko can be focused sharply and patterned gobos can
be inserted to give sharply detailed shadow effects. A wide
variety of patterns are available: venetian blinds, trees,
buildings, etc.

Mot all lekos have gobo holder slots, and if vou need one
you must specily when ordering. In addition to the gobo
holder and the shutter blades, some units incorporate a
mechanical iris that can reduce the size of the beam to a tiny
spot; this, too, must be specified in ordering, Also tell the
equipment house that vou are using it for film work—they
are normally equipped with a pipe clamp, and an adaptor
will be needed to put it on a normal stand. Matthews makes
the TVMP adaptor that handles the job neatly.

Lekos come in a size defined by their lens size and focal
length. The longer the focal length, the longer the throw of
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FIGURE 2.17 {a) The complete Joker
systermn including the ballast and
accessories. (b) A Chinese lantern
rigged on a C-stand.

()

the light; that is, the narrower the beam. For example, the
A'%s-inch unit has a field angle of 45° while the 8 x 16 throws
a beam of just 6°,

Sunguns

“Sungun” is a generic name for any handheld portable light
that runs off a battery belt. Both tungsten and HMI versions
are available. They can be homemade with 12-volt lamps,
but commercial sunguns typically have 30-volt battery
belts, which last longer. Tungsten sungun units generally go
through batteries quickly; HMI units tend to last longer on a
batterv, They are frequently used as a bit of evefill on walking
shots or just a bit of fill for quick shots.

Softboxes

Shooting a light through a large diffusion frame is not dif-
ficult; however, it often requires flags on both sides and per-
haps above and below. Softhoxes, such as the ones made by
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FIGURE 2,18 [a) & space light with bottom panel. (k) A chicken coop.
(¢} & handheld LED panel used as both a source of light and as a prepina
detective scene.

(k)

Chimera and Photoflex, are self-flagging. Already enclosed,
they can convert almost any (ype of light into an instant soft
source. Many of them also have double panels: a diffusion
on the face of the light but also a second diffusion inside—in
some cases, these can be changed to heavier or lighter diffu-
sions. Always be sure to open the ventilation panels, espe-
cially the ones on the bottom and top. Also, be careful when
you are using a softbox designed for hot lights [tungsten or
HMI}—some softboxes are designed for still photo strobes
only, which don't generate nearly as much heat.

Jokers

Jokers are a line of very efficient small HMI lights in watt-
ages of 200, 400, and 800, Extremely portable, the smaller
units can be run on either 30-volt or 14.4-volt battery belts

as well as AC power. Thev can be used as a directional,
focusable light or as a bare bulb unit for use in softhboxes.

LED Panels

The newest additions to the lighting arsenal are LED lights.
Extremelv compact (almost flat), efficient, and cool-running,
they are very popular for small spaces, car rigs, and hiding
on the set—they can be hidden in spots that normal units
would never fit into. Figure 2,18c shows a handheld battery-
powerecd unit used as both a prop and a light in the scene.

Dedo Lights

Dedolights are very small units that employ two plano-
convex lenses rather than a single fresnel. They have the
precise control usually associated with lekos. They have very
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FIGURE2.19 ({a and b) The Barger Baglight, shown without the softbox with
which it is normally used. (Photos courtesy of Ed Barger.) (cand d) Barger
Baglights in use on a beauty commercial with OF Tom Denaove. Mote

the computerized dimmmer board in the foreground of the upper photo,
[Photos courtesy of Tom Denave.)

clean, even light distribution and, like lekos, can project
patterns. They have a variety of power options from 24-volt
and 12-volt CD and from 100- to 255-volt AC. The low-vaoltage
DC units can run directly from car batteries, batterv belts,
ete. To run the lights on AC requires a power supply. They
can be dimmed without change in color temperature.

Balloon Lights

Large lights that fly in balloons are becoming very popular
for night exteriors. The fact that they don’t require cranes or
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scaffolding (both of which are cumbersome and sometimes
hard to hide] makes them very versatile. Most have HMI
sources inside but some use tungsten, Figure 2.20a shows a
Fisher Light Leelium balloon light in use for a night exterior;
Figure 2.20b shows them in a studio, Their one drawback
might be that theyv can't be used in a windy situation.

Barger Baglight

The compact lightweight Barger Baglight 6-lite is simple
in design and highly efficient in practice. It utilizes 6 indi-
vidually switched GE FCM-HIR 650-watt bulbs, each of
which produces the light of a 1000-watt bulb. A combination
including 750-, 500-, or 300-watt bulbs is often used to pro-
vide different levels of light adjustment. It is unique in that
it fills the entire front screen of the medium or large softbox
with light and the speed ring is built in. The well-designed
tilt lock mechanism eliminates rogue tilting, even with the
large Chimera. A 3-lite version is also available.

Scrims and Barndoors

All fresnels and most open-face lights have a few common
elements used to control them. Barndoors are one of these;
they come in both two-leaf and four-leaf versions. In most
casese they fit into ears that are part of the front of the light.

Scrims are another form of control: they reduce the total
amount of light without altering the quality of light. Many
people think they are diffusion, but they aren’t; however,
in some cases, vou can faintly see the pattern of the metal
screen, Scrims are color-coded: red for a double {reduces the
amount of light by half, which is a full siop) and green for a
single, which reduces the light by one-half stop. A standard

{h)

FIGURE 2.20 (a} Balloon lights made
by Airstar used as averall ambient
light in swimming pool locaticon.
(Photo courtesy of Airstar) (b)
Balloon lights from Fisher Light
used for a day scene in a studio.
(Phiota courtesy of Fisher Light.)
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FIGURE 221 (a) Typical four-leaf
barndoors. () A set of scrims and
their scrim bag, Shown here is

a "Hollywood” scrim set, which
includes two doubles in addition
to a single, a half-doukble, and 2
half-single,

(b}

scrim set includes a double, a single, a half-double, and a
half-single. A “Hollywood" serim set has two doubles,

Serims should be kept in the scrim bag or box when not in
use, NOT dropped on the floor or left lving around. Scrims
and barndoors should always be with the light, Bringing a
light to the set without scrims and barndoors is like wearing
a T-shirt that says “I'm an amateur.”

Spacelights and Chicken Coops

some lights are specifically designed to be rigged overhead,
most often from a grid in a studio. Spacelights are large soft
lights that create a general soft ambience over a large area.
They consist of six 1000-watt bulbs pointing down into a silk
"skirt,” A bottom panel of silk can also be added. When more
control is desired to keep the light from spilling all over, a
black skirt of duvetyne (flame-retardant opaque cloth) can
be added.

A chicken coop is a box with several downfacing lights.
Typically they are special bulbs with silver-reflecting material
that bounces the light back up into the white box to soften it;
however, units are available that have PAR 64 bulbs for real
downward punch.
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FUNDAMENTALS OF LIGHTING

I'm sure you've heard this phrase: “If you light it right..." or
"With good lighting, the scene will...."

What does that mean? What is “good” lighting? Lighting
has nearly infinite permutations and variations. There is
certainly no one right way to lizght a scene. As a result there
is no chance that we can just make a simple list of proper
lighting technigues.

What we can do, however, is try to identify what it is we
want lighting to do for us. What jobs does it perform for us?
What is it we expect of good lighting? Starting this way, we
have a better chance of evaluating when lighting is working
for us and when it is falling short. Naturally, these are gener-
alizations, You'll always find exceptlions, as in all aspects of
filmmaking—staging, use of the lens, exposure, continuity,
editorial, ete.

What Do We Expect Lighting to Do for Us?

So what is it we want lighting to do for us? There are many
jobs and they include creating an image that has
+ Mood and tone: emotional content
* A full range of tones: gradations of tone



FIGURE 2.1 Color plays a major role
inimage making.

(b)

FIGURE 3.2 Awvoid flat lighting.

{a) Flat front lighting makes

the image shapeless and dull.
{b) Lighting from the side brings
aut the shape of the subject and
adds depth.

Color control and color balance
Depth and dimension: foreground, midground,
background
+  Shape and fullness in the individual subjects, making
them three-dimensional
+ Separation: making the subjects stand out against the
background
»  Texture
» Exposure
Let's look at these aspects of lighting in greater detail.

Mood and Tone

Let’s talk for a moment about the word “cinematic.” In
conversation, it is often used to describe something that is
"movie-like.” For example someone might say a particu-
lar novel is cinematic if it has fast-moving action, lots of
description, and very little exposition. That is not how we
will use the term here. In this context, we use the term cin-
ematic to describe all the tools, techniques, and methods we
use to add layers of meaning, emotion, tone, and mood to
the content.

By "content” we mean just the physical objects in front of
the lens. As every good camera and lighting person knows,
we can take any particular scene and make it look scary or
beautiful or ominous or whatever the story calls for. In nar-
rative fiction, this is obvious. In industrials and corporate
video, just to take one example, the most frequent applica-
tion is the need to make the CEOQ look handsome, compe-
tent, and intelligent.

In commercials, often the most difficult shot is not the
actors but the product shot. It goes without sayving that vour
goal is to make the cereal box or the dog food or the clothing
or whatever the product is look as wonderful, glamorous,
exciting, and desirable as possible.

The lens and set dressing, props, etc. are important here,
but it is lighting that really makes the difference. Lighting is
never maore critical than in fashion and beauty work, where
the goal is not only to make the model and clothing (or what-
ever the product is} look incredible, but also to do it with a

|-|I

real "attitude”—a look, a tone, a subtle shade that is in keep-

ing with the concept.
Full Range of Tones

In most cases, we want an image to have a full range of
tones, from black to white (tonal range is always discussed in
terms of grayscale, without regard to color). There are a few
exceptions to this, of course; but in general, an image that
hias a broad range of tones, with subtle gradations all along
the way, is going (o be more pleasing to the eve, more realis-
tic, and greater in impact.
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Color Control and Color Balance

Color control and color balance are essential aspects
of lighting. There are two sides of this issue. First (unless
yvou are going for a specific effect) the lighting itself must
be color-balanced—the two most common standards are
davlight balance (5500K) and tungsten balance (3200K), but
other balances are possible, using either a gray card (in film
shooting) or a test chart or by white-balancing to a neutral
card (video shooting)—this technigue would likely be the
most desirable route with lighting yvou can’t control, such as
in an office with fluorescent lighting you can't change.

Up until the eighties, it was conventional to color-balance
precisely all liphting sources to very tight tolerances. Now,
with improved video imagers, improved film stocks and
video cameras, and (most of all}, changing visual tastes, it is
commaon to mix different color sources in a scene.

(b)

FIGURE 3.3 Adding shape, depth,
and dimension 1o a scene,

(&) This image lacks depth; it

is somewhat flat and dull.

{b) Behind-the-scenes look at
the depth-lighting experiment,
A 2K with a Chimera softbox s
the key, & 2-bank Kino Flais the
fill, and Tweenies are used as the
backlight with a venetian blind
pattern through the window and
the far background light, Taken
together, they create a distinct
foreground, midground, and
background, and they separate
the subject from the background.
{¢) Lighting can add dimension
and depth to the image. It goes
a long way toweard creating a
foreground, midground, and
background. & big part of this is
separation—helping the subject
stand out from the background.
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Adding Shape, Depth, and Dimension
to a Scene

Shape

Flat front lighting does not reveal the shape and form of
the subject—it tends to flatten evervthing out, to make the
subject almost a cartoon cutoul: two-dimensional. Lighting
from the side or back reveals the shape of an object—its
external structure and geometric form.

This is important for the overall depth of the shot; more-
over, it can reveal character, emotional values, and other
clues that may have story importance. Natarally, it also
makes the image more real, more palpable, more recog-
nizable. Human vision relies on several cues to determine
depth, shape, and distance: how light and shadow fall on an
abject is a significant part of this.

Separation

v separation, we mean making the main subjects stand
out from the background. A frequently used method for
doing this is a backlight. Another way to do it is to make
the area behind the main subjects significantlv darker or
brighter than the subject, In our quest to make an image as
three-dimensional as possible, we usually try to create a fore-
ground, midground, and background in a shot; separation is
an important part of this,

Depth

As image formats, what are film, video, and HD? They
are hasically rectangles—Ilat rectangles. Each is very
much a two-dimensional medium. As lighting people,
cinematographers, and directors a big part of oour job is
trying to make this flat art form as three-dimensional as
possible—to give it depth and shape and perspective;
to bring it alive as the real world is as much as possible,
Lighting plays a huge role in this. Other methods—the
use of the lens, blocking, camera movement, set design,
color—play a role as well, but lighting is our kev player in
this epndeavor.

This is a big part of why flat lighting is so frequently the
enemy. Flat lighting is light that comes from very near the
camera, like the flash mounted on a consumer still
camera—it is on axis with the lens, As a result, it just flatly
illuminates the entire subject evenly. It erases the natural
three-dimensional quality of the subject.

Texture

As with shape, light from the axis of the lens (flat front
lighting) tends to obscure texture. The reason is simple: we
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know texture from the shadows. Light that comes from near
the camera creates no shadows. The more light comes in
from the side, the more it creates shadows, which is what
r-[:'.’trat]h [eEXEUTC,

Exposure

Lighting does many jobs for us, but none of them matters
if you don't get the exposure right—incorrect exposure can
ruin whatever else vou have done,

[n terms of lighting, just getting enough light into a scene
to get an exposure is usually not difficult. What is critical is

correct exposure. Certainly, it is a job for lighting (in addition

to the iris, frame rate, processing (film), gain (video), and
shutter angle) but don't forget to think of it as an important
image making and storytelling tool, Most of the time we
want nominally correct exposure—that is, exposure that fits
the brightness range of the scene nicely into the exposure
latitude and gamma of the film stock or camera sensors.

[t is important (o remember in this context that exposure
is about more than just “it’s too light" or “it's too dark”-
exposure for mood and tone is obvious, but there are other
considerations as well. For example, proper exposure and

camera sertings are critical to color saturation and achieving

a full range of grayscale tones,

FIGURE 3.4 Lightingis your primary
tool in establishing moad and tone,
which add layers of meaning tothe
content. This effect was achieved

inawary simple way: a 2000-watt
open-face light was bounced off
the floar.
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FIGURE 3.5 Effects of overexposurs
and underex posure, (a) A badly
overexposed image. Exposure

is always important, but in HD
and 50 videg it s especially
critical, Proper setup and
manitarfviewfinder calibration
are crucial. (b) In this image, we
see that overexposure canmot be
satisfactornly corrected, () A badly
underexposed image. (d) In this
irmage we see that underexposure
can be corrected, but the image
suffers from a lack of tonal range
and terrible grain/noise.

Directing the Eye

We normally think of composition as a function of the
frame, the lens, and the arrangement of sets and props.
True enough, but if you ignore lighting as an element of
compaosition, you are missing out on one of your most
valuable tools.

What are we doing with composition? What is our goal?
One of the kev elements is directing the eyve—guiding the
viewer's eve through the frame in a meaningtful manner. As
vou may know, the eye/brain combination does not take in
an entire picture all at once. The larger the image is, the truer
this becomes: we perceive a small monitor or photograph
in a different way than we do a very large flat screen moni-
tor or a theater projection screen. In all cases, however, the
eye scans the picture. The more organized the composition,
the more the artist or cinematographer can control how the
viewer takes in the image,

There are two aspects of this: composition as an organiza-
tion of the elements in the frame and a subset of that —
directing the eve to particularly important elements in the
frame—muost often, our key actor in the scene,

The Lighting Process

When we are lighting a scene, there is more involved than
making it look great. First of all, speed is important, Time on
the set costs money, even on the smallest production. How
fast you are can be a critical consideration in getting hired
on most productions. Bevond that, you must consider get-
ting the look yvou and the director have agreed upon and you
must maintain editorial continuity.

The Process

All of these considerations will be facilitated if you use a
logical thought process as you go about lighting the scene.
All DPs have their oswwn ways of working; you will develop
your own way as vou continue your education,

Think about these things:

1. Whart are the requirements?

2. What tools do you havet
3. What's the schedule?

4, What are the opportunities?

What Are the Requirements?

This one may seem too obvious to think about, but it is
surprising how often it gets lost in the process. It is easy to
get so caught up in making something look pretty, or in try-
ing out some new technique, that we simply forget what we
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necd to accomplish to tell a story visually with the lighting of
the scene.
Here are the requirements you need to consider:

1.

2.

3.

4.

What is the look that vou and the director have
decided to go for on the whole project?

What is the dramatic intention of the scene: to shock,
to make the audience laugh, to frighten them?

How does this particular scene fit into the overall
visual flow of the project?

How does this scene fit into the overall flow of the
day's work?

Here are some other gquestions you want 1o ask:

2.
3.
4.
3.
6.

-
d =

8.

Is it interior or exterior, a combination of both? Are
there large windows or other sources that can't be
controlled?

What time of day is it [in the scene)?

Where does the action within the scene take place?
How many people in the scene? Do they move around?
Do we see the ceiling? Do we see the floor?

Are there any practical effects—such as turning on a
light?

Is there anvthing that we have 1o balance to that

can't be changed such as a TV set, neon lights, or
maonitors?

Do vou need to establish lighting continuity for future
SCOTIeN, IZ'.Ill.iI'L".-'E]:I.'!-\.. Lir ]:IFIZHII]{:[ !i-l"l[l:l?'i?

FIGURE 3.6 Lighting can both reveal
the texture of the subjsct and add
textura of its own, as with this
venetian blind pattarn.
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9. What is the ASA of the film, video, or HD camera?
10. What is the slowest lens (usually the zoom) vou
migzht use?
11. Any high-speed or macro work?

What Tools Do You Have?

What vou plan to do with a scene is ultimately shaped by
what tools yvou have available. What vou can do with a 10-ton
lighting truck is substantially different from what vou can do
with a minimal lighting kit. This is not to sav that what yvou
do with a few small lights is going to be worse than what you
do with a large array of gear; it just means you have to plan
things differently.

It's not just about the lights. What gels and diffusion do you
have? Do vou have some practical bulbs? How much grip
equipment is available? What size crew do yvou have? What is
their level of experience? How tight is the schedule? Except
when vou have a generator on the job, the limiting factor is
often how much power is available. Lacking a generator, vou
are most often limited to what vou can plug into the wall, In
many cases, there might be only a few 20-amp household
circuits vou can get to. If there is already some large appli-
ance such as a refrigerator on that line, then what you can
plug in is very limited (and keep in mind that the refrigerator
might not have been running when vou tested the circuit).

Once vou can get a genny on the job, you are nol necessar-
ilv home free. Generators are expensive, and the larger they
are, the more they cost. When the budget is tight, voo might
well be limited to a 100- or 300-amp generator (or even a 4K
putt-putt). This will certainly affect the size and type of units
yvou can run, thus affecting vour overall approach to light-
ing scenes for the day. It's all part of what you need to think
about as vou develop the strategy for the day.

What's the Schedule?

How rmuch time vou have is a major consideration. [T is
determined by the schedule, which is made by the assistant
director. Good ADs will ask the DP how much time she thinks
she needs, but even on large productions, the amount of time
is finite and considerations are nearly always bevond any-
one'’s control (locations, sunsets, permits running out, etc.),

Ultimately, you will have X amount of time to accomplish
yvour task, Also, the AT will often ask vou, "How long will
it take to light this scene?” This estimate is actually one of
the most important things vou will do during the course of
a production daw. It's not a casual guestion. A lot of things
depend on it—not just scheduling the other scenes, but also
deciding when to put actors “into the chairs” (makeup and
hair), when to plan on breaking for lunch, and so on. Being
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able to provide an accurate estimate of the time involved is
also a matter of vour credibility as a DE It takes practice.
¥When you are reallv on the rumn, it often pays to have a
Plan B and a Plan C. Thus, if the clock simply runs out,
your have something vou know will (at the very least) work.,
Often there are variables you just can't plan for: a change of
weather, an irate neighbor, a crying baby....
But let's move on to the physical lighting of the scene. There
are dozens ol ways to light any particular scene; but where
do vou start?

What Are the Opportunities?

Almost always, one of the first questions you will ask
yourself is, “What are the opportunities?” What is there in
the location, the set, or the situation that offers vou some
interesting ways to deal with the lighting? It might be the
windows, or a desk l[amp, or even a large palm vou can hide
something behind. It might be an existing streetlight that vou
can imitate by hanging something from the pole.

You may find some architectural element you can empha-
size or perhaps a white rug vou can bounce something off
of to give the actor a nice underlight. This survey of the
opportunitics will most likely happen during the locartion
seout as vou walk around with the director and vour gaffer,
In the case of a built set, it might occur in conferences with
the production designer or while looking at the drawings of
set designs.

Ok, s0 you've got a basic strategy. Having considered vour
resources in equipment, crew, and time, you have a basic
plan, Be carciul: a couple of traps are waiting to snare vou at
this point.

The main one is "lighting air.” This happens when you
don't see a proper rehearsal and vou don't have stand-
ins. Sometimes, on smaller projects, the director will just
describe the scene to you and then go off to attend to some-
thing else. What usually happens is that you make the set
look great, but there is no guarantee that you are properly lit
for the action of the actors.

You must insist on seeing a proper rehearsal. It is impera-
tive that evervone remember that rehearsals are NOT just for
the actors: they are for evervone, They are lor the AC, s0 she
can set marks, they are for the DI* to judze the lighting, they
are for the grip to set any dolly marks, and so on.

It is not usually important that the actors go through the
scene with full acting intensity. For vou, the focus puller—
and for the gaffer, the grip, the sound recordist, the boom
operator, etc.—it is enough that vou see where the actors are
eoing 1o be; whether they are sitting or standing or moving
and the timing of “gags” (say, switching on aTV).
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Another thing inexperienced directors will do is turn this
blocking rehearsal into a full-on exploration of the acting
values of the scene, The blocking rehearsal is for blacking,
The acting rehearsals come later—right before the camera
rells. Insist on a rehearsal!

Once you've seen a full blocking rehearsal and the actors
are in the process, the seq is yours. The AD will often say "DP
and crew have the set.” It's yours, and you should insist on
having it completely, This is also the point at which the AD
will usually ask, “How long will it take®”

How to Be Fast

There are dozens of secret (ricks, but obwviously, they are
beyvond the scope of this book. Most of them just come from
experience and experimentation. There are, however, some
things to keep in mind that will help vou through the day,

1. Plan several moves ahead. Don't just light for the
master; have some of the lights you will need for
coverage already rigged or at least prepped and
standing byv. For example, many DPs insist on having
an Inkie with a hand dimmer standing right by the
camera in case they need a last-minute evelight.

2. Bringing in a ladder to do overhead rigging is time-
consuming. Anything that is up in the air should
already be rigged and cabled, even if you won't need
it until later,

3. Have a few “dead soldiers” standing by. These are just
a few lights on stands and ready to go, in case vou need
them for a last-minute scramble or a reset. They should
have power available, scrims hanging on the stand,
even some precut gels and diffusion with the unit.

Fut in the end, what is the real hidden secret of the
pros? Have a great gaffer and key grip—it makes a huge
difference.

Lighting Fundamentals

Light is what we work with. Infinite and subtle in its variaty,
the guality of light is a life-long study. In order to shape it to
our purposes, it is essential to onderstand the basic jobs it
can do for us, Let's review the fundamental building blocks
of lighting, the basic elements with which we shape a scene.

The Basic Elements

Key

The keylight is the main or predominant light on a subject.
Mot necessarily the brightest (the backlight is frequently
hotter in intensity), it is the light that gives shape, form, and
definition to the subject. [f a person has only one light on
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him or her, that is by definition the key. Although we gener-

ally think of the key as coming from somewhere in the front,
there are many variations: side key, side-back key, cross key,
and so on.

One way of thinking of the key is that it is usually the light
that creates a shadow of the subject. There may be a key for
the whole scene or a key for each object in it, or any combi-
nation of these. In a moving shot, an actor may have several
kevs and move from one (o the other.

Fill

The key, as a single defining source, may exist alone; but in
mast cases, the contrast between the lit areas and the shad-
ows will be too great or the single-source look may not be
appropriate for the shot. Any light that balances the kevlight
is referred to as the fill. Fill lights come in many varieties.
Most glossaries will tell you that fill light is a soft light or
usually placed near the camera on the opposite side from
the key. Although these characterizations may apply for the
maost simplistic type of formula lighting, they simply are not
true in all cases. The fill might be anvthing from an inkie with
a snoot up toa 20 = 20 silk, and it might come from almost
any angle.

Backlight

Backlight is any light that comes from behind the subject,
When backlight comes from almost directly overhead and
high enough to get over the head and onto the face and nose,
it is called a replight. In most cases, a backlight that is too
toppy will be avoided.

Backlight is a definite stylistic choice. Since it is usually an
obviously artificial light, motivated light purists seldom use it
except where it occurs naturally. It is also called a hairlight.

Kickers and Rims

A kicker is often confused with a backlight. A Eicker is a
light from behind the subject, but enough to the side so that
it skims along the side of the face. Kickers are sometimes
called % backlights. A rim is similar to a kicker but doesn't
come around onto the side of the face so much. It is more for
creating a shape-defining outline.

Eyelight

A very specialized type of fill is the evelight. Because eve
sockets are recessed in the facial structure, the combination
of key and fill that works best for the overall face may not
reach deeply enough to give illumination to the eyes them-
selves. Since it is extremely rare that we are willing to let the
eves ro dark, no matter how shadowy and low the key is, it is

FIGURE 3.7 Basic lighting fora
person, sometimes called *three-
point® lighting. (a] Key anly. {b)
kev plus background light. (g &
backlight added. {d) With a kicker.
ie} Key, background, backlight,
kicker, and fill.
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An "Obie” light is anv small lighting unit that is attached to
the camera directly over the lens. Its name is derived from the
beautitul actress Merle Oberon. It was discovered early in her
career that this tvpe of lichting was most complimentary to her
facial structure. An Obie might be the key, the fill, or an eyelight,
depending on the relative intensities of the other units.

Ambient

Ambient is just as the name implies, overall ambient.
Ambient is either an overall base on which we build or a
general, directionless fill. Outdoors, the ambient might he
the daylight reflected from the sky and the surroundings. In
a location room ambient might be an overall fill provided by
bouncing a light onto a white ceiling.

FIGURE 3.9 (a) This soft light window
scene combines two types of
softlight; diffusion and bounce.

(b} Twoa 5K fresnels go through a
layer of heavy diffusion and then

a 12’ ¥ 12" muslin cloth diffusion.
& 2K fresnel unit is bounced into

a white beadboard above the
window to simulate the light from
an ocwarcast sky.
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FIGURE 3.10 Stuclents iga 4’ > 8'
foamcore bounce on a C-stand
with a 2K Mighty Mole as the
source. Mobe alsa the 2K ap light
rigged on the wall on the right.

Quality of Light
The variations in the quality and mood of lighting are nearly

endless. Just think of the many adjectives that we apply to it:
« indirect/direct

= harsh/solt

* specular/ditfuse

* ambient/sourcey

« punchy/wrapping
» splashing/slamming
= contouring/frontal
* flat/chiaroscuro

= strong/gentle

*  shadowv/high-key
* modulated/plain

*  skimming/direct

*  focused/general

= snappy/mushy

...and so on. Not all are precise and easily defined, but they
all convey a sense of mood, quality, and atmosphere.

All of that leads to one conclusion—there is far more to
light than can be defined by subdividing it into hard and soft,
key and fill. Perform this simple experiment for vourselt. For
one full day, look around you; everywhere you go examine at
the quality of light in the place vou are in. See how it defines
the space, shapes the objects, and falls on the faces of the
people around you.

Every quality of light that you see can be reproduced on
a set or location. Ask yourself, how would I light a scene to
achieve this look? What units would I use, where would | put
them, and how would I modifv and shape the light to achieve
this? Let's look at the major variables that we deal with. First
wee must realize that there are actually two factors involved in
what is traditionally called hard/soft.
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(a) 1)

Hard/Soft FIGURE 3.11 (a} Hard light, such as in
this beauty shot, usually depends
an the light's being in exactly the
The most important factor in the relative hardness/softness  right spot relative to the model's
of a light is the size of the radiating source relative to the sub-  face. (b) The mast important thing
ject. The larger the radiating source in relation to the subject, '© remember about soft light is

: : that it is the apparent size of the
the more the light tends to wrap around the contours of the Gy :

3 ; source relative to the subject that
subject, Where a hard light [small source] would create shad-  Jetermines how soft the light is.
ows, the large source will reach in and fill them. Hard light is (Photo courtesy of Lite Panels, Inc)
characterized by the opposite effect; the transitional shadow
area is relatively sharp and abrupt.

Relative Size of Source

(d) (o)

FIGURE 3.12 What makes a light soft? A light is “soft” when it can “wrap”around the contours of the subject, thus
making the shadows indistinct and gradual in falloff. It is a function of the relative size of the source, either from
a large-bounce source or diffusion that makes the source appear larger. (a) A source that is small relative to the
subject can't wrap around the contours, (B] A larger source and/or a smaller subject allows the light to wrap, thus
creating softer, gentler shadows. () Diffusion makes a light softer by making the apparent source larger. How
hard light and soft light light the same sphere—the soft Hght "wraps" id), which makes the shadows much softer
with gradual falloff {a),
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FIGURE 1.13 Eehind-the-scenes for
the hard light vs. soft light test.

A Source Four leko is used for
hard light. For the soft light, a 2K
with a Chimera softbox is used.
A bleached muslin 4’ = 47 was
added for the softest light.

What this means is that no light is inherently hard or soft.
Even a soft light unit might, under certain conditions, be a
hard light, while something we would normally think of as
a hard light, such as a bare-lens fresnel light, might be a soft
light. The deciding factors are actual size of the source (such
as the size of the lens of a fresnel light), the actual size of the
subject, and the distance between them. The major determi-
nant of this wrapping is the size of the source relative to the
subject. If a very large light source is illuminating a smaller
subject, the light will be able to get farther around the curves
and edges. This decreases the shadow areas and tends to fill
in its own shadows.

Why distance? [t's simple geometry. A studio soft light is soft
because the radiating source is the size of the opening. In the
case of a Mole-Richardson 4K studio soft light the aperiure
is 36" = 30", If a subject is 1 foot high and 2 feet away from the
light, it is obvious that the source is huge in relation to the
subject.

Even with a large source and a small object placed far apart,
only the light rays that are traveling parallel to each other
reach the object. Any rays that would have the ability to wrap
miss the subject; only the parallel rays illuminate it and the
result is a relatively hard light.

Specular/Diffuse

The other aspect of the hard /soft character of lizht is
whether it is specular or diffuse. Specular Hghi is light in
which the rays are relatively parallel. Light from the sun, a
point source 93 million miles away, is specular. Specular light
is highly directional and collimated. In terms of reflective
surfaces, a specular reflection is one in which the outgoing
light closely resembles the incoming light—in other words, a
fairly mirror-like surface. In this case the angle of reflection
cguals the angle of incidence. A diffuse reflector is one in
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which the reflection does not resemble the incoming light.
The diffuse surface scatters the light in many directions, and
the angle of reflection is more or less random. This covers
reflecting surfaces, but what about direct light? Diffuse is a
condition where the light rays are traveling in random, disor-
ganized directions. Light bounced off a rough white surface
is diffuse. Light traveling through thick white translucent
material is diffuse.

Diffusion Materials

Traditionally, diffuse light is thought of as soft and specular
light is thought of as hard. As we have just seen, this isn't
always true, but generally, diffuse light will tend to be softer
than specular light. Diffusion material can be any semitrans
parent or translucent material: white plastic, silk, nylon,
bleached or unbleached muslin, or shower curtain. They all
HOTYE [I"II..‘ LT RS IJI.JTE'IEIHH!1.1

1. They reduce the specularity of the light. Relatively
specular (collimated) light that falls on one side
of the diffusion material emerges on the other side
maore diffuse (randomized); the degree of change
depends on the opacity and thickness of the material.

2. They increase the size of the radiating source. The
size of the source of a fresnel light is the size of its
lens. It a 12-inch light illuminates a dense diffusion
material 24 inches in diameter, it becomes a 24-inch
radiating source; this also makes the light more
diffuse and wrapping. This effect depends on the
thickness and density of the material. The thicker
and denser it is, the more the source becomes a pure
area of diffuse radiation. If the diffusion material
is very thin and light, the area of diffuse radiation
increases, but also direct specular radiation still
comes through.

3. Light from a radiating source is highlv directional
{specular). Also, the source is usually a mixture of two
types of light, direct radiation from the filament or arc,
and bounce-off from the reflector. The fresnel lens

(=)

cannot smoothly combine these two types of light, {dl)
and untreated direct light from one of these units is ! :
always just a little bit raw. Diffusers homogenize the FIGURE 3.14 Hard light/soft light.

(&) Hard light is characterized by

sharp, hard shadows, (b) Very soft
light doesn't have hard shadows
because the light “wraps” around

light, Both the direct, specular light of the filament
and the indirect bounce from the reflector are
combined and smoothed by the diffusion.

Traditional Hollywood lighting up until the 1960s was the contours of the face. (¢ Hard
almost entirely direct hard light without bounce light or light with the face oriented to the
heavy diffusion in front of the lamps. One reason for this light and with a fill on the shadow

side almost seems like soft light.
id) The softest light of all is often
window light, here a north-facing
Wi rr o

i the slow emulsions used at the time: in order to main-
tain exposure, they needed evervthing they could get out
of a light. With the high-speed films and video cameras we

use today, together with the far more efficient sources we
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(b}
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FIGURE 3.15 Direction of light:
{a) back light, (b) * back, () side,
id) % front, and (e} front light.

have available, it is possible to modify, diffuse, bounce, and
douhle bounce as much as we like.

It is important to remember the loss of exposure when
using diffusion material—it's just the price we pay for getting
soft, beautiful light. The light is not simply lost, however. It
is useful to think about where it goes. Some is bounced back
(o the back surface of the diffusion and wasted and some s
lost as heat in the diffuser, but most of it is not lost at all; it
simply spreads oul (0 cover more area.

For example, reading a bare light at the center of the beam,
vou may find that vou have 100 foot-candles. After placing
diffusion in front of the light, you have only 50 foot-candles,
but you now have exposure over a larger area.

MNatural Diffusion

Environmental factors also play a role. Smoke, fog, and
haze can have much the same effect as diffusion with one
important distinction: the smoke or fog is on the shadow
side of the subject as well; it can serve as a reflector, bounc-
ing small amounts of light back onto the subject.

The greatest diffusion of all, of course, is an overcast dav.
Slight overcast essentially turns the entire sky into a huge
radiating source: the ultimate soft light. It is still overhead,
however, and in some cases, a bit of eyelight fill might be

(LA BT S

Other Qualities of Light

Direction Relative to Subject
The direction from which the light hits the subject is crucial
to the quality of light. 1t is perhaps the key determinant of how
the light interacts with the shape and texture of the subject.
Light that is flat frontal will be less directional since it will
be seen by the lens to cover all subjects equally. Sidelight
and backlight will always be perceived as more directional,
since the shadow areas it defines are far more recognizable
as to origin.

Altitude

The height of the unit in relation to the subject is also criti-
cal. It is another aspect of direction. As a broad generaliza-
tion, lights that are higher are going to create more shadows,
and hence more shape.

As with direction, the farther away from the the axis of the
lens it gets, the more likely it is to create shape, depth, and
texture. Of course, as with all generalizations, this one is not
quite true; we cannot say that it is always better to move a
light higher or lower; however, it is fair to say this is usually
the case.
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{a) (k)

High Key/Low Key (Fill Ratio)

Scenes that have an overall sense of being brightly lit are
said to be high-key, which translates to lots of fill in relation
to the kev, not many shadows, and fairly high levels overall.
The opposite of high-key is low-key lighting, which is dark,
shadowy, and has little or no fill.

Historically, comedies, household, product commercials,
and other light hearted material is lit high-kev while myster-
ies, romance, and stylish upscale commercials tend to be
low-kev,

Specular/Ambient

Specular light is by nature directional. It originates at a
source and follows a fairly straight path. When a light is
placed in a scene so that we can clearly perceive its origin,
wie call it "sourcey,” which may or may not be desirable,
depending on the look we are going for. Specular hard light
just outside the frame will usuallv be sourcey. Soft light, such
as bounce light or highlv diffused light, will tend not to be
sourcey. Highly diffuse light that covers all of the set is called
ambient light, [t is undefined, directionless light.

Relative Size of Radiating Source and Lens

A more subtle factor, and one that applies only to lights
with lenses, is the relative size of the radiating source and
the lens. This particularly applies to large units. For example,
many lighting people still miss the unique quality of the old
brute arcs, which are not used much anymore. The electri-
cal arc that generates the light is a very small, almost point
spurce, and there is no reflector behind it, The lens of the
light is quite large, creating a good deal of wrapping while
the small arc creates a light that is highly specular and sharp.
The wrapping gives it certain soft light characteristics while
the small source keeps it clean and hard, very snappy.

Although 12K HMIs have lenses just as large as those of the
brutes, their slightly larger radiating source keeps them from
having the kind of bite of a brute. Some 12Ks are available
with different reflectors, small and hard or slightly larger and
diffuse.

(=)

(d)

(&

{f)

FIGURE 3,16 Altitude of source:

ia) Hght on the ground, (b) very ko,
re) side, (d) high side, (e} high, and
ifl top light
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FIGURE 2.17 Hard light and soft
light in the same scene with
actress Alexandra Fulton. (a) Hard
light in a scene; here it is a 5K
fresnel through venetian blinds.
{b) Very soft light in the same
scene. Here it was created by
bouncing a 1Kinto a 3' square
piece of white foamcaore.

(k)

Modulation/Textura

Raw light from any source, be it hard or soft, directed or
reflected, can be further modified by modulation. Also
known as breakup, subtle gradations can be introduced into
the light pattern by cookies, celos, branches, lace, charlie
bars, sheers (franslucent window curtains), or other diffu-
sion materials,

Movement

Don't forget that lights can move, There are the obvious
ones: a car-headlight effect, a rising sun, and so on; but
subtle movement of light can make a scene more realistic
and alive. One frequently used trick is to place a branch or
plant in front of a light that is coming through a window and
then place a (quiet) fan so that it makes the branch or plant
move very slightly. Don't overdo it, or it might end up looking
like like a hurricane,

Subject/Texture

We can never consider light apart from the subject it is
illuminating and the conditions under which it is working,
The item being lit plays as important a role as the source
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FIGURE 3.18 Light from upstage
side. (a) One fundamental aspect
of direction of ight relative to

the source isthat it is generally
better (o light from the upstage
side (the side away from camera),
This creates shape and shadows
an the camera slde, adding depth
and dimension, (b The over-
the-shoulder shot lit from the
downstage side doesnt give the
same sense of depth, dimension,
and shape as the shot lit from

the upstage side. Quite simply,
the shadows aren’t where we
would like tham to be. It is just
not as complimentary to the
models features. This is a broad
generalization, of course; there
are many exceptions to this, but
as a general principla it iz a good
guideline to follow. (¢ Lighting
from the upstage side {side
oppasite camera). {d] Lighting from
the downstage side (same side as
cameral.

Light on the upstages

' Light on the
dowrnstage side

(d)
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FIGURE 3.19 Carrying a lamp. This is both a specific technique and also an illustration of a general principle in
lighting. It is called "carrying” a lamp. Often we want to make it look like the subject is being lit by a particular
spurce that appears in the frame—in this case, a practical lamp (practical means that it actually works). Often
the practical lamp {or window or neon sign or whatever the source is) can't actually light the subject in a way
wie would like. In that case we “carry”it—light it in a way that it looks like the source is doing the job itself. In this
exampbe a practical lamp is dimmed down so that it doesn't “burm out” and a Mole Biax fluorescent is sat at an
angle so that it is coming from the same direction as the lamp. Some Black Wrap is used to keap it from spilling
anto the wall.

FIGURE 320 Adding texture to lights. Charlie bars (vertical bars, in this case macde from tape on an open frame)
and also some lace create texture in the scene, A Male beam projector s the key; a 4K soft through seme light
hlue gel (' CTE or Color Temperature Blue) simulates skylight, while the beam projector recreates direct sun,

itself. There are dozens of variables, but some of the most
important are

1. Reflectivity versus absorbency. There can be
tremendous variation here, even between different
people’s skin.

2, Surface texture; diffuse versus specular,

3. Angularity versus roundness,

4. Transparency. For example, large blocks of ice not
only reflect some light off of their wet surface but also
transmit light internally.

5. Color. Affects not only our visual perception of color,
but what colors of light will be absorbed or rellected.

6. Subject contrast. How dark or light the object is in
terms of the gray scale. Also, the contrast between the
subject and background or between different parts of
the subject,

These are the basic building blocks we work with on the set.
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(d)

()

FIGURE 3.21 Making light soft. Four typical methods of making light soft:
{a) A very large source such as this giant Fisher Light makes a soft light,
essential for jobs such as lighting cars. (Photo courtesy of Fisher Light.)
(b A Kino Flo Blanket-Lite gives an overall soft ambience an a set. (Photo
courtesy of Kino Flo, Inc.) (¢ A 4" X 4" beadboard bounce and a Mighty
Male rigged on the same relling stand, supported by a junior offset arm
(along with a 2K Variac dimmer) make a highly mobile rig. (d) Two frames
with muslin (a very heavy cloth diffusion)—a 12" * 12" and an 8 = &',
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BASIC SCENE LIGHTING

We have looked at the tools of lighting, the elements of
lighting, and some basic principles of light and exposure.
MNow let's put it all together.

A movie is made one scene al a time; a scene is made one
shot at a time. The same applies, of course, to commercials,
industrials, music videos, and even documentaries. In this
chapter we will select several scenes from features, com-
mercials, and classroom projects, We'll analyze their lighting
schemes and talk a bit about the thought process that went
into planning and executing them.

Whenever possible, a lighting scheme is planned well in
advance. In nearly all cases, there are deviations from the
plan; this is normal. As a general rule, the lighting of a scene
is built—one light at a time. With larger scenes, there is
usually a previgging plan. On the day before, the electricians,
with perhaps a rigging crew, will lay out the cable and place
the larger lights in preparation for the arrival of the shoot
Crew.

Even in these cases, however, there are always adjustments
and these are generally done one light at a time. For smaller
scenes, all DPs have their own ways of working, but as a



(@)

generalization, it is possible to say that, in most instances,
the lighting is built in a methodical, incremental manner.
Just having electricians run around throwing up lights at
random is seldom productive. The most common procedure
is to set the key light and then bring in additional units one
at a time to see how they fit in with the existing plan.

It is very difficult to preconceive exactly how a lighting
plan will come together. It is not difficult to come up with
an overall concept, but the exact details will change as you
finally see the real set dressed, props in place, and actors
doing the final blocking. In this chapter we will attempt to
cover as broad a range of lighting situations as possible: from
film school classroom experiments, to low- and medium-
budget independent films, all the way up to very large studio
productions.

Medieval Knights Around a Campfire

These scenes take place during the Crusades and at night,
so there would have been no light other than campfires,
lanterns, and torches.

The first obvious choice is o bathe the entire scene with
moonlight. First it's natural, and second, without overall
ambient moonlight, everything outside the circle of fire-
light would fall into complete blackness. Some slightlv blue
moonlight will serve to outline the surrounding trees and
shrubs and add a bit of fill to the scene in a naturalistic way.

Also, the blue will serve as a contrast to the warmth of the
firelight (fires burn at around 2000K to 2500K). We only
know a thing by its opposite. If the entire scene is lit only
with warm firelight, two things might happen: first, it might
get timed out at some point in post-production; second,

(b)

FIGURE 4.1 {a) Kndghts gather
around a campfire consisting of a
propans fire ring and compressed
logs. They are also lit with a %1 back
flicker rig and a low-key backlight
from a 3-Lite coming owver the top
of the trees. Another 9-Lite and an
electric lantern are on the wagon
ir the backgraund. (b) Firelight
effect from below can be used to
lend dark, mysterious moody
feeling to the look of the scene.
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FIGURE 4.2 Here the moonlight
dominates the scene while the fire
effect adds a bit of backlight.

The maoanlight is two MaxiBrutes
with ¥: CTE. At roughly 100 yards
away, the two Maxis provide about
an F/1.3 at 454 500.

the viewers" eyes will adapt after looking at the scene for a
few minutes, This adaptation will eventually lead the viewer
to see the light as basically white.

Spreading moonlight over such a large area (about two
acres for all the scenes) usually calls for a large crane or, at
the very least, a couple of levels of scaffolding. Either might
be a problem as they may appear in the frame at some
point (the trees are very low at this location) and a crane
might need (o be moved: a time-consuming process in a
rough location like this. Scaffolding would be even more
problematic,

Fortunately, the location itself offered a solution. The site
chosen (with much urging from the DP) was a dry wash at
the bottom of a steep hill, which was about 60 feet high.

At the top of the hill was the crew parking lot—the perfect
spol to park the generator,

The Plan

There are a number of ways to create fire effects, and sev-
eral of them were used on this production.

First was the real fire—important not only as a source of
illumination, but also as a major prop. Because this fire is
indispensable to the frame, there is no choice: no realistic
substitute for fire exists. Then the real fire was supplemented
by some technigques and devices. First, {lame bars were
made. These are simple iron pipes with holes drilled in them.
These holes allow compressed propane (highly (lammable)
to escape the pipes when it is fed into those pipes. Next,
rubber cement (also highly flammable) was painted on the
iron pipes. Given its flammability, that rubber cement makes
an efficient starter when ignited.

This type of rig has several advantages. [ is [airly constant,
s it is good for continuity. Real logs would change from take
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fire rig.

FIGURE4.3 The fire effect was
provided by three fire rigs. These
are a Mighty Mole, a Baby-Baby,
and a Mickie Mole on a triple
header with all lights run throwgh
a three=channel flickerbox.

See Figure 4.4 for a closeup of the

to take. Second, it is controllable; the operator can actually
dial the flame up and down, thus regulating exposure and
balance with some accuracy. Care must be taken to check
exposure frequently, however, as the flame gets lower and
the pressure in the propane tank decreases.

[n the scene in Figure 4.1, a circular flame bar is placed in
the stone ring and the gas line is buried under the dirt.

The second part of the flame is compressed fireplace logs.
These burn longer and more consistently than real logs and
provide a hit more of a real campfire look than the flamebar
alone.

Flicker Effect

A convincing fire effect is not difficult, but it is often done
wrong, First of all, it cannot be done with a single light. It
cannot be done by wrinkling aluminum foil or flexing a
réflector. These merely result in a hotspot that unconvine-
ingly “waggles” across the scene.

Observe a fire sometime. One thing you will notice is that
the shadows on the wall dance around. This is because, as
the individual flames rise and fall, the light source itself
moves around and up and down. This effect can only be
duplicated with at least three sources that flicker on and off
randomly.

A flickerbox is the best way to achieve this, but it can also
be done with individual dimmers, a programmable dimmer
board, or hand squeezers. For this production a three-
channel flicker generator was used. This provided the
capacity to make each light on each rig flicker at a different
rate and with ditferent high and low points, The difference
between the highest point of flicker and the lowest point is
important for exposure readings and also for believability.
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FIGURE 4.4 The Mlicker rig, herein
the high position. Having three
different sizes of lights ensures that
the effect will flicker realistically—
in this case a 2K Mighty, a 1K

Baby Baby, and a 1K Mickie Maole.
Three lights are always necessary
fora convincing effect. One half
CTOona4d” ® 4' frame brings the
temperature down to simulate
fire’s color. Mote the pasition of the
grip arm that supports the triple
header—it is set so that it can be
lowered to the ground, which is

aften required for 2 camphire effect,

The flickerbox has three channels,
each of which can control a light
up to 2000 watts, Each channel

has independent settings for high
point and low point and the flicker
rate is contrallable ina wide range.

Too great a difference doesn't look real and too small a differ-
ence doesn't provide a noticeable fire effect.

For this same reason, the flicker settings should he appro-
priate for the situation. Candlelight, for example, barely
flickers at all except when there is a gust of wind, but in order
to sell the effect, we usually make it flicker a little all the time.
A slight breeze created by waving something can make the
candle itself tlicker a bit to enhance the illusion.

For candle effects, special movie candles are available.
These candles have three wicks and burn much brighter
than ordinary candles.

Group Scene with Fire

Figure 4.5a: In this scene, a group of soliders listen as their
leader addresses them. The wide establishing shot showed
several campfires around them. Establishing the source is an
impaortant part of selling the effect. Without establishing the
source by showing it, there is a danger that it might just seem
like the lights are flickering. This is not a danger in a scene
like this, of course,
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FIGURE4.S5 Group scene with

fire. (a) The scene as shot. (b The
backlight fire effect. (c) The low
fire-effect from front left with
the two maoonlight juniors in the
background.

()
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FIGURE 4.5 Lighting diagram for the
seene of knights gathering to listen
to their commander {see Figure
4.5). The fire flicker rig is camera
right and slighthy behind them.

Ir fromt at ground level is another
softer, fire flicker rig with three 1K
zip softs. Off to camera left and
high are twao 2Ks bringing in some
maanlight from the side/back.

2K maon affect

2K moon effect S

B A

Fire flickar rig

Lows fire flicker rig

Figure 4.5b: Two flicker rigs were used on this scene. One is
placed on the ground in front and camera lelt of the group.
This simulates the campfire we saw in the wide establish-
ing shot. The second fire rig is behind the group and camera
right, its main purpose is to function as a back sidelight or
kicker for some of the soldiers.

Figure 4.5¢: The front fire rig needed to be as compact as
possible so that it didn’t stick ap into the frame: Baby Zip
lights were bounced into a white card rigged on a C-stand,
A knight's shield was used to conceal it for the reverse angle.

The white card bounce was used, as direct light that close
would have been too directional, even with soft lights. On
camaera left of the group we see two 2K juniors, which add a

bit of moonlight fill.

Science Fiction Scene

This was a lighting experiment to try some sci fi concepts.
The decision was to go all blue in order to give it mood and
also disguise the fact that we had just an ordinary living
room set, The units are tungsten fresnels: a 5K and two 2Ks
coming over the top of the set walls with the addition of a
Kino Flo Diva 4-bank on the floor. Double CTB was added to
all the tungsten lights. The Kino had davlight bulbs. In addi-
tion, the HD camera had a menu setting of +99 for the blue
channel in video levels. A 5K with double CTB is outside the
window, coming through venetian blinds.

Film Noir Scene

The purpose of this scene was to duplicate the look of film
noir {see Figure 4.8].

First of all, there were table lamps. Film noir interiors
always seem to have table lamps. Here, they also provide

64 = pMotion Picture and Video Lighting



La)

(b)
FIGURE 4.7 A science fiction scene.
{a) End of scene, lit with a Kino from
the floor and backlight from the 5K
aver the camera left wall,
ib) A closeup in the scene. {d) The
apening shot. The smoke and glow
of the butane lighter add mood
and texture to the shot.
id) Diagram of the scene.

SK with
2K with ' :
F deaible CTE Al with
.. double CTE b | 'ﬁ il
I
f'-;.ll'llfl Fla SK through
daylighl bulbs wincow
double GTE

(d)
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FIGURE 4.8 A film nalr
e, (a] The soene a5
shot. (b} The setup. (g A
diagram of the setup.

(b)

Ty Tivdedtvida o0 C-alards,
One 15 & kickerbackighs for the aoior
The ather bomcee all the hpewriter

’*) Papi i b key Fghl.

A Baoweani providas
o sredfl gloaw on the map
i e background

(4]
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some motivation for the lighting, although they play little
role in lighting the actual scene (see Figure 4.8a).

Two Tweenies armed out on C-stand arms are the main
units for the scene (Figure 4.8d). One of them provides a
back kicker for the actor and the second is the key light: its
only task is to bounce off the white tvping paper to provide a
subtle underlight for his face (Figure 4.8c).

An additional Betweenie gives a slight glow to the map and
hooks on the shell behind him (see Figure 4.8a).

Aces and Eights

This was a class lighting project and an experiment with
Mole-HRichardson's 2.5 K HMI beam projector. The beam pro-
jector provided a hot, sharp beam through the window. With
full CT'B added to the already blue HMI (and the camera set
on tungsten balancel, it provided an intense mood for the
scene (see Figure 4.9).

A desk lamp provided some color contrast and hot spot on
his head—a focal point for the image (Figure 4.90).

A baby behind the desk adds some “kick” on the table
{Figure 4.9b). A 850 Tweenie keeps the area under the desk
from going totally black. Without the fog effect from a smoke
machine, the shot would not have been nearly as effective.

Detective Scene

This scene (Figure 4.10a) needed to be low key to allow the
handheld LED panel to be prominent in the scene,

Although the LED didn't provide much lighting on the actors
in the scene, it provided the motivation for a low-bounce
return (the 4° » 4' beadboard on the floor being hit with a
LK, Figures 4,100 and ¢]. A 5K through each window and &

127 » 12" white muslin blown out behind the door (Figure
4.10c) provided the rest of the lighting plan for the scene.

Young Inventor

The challenge in this scene is the lightbulb. From top
to bottom on the left: with the bulb as the only source, it
burns out. Instead, the bulb is dimmed down and is carried
by a MolePAR through a snootbox, Along with some light
through the window and a backlight, the scene is complete
{see Figure 4.10e),

Figure 4.1 1a: With just the actual practical light itself, the
central part of the scene is burned out and the rest
falls off into nothingness.

Figure 4.1 1b: With the practical dimmed down, the scene
slides off the deep end.

Figure 4.11c: A key is added to carry the practical lamp.
This means he looks like he is being lit by the practical,
but it can be dimmed down (o a good level.
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FIGURE 4.9 {a) Aces and Eights.

ib) & MoleBeam through the
window provides the kind of hard
directional light needed to give

us defined shafts of light. & baby
with some full blue fillsin a part

of the table not covered by the
MoleBeam. [¢) An overhead diagram
af the scene.

(b)

\
g Sl
Twaanio
(<}
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(a)

28 inlo muslin backdr

Sk throwgh venatian blincs
2% inba mualin backdrop
o

L3

1K onig bounce
L’ taand on Floor

\

Baly 5K through wiridaw

()

(d}

FIGUREA.10 (a) A detective scene as
it by gaffer and DPF David Chung,
A handheld LED panels serves as
both a prop and a practical light
source, (b} A wide shot of the
liggbtireg. G A 1K Bounced off a

4' ¥ 4' foamcorne serves as thair key
at the table. (d) & 5K through the
laft rear window, (e) An overhead
diagram of the scene.
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{b)

FIGURE 4.11 The young inventor.
{a) With just the actual practical
light itself, the central part of the
scene is burned aut and the rest

falls off into nothingness. {b) With
the practical dimmed down, the
actor is underlit. () A key is added
to"carry” the practical lamp.This
means he looks like he is being
lit by the practical but it can be
dimmed down to a good level.
4] With a bit of backlight and an
accent through the window, the
scene s complete, (e) A diagram of
the lighting setup,

2K thraugh
window

Inkie ‘

an wall kbt i

y

MalaPAR
throwgh snootbo

(e}

Figure 4.11d: With a bit of backlight and an accent
through the window, the scene is complete.

Miscellaneous Scenes

Potter
Figure 4.12a: This scene is from a commercial that needed a
romantic but manly look. The lighting scheme was extremely
simple. In front of the actor working on the pottery wheel
was a window. Heavy diffusion {in this case bleached muslin]
was taped to the glass,

Outside were two firestarters (1K MolePARS) with NSP
bulbs aimed through the diffusion. The overhead lamp was
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dialed in on a dimmer so that it balanced the window light
and was close enough to the actor to provide a very saft fill
for his face.

Beauty Shot

Figure 4.12b: This shot is a simple floor bounce. A large piece
of bleached muslin was placed on the floor, and a 2K open-
face Mighty Mole was tilted down and aimed to bounce into it.
When using an arrangement like this, take care to avoid
direct spill from the lamp—meaning that any light directly
from the light must be cut off with barndoors, black wrap,
or a flag, so that the subject is lit only with the bounce light
from the white muslin.

Pool Room

Figure 4.12c¢: This barroom scene needed the harsh look

of a down-and-dirty dive. The main light was a Lightwave
25VNSP PAR bulbs) outside the window. Inside the light

over the pool table, two 100-watt bulbs were hidden. Coming
through the window of the back room was a 5K. The scene
was shot during the day, and the small amount of existing
daylight that crept in gave the scene an overall cold, gritty feel.

(=]

FIGURE 4,12 Miscellaneous scenes,
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FIGURE 4.13 Intimate room SCene,

Pool Room CU

Figure 4.12d: A close-up from the barroom scene above. At
the climay of the scene, the actor moves close to the win-
dows, and we see the real intent of lighting primarily through
the wooden blinds of the windows. This is a good example

of how the eventual key close-up of the scene shapes the
thinking about how to light the wide shot. Although there

are: usually some adjustments to be made when vou move Lo
the coverage, the lighting continuity must remain somewhat
constant, It is important to be thinking several steps aheacd
as vou light the master, so that it has some chance of working
reasonably well for the coverage as well.

Intimate Room 5cene

Lighting this scene was a hit trickier than might appear. It's
an existing room, so the ceiling was low, offering no chance
to hang lights from above. The blocking of the scene had
them placed right next to the window. Outside was a terrace,
but in most places where vou might want to position a light,
it would have been visible through the window.

The solution was to partially close the blinds—placing
them at an angle so the lights were hidden but the light could
still reach the actors (see Figure 4.13a). It turned out to be a
perfect angle to give ecach of them an upstage key that just
reached into their downstage eve, leaving nice deep shadows
on the downstage side of their faces (see Figures 4.13b and ¢)—
perfect for the dark mood of this scene. Ko fill was used
as the chiaroscuro effect of this upstage lighting was fine
with only the ambient bounce from the rest of the room.
Outside the windows: one Baby Junior for each actor. With
an arrangement like this, it is important to check the angle
of the blinds and the lights every time the camera moves and
then adjust them enough to maintain the same lighting look,
but not so much as to interfere with continuity.

Here we have a typical problem. As previously discussed,
interesting lighting is most often achieved by bringing it
fromm the back—getting the lights around 1o the sides and
behind the actors. Frequently, this placement of lights would
mean the lights are visible in the frame. In this case, they
have even have been visible outside the window when we
went for close-ups from either side. Bringing them through
the blinds gets them where we want while hiding them from
the camera.

Enowing how to hide lights in the [rame is an important
skill. Often it's pretty easy to figure out where you want
lights to come [rorm—the tricky part is figuring out how to
get them where you want, either in terms of rigging them or
hiding them.
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Back Cross Keys (Sitcom Lighting)

Here we see an attempt at bad lighting or, more simply
sitcom lighting. Situation comedy, indeed—all three-camera
television—tends to be lit with the same basic scheme, called
back cross keys. Each acting area is lit by two key lights from
roughly ¥ back (upstage side, or the side away from where
the cameras are) and then a soft front fill is added.

This is not actually a bad lighting scheme but it is bland,
and what usually makes it so bland is that a great deal of fill
is used—not that unusual for comedy in any case. The hack
cross keys setup gives some shape and definition and the
front fill keeps it fairly suitable for television.

Reality Show 5et

This short film about a futuristic realitv show called for a
soft TV look. The budget was low so it wasn't possible to
rent spacelights, coops, or other types of overhead soft lights,
50 the DP had the grips build some soft boxes out of foam
core and hanging bulb sockets. Each of the four soft lights
held six 250-watt bulbs (ECA) [see Figure 4.16a).

The soft boxes establish an ambient base—an overall
directionless light that serves as a base to build on. This
is supplemented by practical lights, a couple of PAR cans
streaking down the wall, a zip light, and some 2K shooting
in from the cormer openings through half spun. A couple of
floating Tweenies are repositioned for each shot,

In or Out?

This classroom exercise aimed at a moody, low-key look.
The experiment was to bounce a 1K MolePAR (commonly
known as a "firestarter”) into a black table. Only a single
sheet of typing paper as a bounce on the table was needed

FIGURE 4.14 Sitcom lighting with
back cross keys.
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FIGURE 4.15 Elack cross keys setup.

Hjs key and her back

Her key &ntft

(b)

(e}

FIGURE4.16 Reality show set [a)
and the set-built softboxes (b)
and [c) that provide the overall
ambient light.
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(a)

I Heoegh windos

{e)

FIGURE 4.17 Inor out?

(d)

to bring the exposure up to usable levels. A bit of blue
moonlight through the window and a practical lamp were all
that was added to this scene.

The 1000-watt VNSP (Very Narrow Spot) PAR 64 bulb was
hung from a goalpost, which is simply a 10’ 2' = 4’ [pipe
or Speedrail is more frequently used) held by two high boy
roller stands. Cardellini clamps hold the 2' = 4°,
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Day Exterior

This day exterior needed a good deal of fill for a fairly
shadowless ook, both to counteract the harsh midday sun
and also create a bright cheerful feel. Two 12'x12" silks on
one side have two 6K HMI PARs for a key and two 12K HMI
fresnels provide soft side light.

FIGURE4.18 A day exterior.

(&)

(c)
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On the opposite side, a 12'x 12" solid {black) creates some
negative fill to give the scene some sense of contrast and
make it a bit more gutsy—not so flat and dull.

From Under the Floor

Very larze sets with confining walls can present a dilemma.
The solution in this case was to light from underneath the
Plexiglas floor. Dozens of Kino Flo tubes were removed [tom
their housing and arranged underneath the elevated set to
provide the primary lighting.

FIGURE 4.19 From underthe floor
{Photos courtesy of Kina Flo, Inc)

(B
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Ambient from Above

General lighting that is just sort of there is referred to as
ambient. In some cases, the ambient just forms a base on
which to build with other lights. In this case, the arctic winter

FIGURE 4.20 Amblent from above,
(Photes courtesy of Kina Fla, Ing,)

(b}
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setting called for a soft overall ambient as the main lighting,.
This was accomplished with several very large silks hung on
trusses and large Kino Flo units suspended above them.

Confessions: Training Scene

The training scene from Confessions ofa Dangerous Mind,
as lit by galler Tony "Nako" Nakonechnyj. On one side, a
series of 18K HMI fresnels through the windows are sup-
ported on cranes with hall blue (/> CTB) added {Figure 4.21a).
On the other side, 18K HMIs are bounced into grifflon to add
sonme fill (Figure 4.21b).

id)

FIGURE 4.271 Confessions: training
scene. (Fhotos courtesy of Tony
"Maks” Makonechnyi.) (a) 18K HMI
fresnels on cranes outside the
windows. (B Anather row of 18K
fresnels are bounced into muslin
to create some fill on the side
appesite the windows, (¢ The
sCene as it ap peared in the film, (d)
Focusing {aiming) the 18K units,

(b)
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FIGURE 4.22 A night extarior alley
from Confessions of a Dongerous
Mind.

FIGURE 423 Anexterorinthe
studio. (Photos courtesy of Tony
"Maka” Nakonechnyj.)

Figure 4.21a: the scene as it appears in the film. Notice that
the practical lamps (china hats with 250-watt BBA bulbs)
also play a role, but primarily as set dressing.

Confessions of a Dangerous Mind: Alley

A very simple scene but one that makes a powertully
graphic and memorable image, At first glance, one would
guess that it is lit with a single large unit on a crane at the
end of the alley. In actual fact, it's more complex and subtle
than that. The main light is a 12K HMI PAR, which has tre-
mendous punch, however, it didn't have the spread to give
the sheen on the wall all the way down the alley. Gaffer Tony
MNako added a 12K HMI fresnel, which has a wider spread.

As an additional subtlety, he created a bare bulb socket unit
which held a mogul screw base sodium vapor lamp, which
gave just a slight glow of vellow/orange streetlamp at the far
end of the alley. This is an excellent example of the artistic
subtlety, careful thinking, and preplanning that goes into a
well-made lighting scheme, even on what mav seem to be
the simplest of shots.

(b}

B0 * Motlon Picture and Video Lighting



Creating an Exterior in the Studio

In this scene from Terry Gilliam's The Brothers Grimm,
{(Figure 4.26) a series of “Storaro” lights (multi-PAR units
which use ACL aircraft landing lights instead of PAR 64
bulbs) create strong shafts of downlight for this night scene.
A smoke effect is also important to this shot.

FIGURE 4.24 Tony Nako's lighting
plan for a scene from XZ. (Photo
and diagram courtesy of Tory
"Mako” Makonechnyj.)
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X-Men Plastic Prison

Figure 4.24 illustrates the use of large units even on a
relatively small set: eleven 10Ks, nine Ruby 7s, and many
PAR cans (1K PARs often used in rock and roll lighting) and
Blondes (2000-watt open-face lights).

The diagram by Tony Nako (Chief Lighting Technician on
the films X-Men and X2 ) also shows channel numbers for the
dimmer system; he generally uses dimmer systems for all his
lighting setups, even the largest ones. On a big studio
picture, shooting is so expensive that anvthing that saves
time in adjusting the lighting pays off in the end.

These are diagrams that Tony prints out and laminates in
order to be able to give precise instructions to the dimmer
board operator: essential when very large selups can have as
many as 2000 lights/channels controlled separately,
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lightireg diagrarm for the night
exteriors in The Erothers Grimm.,
{b) and {¢) Some shots from the
scene as it appeared in the film.
{Diagram courtesy of Tony "Maka”
Makonechnyj.)

FIGURE 4.26 (&) Tony Mako
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FIGURE 427 The White House set
from X2, (Diagram courtesy of Tony
"Makc” Makonechnyj.)

(b)
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Stage Rigging

In this scene from X-Men (Cerebro, Figure 4.25), units are
vigeed from the grid. In the case of the ring of 10Ks, they are
rigged on a circular truss that is suspended from the grid. A
Ruby ¥ with a skirt is hung directly above the actor.

Grips handle this tvpe of rigging, with assistance from the
electricians when it comes to actually hanging the units.
Electricians then wire up the units {in this case to the dim-
mer system] and focus them.

Figure 4.27a,b; the scene as it appeared in the film.

Large Night Exterior

A lighting diagram for the night exteriors of the village in
the film The Brothers Grimm (Figure 4.26), as done by Tony
Nako, who for this film was dubbed Chief Lighting Dude by
director Terry Gilliam. The large units were the Storaro series
of lights, most of which use 28-volt ACL globes, which are
aircraflt landing lights and very punchy. Some were placed on
lifts and some worked on the ground. Having so0 many units
placed at such large distances makes it especially important
to have them all on dimmers for centralized control.

In addition to lighting placement, this diagram also details
power distribution and placement of dimmer packs, which are
the actual dimmers controlled from a central dimmer board.

The Storara lights were invented by cinematographer
Vitorio Storaro. They are:

JTumbo = 16-28-volt ACL globes

Concorde = 31-28-volt ACL globes

Tornado = G4-28-volt 1000-walt PAR3E bulbs

Dakota = 8-PARG4 globes

Complex Stage Set

For the opening sequence of the second X-Men movie, a large
sel of the Oval Office and West Wing corridors was built in a
sound stage. A big set like this natarally requires a complex
lighting design and extensive conitrol, With lots of actors and
crew standing by and the enclosed nature of the set, having
electricians run around dropping scrims or having the grips
set nets is out of the question. The only feasible solution is
to run all the lighting on dimmers. Naturally this involves
considerable extra cabling—rather than just running power
from the electrical source directly to the light, it is necessary o
run power to the dimmer racks and then to the lights, There is
extra expense involved as well, but for a large production the
savings in time more than makes up for the cost and labor,

See the appendix for a sample of a lighting order for a large
feature film involving dimmers.
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LIGRTING HD, DV, AND
DVIDEQ

The differences between lighting for film and video,
whether it be high def (HD), digital video (DV), or standard
def (5D are not as great as sometimes imagined. Everything
we have discussed about basic lighting applies equally to
film and all forms of video,

There are, however, some differences between film and
video as imaging media, the most lundamental of which is the
capacity to handle contrast. While film negative can handle
ranges of seven to eight stops (128:1, 256:1) and even more,
most video systems cannot reproduce that contrast range.

The second difference is separation in the shadows and
highlights. HD video has an extraordinary response in the
shadow areas, but all forms of video have trouble handling
hot spots in the highlight areas.



-,

FIGURE 5.1 Scan limes invideao.

If there is one kev concept to remember about HD and
oither kinds of video, it is this: Do not overexpose! Video
simplv cannot handle overexposure; once the signal clips,
it cannot be saved. (Film, on the other hand, handles over-
exposure reasonably well, but it doesn’t do as well with
underexposure.)

Many cinematographers also like to include some reference
white and reference black in each scene (this is true for film
shooting as well). This just means that al least one area of the
shot has something that approaches pure white and another
object in the frame approaches pure black. This not only pre-
vents having the image changed for the worse in post, it also
means that your scene will have a full range of tones, thereby
contributing to a richer, fuller image.

Taken together these considerations lead us o four simple
rules for lighting video:

+ Do not overexpose the shot.

«  Accommodate lighting ratio to the video limits.

*  Avoid areas of extreme overexposure (hot spots).

*  Include reference black and reference white in every
SCENE.

The Video Engineer and DIT

Between the video camera and the videotape recorder, one
important link stands out—the video engineer, 5/he is the
chief technician responsible for making sure all equipment is
properlv set up and operating. 5/he monitors the signal and
constantly checks on the quality of the recording, On larger
jobs sfhe will be assisted by an assistant engineer and a tape
operator, The video engineer’s tools include the waveform
monitor, the vectorscope, and the paintbox.

On HD shoots, this position has evolved into the Digital
Imaging Technician (DT} who not only has responsibilities for
the integrity of the video signal but also manages the look of
the image—generally, the DP will describe the particular look
he or she is going for, and the DIT will make the adjostments
to accomplish that, In most cases, the DIT will also have the
ability to remotely control exposure and aother factors—not
as a creative decision, but more to maintain consistency; this
is similar to how a studio video shoot works—many camera
unctions are operated from the video control room.

The Waveform Monitor

While video lighting is fundamentally the same as film
lighting, it is important to accommodate its limitations. The
kev instrument in accomplishing this goal is the waveform
mMonitor,

The wavelform monitor is the light meter of video, Yoo muost
learn to use it for video as yvou learn to use meters in lighting

Lighting HD, OV, and 50 Video = BF
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FIGURE 5.2 (a) The waveform
manitar display of the 11-step
grayscale from the Chroma du
Monde test chart from D3C
Laboratories. The waveform
manitar (B shows the brightness
values of the picture: no colo
information is displayed.

(b)

for film. The waveform monitor is basically an oscilloscope
that displays the video signal. Using the wavetorm monitor
as a technical and creative tool depends on an understand-
ing of the video signal.

Let’s review the basics. The video picture is formed by
a scanning beam of electrons. When the scanning beam
reaches the edge of the screen, it goes blank (turns ofl) and
flies back to the opposite edge, where it starts across again.
This continues for 262"/ lines, followed by the longer vertical
blanking interval, during which the scan returns to the top
left of the screen and begins again, this time in the spaces
between the scan lines it just did.

This is not a new frame, however; it is the same frame again.
Each frame is painted twice, and each hall is called a field.
The reason for this two-field system (which is called inter-
laced video) is that, if a scan line painted a frame for 525 lines
from top left to bottom right, the time lag between the begin
ning and the end would be too long. The screen would appear
to be dark in the upper left while the lower right was being
painted. It would be similar to a film projected at 12 frames a
second—not fast enough to establish the illusion. Each
of these fields is scanned in Y of second, making a frame
V of a second. In progressive video, each frame is scanned
from top to bottom, and there are no interlaced fields.
Twentv-four-frame-per-second progressive video has become
the standard for narrative shooting as it is closer to the look
of filim.

On a waveform monitor, the screen is divided into 140 IEEE
(Institute of Electrical and Electronic Engineers) units (also
called TRE units for the Institute of Radio Engineers, This is
the more common usagel. A video signal ranges from O to 100
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IRE units. The actual minimum black level is 7.5 IRE units,
while maximum white is 100 units. During the blanking inter-
val (the time when the scan line is moving back across the
screen) the signal goes to 0 units, which is important in keep-
ing it invisible as it moves back to the other side of the screen.
The sync pulse, which is a trigger that signals the beam
to bezin to move back across, actually dips below 0, to —-40
IRE units. These blanking and sync pulses occur outside the
picture area, in the so-called overscan areas.
The waveform maonitor is a trace of one scan line of the
picture (in actuality, most waveform monitors can display all

FIGURE 5.3 {a) This 11-step
grayscale is badly overexposed,
See how there are no black values
at all, and the highlight values

are squeezed together at the top:
there will be no separation, no
detailin the highlights.

{b) This 11-step grayscale is
severely underexposed: there are
na highlight values at all—indesed,
na tonal values above middle gray.
The shadow values are crushed at
the bottomn; there will be no detail,
no separation in the shadows,
there will be nothing but a dark
gray to black mush,
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FIGURE 5.4 {a) The vectarscope
display and {b) the color wheel,
Most representations of the color
wheel in this context begin with
2 at the 3:00 position. This is also
the representation of color as it is
manipulated in the matrix menus
of HD cameras.
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(b}
525 lines, but for clarity we will discuss single-line display).
As this single trace moves across the screen, it records the
relative brightness of the picture information. It is exactly the
same as a series of spot meter readings across the set from
left to right in a straight line. Totally black areas in the picture
will show up on the monitor as 7.5 units. Bright areas will
record as 90 or 100 units or more. Where the picture exceeds
100 IRE units, the video signal is overloaded. Video engineers
will always try to keep the signal under 100 units. In some
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cases, for artistic reasons, 100 1RE mav be exceeded, but 108
IRE is seldom excecded,

The waveform monitor is an invaluable tool in lighting a
scene. It can be used to set the overall brightness level, the
contrast ratios, the iris setting, and to watch for anv hot
spots. The pitfall is in being a slave to it. As a general rule,
the lighting of the scene must accommodate the parameters
of video. Don't forget that vour creative instinets may some-
times conflict with these rules; in that case, yoo must use
your judgment and the video monitor. Remember that, even
in video, what vou see is not alwavs what you get.

The Vectorscope

The waveform monitor tells us little about the color con-
tent and balance of a scene—Ior that we need a veclorscope.
The color signal of video is defined by two basic elements,
hue and saturation, displayed by a veciorscope in a circular
display. Hue is represented by degrees of rotation from the
reference peint and saturation is represented by distance
from the center of the circle.

For most NTSC vectorscopes 0% is at 3 o'clock. The six basic
colors are positioned as follows:

* Magenta, 61°
*  Red, 104"

= Yellow, 167"
«  Green, 2417

*  Cyan, 284°

# [lue, 3477

Square brackets mark the position of each pure hue on the
face of the vectorscope. These act as targets when calibrating
to color bars,

Iris Control

Video cameras vary in sensitivity, but in general, they cuor-
rently run around 100 Lo 320 ASA (this is an equivalent, as
video cameras are not really rated in terms of ASA).

Asin flm, it determines the overall exposure of the scene,
Because highlight areas are so much more problematic than
shadow areas, the general practice in videography is to set
the exposure for the highlights and deal with the shadows in
another way.

As arule, face tones are set at about 70-80% of peak
brightness—depending on the complexion of the actors,

If there is a bright white object in the scene (Tor example,

a white shirty that is registering on the waveform monitor

at 120%, the video engineer would be forced to close down
the iris in order to keep the shirt closer to 100%. This would
also lower the level of the face 20 units, which would make it
appear darker than normal. Since we are assuming that the
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face is important, not the shirt, this would be unacceptable.
The shirt has 1o be dealt with somehow, and here there is no
difference between film and video; the tricks are the same.
We can set a net to keep light off the shirt, change the shirt
to a darker one, soak the shirt in tea to tone it down, or add a
little light to the face.

Electronic Pushing

Another factor that affects overall exposure is electronic
pushing or gain. This is the electronic equivalent of forced
development for film. It raises the sensitivity of the video
sensor, allowing the camera to form an image at a lower
exposure level. The boost is rated in decibels (dB) and each
B-dB boost is the equivalent of one stop, As with film, there
is a penalty to pay. In this case it is increased elecironic noise
in the picture, not unlike the increased grain in pushed film.
Most cinematographers prefer to shoot at =3 dB when the
camera offers that option; this reduces noise to a minimum.

White Balance

As with film, video must be balanced to the overall color
temperature of the lizhting. This is achieved electronically
by white balancing. A relatively quick and simple process,
white balancing is necessary only at the beginning of the day
or when a major change occurs in the lighting, such as going
from indoors to outdoors, or using a different setup with
color gel on the lights. It may also be necessary if a camera
starts acting up owing lo overheating or other problems.

White balancing can be accomplished either automatically
by the camera itsell or manually by the video engineer/THT.
In either case it consists of focusing the camera on a white
or neutral gray target (such as a white showcard); then you
either push the auto white balance button or manually
adjust the paint controls. Many advanced cameras have the
capacity to memaorize more than one white balance, which
can then be selected later. Most also include some preset
balances such as tungsten lighting and daylight and perhaps
4300K (which is average for fluorescent lighting), which can
be selected when there is no time for a white balance,

When white balancing, it is key to know what yvour refer-
ence Is. Let's consider two situations,

1. You are shooting in a remote location that has very low
valtage. The tungsten lights are burning very yellow
as @ result of the voltage drop. You want to be sure you
get good clean color.

2. You have lit a set for late afternoon, The lights have
all been gelled with ' 85, and the sunlight coming
through the window has full 85 and No-Color Straw (o
simulate golden hour.
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Your response would be different for each of these situa-
tions. In the case of the low voltage, vou want (o get rid of the
vellow in the lights, In this case vou would expose the white
card with the yellow light from the set lighting units. White
balancing would then remove the vellow, just as a filter or
color timing at the lab would remove unwanted color.

In the second case, the color is an effect that you want. IT
you exposed the white card to the light with the CTO or
no-color straw gel, the white balance would remove the color
and negate the effect vou are trving to build. In this case it is
necessary to have a neatral light available to white balance.
It should be a light without any gel added, straight 3200k or
S500K, depending on the types of lights vou are using.

Transferring Film to Video

The question is often asked, "IT all television programs and
commercials and nearly all motion pictures end up on video
anyway, why not just accept the limitations and shoot them
on video to begin with?” The answer is that even if the final
product is the same, how you get there is important—just as
an Ansel Adams photograph of Yosemite taken with an 810
camera will be fundamentally different from a tourist shot
of the same subject taken with a 35-mm aulo focus camera,
The fact that both end up as 8 % 10 enlargements does not
negate the fact that the intermediate steps are key determi-
nants of picture quality.

While it is true that the telecine and video recording of a
film transfer is limited by the same 30:1 contrast ratio as
video-originated material, the kev factor is compression—
the compression that takes place up in the toe and shoulder
of the I & D curve when we take the original shot on film
negative. While the live scene may have a contrast ratio that
even exceeds 128:1, the highlights are not reproduced at a 1:1
equivalence when it is recorded on flm. Because they fall in
the shoulder of the film corve, they are compacted. There is
still separation from one area of tone to the next higher arca,
but the difference is not as extreme as it was in real life.

Mo matter how bright an object is In real life, it can only
reach D-max, It can’t be any denser than the film emulsion
maxinm. All this means that while the film may still
exceed the limits of the video, itis a lot closer than the
live scene was. The video transfer benefits from this inter-
mediate step.

Lighting for Multiple Cameras

Video image quality has a generally bad reputation with
respect to film. Part of this is due to limited brightmess
range and resolution and part of it is due to historically poor
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FIGURE 5.5 NTSC 75% color bars.

lighting. The bad reputation of video lighting is based on two
historical factors:

1. Video is frequently the lower cost alternative. A
production company that is saving money by shooting
video is unlikely to splurge on the lighting crew,
equipment, and time.

2. Video production is often multi-camera shooting,

Lighting for multi-camera, whether video or film, almost
always involves compromises. What looks great from one
viewpoint is often a disaster from another position. With
some care and skill, however, it can be almost as good as
single-camera lighting. There are two basic approaches.

1. Find lighting solutions that work as well as possible for
all camera positions. This often involves broad sources
and a more general lighting.

2. Use dimmers to alter the lighting balance as the
shot shifts from camera to camera. In practice, this
approach is most often applied to multi-camera film
shoots for television.

For a more generalized situation, an X approach is often
used. For each position, there is a front left and front right
unit and a back left and back right unit. This means that no
maiter what the camera position and the actor's direction,
there is a light that can act as a key, one that can be a [ill, and
one or more that can be a backlight or kicker. The dimmer
operator is in control of the balances and which lights serve
what purpose for each shot. It takes a good crew and a thor-
ough rehearsal, but it can work well. Multi-camera shooting
may also occur in productions shot on film, but that is much
less frequent than in video.

Monitor Setup

The most important thing you can learn about video is how
to set up a color monitor properly. Even with other equip-
ment such as a waveform monitor and vectorscope on hand,
the monitor is still a critical part of previewing and judging
the picture. As we'll see in Chapter 7 on color theory, there is
no exact correlation between the mathematical representa-
tion of color and the human perception of it.

Color bars are an artificial electronic pattern produced by
a signal generator, which may be in a video camera (most
professional video cameras have a bars setting) or a sepa-
rate piece of equipment on the set or as a standard piece of
equipment in any video post-production facility—be it tele-
cine, editing, or duplication. Color bars are recorded at the
head of every videotape to provide a consistent reference in
post-production. They are also used for matching the output
of two cameras in a multi-camera shoot and to set up a video
monitor. On top on the left is a gray bar: it is 80 TRE units.
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Meonitor Setup Procedure

To set up a monitor, start with the following steps:

+*  Allow the monitor to warm up.

*  Shield the monitor from extraneous light, but calibrate
it under the conditions vou will be viewing during
lighting and shooting.

+ Display color bars on the monitor: either from the
camera or 4 separate generator.

+ Set the contrast to its midpoint.

*  Turn on the blue-only lunction—this makes the
picture black and white. If the display doesn't have
blue only, then turn the chroma (color saturation) all
the way down until the color bars are shades of black
and white.

The PLUGE

Notice the three narrow bars labeled 3.5, 7.5, and 11.5 in
Figure 5.6a. These are the PLUGE, which stands for Picture
Lineup Generating Equipment, first developed at the BEC
in London.

The PLUGE was developed at the BBC. It was generated at a
central location in its facility and sent by wire to each studio.
This way, all of the equipment could be calibrated conve-
niently. This was the PLUGE alone, not combined with the
color hars.

The middle black is set at 7.5 [RE black {or in the digital
realm, 16,16,16). The first chip, superblack, is set at about
3.5 IRE below black, and the third chip, dark gray, is set at
about 3.5 IRE above black. None of these really works to
adjust a monitor to properly display 0 I[RE black, so the fol-
lowing procedure is standard.

*  Adjust the brightness control until the middle (7.5
units) PLUGE bar is not quite visible. The lightest bar
on the right (11.5 units) should be barely visible. If its
not visible, turn the brightness up until it becomes
visible.

* Since 7.5 units is as dark as analog video gets, vou
should not see anv difference between the left bar
{3.5 units) and the middle bar (7.5 units). There
should be no dividing line between these two bars.
The onlvy division vou should see is between 11.5
and 7.5. This same technique is used in setting the
black-and-white viewfinder on a video camera.

*  The next step is to set the contrast control for a proper
white level. To do so, turn the contrast all the wav up.
The white (100 unit) bar will bloom and flare. Now
turn the contrast down until this white bar just begins
to respond. The image below shows what it should
look like at this point.

(€}

FIGURE 5.6 [a) Diagram of blue-anly
signal. (b} Correct mondtor setup,
shiown here in black-and-white,

[¢] Incorrect luminance; notice how
all three of the PLUGE bars in the
lower right are visible.

FIGURE 5.7 Blue-only color bars—
notice that the bands are of agual
intensity and in the upper portion
the large and small bars are equally
gray or black.
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FIGURE 5.8 A typical setup for

the test chart. In this case, two
Tweenies at a 457 angle are at
exactly the same distance and
angle from the Chroma du Monde
chart for even lighting. Each
Tweenie has a doubke scrim in it to
recluce the light. This is for setting
backfocus, which requires that the
lens be as wide apen as possible.

Adjusting Color

Color on a professional monitor is referred to as "phase.”
With blue only on (and thus a black-and-white picture],
adjust phase until the bars are uniformly black or white. It is
possible to eveball the yellow and magenta. This is the down-
and-dirty method and should be used only if other meth-
ods are not practical. The vellow should be a lemon vellow,
withou! orange or green, And the magenta should not be red
or purple. This quickie method is not recommended except
in emergencies. This applies to 5D monitors only, In HD,
it is not possible to adjust phase. However, if vou are using
a downconverter on the camera with an 5D monitor, this
adjustment will still be necessary. A standardized test chart
(Figure 5.9} can be helptul for this.

Blue-Only Adjustment

Most professional monitors have a blue-only switch. This
turns off the red and green guns, leaving only the blue
(Figure 5.7). If your monitor does not have a blue-only switch,
vou can use a piece of blue gel (Tull CTB) or a Kndak Wratten
#47—the purest blue in the wratten series. View the moni-
tor through the gel. If vou see any of the red, green, or vellow
colors, double the blue gel over to increase the blue effect.

By using the blue-only switch or a piece of blue gel, vou
have removed the red and green elements of the picture.
Only the blue remains. If the hue is correct, you should see
alternating bars of equal intensity.

+  With the blue switch on [or your blue gel in front of
vour eve] turn the chroma or color until the gray bar at
the far left and the blue bar at the far right are of equal
brightness. You can also match either the gray or blue
bars with their sub-bars.
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*  Adjust the hue control until the cvan and magenta bars
are also of equal brightness. You can also match either
of them with their sub-bars, Now the four bars—gray,
blue, cyan, and magenta—should be of equal intensity.
The vellow, green, and red (which are black in Figure
5.6a) should be completely black.

Once vou have set up your monitor, leave it alone unless
the viewing conditions change—by leave it alone, | mean
don't turn the brightness up just so you can see focus bet-
ter, for example. Don't forget to go through the same process
with vour viewfinder. Most professional video viewfinders
are black and white so you will only need to adjust bright-
ness and contrast; however, it is critical that they be set
properly to color bars.

Camera White Balance

Just as we use film stocks of different color balance and
camera filtration to adjust, in video, the white balance func-
tion compensates for variations in the color range of the
source lighting. White balance is accomplished by aiming
the camera at a pure white surface (usually a white card)
and selecting the white balance function on the camera. The
internal electronics then compensate [or variations in color.
Maturally, it is essential that the light illuminating the white
card be the same as that in the scene, just as the light on a
gray reference card in film must be the same as it is on the
SCENE.

Also, as in film, if vou are using filters to alter the color, they
must be removed for white balance or their effect will be
erased by the white balance, The white balance function can
also be used to fool the camera. If, for example, you want the
overall color balance to be warm, you can put a cooling filter
{blue} over the lens while doing color balance. The circuitry
will then compensate, and when vou remove the filter over
the lens, the image will then be warm. This works for any
color tone you want to add and can be accomplished by
placing a filter over the light illuminating the card just as well
as over the lens.

Establishing a Baseline

Video, whether it be analog SD {(standard definition ), DV
{digital video}, or HD (high definition), is heavily dependent
on proper calibration of all the equipment, Unlike a film
camera, which is really just a transport system for the film
emulsion {the real imaging devicel, a video camera is itself
the imaging device. A video camera records the image and
then electronically processes the signal in a number of ways.
There are many things that can go wrong. Proper setup is
essential and not merely for the camera.

FIGURE 5.9 The Chroma du Monde
test chart by DSC Laboratories.

Its key features are twio 11-step
crossed grayscales in the middle,
reference color chips, and in the
center, the Cavi Black—a hole
with black velvet behind it for
true reference black. Oneach side
of the Cavi Black are two 100 IRE
white patches, (Photo courtesy of
D5C Laboratories.)

Lighting HD, OV, and 50 Video = 9F



Linlike film, where most of the decisions about the image
will be made with the eye and with the light meter, in video,
many decisions about exposure and lighting are going (o be
made with the viewfinder (including zebras), the monitor,
and [if available) a wavelorm monitor and vectorscope. Each
of these must be calibrated, of course, but it is also impor-
tant that the entire system be coordinated. To do this, two
things are necessary: proper setup of the monitor to color
bars and then calibration of the entire system using a proper
test chart. A pood test chart reveals many tvpes of informa-
tion about the camera, the monitor, the lighting, exposure,
color balance, and muoch more. Some of it is more for video
engineers, but the basics are invaluable to the IR, lighting
directorn, or camera operator. A good test chart is absolutely
essential to shooting on HD and 5D svideo,

The Test Chart

For our examples here, we will use the Chroma du Monde,
a very high-end and sophisticated test chart made by DSC
Laboratories in Canada. As with any test chart, it must be
evenly iluminated and all glares and flares eliminated, 1T
there are glares on the surface, it is fine to tilt the chart down
slightly. Although the Chroma du Monde is optimized for
daylight balance light, if tungsten is all you have, it will do.
One feature that makes this chart so useful is the Cavi Black
in the middle. It is a square hole in the middle with a black
velvet box behind it this creates an area of pure black for
reference.

Frame up the chart and set your optimum exposure. With
the pure black of the Cavi Black in the center, you can see
where pure black lies on the waveform monitor (it is also a
good doublecheck on the video monitor). On the wavelorm,
it should be at 0 IRE (or 0%). With the 11-step grayscale, you
can check the overall gamma {contrast) as well as the knee
and toe areas to be sure they are within spec.

Once vou have adjusted the camera and monitor to a nor-
mal rendition of the image, vou can use these same refer-
ences to estabhlish any particular look you are going for. The
range of the grayscale, the pure black and the white areas,
will allow you to see a more complete picture of what the
image adjostments should be (probably more than if vou
were just looking at a typical scene). The primary and sec-
ondary color patches will allow you to see the effect of any
color adjustments you make.
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EXPOSURE THEORY

Light comes in both visible and invisible portions of the
electromagnetic spectrum. Human eyes are sensitive to the
small portion of that spectrum that includes the visible col-
ors from the longest visible wavelengths of light (red) to the
shortest wavelengths (blue).

Intensity of light is measured in foot-candles or in lux {in
the metric system). A foot-candle (fc) equals about 10,08 Jux
[or, for a rough conversion, multiply foot-candles by 10 to
get luxl. A foot-candle is the light from a standard candle at a
distance of one foot, One lux is the illumination produced by
one standard candle from a distance of 1 meter. When a film
is exposed for 1 second to a standard candle 1 meter distant,
it receives 1 lux-sec of exposure. What's a standard candle?
[t’s like the standard horse in horsepower, [t just gives us
some standard points of reference.

The Bucket

Think of exposure as a bucket, Whether it be film emulsion
or the CCD receptor in a video camera, the image-making



device is like a bucket. It wants to be exactly filled up—not
ton little and not toe much—it needs to be filled exactly (o
the rim. This never varies, meaning that we have to provide
it just the right amount of light. {We can, however, change
the size of the bucket—by using a faster or slower film or in
video hy adding gain.)

The quantity of light in a scene varies widely: the difference
hetween a darkly lit interior and a sunny day is enormous.
This means we have to control the amooant of light getting
to the film or CCL. This is the job of exposure control. The
task is accomplished with several means: the iris, the shutter,
frame rate, and neutral density filters.

F/Stop

Most lenses have a means of controlling the amount of light
they pass through to the film or video receptor; this is called
the aperture. The f/stop is the mathematical relationship of
averall size of the lens to the size of the aperture.

“Stop” is a short term for f/stop. A stop is a unit of light
measurerment, An increase in the amount of light by one
stop means there is twice as much light. A decrease of one
stop means there is hall as muoch light. The fstop is the ratio
of the focal length of a lens to the diameter of the entrance
pupil as shown in Figure 6.1. Thus, each stop is greater than
the previous by the square root of 2,

The f/stop is derived from the simple formula

fistop = focal length/diameter of lens opening

o1
f=FiD

If the brightest point in the scene has 128 times more lumi-
nance than the darkest point (seven stops), then we say it
has a seven-stop scene-brightness ratio.

Exposure, 150, and Lighting
Relationships

The units we deal with in exposure are
«  f/stops
«  ASA, 150, or El [different names for the same thing)
* Foot-candles or lux
*  Qutput of sources as affected by distance
* Heflectance of objects in the scene
«  [Exposure time (frame rate and shutter angle)

It turns out that all of these can be arranged in analogous
wiys, They all follow the same basic mathematical pattern.
Remember that {fstop numbers are fractions, the relation-
ship of the aperture diameter to the focal length of the lens.
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The irls sel @l different apearlures

1 1]

FIGURE 6,1 The aperture at various
fistops.

For example, [/8 really means Ys; the diameter is Ya the
focal length. And £/11 is Y11, which is obviously a smaller
fraction than “&. Each time we open the aperture one whole
f/stop, we double the quantity of light reaching the film;
each time we close it one stop, we halve the light reaching
the film.

The f/stop scale is tiered to show that the same relation-
ships that apply to whole f/numbers, such as {/8 and £/11,
apply to intervals between them. 5o the difference berween
f'9 and £/13 is one whole stop, etc. Modern digital meters
measure in one-tenths of a stop. This is helpful for calcula-
tions and comparisons, but for most practical purposes,
this level of accuracy is not necessary. One-third of a stop is
the practical limit of precision, given the vagaries of optics,
lab chemistry, and telecine transfer. This is not to say that
accurate exposure is not important—anly that the degree of
precision in the overall process has limits.

Lighting Source Distance

The f/stop scale applies to the inverse square law of illu- FIGURE 6.2 {a) A lens aperture

mination. Changes in illumination due to distance with clesed down. (b) The aperture
nearly wide open.

(b)
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Table 5.1 150 ar ASA in One-Third Stop Increments®

5 12 25 a0 oo 200 400 B0
] 16 32 A 125 250 S0 1000
10 20 40 i) 161 320 G40 1250

*The sarme serles can be interpreted as percentage of reflection or shutter speeds or guantity of light {foot-candles).

small sources follow this scale (see Table 6.1). For example,

if the lamp is 11 feet from the subject, moving it to & feet will
increase the subject illumination by 1 stop, just as opening:
the lens diaphragm from f/11 to £/8 would do. The inverse
sguare law applics (o point sources, strictly speaking, but
spotlights follow it fairly well at the distances usually utilized.

ISO/ASA Speeds

RBecause one-third stop is the minimum exposure differ-
ence detectable by the unaided eyve [for most negative
stocks—reversal film for transparencies require greater pre-
cision), film sensitivity is rated in no finer increments than
this. This scale is tiered to make the relationships between
intervals more easily seen. Jusi as IS0 200 is 1 stop faster
than [S0 100, 50 1S0 320 is 1 stop faster than IS0 160.

Although this is obvious memorizing this scale makes it
easier to see the differences between odd intervals, such as
150 80 to 150 32 (1Y stops). The scale may be expanded in
ecither direction by adding or subtracting digits {the intervals
below 6 are 5, 4, 3, 2.5, 2, 1.6, just as the intervals below 64
are 50, 40, 32, 25, 20, and 16,

Foot-candles: The 150 scale can also be applied to foot-
candles. Doubling the foot-candles doubles the exposure.
The third-stop intervals give the intermediate fc values. For
example, the difference between 32 fc and 160 fc is 214 stops,

Percentage of reflection: The [SO scale from 100 on down
relates to percentage of reflection. For example, [50 100 can
represent 100%, pure white, Other refllectances, such as G4%
and 20%, can then be seen to be, respectively, 5 stop and
2V, stops darker than pure white [ Table 6.2).

Shutter speeds: Referring to the 150 scale, it can be seen
that, for examyle, lan sec is 194 stops faster than Yiow sec.
This can be helpful when unusual combinations of shutter
angle and frame rate produce odd effective shutter speeds.

Tabla 6.2
FiStops B B W | -1 =1 -2 -2 =3 -3a =3 -4 -4l
REFLECTAMCE  100% 5% 25% 129 £
B0% 40% 2% 10%
645% 17% 16% 8%

102 = potion Picture and Video Lighting



Chemistry of Film

The energy in each photon of light canses a chemical
change to the photographic detectors that are coated on the
film. The process whereby electromagnetic energy causes
chemical changes to matter is known as "photochemistry.”

All film is coated onto a base: a transparent plastic material
feellulaid) that is 4 1o 7 thousandths of an inch (0.025 mm)
thick. Onto the base, the emulsion adheres where the photo-
chemistry happens. There may be 20 or more separate layers
coated here, each individually less than one-thousandth of
an inch in thickness. Some of the layers coated on the trans-
parent film do not form images. They are there to flter light,
or to control the chemical reactions in the processing steps.
The imaging lavers contain submicron-sized grains of silver
halide crystals that act as the photon detectors.

These crystals are the heart of photographic film. These
crystals undergo a photochemical reaction when they are
exposed to various forms of electromagnetic radiation—
light. In addition to visible light, the silver halide prains can
he sensitized to infrared radiation. A halide is a chemical
compound of a halogen (any of a group of live chemically
related nonmetallic elements including fluorine, chlorine,
bromine, iodine, and astatine) with a more electropositive
element or group—in this case, silver. Silver halide grains are
manulactured by combining stlver nitrate and halide salts
{chloride, bromide, and iodide} in complex ways that result
in a range of crystal sizes, shapes, and compaositions.

The unmodified grains are sensitive only to the blue part
of the spectrum, and thus are not very useful in camera filin,
spectral sensitizers are added to the surface of the grains
to make them more sensitive to blue, green, and red light.
{Remember, we're talking about black-and-white film here,)
These molecules must attach to the grain surface and trans-
fer the energy from a red, green, or blue photon to the silver
halide crystal as a photoelectron, Other chemicals are added
internally to the grain during its growth process, or on the
surface of the grain. These chemicals affect the light sensitiv-
ity of the grain, also known as its speed—that is, how sensi-
tivee it is to light.

The specd of an emulsion is quantified by standards sel
by the [S0 {International Standards Organization} or ASA
{American Standards Association) rating.

50} is the technically the correct designation, but by tradi-
tion, most people still refer to it as ASA. The higher the ASA,
the lower the light level the film is capable of responding to.
For color film, manufacturers list the sensitivity of film as EI,
or Bxposure Index. When vou make film faster, the trade-off
is that the increased light sensitivity comes from the use of

Tra: peshfe AEH e
imapa =l et
Cirpas, a=d Cuo
CEETIE O TG

FIGURE 8.3 The image-capture
section of & 3-chip video or HD

Camerd.
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larger silver halide grains, These larger grains can result in a
blotchy or grainy appearance ta the picture. Photographic
film manufacturers are constantly making improvements
that result in faster films with less grain. For Kodak, a major
advance was the introduction of *1" grains in the 1970,
These tabular grains are roughly triangular, which allows
them (o be packed closer together, thus reducing apparent
grain. Other recent improvements include the family

af Vision stocks from Kodak and technical innovations
from lFuji.

Film's Response to Light
There are two steps in the making of a negative:

=  Exposure. The useful property of silver halide is that
its state is altered when subjected (o light, in direct
proportion to the amount of light energy absorbed.
This change is not visible, and if film is examined
before and after exposure, little change can be seen.

«  Development. Silver halide that has been altered by
contact with light can be reduced to pure silver if
placed in contact with specific chemicals referred o
as developing agents. The activity of the developer and
time of development will determine how much of the
sensitized halide will be converted.

The Latent Image

When the shuatter is apen, light affects the chemistry of
the emulsion and a latent image is formed. When a photon
ol light is absorbed by the spectral sensitizer sitting on the
surface of a silver halide grain, the energy of an electron is
raised into the conduction band from the valence bhand,
where it can be transferred (o the conduction band of the
silver halide grain electronic structure,

This atom of silver is unstable, However, if enough photo-
electrons are present at the same time in the crystal lattice,
they mav combine with enough positive holes to form a
stable latent image site. A latent image site must contain a
minimum of 2 to 4 silver atoms per grain to remain stable,

A silver halide grain contains billions of silver halide maol-
ecules, and it takes only 2 to 4 atoms of uncombined silver to
form the latent image site. In color film, this process hap-
pens separately for exposure to the red, green, and blue lay-
ers of the emulsion. The reason for this is simple—there is no
way to sensitize a grain to color; vou can only sensitize it to

a specilic band of the spectraom. The image that is formed is
called "latent” because it remains invisible until chemically
developed.

Any photon that reaches the film but does not form a latent
image is lost information. Most color films generally take
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20 to 60 photons per grain to produce a developable latent
image. This is called the "inertia point™ for the film. Below
the inertia point, no image is recorded at all. Video receptors
are silicon-based and, of course, are different in operation,
but the basic theory is quite similar.

Chemical Processing

For the latent image to become visible, it must be ampli-
fied and stabilized to make a negative or a positive (Figure
6.4). In black-and-white film, the silver halide grains have to
be sensitized to all wavelengths of visible light, so the silver
halide grains are coated in just one or two layers. As a result,
the development process is easier to understand.

* The film is placed in a developing chemical bath,
which serves as a reducing agent. If the film is left in
the solution long enough, the reducing agent converts
all the silver ions into silver metal—resulting in a
uniform gray fog with no discernible image. Those
grains that have latent image sites will develop more
rapidly. If the film is left in the developing bath for the
proper amount of time, only grains with latent image
information will become pure silver. The unexposed
grains remain as silver halide cryvstals.

*  The development process must be stopped at the right
moment. This is done by rinsing the film with water,
or by using a stop bath that brings the development
process to a halt.

*  After development, some of the altered halide and
all of the unaltered silver halide ions remain in the
emulsion. The material must be removed or the
negative will darken and deteriorate over time. The
removal of this undeveloped material is accomplished
with fixing agents, usually sodium thiosulfate (hypo)
or ammonium thiosulfate, The process is called fixing.
The trick is to fix just enough and not too much, as
excessive contact with fixers can begin (o remove
some of the desirable silver material.

*  Finally, the film is washed with water to remaove all the
processing chemicals. Then it is dried. The washing
must be extremely thorough.

When all the steps are finished, the film has a negative
image of the original scene, Other types of chemistry can

FIGURE 6.4 The lavers of color

. Supercoat negative film.

[ --':’:__a—- Blug-sansifive [ayer (yollmy dye)
| |~ Yellow filer
~._ = Grean-sensitive layer (magenta dys)

-~ Red-sensitive kyer [cyan dye)
~ Subcoat (edhesive)
I . - £osc

Anil-nalation backing

/f

/
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result in a positive image, but this is not commonly used in
motion picture applications, It is a negative in the sense that
it is darkest [has the highest density of opague silver atoms})
in the area that received the most light exposure. In places
that received no light, the negative is clear.

Color Negative

Color negative is basically three layers of black-and-white
film, one on top of the other (Figure 6.5). The difference is

FIGURE 6.5 A typical color negative.  that each laver is treated with a different spectral sensitizer

so that it is receptive to a different band of the spectrum.

These translate roughly into red, blue, and green.

With color film, the development steps use

reducing chemicals, and the exposed silver halide
grains develop to pure silver. Oxidized developer

is introduced into this reaction, and the oxidized
developer reacts with chemicals, called couplers,

in each of the image-forming lavers. This reaction
causes the couplers to form a color, and this color
varies depending on how the silver halide grains
were spectrally sensitized. A different color-forming
coupler is used in the red-, green-, and blue-sensitive
layers. The latent image in the different lavers forms a
different colored dye when the film is developed.

The development process is stopped either by
washing or with a stop bath.

The unexposed silver halide grains are removed using
a fixing solution.

The silver that was developed in the first step is
removed by bleaching chemicals. [Note: it is possible
to skip this step or reduce it so that some of the

silver remains in the negative. This is the basis of
"skip bleach” or ENR processing, which is discussed
elsewhere.}

The negative image is then washed to remove as much
of the reagents and reaction products as possible. The
film strips are then dried.

Unlike a black-and-white negative, a color negative con-
tains no silver with the exception of those treated by the
special processes referred to above and known as "bleach
bypass.”

The end result is a color negative in the sense that the more
red exposure, the more cyvan dye is formed. Cyan is a mix
of blue and green (or white minus red). The green-sensitive
image layers contain magenta dye, and the blue-sensitive
image lavers contain yellow dye.

The colors formed in the color negative film are based on
the subtractive-color formation system. The subtractive
system uses one color [cyvan, magenta, or yvellow) to control
cach primary color, The additive color system uses a
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combination of red, green, and blue to produce a color.
Video is based on an additive system. The overall orange hue
of a color negative is the result of masking dves that help to
carrect imperfections in the color reproduction process.

Additive vs. Subtractive Color

In a photograph, the colors are lavered on top of one
another, s0 a subtractive-color reproduction system is used.
In subtractive color, each primary is affected by its opposite
on the color wheel,

= Red-sensitive layers form a cyan-colored dye.
*  Green-sensitive layvers form a magenta-colored dye.
#  Blue-sensitive layers form a yellow-colored dye.

The H&D Curve

To understand film response we must look at its curve. This
classical approach (o densitometry (the scientific analysis of
exposure) was devised by Hurter and Driffield in 1890; hence
itis called the H&D curve or sometimes the D log E curve.

It plots the amount of exposure E in logarithmic units along
the horizontal axis and the amount of density change in the
negative D along the vertical axis. This is sometimes short-
ened to log E curve [Figure 6.6).

In theory, it makes sense that we would want the film
to change in density in exact proportion to change in the
amount of light reflected by different parts of the scene, After
all, we are tryving to make an image that accurately portrays
the real scene, right?

| Unils of density

C-max
{maximum nagalive density]

Greater Negative Denslty —p=

— [minimum negative densaity)

| | | | ' | | | |Uni1su|‘axpu5ur~a

Mora Exposiie — =

FIGURE 6.6 The Hurter and Criffield
[ log E curve for negative density,
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FIGURE 6.7 A theoretical ideal film—
ane that exactly reproduces the
exposure changes of the subject in
a one-td-one ratio with negative
density.

This part of the scens
15 loo bright {o be
be recorded on lilm.

Tatal brightnass
range the final
print aor videa &
capable o
repradusng.

L

This part af the scate is
T oo darnk 1o be recorded on film.

The problam with a perfecily linear film

Lets look at a theoretical linear film (Figure 6.7). For
every additional unit of exposure, the density of the nega-
tive changes exactly one unit. That is, the correspondence
between the amount of light in the scene and the change in
the density of the negative is exact. Sounds perfect, doesn't
it? The slope of the line for this film would be precisely
45 degrees.

The slope of this line is a measure of the “contrastiness”
of the film. In a film where large changes in exposure only
change the negative density a little (low-contrast reproduc-
tion), the slope is very shallow. Where a film is very contrasty,
the slope is very high: in other words, small changes in the
amount of light cause the film density to change drastically.
The extreme is something called "licha”™ film, which is used in
the printing industry. Everything to litho film is either black
or white—there are no shades of gray. That is, if the light is
above a certain level, the image is completely white. IFit is
below a certain level, it is completely black. This is as con-
trasty as a film can get. The slope for litho film would be a
vertical line.

Mo film acts in the perfectly lincar manner of this first
example (i.e., the changes in the film exactly correspond to
the change in the amount of light). In this diagram, we see a
film that only changes "= unit of density for each additional
unit of light. This is a low-contrast film.

Figure 6.8 shows the difference between a high-contrast
and a low-contrast emulsion. In the high-contrast example,
for each additional unit of exposure, it changes 2 units of
negative density. Looking at the brighimess range of the
exposure against the brightness range of the negative
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A contrasty film \ A low-conirast film
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Exposure

density, we see that it will show more contrast in the nega-
tive than actually exists in the scene. The slope of this

line is called the “gamma”™ of the film: it is a measure of its
contrastiness.

Contrast refers to the separation of lightness and darkness
{called "tones”} in a film or print and is broadly represented
vy the slope of the characteristic curve. Adjectives such as
flat or soft and contrasty or hard are often used to describe
contrast. In general, the steeper the slope of the character-
istic curve, the higher the contrast. The terms “gamma” and
“average gradient” refer to numerical means for indicating
the contrast of the photographic image.

Gamma is measured in several different ways, as defined
by both scientific organizations and manufacturers, They are
all basically a way of calculating the slope of the straight-line
portion of the curve more or less by ignoring the shoulder
and the toe portions of the curve. Gamma is the slope of
the straight-line portion of the characteristic curve, or the

Grayzcale values an the prind

NN |

Areas of dansily an the negafive

FIGURE 6.5 Differences betwaen a
high-contrast and a low-contrast

film.

FIGURE 6.9 Grayscale compression
inthe toe and shoulder,
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FIGURE 578 Campression of the
real-warld brightness values sothat
they fit onto the film. This is what
rmakes it possible to make usakle
images, even from scenes with
high-cantrast ranges. The same
principle applies to video, whether
analog or digital,

tangent of the angle a formed by the straight line with the
horizontal. The tangent of the angle a is obtained by divid-
ing the density increase by the log exposure change. Gamma
does not describe contrast characteristics of the toe or the
shoulder, only the straight-line portion.

But there's another wrinkle. In the lowest range of expo-
sure, as well as in the highest range, the emulsion’s response
changes. In the lowest range, the film does not respond at all
as it sees the first few units of light. There is no change in the
photochemistry at all until it reaches the inertia point, where
the amount of light first begins (o create a photochemical
change in film or an electrical change on a video tube. After
reaching the inertia point, it begins to respond sluggishly:
negative density changes only slightly for each additional
unit of light. This region is the toe of the curve. In this area,
the changes in light value are compressed
(Figure 68.10).

At the upper end of the film's sensitvity range is the shoul-
der. Here also, the reproduction is compressed. The emul-
sion is becoming overloaded; its response (o each additional
unit of light is less and less, The end result is that film does
not record changes in light value in the scene in a linear
and proportional way. Both the shadows and the highlights
are somewhat crushed together. This is, in fact, a big part
of what gives film the film look that video has not yet been
able to achieve ([Tigh Def comes a lot closer than previous
systems, but still has trouble with the highlights). It is a way
of compressing very contrasty scenes so that they fit onto
the lm.

The Log E Axis

Lets think about the log E axis (horizontal) for 4 moment.
It is not just an abstract scale of exposure units. Remember
that it represents the various luminances of the scene, All

Todal brightness
range the final
print o video

iz capable of
raproducing.

The tatal |!|ri$||"lt|"|&$$ range
of the scena
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scenes are different, and thus all scenes have different lumi-
nance ratios. What we are really plotting on the horizontal
axis is the range of luminances in the scene, from the darkest
io the lightest.

In 1890, the German phvsiologist E. H, Weber discovered
that changes in any physical sensation (sound, brightness,
pain, heat) become less noliceable as the stimulus increases.
The change in level of stimulus that will produce a notice-
able difference is proportional to the overall level: if three
units of light create a perception of brightness that is just
noticeably brighter than two units, then the smallest per-
ceptible increase from 20 units of light will require 30 units.
To produce a scale of steps that appear to be uniform, it is
necessary to multiply each step by a constant factor. In fact,
the perception of brightness is logarithmic.

What Is a Log?

Logarithms are a simple way of expressing large changes in
any numbering system. If, for example, we wanted to make
a chart of something that increases by multiplying by 10—1,
1@, 100, 1000, 10,000, 100,000, ete.—we very quickly reach
numbers that become unwieldy because they are so large.
It would be extremely difficult to make a graph that could
handle both ends of such a range.

In log base 10, the most common svstem, the log of a
number represents the number of times | must be multi-
plied by 10 to produce the number. You must multiplv 1 by
10 once to make 10, so the log of 10is 1. To arrive at 100,
vou multiply 1 by 10 twice, so the log of 100 s 2. The log of
a number is the exponent of 10; i.e., 10° = 100, so the log of
100 is 2. Ten to the 4th power (107 104 is 10,000, so the log
of 10,000 is 4 {Table 6.3). This means that we can chart very
large changes in gquantity with a fairly small range of num-
bers. Logs are used throughout lighting, photography, and
video.

Brightness Perception

Our perception of brightness is logarithmic, and we'll se¢
that this has far-ranging consequences in all aspects of light-
ing for ilm and video. If we chart the human perception of
brightness in steps that appear smooth to the eye, we can
tollow its logarithmic nature. It is apparent that each step
up in a seemingly even scale of gray tones is, in terms of ifs
measured reflectance, spaced logarithmically. As we'll see
later, this chart is in lact fundamental to the entire process of
lighting and image reproduction.

Remember that these are not fixed values (the darkest point
on the log E axis is not a certain number of foot-candles/sq-ft,

Takled.? Logs and Reflectance of

Surfaces
Humber Log
1 1
2 0.3
4 Chi
B .4
(] 1.4
16 1.2
32 15
Bd 18
o0 210
Perception % Reflectance
‘White 100%
%
S0
350
25
Mol e eyravy 17.5%
12.5%
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6%
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for example), because we open or close the aperture of

the camera to adjust how much light reaches the {ilm, and
we use faster or slower film and so on. What reallv counts is
the ratio berween the darkest and lightest, and thart is what
we are plotting on the log E axis. This is called the brightness
range of the film, sometimes abbreviated as BR. Each unit on
the log E axis represents one stop maore light.

Contrast

The word “contrast” has different meanings, depending
on whether you are talking about the contrast of the subject
vou are photographing or the negative vou will use to make
the print. In general, contrast refers to the relative differ-
ence between dark and light areas of the subject or negative.
Subject contrast refers to the difference between the amounts
of light being reflected by the darker, or shadow, areas of the
scene and the lighter, or highlight, areas {for example, a dark
door as opposed to a white wall).

Negative contrast refers to the relative difference between
the more transparent areas of the negative and those that
are more opaque. The negative is described in terms of
density. These densities can be measured with an instru-
ment called a densitometer, which measures how much light
passes through the negative and how much is held back. The
contrast of photographic subjects can vary a great deal from
one picture to another. On clear, sunny days the contrast of
an exterior scene can be great, while on cloudy days it can
be relatively low in contrast. The contrast of a given scene
depends on how light or dark the objects in the picture are
when compared to each other and how much light is fall-
ing on them. Let's get back to our theoretically ideal film.
This film would change the density of the negative exactly
one unit for each one unir of change in the brightness of the
subject.

Mo reproduction medium now known is capable of repro-
ducing anvthing near the brightness range exhibited in most
real-world situations. Nearly all film emulsions are nonlin-
car. This linearity fails for two reasons,

* |t takes a certain amount of light energy to initiate
the activation ol the photosensitive elements in the
emulsion (the inertia point). Thus the density rises
gradually at first in this area (called the toe), finally
accelerating into the straight-line portion of the
curve.

*  With increasing exposure to light, more silver halide
is converted, until it has no more sensitive material to
activate. At that point, increasing the exposure does
not increase the ultimate density of the developed
negative, This saturation ocours gradually and
produces what is known as a shoulder.
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The toe of the film is a result of the fact that film reacts
slowly to small amounts of light. It is only when greater
amounts of light reach the emulsion that the change
becomes linear. This is the straight-line portion of the
film. The film base itself always has some density, however
slight. On top of this, there is always a slight amount of fog
engendered by light scattering in the camera, the lens, the
emulsion, and also chemical fog in the processing. The
cumulative effect ol all of these is called “base-plus-fog.”
Density measurements are usually described as x densitv
above base-plus-fog.

This toe and shoulder behavior results in a compression of
the actual scene. If the contrast gradient of the film is cor-
rect and exposure is correct, this compression behavior will
allow the full brightness range of the scene to be represented
on the linal print. In effect, it is the failure of film emulsion
and video receplors to represent accurately the real waorld
that allows us (o produce photographs and video that are
usable. Each film emulsion reacts to light in a special way.
Some react more quickly to low light than others, creating a
rather abrupt initial rise in density, or short toe. Others react
more gradually to increases in light and have a long toe,
Films with similar sensitivities and ranges can have quite
different response curves requiring dissimilar exposure and
development.

Another important factor is the range of subject luminance,
which can be usefully recorded. Low-contrast films can con-
tinue to build density over a long luminance range, whereas
contrasty films saturate rather quickly and tend to block at
either end. This is how we can maich the type of film used
to the type of scene being photographed. Cinematographer
David Watkin used a low-contrasi film stock for the movie
Out of Africa, where he dealt with many very contrasty situ-
ations in the harsh African sun. The results were outstand-
ing. Both Fuji and Kodak now make emulsions that are more
maderate in contrast than normal film stocks.

Determining the precise film speed, coupled with precise
exposurg, is critical when the range of light in the scene is
greater than the scale of the film. In Figure 6.11, we see three
exposures of the same scene represented by the bars at the
bottom of the diagram. Not enough exposure places much
of the information completely off the low end of the curve,
while too much exposure places it off the high end—in either
case, once you are off the curve, further changes in exposure
register no change in the negative; the film doesn’t see them.
The ideal exposure places all of the information where it
makes some change on the negative.

If there is too much exposure, twao things happen. First,
even the darkest parts of the scene are in the middle range
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FIGURE 6.11 Changing expasure
shifts the image up and down the
curve; too much exposure pushes
it off the shoulder, and too little
crushes it into the toe.

1
I Teo much
| Correct exposure EEpOSUre

Not encugh exposure

of the curve: even the darkest shadows will reproduce as
middle gray tones. Graphically, overexposure appears as a
shift of the subject brightness range (log E) to the right. (In
effect we are making the scene values brighter by opening
up the aperture.} Here we see that this overexposure places
the scene values too much in the shoulder. Some informa-
tion is lost in the flat part of the shoulder: lost, because the
differences of scene brightness values result in a lack of
change in the density of the negative.

Furthermore, because everything is shifted to the right,
none of the scene values falls in the toe of the curve: there
will be no deep black values at all in the final print, even
though they existed in the original scene. Underexposure
is shown as a shift of the log E values to the lefi. Here every
subtle nuance of the high tones will be recorded because
they fall in the straight-line portion of the curve. But at the
dark end of the scale—trouble. The dark values of the scene
are mushed together in the toe. There is little differentiation
among the medium gray values, the dark gray values, and
the black shadows: in the final print, they will all be an
undilferentiated black hole. The shadows will reveal no
detail.

“Correct” Exposure

“Correct” exposure, then, is essentially the aperture
setting that will best suit the scene brightness range (the
horizontalaxis: log E) to the characteristic curve of the
imaging medium. What is needed is to slip the scene values
comfortably between the toe and the shoulder. A typical
scene with a seven-stop range of light values fits nicely on
the curve if we place the exposure exactly in the middle, It
is important to remember, however, that correct exposure is
a purely technical thing: there are occasions when you will
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want to deviate from ideal exposure for pictorial or techni-
cal reasons, The relationship of the gamma (the angle of the
straight-line portion of the film} to the toe and the shoulder
is what determines a film's latitude. It can be viewed as two
characteristics: the emulsion'’s room for error in exposure or
the capacity of the film to accept a certain brightness range.

Brightness Range in a Scene

The problem is exacerbated ifwe consider a scene that has
more than seven stops of brightness (seven stops is just an
average; it all depends on the particular film stock). Here
there is no aperture setting that will place all of the values
on the uselul part of the curve, If we expose for the shadows
(open up the aperture), we get good rendition of the dark
gray areas, but the light values are hopelessly off the scale.

If we expose for highlights (by closing down to a smaller
f/stop), we record all the variations of the light tones, but the
dark values are pushed completely off the bottom edge,

How do we deal with this situation? Later we'll discuss
some rather abstruse solutions to the problem (lashing,

‘aricon, Panaflasher, etc.}, but there is one solution that is
really what we're all about: we change the brightness range
of the scene so it will fit the curve of the film. In other words,
we alter the illumination of the scene, This is done by light-
ing or by modifying the existing lighting. This, then, is one
of the most essential jobs of lighting and grip work: to
render the scene in a scale of brightness values that can be
accommodated by the optics and emulsion of a film camera
or by the optics and electronics of video, [Us why we get the
big bucks. It is also critical in the choice of locations, camera
angles, and time of day to shoot,

Modern films have consistently improved in latitude even
as thev have increased in speed and reduced grain, The new
high-speed emulsions, in particular, are amazing in their
ability to record subtleties even in heavily overexposed high-
lights and in very dark shadows. Although there has been
some improvement, the ability to handle brightness ratios
is still one of the most crucial differences between [lm and
videao.

Determining Exposure
S0 we have two basic tasks:
+ To manipulate the brightness ratio of the scene so that
it can be properly reproduced on film or video.
+ To set the aperture so that the scene values fall on the
appropriate part of the curve,
In practice these often turn out to be two sides of the
same coin. The first task is essentially the work of lighting
and lighting control; the second task involves measuring the
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Table 6.5 Zones, Megative Density, and Description

Zone Crensity Description

0 0.0z D (Black)

I a1 First percaptilie valus lighter than black
I 0.21 ey, wery dark gray

1] 0.34 Fully textured dark gray

I (.48 Dark middle gray

¥ 042 Fliddle grav—18% reflectance

Wl 0,76 Ligghe middle gray

il noay Fully tesiured light aray

Wl 1.18 esny lighat gray

(4 1.33 First percaptilzle gray darker tham pure white
X 1.4 Fure white

scene and making a judgment abouwt the best setting tor
the lens.

Figure 6.15 shows how film speed is determined by the
manufacturer, Strictly speaking, this method applies only to
black-and-white film. The speed of color film is determined
by testing and is expressed as either El (exposure index)
or IS0 {International Standards Organization) number for
black-and-whire film and as E] for color film. Althouagh they
are not as commonly used as they once were, vou will still
hear reference to "lighting ratic.” The [ighting ratio is the
relationship of the key light to the fill light. If we consider the
average face, it is the difference between the lighter side and
the darker side.

The Tools

The two most basic tools of the cameraman'’s trade are the
incident meter and the spot meter, There is a third tvpe of
meter, the wide-angle reflectance meter (what still photogra-
phers would simply call a “light meter™), but it has extremely
limited use in film.

The Incident Meter

The incident meter measures scene illumination onlv, In
ather words: the amount of light falling on the scene. To
accomplish this purpose, most incident meters use a hemi-
spherical white plastic dome which covers the actual
sensing cell.

The diffusing dome accomplishes several purposes. It
diffuses and hence averages the light that is falling on it
It also approximates the geometry of a typical three-
dimensional subject. Unshielded, the dome will read all of
the front lights and even some of the side-back and back-
light that might be falling on the subject. Left to ftself, the
hemisphere would provide a reasonable average of all the
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FIGURE 6.13 A spot meter—a
specialized form of reflectance
meter,

FIGURE .14 An incident meter.

sources falling on the subject. In practice, many people use
their hand to shield the backlight off the reading and use a
combination of hand shielding and turning the meter to read
the backlight and sometimes the key, fill, side lights, and
backlights separately.

The classical practice, however, is to point the hemisphere
directly at the lens, eliminate only the backlights, and then
take a reading exactly at the subject position. Reading key,
fill, and backlight separately is, in fact, only a way of deter-
mining the ratios and looking for out-of-balance sources.
The actual reading, which will determine the aperture set-
ting, is the averaging one. Later we will look at applications
which go beyond the simple classical approach and are use-
ful in dealing with unusual situations. Most meters that are
used with the diffusing dome also come with a flat diffusing
plate, which has a much smaller acceptance angle (about 45°
to 55") and has a cosine response rather than an averaging
one. This means that the angle of the light falling on the
plate has an effect on the reading, just as it does in illuminat-
ing a subject,

The flat plate makes taking readings for individual lights
simpler and is also useful for measuring illumination on flat
surfaces, as in art copy work, animation plates, etc. Incident
meters are generally also supplied with a lenticular glass
plate which converts them to wide acceptance-reflectance
meters. These see little use on most sets as they have very
wide acceptance angles and it is difficult to exclude extrane-
ous sources from the reading.

For the most part, incident meters are set for the film speed
and shutter speed being used [either electronically or by using
slide-in plates) and then read out directly in f/numbers. Some
meters have an alternative mode which reads foot-candles
directly; the user is then able to calculate exposure separately.
This is useful if there is no slide for the El being used.

The Reflectance Meter

Reflectance meters read the actual luminance of the sub-
ject, which is itself an integration of two factors: the light
level falling on the scene and the reflectivity of the subject
(Figure 6.14).

On the face of it, this would seem to be the most logical
method of reading the scene, but there is a catch. Simply put,
a spot meter will tell us how much light a subject is reflect-
ing but this leaves one very big unanswered question: how
much light do you want it to reflect? In other words: incident
meters provide absolute readouts (/stops) while spot meters
provide relative readouts which require interpretation, While
most spot meters were formerly calibrated in exposure value
(EV) units, some of the new electronic spot meters provide
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direct readout in f/stops, but it would probably be better if
they didn’t, as they are a source of much confusion.

Think of it this way: vou are using such a meter and photo-
graphing a very fair-skinned girl holding a box of detergent
in front of a sunset. You read the girl’s face; f/5.6, the box
reads {74, the sky is {722, So where are you? Not only do we
not know where 1o set the aperture, we don’t even know if the
situation is good or bad. Let’s step back a moment and think
about what it is that light meters are telling us. To do this we
have to understand the cvcle of tone reproduction and lay
down a basic system of thinking aboul it.

The Zone System

We must remember that the exposure values of a scene are
not represented by one simple number: most scenes contain
a wide range of light values and reflectances. In evaluating
exposure we must look at a subject in terms of its light and
dark values; the subject range of brightness, For purposes of
simplicity, we will ignore its color values for the moment and
analvze the subject in terms of its monochromatic values,

Let’s visualize a continuous scale of gray values from com-
pletely black to completely white {Figure 6.12). Each point
on the grayscale represents a certain value that is equivalent
to a tonal value in the scene. In everyday language we have
only vague adjectives with which to describe the tones:
“dark gray,” "“medium gray," “blinding white," and so on, We
niecd more precise descriptions, Using Ansel Adams’s classic
terminology, we will call the most completely black section
FZone 0 and each tone that is one [fstop lighter is one zone
higher. For example, a subject area that reflects three stops
more light than the darkest area in the scene would be des-
ignated Zone [V, It is crucial to remember that these are all
relative. Zone 005 not some predetermined number of foot-
candles—it is the darkest area in this scene.

still photographers might be accustomed to thinking of ten
rones in all, but if there is a great contrast range in the scene,
there might well be zones XI1, XII1, or more, (Zone system
purists will no doubt object to such an extreme simplifica-
tion of the method, but it is sufficient for the present discus-
sion since few cinematographers do their own darkroom
work.) What we are measuring is subject brightness {lumi-
nance), which can vary in two wavys: its inherent reflectance
and the amount of light that falls on it. Reflectance isa
propertv of the material itsell, Black velvert reflects abourt 2%
of the light that falls on it, A very shiny surface can reflect up
Lo 980%, of the light that falls on it This is a brightness ratio
{BR) of 1:48.

However, this is the reflectance ratio if the same amount
of light falls on both objects, In reality, different amounts of
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light fall on different areas in the same frame (indeed, we
earn our living making sure they da). In natural light situa-
tions the reflectance ratio can be as much as 3200:1. Picture
the most extreme example possible: a piece of deeply absor-
bent velvet in dark shadow in the same scene with a mirror
reflecting the sun.

The brighiness range ol a typical outdoor subject is about
1000:1. This is 15 stops, but here's the rub: imaging systems
cannol reproduce this range of subject brightness, just as the
human eye cannot accommeaodate such a range. Recall that
the human eve reacts in two different ways. First, the iris (the
aperture of the eve) expands or contracts to allow more or
less light to pass. Second, the eye shifts its imaging from
the cones to the rods. This is like switching to a higher
speed film.

Zonesin a Scene

Examine a tvpical scene with the spot meter—see Figure
6.13. If vou assign the darkest value to Zone 0, vou can then
find areas that are 1, 2, 3,4, 5, 6, 7, and perhaps 8 stops
brighter than the darkest area. These are Zones [ through X,
This is an important exercise and is vital to understanding
exposure control. [gnoring the effect of color contrast can be
cumbersome. [t can be helped by viewing the scene through
a viewing glass, which is a neutral density filter.

Now picture each of these tonal values arranged in ascend-
ing order, What vou have is a gravscale, and fortunately it
is a commonly available item. Most gravscales are made to
reasonably rigorous densitometric standards and are useful
calibration tools. Let's take a look at what it really is.

The Grayscale

There are a great many grayscales, but they all have one
thing in common: they vary from black to white. Most are
divided into & to 10 steps, but they certainly don't have to be:
many are 20 steps or more, How white the white is and how
black the black is varv somewhat, depending on the print-
ing quality and the materials involved. S5ome scales include
a piece of black velvet since black paper can never be truly
black. For our purposes, we will consider only gray scales in
which each step represents one full stop increment over the
previous—that is, where each step is 2 times the reflectance
of the previous one.
Why 18%7

ZoneV is the middle zone of a 10-zone scale, and we would
therefore assume it to be 50% retlectance. It isn't—it is 18%

risflectance, The reason for this is that the eye perceives
changes in tone logarithmically rather than arithmetically,
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FIGURE 6.15 The Zone System a5 applied to 3 black-and-white photo,

as we saw above. If each zone were, for example, 10% more
reflective than the previous one, the eye would not read it as
a smooth spectrum.

Discussion of the zone system is alwavs in terms of grays,
but any color can be interpreted in terms of its grayscale
value. The importance of value cannot be stressed too much.
The value relationships between colors carry about 90% of
the information in any picture. In a black-and-white photo-
eraph the gradients of light and shadow on surfaces contains
the information about form, clearly defining all the abjects.
The black-and-white photo also contains the information
about the amount and direction of light in the scene. Color
contributes a small amount of information, but a great deal
of the beauty and interest of the picture.

Each step is greater than the previous by L 2; a familiar
number, no? The square root of 2 is also the derivation of the
f/stop series. What appears middle gray (Zone V) to the eve
is actually 17.5% reflectance, which is universally rounded
off to 18%. There's more: it turns out that if you take dozens
of spot readings of typical scenes, most will turn out to have
an average reflectance of about 18%. Simply put: 18% is the
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average reflectance of the normal world. Clearly it is not the
average reflectance in a coal mine or in the Sahara at midday,
but in most of the rest of the world it is a reasonable working
average. This gives us a solid ground on which to build. In
fact, it is the standard on which incident meters are built, As
vou recall, in the intreduction to incident meters we noted
that most incident meters, when set for film speed and shuot-
ter speed, read out directly in f/stops.

How do they do this? How can they know if we are photo-
graphing diamonds on a white background or a chimney-
sweep in the basement? They don't know; they just assume
that we are photographing a scene of average reflectances,
that the diffusing dome averages the light, and that the
meter calculates the f/stop needed to photograph the scene
for good exposure based on these assumptions. More simply:
il we are photographing a card that is exactly 18% reflec-
tance (a photographic gray card) and we read the light with
an incident meter and set the aperture 1o the stop the meter
indicates, the print will, in fact, come out to be Zone V.

Try this experiment. Set a photographic grayv card in even,
uniform light. Read it with a spot meter and note the f/stop
the meter indicates. Then read the light with an incident
meter. The readings should be exactly the same. If they're
not, have your meters checked. Now try a reverse experi-
ment, Read a uniformly lit scene with an incident meter and
notice the indicated stop, Now take the spot meter and read
various parts of the scene until vou find something that the
spot meter indicates as the same f/stop. You have just found
a ZoneV subject briphtness,

Now photograph the scene with a black-and-white Polarcid
or with black-and-white film. Compare the Zone V subject
with the gray card: they should be roughly the same. This is
the simple key that unlocks the world of exposure control:

* an incident reading,
« anaverage 18% reflectance,
« aspol meter reading of a gray card, and
* YoneV
are all the same thing looked at from a different perspective.
As a result, you have many different ways to read the expo-
sure of a scene and arrive at the same result.
*  You can read it with an incident meter.
* Yoo can place agray card in the scenc and read it with
a spot meter.
*  Youcan find something in the scene that is Zone YV and
read it with the spot meter.

Let's think about that last one, because it really points us in
a whole new direction. It depends on your making a certain
judgment. You have to look at a scene in the real world of
color and decide that it is about Zone V or middle grayv. (I
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takes some practice to do this, but it is an incredibly impor-
tant exercise; [ urge vou to do it often.) What about the nexi
logical step? What if there isn't anvthing in the scene that is
middle gray? What do we do then? Let's remember that each
step on the grayscale is one stop different from its neighbor
{remember, this is a simplified version of the Zone system).
S0 il Zone V equals /4 (given a particular film and shut-

ter speed), then Zone VI must be £/5.6 and Zone IV must be
(2.8, right?

So if there's nothing in the scene that equals Zone V, but
there is something in the scene that equals Zone VI, we're
still in business. If it equals [/5.6, then we know that Zone V
waould be f/4. We also know that Zone V (/4 in this example)
is the same as an incident or average reading and is therefore
the correct {/stop to set on the lens.

S50 whalt is there that we can count on to be roughly Zone
VI under most conditions? Easy one: Caucasian skintone.
Average Caucasian skin is around Zone VI it is in fact one of
the few constants we can count on. Get out your light meter
and check it out. If yvou are ever stuck without an incident
meter, or worse, without a spot meter, vou can always use
the old “palm trick.” Use your spot meter or any reflecting
meter to read the palm of vour hand. This equals Zone V1.
Then open up one stop to get Zone V and you have your
reading, There is a greater variation in non-Caucasian skin,
s0 there is no one standard; however, many DPs take Zone V
as a starting point for African-Americans.

| think vou can see where this is leading us. We don't
have to confine ourselves to just reading things that equal
Zone V and Zone V1: in fact, we can do it with any zone. It
all depends on vour judgment of what gray tone a subject
brightness should have. In real life, it takes years of prac-
tice and mental discipline to accurately determine subject
brightnesses in terms of grayvscale values, but in the long
run it is a usetul skill. If vou can previsualize what grayscale
value you wanl a particular subject to be in the final print,
you then have the power to place it where you want it in the
exposure range. This turns out to be a powerful analytical
and design tool.

Place and Fall

What do we mean by "placement™ We just saw it in its

simplest form. We placed the skin-tone value of the hand

on Zone VI We can, it we want, place any value in the scene.
Sayv we have a gray background in the scene that the direc-
tor wants to be light gray. We decide that by light gray, she
means Zone VI {(two stops above middle grav), We then read
the background with a spot meter and it indicates /4. We
then count down two stops and get /2, 1f we set the lens at
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fi2, that gray background will photograph as light grav or
Lone VI,

Let’s try the reverse as a thought experiment. Say we had
the same background under exactly the same lighting condi-
tions, but the director decided she wanted it to be dark gray,
which we take to mean Zone 111 We read it with the spot
meter and of course nothing has changed; the spot meter
still indicates f/4, only now we want the gray background to
appear much darker, so we place it on Zone 111, counting up
two stops to get [/8, Common sense tells us that if we photo-
graph the same scene at (78 instead of 172, itis going 1o come
out much darker in the final print: the gray background will
not be Zone 111 (dark grav) but Zone VII (light gray) instead.

Mothing has changed in the actual set; we have changed
the value of the final print by placing the value of the back-
pround differently, But what's the fly in this ointment?

There is more in the scene than just a gray background, and
whatever else is there is going to be photographing lighter or
darker at the same time. This brings us to the second half of
the process: fall,

If you place a certain value in a scene on a certain zone,
other values in that scene are going to fall on the grayscale
according to how much different they are in illumination
and retlectance. For our example, let’s assume we are using
a Pentax Spotmeter which has a zone dial attached 1o it The
Pentax reads in EVs. Typical white skin tone is a Zone VI, vou
read an actors face and lind that it reads EV 10, Turn the
dial so that 10 aligns with Zone VI. Now read the exposure
indicated opposite Zone Vs this is the exposure to set the lens
aperture, adding adjustments for filter factors, etc.

Lets try an example. We are lighting a set with a window.
We set a 10K to simulate sunlight streaming in through the
window. We then read the cartains and the spot meter indi-
cates 711, We have decided that we want the curtains to be
very hot, but not burned out. On the film stock we are using
today, we know that white burns out at about three stops
hotter than Zone V. So we want to place the curtains on Zone
VI (three stops hotter than the average exposure). By plac-
ing the curtains on Zone VIII, we have determined the f/stop
of the camera: it will be 074, right?

We then take an incident reading in the room where the
people will be standing. The incident reading is {728, This
means that people standing in that position will photograph
one zone oo dark, Maybe (or this scene thats OF, bt lets
assume we want to actoers to have normal exposure, which
will result in normal skin tone values. In other words Zone
V1 falls at {74 {one stop above the incident reading, which
equals Zone V). Their skin tones will come out as Zone V
instead of Zone V.
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To correct the situation, we have to change the balance.

If we just open up the lens, we shift the placement of the
curtains, causing them to burn out. We must change the ratio
of the illumination, not just shift the aperture of the camera.
We can either tone down the 10K hitting the window with a
double scrim (reducing it one stop) or we can raise the
exposure of the subject area by increasing the light level
there one stop. Either way, are manipulating the subject val-
ues of the foreground to fall where we want them, based on
our placement of the curtains on Zone VI We could just as
easily have approached it from another direction, ol course,
We could place the foreground values where we want them
and then see where the curtains fall. It's the same thing. By
reading the scene in different ways, vou can place the values
of the negative where you want them to fall.

Placement is important in delermining subject brightness
ranges and contrast ratios and in reading subjects you can't
el 1o for an incident reading, In order o expose by place-
ment you must previsualize which zone you want a subject
value to reproduce as. For Ansel Adams, the godiather of
exposure, previsualization was what it was all about—and
remember, he dealt mostly with landscapes over whose light-
ing he had no control.

Reading Exposure with Ultraviolet

Ultraviolet lights present a special problem. Several com-
panies make ultraviolet light sources, including Wildfire and
Mocturn. When combined with props or clothing painted
with UV-sensitive lluorescent paints or dyes or with objects
that naturally fluoresce (such as your old Jimi Hendrix
poster), an incident reading is meaningless, The only valid
means of assessing exposure is a reflected reading. A wide-
angle retlectance meter will work (if vou have one), or vou
can get an adapter for vour incident meter. If neither is avail-
able, a spot reading will work. Here, it is important (o con-
sider the zone values and then use vour own good judgment
and calculate the exposure accordingly.

The Shutter

Nearly all film cameras have rotating reflex shutters, which
control exposure by alternately rotating closed and open sec-
tions past the film plane: while the closed section is in front
of the film gate, the film moves; while the open section is in
front of the gate, the film is exposed. Some video cameras
also have variable exposure times; this is not done mechani-
cally such as in a film camera. In video changing the shutter
speed is done electronically on most cameras.

The exposure time of the camera is determined by two fac-
tors: the speed at which the shutter is operating and the size
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of the open section. The speed is determined by the frame
rate at which the camera is operating. The open section of
the rotating shutter assembly is known as the "shutter angle”
and is measured in degrees. Sensibly, most shutters are half-
open and half-closed, which makes the shutter angle 1807,
Some shutters are 165", and many are adjustable (Table 6.6).
With the camera operating at 24 fps and a 180° shutter, the

exposure time is Ve of a second (Vs at European 25 fps).

Tabls &.6
1807 Shutter Exposwne 165° Shutter 1207 Shutter
{in stops)
180 Mo change 165 130
140 ' 130 100
10 4 100 a0
a0 1 BO Fil
70 1 65 S0k
55 1% 50 a0
45 2 40 El¥!
35 2 n
30 7 75
a2 3 20
18 3" 15
Table 4.7
FHP% B 12 [£:] 24 25 33 U] 120 240
e ey 1 Yo % Ve Vi YVasa ETe:
FPs M 30 32 3B aa &0 g3 120 180 190 240 300 380 480
Stops  Mormal ool I 1 1'% 2 2% P 3 sy 3y 4 4l

P

e

Viewer's eya

Spinning mirroe

FIGURE €16 The film camera spinning mirrar shutter open (left) and closed [right).
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This is commonly rounded off to Y of a second and is
considerad the standard motion picture exposure time.
For light meters that use different slides for various ASAs,
just assume Yse of a second exposure. Exposure time can
then vary in two ways: by changing the frame rate {which is
commaon) and by varying the shutter angle {which is less
common). Exposure is determined by this formula:

Shutter speed for 180" shutter = ' x fps
Exposure in seconds = shutter opening (degrees) /360
= frames per second

[can be opan or closed)

FIGURE &7 The spinning mirror
shutter (butterfly typel.
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THEORY AND CONTROL
OF COLOR

The Nature of Light

Lizht is composed of photons, which have the properties of
both matter and light. Even Newton recognized that indi-
vidual photons don't have color, but they do have different
properties of energy that cause them to interact in different
ways with physical matter. When reflected, light is perceived
bv the eye/brain combination as color.

Visible light is a small part of the continuous spectrum
of electromagnetic radiation, most of which is not directly
observable, and, indeed, was unknown until the 19th cen-
tury. The visible spectrum extends from red to violet—the
colors of the rainbow. They were originally classified as



Red, Orange, Yellow, Green, Blue, Indigo, and Violet.
(R-0-Y-G-B-1-V). Below the visible spectrum is infrared
radiation and above violet are ultraviolet, x-ravs, and
gamma rays. Indigo is no longer recognized as a color of the
spectrum so the | is no longer used. Whereas once students
memorized it as Roy G. Biv, Roy has lost the vowel in his last
name and we are now stuck with Roy G. Bwv.

For our purposes, it is conventional to consider visible light
a wave, as it exhibits all the properties of a wave and follows
the same rules as all electromagnetic waves.

Color Perception

The perception of color is a complex phenomenon that
involves the physics of light, the nature of physical
matter, the physiology of the eve, its interaction with the
brain. Sometimes, even social and cultural factors play a
role in the perception of light. We can break it down to five
aspects;
* Abstract relationships: purely abstract manipulation
of color for its own sake.
*=  Representation: for example, a sky is blue, an apple
is red.
*  Material concerns: texture—chalky, shiny, reflective,
dull, etc,
* Connotation and symbolism: associative meanings,
memaory, cultural significance, and so on.
*  Emaotional expression: the fiery red of passion, the
cold blue of night, etc.
Most people can tell you that the three primary colors in
light are red, green, and blue, but few can say why these, of
all colors, are the primaries. The reason is in our eyes,

The Tristimulus Theory

The human retina is filled with two kinds of light receptors,
called rods and cones [Figure 7.3). The rods are primarily
responsible for the perception of light and dark: value or
grayscale.

The cones primarily perceive color. The retina has three
kinds of cones. The response of each type of cone as a
function of the wavelength of the incident light is in Figure
7.4. The peaks for each curve are at 440nm (blue), 545 nm
{green), and 580nm (red).

‘ZB0am #50nm +0onm Shinm  S00nam GX0nm TEOam
|

FIGURE 7.1 The naturally occurring
color spectrum and respective
wavelengths in nanometers,
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FIGURET3 (a) Physiology of the
eve, [b) Rods and cones in the
reting.

Red [rellectad) _",

FIGURE 7.2 The color of an object is determined by what parts of the
spectrum it reflects.

A0 S0 GO0 FOO
‘iolst Blus Cyan Green Yallow Red

Wawelangth {nanometars)

FIGURE 7.4 Color response of the red, green, and blue cones in the eye. The
cashwed line represents the response of the rods,

There are about seven million cones in each eve. Located
primarily in the central portion of the retina called the fovea,
they are highly sensitive to color. People can resolve fine
details with these cones largely because each one is con-
nected to its own nerve end. Muscles controlling the eye
always rotate the eveball until the image of the object of our
interest falls on the fovea. Cone vision is known as photopic
or daytime vision.

Other light receptors, called rods, are also present in the
eve, but they are not involved in color vision. Rods serve to
give a general, overall picture of the field of view, and are
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receptive only to the quantity of light waves entering the eve.
sSeveral rods are connected to a single nerve end; thus, they
cannot resolve fine detail. Rods are sensitive to low levels

of illumination and enable the eye to see at night or under
extremely low lighting conditions. Therefore, objects that
appear brightly colored in daylight, when seen by the color-
sensitive cones, appear only as colorless forms by moon-
light because only the rods are stimulated. This is known as
scolopic vision.

The Purkinje Effect and Movie Moonlight

As the adjacent spectral sensitivity curves show, the eve is
not equally sensitive to all wavelengths, In dim light, particu-
larly, there is a definite shift in the apparent brightness of dif-
ferent colors. This was discovered by Johannes von Purkinje.
While walking at dawn one day, von Purkinje observed that
blue flowers appeared brighter than red, while in full day-
light the red flowers were brighter than the blue. This is now
called the Purkinje effect and is particularly important in
photometry—the measurement of light, The Purkinje effect
fools the brain into perceiving moonlight as slightly blue,
even though, as reflected sunlight, it is the same color as
davlight. This is the reason it is a convention to light night
scenes blue.

Light and Color

Color is light, but the color of objects is a combination
of the color of the light and the nature of the material it is
falling on and being reflected by, Essentially, the color of an
object is the wavelengths of light it does not absorb. Sunlight
appears white—it contains all colors. Light is an additive
system of color. Red, Green, and Blue are the primaries.
When mixed in pairs, they produce Magenta, Cyan, and
Yellow (a hot red, a blue/green, a bright yellow). The mixture
of all colors in light creates white. The human eve has recep-
tors (cones], Red/Green, Blue/Yellow, which translate light
waves of differing length to the optic nerve. The eye is not
equally sensitive to all colors, This has far-ranging implica-
tions in color theory, exposure, and even light meters.

Additive and Subtractive Color

The additive color system involves light emitted directly
from a source before an object reflects the light. The additive
reproduction process mixes various amounts of red, green,
and blue light to produce other colors. Combining one of
these additive primary colors with another produces the
additive secondary colors cyan, magenta, vellow. Combining
all three primary colors produces white.

(b}
FIGURE 7.5 (a) Additive color, {b)
Subtractive color.
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coming into a room painted in warm colors. Even body
temperature has been found to ditfer by a few degrees in 100 100
rooms painted warm to those painted cool. Color tempera- =l =
ture is derived from physical temperature—a neutral body E -.E g E
when heated will first glow red, then orange, and eventually | £ 2 25
white. E, . 2
o o
FIGURE7.7 Hue, chroma, and value.
The Color Wheel

Artists have found it helpful to bend the linear spectrum
around in a circle called the color wheel. The British scientist
Sir Isaac Newton, who discovered the spectrum in the seven-
tecnth century, also turned it into a color wheel.

On the color wheel, instead of being at opposite extremes,
red and violet lie next to each other, A circular spectrum
better describes our perception of the continuous flow of
hues, and it establishes opposites across the diameters. The
color wheel is created by wrapping the visible spectrum into
a circle and joining the far red end (long wavelengths) to the
far violet end (short wavelengths).

Primary colors are hues that cannot be mixed and from
which all other colors can be mixed. In light they are red,
green, and blue. Secondary colors are hues made by mixing
two primaries

LA
COOL \

RED + BLUE = Magenia | M'/ll ,l'

BLUE + GREEN = Cyan ,,/nnu

Ma-namat
RED + GREEN = Yellow

; . ; . FIGURE 7.2 Warm and cool colars,
lertiary colors are combinations of the secondary colors.

The primary, secondary, and tertiary colors together make
up the twelve colors of the basic color wheel,

Color Mixing

Complementarity

Hues directly opposite each other on the color wheel are
called complements. They are called complements because
thev contain or complete the triad of primary colors—for
example, the primary red is opposite the secondary green,
which contains the primaries yellow and blue.

Advancing and Retreating Color

Méagena

Another psychological response: the hottest colors move
forward aggressively as do black, brown, dark blue, and dark FIGURET.S The derivation of the
green. Pale cool tones retreat, pale green and blue the fur-  ©@lor wheel from the spectrum—

E as devised by Mewton.
thest. Yellow, though light, advances when intense.
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FIGURET.10 The primary and
secondary colors arranged in the
traditional color wheel.

Film Colerepace  Vides Colorspace

FIGURET.11 Relative colorspace of
film and video.

Magenta GHEEM

Weight and Balance

The way we see color depends not only on the color itself
but also on the size of each color area, on the shapes that
contain the color, and on the interaction between neighbor-
ing colors. Darker hues, like darker values, tend to be heavier
looking than lighter ones, yet warm intense colors like vellow
and orange can overpower a darker color,

Transparency and Reflection

Both transparency and reflection tend to lighten color,
Transparency is the ability to see through the color to
another under it. Reflection on a form as well as transpar-
ency will lighten it. In paint the transparency and reflective
quality of the paint will alfect the value and intensity of the
color as well; this principle is used in set painting, prop, and
wardrobe—and can affect lighting choices.

Film and Video Colorspace

The medium, whether it is paint, television, film, fabric, or
printed matter, also affects the possible range of colors, i.e.,
the combination of all the possible variations in hue, value,
and chroma that can be achieved in a medium, is referred to
as its color gamut, In monitors and video systems, it is often
referred to as colorspace.

Color Harmonies and Interaction of Color

Like music, color can be strongly emotive and expressive,
Certain combinations of color, as of sound, seem to have
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a special beauty or be intrinsically pleasing in ways most
people recognize intuitively. The notions of balance and
resolution are implied in color harmony, Harmonvy refers
io clear relationships based on divisions of the color wheel.
some examples of color harmony follow:

*  Monochrome color harmony—This refersto a
harmony of tones of all the same hue but at different
values and intensity (e.g., tints and shades of blue).

= Analogous color harmony—This is a harmony of hues
close to or touching one another on the color wheel,
although of different values and intensities [i.e.,
yvellow-green; green and blue-green; or yellow, green,
and blue].

*  Triadic harmonies—These harmonies are based on
groups of three colors more or less equidistant from
one another on the color wheel. The three primary or
the three secondary colors form triadic harmonies,
but any group of three will serve, if they are evenly
spaced around the color wheel.

= Complementary harmonies—These harmonies
invalve the pairing of any two colors that sit opposite
each other on the color wheel {e.g., red with green,
vellow with violet).

= Split complementary harmonies—These harmonies
group a color not with its complement, but with the
pair of colors adjacent to its complement (e.g., yellow
with red-violet and blue-violet, blue with yellow-
orange and red-orange, red with yellow-green and
blue-green).

*  Discord and discordant colors—Colors can be
mismatched or out of harmony, often referred 1o as
clashing colors. This happens when a grouping of
harmonious colors is placed next 1o a color outside
the harmony.

Interaction of Color and Visual Phenomena

All perception of color is based on an interaction of color.
One color cannot be seen unless it has others around i,
Scientists have put individuals in a room painted in one
color, The subjects could not distinguish what color the
room was; instead, they saw white. Only when another color
was introduced to the environment were they able to sec
color. Maore impaortant is the understanding of how color
changes when surroundaed by or touching other colors.
The effect of simultaneous contrast is greatest at the edges
between colors or on patterns of small scale.

Degradation of colors is one color adjacent to another
color, giving a tinge of its complement to the other color.
Therefore, two adjacent complementary colors brighten
each other. Therefore, noncomplementary colors will have
the opposite effect. A vellow next to a green will give the

Theory and Control of Calor ® 135



FIGURE 7.12 Simultaneows contrast
if practice.

green a violet tinge, making the latter appear muddy. This is
known as the degradation of color.

The Laws of Simultaneous Contrast

Devised by the French chemist Michel-Eugene Chevreul,
the law of simultanecus contrast was first described in his
book The Law of Simultaneous Contrast written in 1839,
When one object is next to another, it is useful if any color
difference between them is emphasized. Think of a man in
a brown jacket standing in front of a brick wall. He is easier
to distinguish if the eye/brain combination emphasizes
whatever color difference exists between the jacket and the
wall. To do this, the visual system modifies our perception of
the red in both the jacket and the wall, but the adjustment
is larger in the jacket since it is smaller and surrounded by
the wall. The result of this adjustment is called simultane-
ous contrast. Put more simply: our perception of a color is
changed by a color that surrounds and touches it. Both col-
ors are actually chanpged by being next to each other. When
two different colors come into direct contact, the contrast
intensifies the difference between them (Figure 7.12).

A light color next to a dark color will appear lighter and
the dark will appear darker. The same is true [or hue (eg.,
vellower/greener), temperature (hotterfcooler], and chroma
(brighter/duller).

+ Colors are modified in appearance by their proximity
to other colors,

= Al light colors seem most striking against black.

«  Dark colors seem most siriking against white.

=  Dark colors upon light colors look darker than on dark
colors,

= Light colors upon dark colors look lighter than light
colors,

» Colors are influenced in hue by adjacent colors, each
tinting its neighbors with its own complement.

= If two complementary colors lie side by side, each
seems more intense than by itself.

« Dark hues on a dark ground which is not complemen-
tary will appear weaker than on a complementary
ground.

* Light colors on a light ground which is not comple-
mentary will seem weaker than on a complementary
ground.

* A bright color against a dull color of the same hue will
further deaden the color.

*  When a bright color is used against a dull color,
the contrast will be strongest when the latter is
complementary.

* Light colors on light grounds (not complementary)
can be greatly strengthened if bounded by narrow
hands of hlack or complementary colors.
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= Dark colors on dark grounds (not complementary) can
be strengthened if similarly bounded by white ar light
colors.

Metamerism

All this is closely related to metamerism. Two colors that
match under one light source but do not match under a dif-
ferent light source are called metamers. They are said to be a
metameric match. Metamerism occurs because the appear-
ance of a color depends on the wavelengths it reflects which,
in turn, depend on the wavelengths of the light source.

This can have an important influence on the selection of
colors for sets or props, especially in the case of green screen
or blue screen work, Always take the light source into con-
sideration when previewing paint chips, wardrobe, makeup,
ete. Obviously, this is the reason that the makeup room and
wardrobe trailer should have a light source that approxi-
mates what will be used on the set.

The CIE Color 5ystem

The CIE color models are highlv influential systems for
measuring color and distinguishing between colors. The
CIE color system was devised by the CIE (Commission
International de 'Eclairage—the International Commission
on [llumination) in 1931 and has since become an interna-
tional standard for measuring, designating, and matching
colors (Figure 7.14). In the CIE system, the relative percent-
ages of each of the theoretical primary colors {red, green,
blue) of a color to be identified are mathematically derived
and then plotted on a chromaticity diagram as one chroma-
ticity point, whereupon the dominant wavelength and purity
can be determined. All possible colors may be designated on
the chromaticity diagram, whether they are emitted, trans-
mitted, or reflected. Thus, the CIE system may be coordi-
nated with all other color designation systems. Any color
an the CIE chromaticity diagram can be considered to be a
mixture of the three CIE primaries, X, Y, and Z. That mixture
may be specified by three numbers X, Y, and Z, called
“tristimulus values.”

The light from a colored object is measured to obtain its
spectral power density (SPD) and the value for the SPD at
each wavelength is multiplied times the three color-matching
functions and summed (o obtain X, Y, and Z. These values
are then used to calculate the CIE chromaticity coordinates,

Standard Light Sources in CIE

The following CIE standard sources were defined in 1931:
*=  Source A—A tungsten-filament lamp with a color
temperature of 2854 K

RED 1
Magenla
BLUE GREEN
Cyan
Complementanss

RED

wichal i e

Magsrda

|biuamagant |
1

BLLE x

yan

Zplr Complemerndarias

L [y e T

FIGURE 7.13 (a} Complementaries
are two cobors directly across from
each other on the color wheel,

(b Split complementaries are the
two colors on either side of the
complementary.

FIGURE 7,14 A diagram of the CIE
colar system.

Theary and Control of Color ® 137



FIGURE 7,15 Typical sources as
defined in degrees Kelvin,

= Source B—A model of noon sunlight with a
temperature of 800K

= Source C—A model of average daylight with a
temperature of B500K,

This is slightly different from the standard 5500 K daylight
as defined by the 1.5, government. The 5500 K standard is
still widely used for lighting instruments, globes, and
correction gels.

Digital and Electronic Color

Electronic color is displayed on television and computer
screens through the use of a cathode-ray tube (CRT). A CRT
works by moving back and forth behind the screen to illumi-
nate or activate the phosphor dots on the inside of the glass
tube. Color monitors use three different types of phosphors
that appear red, green, and blue when activated. These
phosphors are placed close together and, when combined in
differing intensities, can produce many different colors. The
primaries of electronic color are therefore red, green, and
blue, and other colors can be made by combining different
intensities of these three colors, There are differences in the
measurement svsiem of analog and digital video. The inten-
sity of each color is measured on a scale from 0 to 255 {in the
digital system), and a color is specified by telling the monitor
the RGEB values. For instance, yellow is specified by telling the
computer to add 255 red, 255 green, and 0 blue.

25,0001 Morihweast Sky

ST00K Clear Maroury Lamps

ABTOH Sunlight at Moon

3100 |Incandescent Lamp

2600K

1800K Sumlight at Sunrisa
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Control of Color
What Is White?

The eye will accepl a wide range of light as white,
depending on external clues and adaptation. The phenom-
enon is both psychological [adaptation) and environmen-
tal. The color meter {and color film, which is very objective
about these things) will tell us that there are enormous dif-
ferences in the color of light in a room lit with tungsten light,
one lit with ordinary fluorescents, and one flooded with
noon daylight. Our perception tells us that all three are
white light, mostly because we are psychologically condi-
tioned to think of them as white and physiologically, the
eye adapts. Without a side-by-side comparison, the eve is
an untreliable indicator of what is neutral light, Unlortu-
nately, color film emulsions and video CCDs are extremely
sensitive and unforgiving, An absolute color reference is
essential.

Color Temperature

[n film and video production, the most common system
used in describing the color of light is color temperature.
This scale is derived from the color of a theoretical black
body {a metal object having no inherent color of its own,
technically known as a Planckian radiator]. When heated
to incandescence, the black body glows at varying colors
depending on the temperature. Color temperature is a
guantification of the terms “red hot,” *white hot,” etc,

Developed by Lord Kelvin, the 19th-century British
scientific pioneer, color temperature is expressed in
Kelvin in his honor. On the Celsius scale, the freezing point
of water eguals 07, The Kelvin scale takes absolute zero as
the zero point. Absolute zero is — 273" Celsius on the Kelvin
scale: thus 5500 Kelvin is actually 52277 Celsios, Kelvin is
abbreviated K and the degree symbol is omitted. Because
a tungsten filament heated to incandescence is very
similar to a Planckian radiator, the color temperature
equivalence is very close for tungsten halogen lamps,
but not for HM s, ClDs, and fluorescents. A graphic repre-
sentation of the various wavelengths is called an SED
{spectral energy distribution) or 5P [spectral power
distribution}.

When a metal object (such as the tungsten filament of a
lightbulb) is heated to incandescence, its SED is quite similar
to that of a Planckian radiator and is fairly smooth across all
wavelengths, even if some are stronger than others. This is
not necessarily troe for all light sources, Fluorescent lights,
for example, have very spiky outputs, which tend to be heavy
in green.
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FIGURE 7.16 Various combinations of daylight, tungsten, and fluorescent sources as corrected by various

combinations of Rosco gels.
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FIGURE 7.17 The Gossen Color
Pra codor meter. (Ploto
courtesy of Gossen Foto- und
Lichtmesstechnik GmbH)

scale of 1 to 100 which gives some indication of the ability of
a source to render color accurately. For photographic pur-
poses, only sources with a CRI of 90 or above are generally
considered acceprahle.

Color Meters

We measure light in two ways: blue/orange and green/
magenta. Think of it as a separate axis for two different
aspects of color, They are completely independent. A light
can be green or magenta regardless of how blue or orange
it is, Color meters measure these two axes separately.

Most light sources are not a narrow band of the spectrum;
hence they are not a pure hue, Most colored light is a
combination of various wavelengths; there is no one
number that can describe the color accurately. Rather, it is
defined on two scales: red/blue and magenta/green. Asa
result, most meters give two readouts (they are called three-
color meters, since they measure red, blue, and green), one
fior the warm/cool scale and one for the magenta/green
scale, In the case of the Gossen color meter, the magenta/
green readout is not in absolute numbers, but directly in
amount of liltration needed to correct the color 1o normal
on the magenta/green scale; this is the CC index or color
correction index. It describes the green/magenta aspects of
the color source. It is most relevant when shooting with
fluorescents, sodium vapor, mercury vapor, or other
tvpes of discharge sources that usually have a large green
component.

Another problem with color temperature is that equal
changes in color temperature are not necessarily perceived
as equal changes in color, A change of H0K from 2000K to
2050K will be a noticeable difference in color. For an
equivalent change in color perception at 5500K, the color
temperature would need to shift 150K, and about 500K at
10,000K.

For this reason, the mired system has been devised. Mired
stands for microreciprocal degrees. Mireds are derived by
dividing 1,000,000 by the Kelvin value. For example, 3200K
equals 1,000,000/3200 = 312 mireds. To compute how much
color correction is required, you use the mired values of
the source and the final desired color. If you have source at
RON0E and wish to convert it to 3200K, subtract the mired
value of the desired color from that of the source. 5000K =
200 mireds. 3200K = 312 mireds and then 312 -200 = 112
mireds. 85 orange has a mired value of +112. On the mired
scale, a plus shift value means the filter is vellowish; a minus
value means the filter will give a blue shift, When combining
filters, add the mired values.

142 = plotion Picture and Video Lighting



BlhasChrangs Sxis
|measured in degress Kekink

MaganiaiZiaan Asin
imeaswed as T index)

Color Balance of Film

No color film can accurately render color under all lighting
conditions. In manufacture, the film is adjusted to render
color accurately under a particular condition, the two most
common being average daylight (type D film}, which is set
for 5500K, and average tungsten illumination {(type B film)
designed for 3200K. There is a third, which is based on the
now disused “phota” bulbs, which were 3400K (type A film),
rather than 3200K; these are rare now,

Given the fact that providing tungsten light is costly and
electricity-intensive, while sunlight is usually far more
abundant, most motion picture films are type B, balanced
for tungsten. The idea is that we put a correcting filter on
when we can maost afford to lose light to a filter factor—in the
sunlight. Kodak and Fuji now have several daylight balance
films available.

Color Balance with Camera Filters

There are three basic reasons to change the color of lights:
= To correct the color of the lights to match the flm type
{instead of using a camera filter)
* To match various lighting sources
»  For effect or mood
To shoot with type B film under blue light {in the 55007
area), an 85 orange filter is used. The 80A or BOB blue filters
for shooting daylight film with tungsten light are rarely used
as they absorb so much light and are very inefficient. There
is some light loss when using a correction filter and the filter

FIGURE 7,18 Color of light is
measured along two independent
axes—one for red/blue and
anather for green/magenta.
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Table 7.4 The Basle Fiter Families
and Thelr Designations

g5 Comdserion Dailight 1o turgrsben
) Caneersion lumcsien 1o oy lghl:
a2:  Lght balancing  Cooling flvers.

#1: Light balancirsgg  Warming lilters

Cls Calor Primary and

Compensating  secondary colors

Tahl= 7.3 Comversion Values and Light Loss

Typical Conversion Mired Value  Stop Lass
CTO filrers
HE S300K = 3200K 131 Yy 5100
Full CTO SS00K 2 2900K, G500K = 312455 F1as "."._imp
VO SS00K - 3800K, 449008 = 3200 +31 '
Y CTO SS00K = 4500K, 3800K = 32006 +42 ¥
Y CTO S500K = 4900K, 34008 = 12008 +20 iy
CTE hlters
CTE, Full Blue 200K = 5500K =131 1
YOTR Hall Blue 200K = 4100K -GiA 1
Y, CTE, ¥, Blue 3200K > I800K -40 &
Vo CTB, Y. Blue  32DDK - 3500K -30 Y,
L CTE, ' Blue 3200K == 3300K =12

factor must be used to adjust the T/stop. For convenience,
most manufacturers list an adjusted El (exposure index)
which allows for the filter loss.

When using this adjusted EI do not also use the filter
factor. El is not technically the same as ASA [American
Standards Assaciation), which is the scale used to rate film
for still photography, but in practice they are the same. This
is because the specd ol color film is not measured in the
same way as black-and-white emulsion (see Chapter 6).

You will also notice two different Els on cans of black-and-
white lilm as well, This is not related to correction flters, since
none is needed. It has to do with the fact that black-and-white
films vary in their sensitivity o colors, In most cases the EI
for tungsten light will be '/, stop lower. Most black-and-white
films available today are panchromatic, meaning they are
relatively sensitive to most of the visible spectrum. Early
black-and-white films were orthochromatic: they were not
sensitive to blue light at all. This meant that actors with blue
eyves appeared (o have white eves, Smaller color mismatches
can ialso be corrected with color filters as well, If the scene
lighting is 2800K, for example [too warm), then an 82C filter
will correct the light reaching the film to 3200k,

There are three basic filter families used in film and
video production: conversion, light-balancing, and color-
compensating. This applies to both lighting gels and
camera filters.

Conversion Filters

Conversion filters work in the blue-orange axis and deal
with fundamental color balance in relation to the color
sensitivity of the emulsion. Conversion filters affect all parts
of the SED for smooth color rendition. Although there used
to be more, currently there are only two types of color
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emulsions: daylight and tungsten, The basic filter families
are shown in Table 7.6, The conversion filters we use in film

and video are called CTO and CTHB (see below]).

Light-Balancing Filters

Light-balancing filters are warming and cooling filters; they
wiork on the entire SED as with the conversion filters, but
thev are used to make smaller shifts in the blue-orange axis.

Correcting Light Balance

Daylight sources include
«  Davlight itself (daylight is a combination of direct sun
and open sky)
«  HbMIs
=  Cool-white or daylight-type fluorescenis
*  Color-correct fluorescents
* Dichroic sources such as FAYs
*  Arcs with white-flame carbons
In general, daylight sources are in the range of 5400-6500K,
although they can range much higher. Near sunrise and
sunset, they are much warmer as the sun is traveling through
a much thicker layer of atmosphere and more of the blue
wavelengths are filtered out, The quantity of dust and the
amount of humidity in the air are also factors, accounting for
the different colorings of light prevalent in different locales.
Perhaps most famous is the translucent blue light of Venice
made famous by the painter Canaletto,
Correction is achieved with either 85 or CTO, both of
which are orange filters. The Rosco product is Roscosun
A5 (85 refers to the Wratten number equivalent); it has a
mired shift value of 131 which will convert 5500K to 3200K.
{Technically, this is equivalent to aWratten 858; Wratten 85
has a mired shift value of 112, which converts 5500 to 3400,
slightly cool for tungsten balance. )

CTO

CTO is the initialism for color temperature orange. CTO s
warmer than 85 and has a higher mired shift value; 159, This
means that it will convert BR00K o 3200K, which is excellent
when correcting cooler sources such as HMIs, which are
running blue or heavily skylit situations. It is also useful
when going for a warmer look, as it will convert 5500K to
2040K. (5500K = mired 181, shift value of 159. Warmer equals
positive. 181 + 159 = 340 mired. Divide 1,000,000 by 340 =
2940K.) The difference is basically American vs. European,
probably owing to the fact that European skvlight is gener-
ally bluer than American skyvlight,

An important variation of 85 is the combination of color
correction and neutral density. The purpose of this is to

Table 7.5 Combinaticn 855

Mame  Canversion Lass

BaM3 Diylight to tungates 19,
BEME  Daylight to tungstens 2%

BSMS  Daylight totungsten 3%

Table 7.6 Gels for Correcting Green
SOHITCES

MNominal CC ForUse
Equivalent  When CC

Index Is
Apprax

T Bedisce G

Falinusgredcn =0 -12

S Mimusgreen 15 -5

Y Minusgreen 073 -3

Fa Add Green

Phisgreen il 13

, Plusgreen 15 -5

'.".. Flusgieen a7s -3
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avoid having to put two separate gels on a window, which
might increase the possibility for gel noise and reflections,
not to mention the additional cost (which is substantiall.
Unformunately, no one makes a '/, 85 plus ND fileer, which
would be useful to preserve a natural blueness in the
windows.

Tungsten to Daylight

Filters for converting warm ungsten sources (0 nominal
daylight are called full blue, tough blue, or CTB {color tem-
perature blue),

The problem with blueing the lights is that CTB has a
transmission of 36% while 85 has a transmission of 8%,
This means that while you lose almost a stop and a half with
CTH, vou lose only about %, of a stop with CTO. CTB is very
inefficient; its most common use is to balance tungsten lights
inside a room with the daylight blue window light that is com-
ing in. This is a losing situation from the start; the window
light is liakle to be far more powerful than the tungsten lights
to begin with. If we then lose 2 stops off the tungsten by add-
ing CTB, we are reallv in trouble (not to mention the fact that
we also have to put an 808 filter on the lens with tungsten-
balance film and we lose heavily there too). In practice most
peaple ry to avoid this solution; the alternatives are

= Put 85 on the windows and shoot at tungsten balance.
By doing this, we avoid killing the tungsten lights, we
don't have to use an 808 on the camera, and we lose
Y of a stop off the windows, which may keep them
more in balance with the inside exposure.

«  Put'/; 85 on the windows and '/ blue on the lights.

«  Putt CTB on the lights and let the windows go
slightly blue. This is actually a more realistic color
effect and is much preferred these days.

+ Use daylight balance lights (FAYs, HMIs, or Kinos)
inside.

Fluorescent Lighting

Cne of the most common color problems we face today is
shooting in locations where the dominant source is fluo-
rescent, The problem with fluorescents is that they are not
a continuous Spectrum Source: in most cases [th’ dre Very
heavy in green. Another problem is that even if they may
appear to be approximately correct in color, their discon-
tinuous spectra may cause them to render color very poorly.
This is measured as the color rendering index (CRD. A CRT of
90 or better is considered necessary for film and video work,
As a resull, fluorescents cannot be corrected only by chang-
ing the color with a gel on the lighting unit or filter on the
camera lens.
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Also because of their discontinuous spectra, discharge
sources (of which fluorescents are one example) can’t be
considered to have a true color temperature. The black body
color temperature that they approximate is called the cor-
related color temperature (CCT). On practical locations it is
not always possible to turn off the fluorescents and replace
them with our own lights. The many options and combina-
tions can get to be a bit confusing sometimes. Although
there are many types of fluorescent tubes, they generally fall
into cool white and warm white varieties. Additional tips on
shooting with flusrescents include:

= In the field, it may be necessary to use a combination
of these technigues. Whatever vou dao, SHOOT A GRAY
CARD to give the lab a starting point for correction. In
video shooting, vou can white-balance the camera to
remove the excess green.

*  Shooting with ordinary fluorescents alone and letting
the lab remove the green results in a verv flat color
rendition. Adding some lights (such as tungsten with
plusgreen) gives a much fuller color feeling to the
image.

* Several high-output units are available that use color-
corrected (full-spectrum) fluorescents and can be
used in conjunction with HMI or tungsten lighting
{with either davlight or 3200K fluorescent tubes) and
provide perfect color. They are very efficient in power
usage and give a soft even light.

*  [ull minusgreen is equivalent to CC30M (30 magenta).

In an emergency, it is possible to use a piece of CCI0M.

*  Don’t forget that most backlighted advertising signs
{such as those in bus shelters) have fluorescent tubes.

* |fvou are shooting a large area such as a supermarket,
factory, or office, it is far more efficient 1o add green
to yvour lights than to have the crew spend hours on
ladders gelling or changing bulbs.

*  When vou add plusgreen or fluorofilter to lights they
give a very strongly colored light which to the eve
looks very wrong and doesnt appear to visually match
either HMI or tungsten light; it looks odd. Try taking a
digital photo with a professional SLR digital camera.
Many people find that full correction {full plusgreen,
[or example] is too much.

Correcting Off-Color Lights

Arcs

Carbon arcs give off heayy ultraviolet: Rosco Y-1 or Lee LCT.
Yellow reduces the uv output. Correction of white-flame
carbon arcs to tungsten balance; use Rosco MT2 (together
with ¥-1) or Lee 232, Rosco MTY is a combination of MT2
and Y-1.
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HMI

HM s generally run a little too blue and are voltage-
dependent. Unlike tungsten, their color temperature
goes up as voltage decreases. It is important to check each
lamp with a color temperature meter or color Polaraid and
write the actual color temp on a piece of tape attached to the
side. For slight correction ¥-1 or Rosco MT 54 can be used.
For more correction, use ' or W CTO. Many HMISs run a litde
green. Have '/, and '/, minusgreen available.

Industrial Lamps

Various types of high-efficiency lamps are found in indus-
trial and public space situations. They fall into three general
categories: sodium vapor, metal halide, and mercury vapor.
All of these lights have discontinuous spectra and are
dominant in one color. They all have very low CRIs. It is pos-
sible to shoot with them if some corrections are made. High-
pressure sodium lamps are very orange and contain a great
deal of green. Low-pressure sodium is a monochromatic
light: they are impossible to correct.

Stylistic Choices in Color Control

As with everything in film and video production, stylistic
choices affect the technical choices and vice versa. This is
especially true with color correction. Until a few vears ago,
considerable time and money were spent on correcling
every single source on the set and every light or fixture that
appeared in the frame to precisely 200K (Tor tungsten) or
5500K (for davlight or HMIs) with no green. As a result of the
influence of commercials and music videos, there is more
of a tendency to let them go green and even let many differ-
ent mixed sources appear in the frame. This is a much more
naturalistic look and has become a style all its own. It has
been said that green is the new orange. Some commercials
and features even go out of their way Lo establish the green
fluorescent look.
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ELECTRICITY

The set electrician need have only a rudimentary knowledge
of electricity, but must have a firm grasp of the lundamentals,
For our purposes, we must start with an understanding of the
four basic measurements of electricity: volts, amps, walts,
and ohms. I'rom there, we will look at the issues that confront
a set electrician and briefly review standard set operating
procedure for the electrical crew.

Electrical current occurs when a positively charged pole
is connected to a negatively charged pole, In direct current
(D] it flows from negative to positive. Direct current is what
yvou would get from a battery, for example, but there are
other sources of DC, such as generators and power supplies.

The electricity available in most homes and buildings is
AC [alternating current). It flows in one direction and then
reverses. In the United States, it does this reversal 60 times a
second. In Europe and other countries, it reverses 50 times
a second. This cyele is measured in hertz (Hz); thus, U5,
main power (the electricity available on the main power grid
of the country] is 60 hertz. DC is simple: only two wires are



()
FIGURE 5.1 (&) Two water tanks and
a plpe are an analogy for valtage
of electrical potential. (b) Two
water tanks equally full and at the
same height have no electrical
potential—nao water will flow,

needed. A hot wire and a ground. Electrons, like ET, want to
go home. Their home is the carth. Sounds silly, but it's true.
Connect any electrical power source to a metal rod stuck in
the ground, and current will flow. This is called “grounding”
for an earth ground.)

Measurement of Electricity

For our very basic uses on the set, we only need be con-
cerned with the four fundamental measurements of electri-
cal power: volts, watts, amps, and ampacity.

Potential

Electricity is measured in terms of potential. That is, how
much power (or work) it is capable of doing. Potential can be
thought of as pressure. Electricity flows [rom a source of high
potential to low potential. Electrical potential is measured in
volts or voltage (named for Alessandro Volta, inventor of the
chemical battery).

A water analogy works well for electricity. Imagine a big
waler tank with a pipe leading out of it to a lower tank (see
Figure 8.1). The amount of water in the upper tank deter-
mines the pressure, If theres a lol of water, there’s high
pressure in the pipe; when the water level goes down the
pressure goes down, too, The water pressure is like voltage.
Clearly, the size of the pipe influences how fast the water
flows and how much of it can flow through in a certain time.

The size of the pipe is resistance. In electricity, it is mea-
sured in ochms. The flow of water is the same as current in
electricity. Current is how much total flow of electrons there
is. Current is measured in amperes or amps.

The pipe might be very large, but if there is not potential
in the circuit (if the upper tank is dry), then there will be no
current. The size of the pipe is how much can flow if there is
potential. The maximum capacity the pipe can safely carry
is the same as ampacity. All electrical cables and connectors
are rated for their ampacity. Too much water flowing (too
much pressure) might make a pipe burst. Too much amper-
age lowing on a wire or connector (exceeding ampacity) will
make it overheat and melt or start a fire.

For example, an ordinary household wall outlet is rated for
20 amps. That is how much current it can carry without over-
heating and melting or causing a fire. The wire thal goes to
the wall plug is usually #12 wire—which has an ampacity of
20 amps. Europe (and most of the world) operates with 220-
volt electrical supply. The United States uses 110-volt power
supply for most residences and offices. Higher voliage is
used for industrial sites and for transmitting power over long
distances. The high-voltage transmission towers you see oul
in the country are usually about 13,000 volts, for example.
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Higher voltage is easier to transmit long distances with
minimal loss, Voltage is rarely constant. It can vary through-
out the day according to the load on the system. This is why
voltage often drops a bit in the summer when we all have our
air conditioning on.

The total amount of work done is measured in watts or
wattage. For example, with lightbulbs, a 200-wartt bulb
delivers a lot more light than a 40-watt bulb.

S50 here are our basic terms:

Volts or voltage = electrical potential

Amps or amperage = the amount of current tlowing
Ampacity = amount of current a device can handle
Watt = a measure of the work done or capacity of a bulb

The simplest calculations are all we need on the set. The
basic formulas are

Watt = amps = volts
Amps = watts/volts

L5, electrical mains vary in voltage, but generally they run
from 110 to 120 volts.

A 1000-watt lamp at 120 volts = 8.3 amps
A TE (1000-watt) lamp requires 8.3 amps, a 2K draws
16.6 amps, a 10K takes 83 amps, etc.

Paper Amps

To be safe, we always round up. This allows for loose con-
nectors, damaged cable, and other unseen extra factors. For
practical calculations, we say that a 1K draws 10 amps, even
though it actually draws 8.3 amps (al 120 volts). These are
called paper amps. By this rule, a 10K {(which actually draws
83 amps) pulls 100 paper amps and so on. It also makes
mental calculations vastly easier—useful when it's 3 am and
you'Te in your 16th hour of shooting.

Electrical Supply Systems

Three-Phase

Countries using 120 volts as a residential standard have two
basic kinds of supply: three-phase and single-phase. There
are many others, of course, but these are the most common.

A basic electrical system is a hot wire and a ground, but
this is not the most efficient way to deliver it to a house or
office. Three-phase consists of three hot wires and a neutral.
The power comes in on the hot wires (or legs) and goes out
on the neutral (this is an oversimplification, of course). The
hot legs are the ones that are energized—in other words,

‘ Tl
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Single-phase sine wave

/R0
WA

Threa-phase electrical supply

b}
FIGURE 8.2 (a) A e00-amp
disconnect (power supply box—
sometimes called a bullswitch
or "the cans™). It is three-phase
(black, red, and blue), Each leg
iphasel has & 200-amp fuse, Note
the double neutral. This (s because
it isona stage that has a dimmer
systern, With dimmers it is possible
1o have a very out of balance load:
this puts a greater strain on the
neutral. (b) The timing of three-
phase and single-phase power
supplies typical in the United
States.
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FIGURE 8.2 Two sizes of AC
generaters, both of them "tow-

away, meaning they are towed,

grab one and you’ll get a shock. For this reason, switches and
fuses are always connected on the hot legs,

The three hot legs are out of phase—this means that as
they turn on and off 60 times a second, they are not doing it
at the same time: they are 120" out of phase. This is because
the three hot legs are each supplied from a different coil
on the generator, As each coil passes the electromagnet,
it is energized. Each does this 60 times a second, but in
sequence.

Hemember that, with AC current, it is not a simple matter of
the electricity’s coming in one side and going out the other,
In fact it is sort of vibrating back and forth. The electrons
flow one direction, and then reverse.

As a consequence, if the load on each of the three legs is
exactly equal (that is, each has an equal number of watts tak-
ing power from it), then the current flow on the neutral will
ke zero. Think of it this way: the neutral in a three-phase AC
system only carries the excess left over from an imbalanced
load. This is important because the neutral wire is usually
the same size (same ampacity] as the three hot legs, Thus,

a severely out-of-balance load could potentially put more
amperage on the neutral than it can handle. It is the best
bov electric’s job to balance the load as closely as possible.
Failure to do so can also harm the generator or cause street
transformers to fail.

According to the National Electrical Code [NEC), the three
legs are designated red, black, and blue. This is a problem
because we often color-code the legs with electrical tape.
Black tape on a black cable would be indistinguishable, For
this reason, the convention on film sets is to designate them
red, yellow, blue.

Single-Phase

Single-phase is a variant on three-phase. Instead of three
hot legs, there are two hot wires and a neutral. This is the
most commeon system in residential houses, Both single-
phase and three-phase systems have an additional wire: the
ground. Although it is essentially the same as the neutral, it
is an extra safety. If the neutral is lost or there is some other
sort of malfunction, the ground (always color-coded green)
is a backup ground that carries the current away.

Power Sources

Power for film and video production usually comes from
one of three sources: stage service, generators, and tie-ins.
Stage Service

Most studios and sound stages provide electrical service.
Older stages will sometimes have DC {left over from the days
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of carbon arcs) and extreme caution must be used not to
plug any AC-only equipment into DC, which would severely
damage drills and compressors, Smaller studios generally
have at least 300 amps available, but be sure to ask. The
most common situation is for a stage to have several hard-
wired distribution points with fuse boxes and disconnect
switches that terminate in pin plug, Tweco, Camlok, or simi-
lar connectors. You can then easily plug in an appropriate
amount of feeder cable and set a distribution box wherever
vou need it FIGURE 8.4 Small portable

The only difficulty with a setup like this is that while it is AUTCEE AT i"”‘:"""i'l‘" “L*'-"“t"p"’“"
easy to check the load balance at each box, there is usually GRNREAErS, LSURTY & JodE-Ek

X | . heck th S It I walls, Those that are adapted for

no EII'E'['J g W‘:‘II} to chec t elmerﬂ ralance. It is generally filrm ustially have crystal syric, thus
sufficient to just try to distribute the load as evenly as pos- making them suitable for use with
sible. If you sense danger, check with the house manager; HMI lights,

she may be able to take an electrician down to the main
service for a balance and load check.

Generators

On location, generators provide the simplest and safest
power source, Generators are available in all sizes; from por-
table 30-amp putt-putts up to tractor-trailer rigs capable of
providing several thousand amps of service.

Four issues are paramount when ordering a generator:

1. Capacity. Be sure 1o allow an extra margin of safety in
calculating the total load. It is in most cases unhealthy
for a generator to run at full load.

2. AC/DC. Gennies are available in AC, DC, or mixed
AC and DC, It is vital to think about your needs and
specify the correct service. If you are running Brute
arcs, you will need 225 amps of DC for each arc. If vou
are running HMIs or video, vou must have AC.

3. Crystal syne. If vou are using HMIs, vou must order
a generator that has constant speed governed by a
synchronizing crystal. Don't assume that all gennies
are crystal. Specially modified portable gennies are
available that are cryvstal. Always request a frequency
meter, This will allow you to monitor the frequency
of the AC output to ensure that itis within acceptable
limits, Under normal conditions with HMIs anything
greater than a quarter of a cycle variation from 60
hertz {from 59.75 to 60.25) is cause for concern.

4. Soundproofing. Some gennies are soundproofed to
allow sync sound to be recorded. If vou can park the
genny far enough away or it's a situation with high
ambient noise, a soundproofed genny may not be
necessary.

Other things to remember;

1. Physical size. Consider where the genny will be driven
and parked. Be sure it will fit and that vour feeder
cable can reach it.

FIGURE 85 The output panelon a
generator.
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a tie-in, keep in mind that vou are taking responsibility for
peoples lives and the safety of valuable property. Any time
you deal with electricity, it is not to be taken lightly.

Under no circumstances should anyone perform a tie-in
until he or she has been trained and checked ot by a senior
film electrician. You can be killed while doing a tie-in. Don't
take chances. Also, always tie in after the electric meter;
otherwise you will be guilty of stealing electricity. Many
localities reguire that tie-ins be performed only by licensed
electricians; some require that a fire marshal be present.

Tie-in Safety
Everyone should know the basic salety rules of tie-ins:

1. Twao people should be present at a tie-in. There is
a very real risk of electrocution in any tie-in, The
second person must know CPR techniques, electrical
rescue technigques, and be a level-headed type who
won't panic. If at all possible, the second person
should be another film electrician.

2. Only one hand in the box at any time. The most
dangerous situation is for current 1o run across the
chest and heart from one hand to another.

3. Stand on a rubber mat or low wooden box (half or
quarter apple box; a full apple box might make vou a
little wabbly]. Wear rubber sole shoes.

4. Wear safety glasses.

5. Have afire extinguisher nearby

6. Newver stick anvthing metal in the box. Metal
serewdrivers should be wrapped with electrical tape
down the shank.

7. Il the fuse box is behind a door, lock, sandbag, or
have a guard on it so that no one can swing the door
open and slam you face first into the live connectors,

B. Always tie in on the load side after the fuses or main
circuit breakers.

9. Alwavs meter the voltaze of all legs and meter the
case o determine that it is not hot. Check o see if it
is AC or DC.

10, Use sash cord to tie the feeder cable up in a strain
relief. Make sure there is no pressure on the tie-in
clips that might pull them loose. Put the strain reliel
on before vou make the connections. Ensure that the
metal ends are not free to swing into the box or get in
VOLIT WAy,

11. Use pieces of rubber mat or cardboard to card off the
hot lugs and provide insulation anywhere that the tie-
in clips might contact a hot lug and the case and arc.

12. Always clamp onto the neutral (white) first and then
the hot legs. Always disconnect the neutral last when
breaking the tie-in, If you have a case ground {(green),
connect it first and then the neutral.
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With two-phase, four-wire service, there is an additional
Tactor:

EVA > 1000

Amps =
¥ volts = 2

In three-phase, given KVA and voltage, amperage is found
by this Formula;

EVA = 1000

AMpPSs = ——————
volts = 1.73

In order to understand these relationships, we must recall
the following:

*  Two-phase current = 2 = single-phase current.

*  Three-phase current = 1.73 ¥ single-phase current,

#  The current in the neutral of a two-phase, three-wire
service is 141% greater than either of the other two
conductors of that eircuit.

Before transformers burn out, they issue a very distinct and
unmistakable burning odor. Learn to recognize that simell
and add it to vour mental list of things (o check periodically
when running a heavy load through a house transformer. If
vou detect it, reduce the load immediately, but don’t panic.
It usually isn't necessary to shut down the bullswitch and
throw everybody into a tizzy, Just switch off as many lights as
you can until you can rebalance.

Wall Plugging

For very small setups where only a small amount of light
is needed (such as docomentary and small-unit videa) it is
possible to plug small units into the walls. In most areas, wall
convenience outlets are usually 15-amp and occasionally
2-amp circaits. The standard two- or three-prong Edison
plug duplex outlet that we are all familiar with is by conven-
tion rated at 20 amps, [T there is nothing else on the circuir,
they will usually hold a 2K light (16.6 amps). Some things to
remember:

1. Check to see what's on the circuit. Switch off anything
that isn’t needed. The simplest technigque is to station
people throughout the house while someone switches
each breaker on and ofl and labels it 1 takes a few
minutes, but it's worth doing,

2. Have some spare Tuses handy or it its circuit breakers,
be sure the fuse box is not behind a locked door,

a4 Mever plug into a circait that serves computers,
delicate electronics, any type of medical life support
[.'tll:ll-]':lr'lll.‘l'l i, or :-it:-::uril]r' Syslems,

4. Switch the lights off whenever vou can.

5. Don'tassume that each room has its own circuit, Tt
is general practice in laving out household electrical
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distribute the load as evenly as possible over the three legs.
This gives us 100 amps per leg.

Color Coding

All service equipment must be color-coded. In the United
States the standard colors for 110- and 220-volt circuits are
*  Meutral: white
= Ground: green
*  Hot legs: red, blue, and vellow or black, Electricians
should carry color-coding tape with them and check
that all circuits are correctly color-coded,
The international colors are
*  Meutral: blue
= Hot leg: red
«  Ground: yellow/green

The Neutral

The neutral is a very important part of the system.

If the neutral is mistakenly plugged into a hot leg, creating
220 volts, serious equipment damage and injury could
result. To prevent this, many rental houses make plugging
a neutral into a hot leg difficult to do. Two strategies are
COMIMOn:

1. The neutral has a different size connector,

2. Reversed newutral. In bundled cable, the neutral is run
backward so the males and females are at opposite
ends from the hot legs.

Losing the neutral can also be very dangerous, Under
certain conditions, losing the neutral can allow the voliage
to wander and rise (o dangerous levels, The neutral should
never be fused. To prevent loss of neutral connections, the
neutral lines must be taped with gaffer's tape to make sure
they don't pull apart. Always connect the neutral first and
disconnect it last. If there is a short or an arc, vou want the
current to have a better place to go than through you.

Distribution Equipment

Tie-ins

There are six main varieties of tie-in connectors: Tricos,
Anderson clamps, Mueller or alligator clips, busbar lugs, and
bare wires. They come in 60-amp, 100-amp, and 200-amp
sizes, referred to as #1, #2, and #3.

Anderson clamps are generally for larger jobs, are unwieldy
and difficalt to tighten, and won't fit in any tight space, They
are all exposed metal, which makes them more dangerous.
Adligator clamps are anly for extremely small jobs, They don't
tighten down with sufficient pressure and are not recom-
mended for this reason.
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FIGURE 8.6 {a) Banded cable
{fourwire #21is “hgure-eightad”
whenever there is extra cable. This
prevents a power factor effect
{resistance}, whichis hard on a
generator and the distribution,
bl A cable crossing protects the
feeder (and prevents tripping
hazards) when it lays across a
traffic zone,

Busbar Lugs

Busbar lugs are for connecting the feeder cable directly
to a bushar. They can be used for tie-ins and are used
in spider boxes, which are busbar distribution boxes.

Some large generators use bushars and lugs for the primary
connection. With the new five-wire grounded systems,

the lugs are required to be keved so that the neutral and
ground lugs will fit only into the proper scctions of the
bushar.

Bare wires are simply a piece of [eeder cable that has the
insulation stripped off at one end and terminate in a con-
nector {Tweco, Camlok, pin plug, twistlock) at the other end.
They are designed for use where there are large empty lugs
available or for difficult situations where it is impossible to
get clamps in.

Connectors

Connectors can be a nightmare, especially if the equipment
comes from several different rental houses and adaptors are
needed.

The simplest are pin plugs, copper cylinders that are split
down the middle. They are also used to connect the head
cables of many large tungsten lights (5K and above). They
need frequent maintenance to ensure a solid connection.

If the contact is loose, push a screwdriver into the split to
spread the connector and create better copper-to-copper
conlact,

Camloks are more positive in their locking and seldom
freeze together. They also form a watertight and completely
enclosed connection that is much safer. Union connectors
are more commaon in the theater and video studios. They are
high-tech versions of three-pins and have a secure locking
device.

Ordinary plugs such as you will find around the house (two
parallel flat blades and a round ground pin} are referred to
as Edizon plugs, Hubble, U-ground, and household plugs.
The adaptors that convert a 3-blade grounded Edison to a
2-blade ungrounded is called a 3-r0-2.

Twist locks have the pins arranged in a circle. One or more
of the pins has a nib on the end that creates a positive lock
when given a final twist, Twist locks are safe and easy to use
and come in an enormous variety of arrangements.

As the name implies, stage plugs are old theater equipment.
They are a fiber block with two copper plates on the sides.
One copper plate is spring-loaded. They fit into square plug
holes that have copper plates at the top and bottom. Stage
plugs come in full and half sizes. Two half stage plugs will fit
into one plug hole. They are not legal in most areas.
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Bullswitches

A bullswitch is a portable disconnect switch with fuses for
each hot leg. They come in 60-, 100-, and 300-amp sizes, mos
often with bladed cartridge fuses. A bullswitch should be put
in every distribution system, usually right after the tie-in or
generator. In some cases you may want it near the set where it
can be used as a master switch to shut everything down.

Feeder Cable

Feeder cable runs from the power source to the distribu-
tion boxes. The real workhorse of the business is #2 weld-
ing cable. Rated at 115 amps, it is compatible with the most
common fuse boxes and distribution boxes (generally 100
amps per leg). It is flexible and easy to work with. On the East
Coast it most often terminates in Tweco or Camlok connec-
tors; on the West Coast pin plugs are common. For larger
service #0 [one ought) and #00 are frequently used. For the
really big jobs, such as a 225-amp Brute arc, #0000 is the
largest size most rental houses carry. These cables all come
as individual wires, in 25-, 50-, and 100-foot lengths. Picking
up a 100-foot length of #0000 is not a one-person job.

Wire Types

A typical wire coding is as follows: "/, 5] 600V {UL). This
indicates that the wire has 3 conductors of #12 wire. It is (ype
51 (see chart below], is rated for service up to 600 volts, and is
certified by Underwriter's Laboratory,

Code Type

A Ashestos. Dry use anly.

T Dry only, operate at less than 140" under full
current load.

F Fixture wire, CF is cotton insulation. AF has
ashestos insulation, SF is silicone insulation.

R Rubber or neoprene,

[ 4]

Appliance cord, stranded conductors, cotton
between wire and insulation, rubber outer
jacket. 5 is rough service, 5] is more flexible and
is for lighter service, 5V is for light service.
sP Lamp cord.
SPT Lamp cord, plastic insulation.
X Very tough, heat- and moisture-resistant.

+H Higher load current temperatures, up to 167°E
.HH Up to 194°F load current temperature.
..N  Jacket is nylon. Gas- and oil-resistant.

0 Meoprene jacket.
LW Wet use.
UF Underground fecder. Moisture-resistant,
USE  Underground service entrance cable. Moisture-
and heat-resistant.

{2}

(o)

(&)
FIGURE 8.7 {a) A lunch box.
b A gang box, (g A four-way.
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FIGURE 8.8 {a) A suicide pin—
often needed for a distro system
that has a reverse ground but
not all equipment matches that
system. (b} A 00-amp distro box
with three Camlok splitters and a
ground squid attached.

FIGURE 8.9 A connector bax such
as this makes the use of “threefers”
ar"tees” UNNECessany and thus
simpler.

b}

L Entertainment cable. The new code require-
ment for film and video use. Double-jacketed
and heavier.

S&5] Commonly used as cable in film and video;
wire types such as THHN, THN, and THWN are
prevalent as household wiring.

Distribution Boxes

Distribution or "distro” boxes (sometimes called *D-boxes")
accept feeder cable inputs (in the United States, most com-
monly Camlok) and have output connectors for sub-feeder
such as 100-amp or 60-amp Bates or similar. Most distro
boxes are “pass-through,” which means that there are also
outputs for the same size feeder as the inputs, thus allowing
other distro boxes on the same line.

Outputs for the Bates connectors must also be fused. As
a rule, any line must be fused for the smallest load it can
handle. In this case, since each output goes to 100 amp
Bates, that output must also be fused for 100 amps, regarnd-
less of the size of the input cable.

Lunch Boxes, Snake Bites, Gangboxes, and Four-Ways

At the end of a Bates cable, it is usually necessary to have
some Edison connectors. To do this, the most convenient
solution is a "lunch box,” which consists of a 100-amp Bates
input and 100-amp Bates pass-through. The output is five
Edison circuits, duplex connectors. Snake bites go directly
from Camlok or pin plug to Bates outputs, usually 100 amp.
A gangbox is 100-amp or 60-amp input with four or five
Edison connectors. A four-way is a 20-amp Edison input with
four Edison outputs.
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Extensions

Lines that terminate in Bates, Camlok, or pin plug can be
connected directly into the distro box. Large lights (5K and
above) usually have one of these types of connectors and
go right into the box. Smaller units are Edison and go into a
Bates connector, Camlok, or pin.

If the head cable of the light doesn't reach to the box, there
are several options, To extend out 1o a light that has a Bates,
Camlok, pin plug, or other type of connect, we need sub-
distribution. Bates cables are the most commonly used for
this. For lighter loads {(up to 20 amps] we can use single
extensions. A sturdier cousin of the household extension
cord, it consists of a length of '3, (three conductors of §12)
with Edison plugs at both ends. Tt is also called a "single," a
“stinger,” or a "1%,."

A variant of the single is the four-way or plugging box,
terminating in a box with four or five female Edison
plugs.

Planning a Distribution System

The primary challenge of planning is to get the power
where you need it. The basic trick is to get enough stage
boxes (or whatever distribution boxes you are using) so that
your final cabling to the lights is reasonable.
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Some older stages are still wired with DC. If this is true for
your setup, the first thing the electricians must do is clearly
label all DC boxes [white camera tape is usually used], DC
can be deadly. If an HMI, compressor, computer, or any
other AC device is plugged into DC, it will be cooked imme-
diately. So, while tungsten lights (and most powered light
stands, generically called "Molevators” or "Cinevators™) will
run on either AC or DC, few other devices are so nondiscrim-
inating. Extrerne caution is always paramount.

Calculating Voltage Drop

A problem with long cable runs is that the resistance of the
cable itself will cause the voltage to drop. This has always
been a problem, since each 10-volt drop creates a 100K drop
in color temperature in ungsten bulbs, Now, with HMIs,
voltage drops (VD) can lead to serious trouble. Many HMIs
won't fire at all if the voltage is too low. Color temperature
can be corrected with gels or in the lab, but a light that won't
turn on can be fatal.

Violtage drop is a function of resistance. It can be cured
in one of two ways: either shorten the cable run or reduce
the resistance by increasing the size of the cable (thereby
decreasing resistance).

Voltage drop should be dealt with in the planning stage.
This means that the calculations must be done beforehand.
The formula for voltage drop is

VD=CxR

where VD is voltage drop, C is current in amps, and R is resis-
tance in ohms. If vou call voltage drop V, you can remember
itasVCR,

VCR

The current is the total amperage of your expected load.
Hesistance is the resistance per foot of the cable times the
total run {the distance in both directions). For example, we
expect a 100-amp load at 1000 feet from the genny. We try #2
welding cable. Tts resistance per foot is 000162,

R is thus 1000 feet times 2 (the run coming and going) times
00194 [see Table 8.2) times 100 amps:

1000° = 2 X 000194 x 100 = 34.8

The voltage drop would be 38.8 volis. If we start with 120
volts, we would end up with 120 38.8 = 81.2 volts—way
below acceptable.

Lets try it with #00 cable. The resistance per ool of #00 is
0000967 ohms per foot:

10007 = 2 = 0000967 = 100 = 19.34
120 19.34 = 100.66

TIGURE .14 A circuit testeris
important not anly for safety, it is
also a quick way to check if a line
is hot or not.

FIGUREE.15 Acubetapand a 3-to-
2, also known as a ground lifter,
U-ground adapter, or pig nose.
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14. Keep your load balanced.

15. With large lights (5K and above in tungsten and
some HMIs), the bulbs should be removed for
transportation,

16. Hot lenses can shatter when water hits them. If rain
or rain effects are a problem, provide rain hoods,
plastic covered flags, or other rain protection.

17. Warn people to look away when switching on a light.

18. Mever touch two lights or light stands at the
same rime.

19, Don't assume its AC, DT can be deadly, Check it.

Wet Work

Because water triples conductivity, working in or near
water is probably the most hazardous situation a crew can
lace. Exira precautions and constant vigilance are required,
Saltwarter-soaked beaches are particularly hazardous.
some things to keep in mind:

1. Keep all stage boxes and connectors dry by wrapping
them in plastic and keep them on half-apple boxes.
Remember that gaffer's tape is not resistant to water or
cold; plastic electrical tape will work. Garbage bags are
useful, but Visqueen or heavy plastic is better.

2. Ground evervthing in sight.

3. Keep HMI ballasts out of water and off damp sand.

4. Use waterproofl shoes, rubber gloves, and waterproof
suits if necessary. Place dry rubber mats liberally,
wherever someona might be working with hot items
such as HMI ballasts, distribution boxes, etc.

3. When equipment (including cable) has been around
saltwater, wash it down if vou can.

It is possible to run lights underwater. They must be
immersed when furned on and cannoet be taken out while
hot or they will explode. If the connections are not com-
pletely sealed (with, for example, hot glue) the water will
become electrically hot and may pose a danger.

HMI Safety

Owing to poor design and engineering, HMIs can be
extremely hazardous, The startup voltage on an HMI can be
13,000 volts or more,

1. The ballast should always be grounded. The ground
should be of substantial wire {at least #12 or larger)
and attached to the ground metal with something
that can take a large load-—a Trico, vise grips,
Anderson clamp, etc. Incredibly, few ballasts provide
an attachment point for a ground wire, Usually, a
serew must be slightly loosened or a bit of paint
scraped off.

2. HRead voltage from the ballast to a ground and from the
head to a ground.
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FIGURE 2.1 & combo head with
both %" baby stud and a 1%}"
juniar receiver,

GRIPOLOG

Grip work is an important part of the lighting process. An
understanding of basic grip procedure and equipment is
essential for any lighting professional. This chapter covers
the tools and equipment of grip work, standard methods,
and general set operating methods.

What is a grip? Grips do many jobs on a film set: they set
up and push the dolly; they handle cranes and all rigging,
including hanging lights from a wall, over the side of a
cliff, or on the front of a roller coaster—anything that goes
bevond simply placing a light on a stand or on the floor.
They also handle any lighting control devices (such as nets,
Hlags, and silks) that are not attached to the light. Anvthing
that actually is attached to the light, such as diffusion clipped
on with €C-47s, is done by electricians. This is the American
system; in most other countries, all lighting control is done
by the electricians.

Definitions: Baly means a %-inch stud on a light or pin
on a piece of grip equipment or female receiver. Junior and
Senior refer to 1-inch stud or female receiver. Other
standard sizes are Y/,, %, and '/, inch, These plus the %}, inch
are all found on most standard grip heads.



(&)

FIGURE9.2 {a) A grip shaking it up—aiming a reflectar right before they roll camera. (b A soft-side reflector on the
left and a hard-side reflector on the right.

Light Controls

Grip effects units modify the character or quantity of
light—blocking, redirecting, feathering, and wrapping the
light—in a word, control. The basic rule of thumb is that
when the control is attached to a light, it is an electrical
department deal; if it is separate from the light (on a grip
stand, for example), it becomes a grip thing and, for the most
part, different equipment is used to deal with it.

Reflectors

Reflector boards or shiny boards are venerable film equip-
ment. On the B westerns of the 1940s and 19505, they were
practically the only piece of lighting equipment used, those
being the times of day-for-night, a now largely abandoned
technigque. Traditionally, reflector boards are roughly 42
42-inch and are two-sided, a hard side and a soft side. The
hard side is mirror-like, smoothed, highly finished, reflective
material. The soft side is reflective material with just a bit of
texture. This makes it a bir less specular and slightly softer. As
a result, the soft side has considerably less punch and throw
than the hard side, which is sometimes referred to as a bul-
let for its ahility to throw a hard, specular beam of reflected
sunlight amazing distances.

The soft side is important for balancing daylight exteri-
ors. Because the sun is so specular, daylight exteriors are
extraordinarily high-contrast. The problem is that the sun
is 50 intense, most film lights are insignificant in relation
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FIGURE®.3 [a)} A 4" = 4" floppy. (B Some shots call for a lot of lighting control—a forest of C-stands can grow

quickly, Here several cookies and nets shape the light for a greenscreen shot,

to it. Only an arc, 6K, or 12K makes much of a dent against
direct sun. The answer (s (o use the sun to balanee itself,
This is what makes reflector boards so useful: the intensity
of the reflection rises and falls in direct proportion to the key
SOUTCE,

A variety of surfaces are available for reflector boards.

The hardest is actually glass—a mirror, which provides
tremendous punch and control—but, of course, is delicate
to handle, Easier to transport but less regular is artificial
mirror, which can be silvered Plexiglas or silvered Mylar
{which can be streiched over a framel.

Hard reflector is very smooth and specular and has very
high reflectivity. The soft side is usually silverleaf, which is
not as smooth and has leafy edges that hang loose. Boards
are also available in gold for matching warm-light situations
such as sunsets,

Beadbhoard is just large sheets of styrofoam. Beadboard is a
soft reflector because of the uneven surface. But it is not rigid
and seldom stays flat for very long. This is no problem for the
soft side, but it makes it very difficult to focus and maintain
an even coverage on the hard side. Beadboard is a valuable
bounce material, but keep in mind that a single sheet of
beadboard is the equivalent of thousands of styrofoam cups.

Rosco and Lee also make supersoft and other reflector
materials available in rolls. They can be stretched on frames
and made into 6" x 6's, 12" ¥ 12's, etc. A good trick is to take a
cheap glass mirror that is permanently mounted to a backing
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board [the kind of inexpensive full-length mirror available
at o drugstore, for example) and smash it with a hammer in
several places. With a semi-soft light, it provides a dappled
bounce with nice breakup. With a hard light, it makes a spar-
kly reflection that can simulate reflection off buildings.

Operating Reflectors

The key rule in relation to operating a reflector is, of course,
the old physics rule:

angle of incidence = angle of reflection

This is the problem with reflectors, Because the sun is con-
stantly moving, the boards require constant adjustment.

For fast-moving work, it is necessary (o station a grip or
electrician at each board (one person can handle a couple of
boards il they are together), Belore each take, the commancd
"shake "em up” means to wiggle the boards to check that
they are still focused where thev should be,

Heflector boards are equipped with a brake in the yoke
to keep them properly focused. Other rules for using
reflectors are;

1. Keep reflectors flat (parallel to the ground) when not
in use. This keeps them from blinding people on the
set and makes them less susceptible to being knocked
over by the wind, [t also serves as a reminder that they
need refocusing.

2, Ifivs windy at all, lay the boards on the ground when
they are not being attended by a crew member.

3. The reflection of direct sun is very intense, Try to keep
it out of people's eves.

d4. Boards must be stabilized during the take. A moving
reflection is very noticeable and obviously artificial.

Standard procedure lfor aiming a board is to tilt it down
until the reflection of the sun is just in front of you. Once
viou have found the spot, itis easier to aim it where youo wani
it to go.

Specialized stands known as reflector stands are usually
used for shiny boards. Also called “combo stands,” they
feature junior receivers, leg braces, no wheels, and a certain
amount of heft to help keep things in place, They are called
combo stands because they are also used as light stands.

Flags and Cutters

Flags and cutters are basic subtractive lighting. Coming in
sizes from 12 2 18 inches (o 24 % 72 inches, they are used
to cast shadows, cantrol spill, and shape the light. They are
constructed with % -inch wire and terminate in a % -inch
pin that fits in grip heads. Flags come in the standard sizes:
12 = 18, 18 = 24, 24 * 36, and 48 % 48-inch (4" = 4'), There
are other, less common sizes as well.
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Flag Tricks

The most basic rule about flags is that the farther away the
flag is from the light source, the harder the cut will be—that
is, the sharper the shadow will be. This is why flags are such
an important adjunct to barndoors. Being attached (o the
light, barndoors can’t be moved away from the light, and
there is a limit to how sharp a cut they can produce. The flag
can be moved in as far as the frame will allow, making the
cut almost infinitely adjustable. For the sharpest cut of all,
remove the fresnel, usually by opening the door of the light.
This makes it sharper because the bare bulb is a smaller
source than the fresnel lens,

The more flooded the light, the sharper the cut. For razor-
sharp control of light {and for harder shadows) the light
must be at full flood. The more spotted a light is, the softer
the shadows will be, and the harder it is to control with
barndoors and flags. Cutters are longer and narrower. Sizes
include 10 = 42, 18 = 48, and 24 = 72 inches.

(b}

FIGURE %.4 (a} A simgle grip net, a
double, a silk and solid {or flag).
These are 18 * 24 inches.

(b} Various sizes of flags, cutters,
and empty frames. (¢) Grips handle
any sort of lighting contral that

iz ot attached to the light, such
asthis 4" « 47 silk creating a soft
light for the model,
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FIGURE 9.5 {a) A cuculons (cookie)
creates shafts of light in the smoke
effect. (b} & branchaloris ona
highboy.

(b}

Floppy flags have two lavers of duvetyne (the black cloth
covering material); one of them is attached on one side only
and can be flopped down to makead’ X 4" into a4’ x &', for
example. For additional shaping, it is possible to clip small
pieces of showcard onto the flag. Just position the spring clip
s0 that it doesn’t cast an unwanted shadow. Except in rare
circumstances, never mount a flag directly to the grip head
aon a C-stand. Always include at least a short arm so that the
flag can be repositioned. As with anv piece of equipment
vou set, always think ahead to the next step—you may have
it where you want it now, but what happens if it needs to
move? Don't get vourself too locked in. Leave some slack!
Common terms are sider, topper, top chop, bottomer, and
bottom chop, all self-explanatory.

Mets

Mets are similar to flags, but instead of opague black
duvetyne, they are covered with bobbinet, a net material that
reduces the amount of light without altering its quality.

MNets come in two predominant flavors, single and double
(there is a third, called a lavender; rare, but it reduces the
light ¥, stop). Double nets are usually just a double layer of
bobbinet. Each layer is rotated 90° from the laver underneath
it. Nets are color-coded in the bindings that secure the scrim
to the frame. Singles are white, doubles are red, and silk is
color-coded gold, Net material comes in black, white, and
lavender, but black is predominantly used.

A single net reduces light by a /; stop, a double by 1 stop,
and a triple, 1% stops. A lavender reduces by '/, stop. The
values are, of course, approximate—the actual reduction
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depends on the light source, its distance from the net, and
the angle of the net material relative to the direction of the
light. The main difference between a flag frame and a net
frame is that net frames are open-ended. That is, they have
one side open, making it possible to orient the net so that
there is no shadow of the bar where it might show.

Net Tricks

If vou tilt a net so that it is at an angle to the light, it becomes
thicker and cuts the light even more. This is an easy way to
fine-tune the attenuation. As with a flag, the farther away the
net is from the light source, the harder the cut will be.

To set a single source so that the {Vstop stays constant
over a long distance (to cover a walk, for example}, nets can
b stacked, overlapped so that the area nearest the light is
covered by a single and a double, then a single only, then
nothing.

To fine-tune very small areas, paper tape can be applied
directly to a net. When the gaffer calls for a single or double
net on a light, don’t just bring the one s/he asks for, bring
them both; it might save you a trip. (This goes for just about
anvthing that vou olfer to a light: diffusion, scrims, etc,)

Cuculoris

No one knows the origin of the word, but a cuculoris (or
cookie or cuke) is arandom pattern designed to break up the
light either subtly [if close to the light} or in a hard shadow
pattern (if far from the light).

Any flat device designed (o cast a patterned shadow
is a cookie. Standard cookies come in two varieties:
waod, made from Yi-inch plywood, and cels, which isa
laver of wire net covered with plastic-like material that
has a random pattern burned into it to create a varving
pattern of transparency and semi-opacity. Celos are
much more subtle than a wood cookie. Leaf patterns,
blinds, and stained-glass windows are common cookie pat-
terns. Cookies of this type are also known as "gobos”
Foamcore is easily cut, but rigid enough to be self-
supporting. When actual branches and leaves are used as
cookies, they are called “dingles.” A small branch is a 1K
dingle and larger ones are 2K or 5K dingles; another name
is branchaloris. IT they actually appear in the frame they are
called “smilex".

As with flags, the farther away from the light, the sharper
the cut. If a hard, sharp shadow pattern is needed, be sure
to emplov a light large enough to back wav ofl and still get
the stop. For maximum sharpness, take the lens off the light.
This reduces the radiator to a point source which casts the
sharpest possible pattern.
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FIGURE 9.6 (a) A4 = 4 cart holds
4 » 4 open frames “skinned up”
with various gels and diffusion.
Extra rolls of diffusion are stored
an the side. (k) Grips "Hnll:,rwau:;ud -
a quarter-stop silk to cover & walk,
Since the actors are walking and
the dolly moving, they can't set it
on highboys, One of them rides
the dolly for ease of movement, A
full silk, which Is a much heavier
diffusion, would have been too
much; the actors would hawe
been significantly darker than
their background and needed
additional lighting, which wauld
have been hard to do on a walking
shot (a walk and talk) and even
mare difficult without shutting
down the entire street—which

is much more complex to get a
permit for in most cities.

Grid

The use of grids came from still photographers, who used
them to make nondirectional light directional. Honeyveomb
grids have very small openings and are one to two inches
thick. They function in the same way as an eggcrate on a
soft light.

Open Frames

Irames of all sizes come uncovered so that the grips can
put on the diffusion of the day. A couple of open frames in
each size are a must in any grip order. Paper tape can be used
to apply gel to a frame, but double-stick tape is also useful.
Snol tape is the more professional solution; it is double-sided
transfer tape in a dispenser, which is an extremely quick way
to gel up a frame—and the best way to accomplish the job,

Cookies and Celas

Nobody really knows why it's called a cuculoris, but it is.
Cookies (or cuculoris) are flags made of plywood with ran-
dom patterns cut out. They are used to break up the light and
add texture. A soft version, called a “cello,” is a wire mesh
with a semi-transparent layer that has been burned into a
random pattern. Another variation on the cuculoris is the
“branchaloris™ which is made from a real branch—usually
held up by a branch holder,

Diffusers

Also known as silks, diffusers come in all the standard
flag sizes and are covered with a white silk-like diffusion
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(c)

FIGURE 9.7 (b A detail of the goalpost—two pipe clamps hald the
Speedrail (aluminum pipe), (b A sidearm is used 1o rig the Molke Biax 1o
the Speedrail, (g} Twae highboys and a piece of Speedrail are used torig a
goalpost to support a Biax light. This type of dgging would be done by
the grip crew in collaboration with the electricians.

(k)

material. Originally, of course, it was real silk, and still is if
you onder China silk. More often, the silk is made of white
nvlon, which is easier to clean and doesn't turn yellow as
readily. Silks soften the light and reduce it by about 2 stops.
There is also a much lighter diffusion /,-stop silk that
reduces the light by about Y, stop—go figure.

Butterflies and Overheads

Permanently mounted silks are seldom larger than the
standard 4° ¥ 4°, Six-by-sixes are called butterflies. They
come in breakdown frames which are assembled on site and
the covering is stretched and secured with ties.

Larger silks are called “overheads”™ and come in the standard
sizes 8' = 8',12' x 12', and 20° x 20’, commonly called 8 by,
12 by, and 20 bv. The frames are transported disassembled
with the covering off. Also available are @' = 127, 20" = 40°,
and 307 > 30°, and even 40" = 40", Butterflies (6 ® 6] can be
flown on one stand (usually a highboy).,

Large frames are flown on highboys. The critical factor in
flying a 20 by is knowing that it requires sufficient area to
drive a sailboat at 12 knots; it can be powerful! Use extreme
caution when a large silk is up. Don't fly a silk without an
adequate size crew of knowledgeable grips.
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FIGURE .10 A studded C-clamp
with two baby spuds.

(a) (b}
FIGURE &.% [(a} Everything about this C-stand setup is wrong, The right-
hand rule is not observed, the arm is set at eve level in a way someone
could poke his/her eye out, the weight is not over the high leg, there
is no sandbag, and they have begun raising it not on the top rser (b) A
praperly done C-stand. The right-hand rule is observed, the armis set
safely out of the way, the weight is over the high leg, and a sandbag is set
also on the high leg.

Griffs

One more {vpe of covering that can go on overhead frames
is griffolyn (pronounced grif-lon). Originally produced as a
farm product (it's really just a high-tech tarpaulin), griffolyn
{or griff] is a reinforced plastic material. Its advantage is that
the white side is extremely reflective and the whole unit Is
highly durable and waterproof,

Griffs come in all sizes from 4 = 4 1o 20 % 20 or even
larger, and also can be had in rolls for custom application,
Matthews markets special tape, which can fuse sections
together, and duck feet griff clips, which provide attachment
points so that a custom-made piece can be quickly flown in
a variety of situations—with or without a frame. Matthews
offers griff in black-and-white, white-and-white, and clear
configurations.

With all large overheads, ordering it complete means that it
includes the silk, a solid (black duvetyne), a single net, and a
double net, which gives yvou a wide variety of controls on the
same frame. Bleached muslin [verv white, about the consis-
tency of a bedsheet) and unbleached muslin (vellowish white
for a warmer look) can also be stretched on frames as a very
heavy diffusion or bounce.

Griffs are versatile. Their most frequent use is as a large
reflector, either for sun or for a large HMI as a bounce fill.

A 12 = 12 or 20 X 20 white griff with a 6K, 12K, or 18K
bounced into it is also a popular combination for night
exteriors. It's soft enough to appear sourceless, but reflective
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FIGURE9.12 Tips for Grips.
{Drawing by Brent Hirm, Master of
Gripologyl

*  Choose the appropriate size C-clamp. A clamp that is
too large for the job will have to be extended too far.
When this happens, the threaded bar can wobble and
twist because it is too far from its support. This is an
unsafe condition and should be avoided.

* [fyou are clamping to a pipe, you must use a C-clamp
that has channel iron mounted to it (UI-shaped steel
feet]. A flat C-clamp will not safelv grab a pipe.

Bar Clamps

A variation on the studded C-clamp is the bar clamp, which
is & furniture clamp with a 1K stud attached to it. Bar clamps
can be extremely wide (up to several feet) and so can fir
around items that would be impossible for a C-clamp.

Pipe Clamps

Pipe clamps are specialty items for mounting directly to
pipes and grids. They are a theatrical item and see their most
frequent use in studio work. If you are likely to be working

in a studio or an industrial situation with a pipe grid, pipe
clamps can free lights from stands.
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Studded Chain Vise Grips

This is a grip’s grip tool. Many grips carry chain vise grips in
their personal kits, because they are oddball items not car-
ried by some rental companies. Studded versions can mount
lights to vertical pipes, beams, bumpers, and other odd
places. Nonstudded chain vise grips are often used (o secure
two pipes together or to mount a light stand on a crane or a
fire escape. They provide the kind of bite and stability that
vou just can't get from sash cord or clamps.

Cardellini and Mafer Clamps

Pronounced "may-fer," mafers clamps are indispensable:
don't leave home without them. They can bite anything up to
the size of a 2 ® 4, and have interchangeable studs that can
do anvthing from rigging a baby spot to holding a glass plate.
They have dozens of other uses:

*  Grips often clamp mafers onto the end of the dolly
track so that they dont accidentally let the dolly run
off the end.

*  With the baby stud clamped into a grip head, a mater
can hold up a 6 « 6 frame.

+  With a baby plate mounted in it, the mafer can be
attached to pipe or board to hold a small reflector
card. The uses are endless,

A Cardellini is similar, but a bit more versatile, and has tre-
mendous holding power.

Platypus

A platypus is a studded vise grip with 5 % 6-inch plates for
grabbing beadboard and foamcore with minimal breakage.

()

(d)

FIGURE .13 (a) A 2K ziplight rigged
orna set wall with a set hanger.

(b) A platypus—used for helding
beadboard and foamcore in a
C-stand or highboy. (¢} A pigeon—
baby plate on a pancake. [d] & 2K
turtle base. This one is actually
the bottom of a C-stand. Others
are designed only as bases for
lights ar equipment (such as wind
miachines) which have a 1'4-inch
(junior} stud,
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FIGURE 9.14 {a) Full apple, half-
apple, quarter-apple and on top,
& pancake, (b) Three full applesin
the stardard positions (from left
to righty: Mumber 3 (upright—Ffull
height), number 2 {on the side—
medium height), and number 1
{laid down—Ilowest height),

Wall Plates, Baby Plates, and Pigeons

Although technically different things, the names—wall
plates, baby plates, and pigeons—are used interchangeably.
Thev are all basically baby studs with a flat plate attached. It
can also be done with a junior (1 inch)receiver. The plate
always has screw holes, With a baby plate, some drywall
screws, and a portahble drill, a grip can attach small lights,
grip arms, cutters, reflectors, and props to any wood surface.

A particularly popular combination is a baby plate
mounted on a half-apple, quarter apple, or pancake—it is
called a pigeon. This is the standard low mounting position
for small lights, When you need to get even lower, a pancake
(the slimmest form of apple box) should be used, although
the depth of the screws is limited. When a half-apple is not
enough, other apple boxes can be placed beneath for some
degree of adjustability.

2K Receivers and Turtles

While a pigeon is generally a baby plate, a similar rig can be
made with a 2K receiver. A variation on the 2K pigeon is the
turtle, which is a three-legged low mount for any 2K studded
light. The advantage of the turtle is that it is self-supporting
with a sandbag or two. The T-bone is similar. It is a'T made of
two flat steel bars with a 2K receiver. It will mount the light
lower than a turtle and can also be screwed to a wall, T-bones
all have safety chains attached. The chains are constantly in
the way and always seem to get under the T-bone or apple
box when you try to get it to sit flat. They have no conceiv-
able application, and yet they are permanently mounted.

We can all hope that manufacturers will wake up and make
T-hones without the chains.
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Several manufacturers now make C-stands with a detach-
ahle base. When the vertical riser is removed, the legs are an
independent unit with a junior hole. This makes an instant
iurtle. The riser can be clamped to a fire escape or mounted
in other hard-to-get-to places as an extendable mount.

Side Arms and Offset Arms

Side arms (both 1K and 2K varieties] serve two funciions:
1. They arm the light out a bit for that little extra stretch.
2. Because they can clamp onto the stand ar any level,

they are useful for mounting a light low but still on a
stand.

Offset arms (both sizes) are similar, but fit into the top ofa
baby or junior stand, rather than on the side.

Miscellaneous
Apple Boxes

The term comes from the early days of Hollvwood, when
they used actual apple boxes, Now they are specially made
items that are sturdily built, Simple boxes in four sives, they
have an amazing variety of uses, The sizes are full apple, half-
apple, quarter-apple, and pancake.

Wedges

Wedges are simple wooden wedges used primarily for
leveling; most often leveling dolly track. A box of wedges is
a normal accessory for any work with dolly track. Smaller
ones, called "camera wedges” are used for small jobs around
the camera and dolly.
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THETEAM AND SET OPERATIONS

The way the camera and lighting team work together is
fairly standardized; there are some regional variations, but
the basics are the same throughout most of the world. The
commonalities of technigque and tools make it possible for
a crew that has never worked together before to get the job
done with a fair amount of efficiency, even when it includes
members from other countries. [n this chapter we examine
the duties of each member of the team and how they work
topether on and off the set.

The DP

The person responsible for the lighting team varies, depend-
ing on the type of production. In feature films, single-camera
television, and commercials shot on flm (or in some cases
HD or DV video], the team is run by a director of photog-
raphy (DP; in other regions, DoP). The DP works with the
director and has authority over the electric crew, camera
crew, and grip crew. He or she will also consult directly with
the production designer.



FIGURE 10.1 Film crews work together in a highly coordinated way. All know their individual jobs and
cooperate closely with members of their own department and those of other departments.

Although directors differ in the amount of input they
wanl concerning the frame (lens selection, camera posi-
tion, angles, camera moves), it is the job of the DF to fulfill
the director's vision of the scene. The DP implements this
through the camera operator, the camera assistants, and the
dolly grip.

The cinematographer’s vision of the lighting is implementec
by the gaffer (sometimes called Chief Lighting Technician)
and the kev grip. In video production (particularly televi-
sion}, the responsibility is split. The camera operator deals
sirictly with the video camera and framing the shot, and a
lighting director (LD) takes full responsibility for lighting
the scene. This is not unlike the English system [also used
in many other countries} where the operator is responsible
for working with the divector on camera moves, placement,
and lens choice, and the lighting cameraman devotes his full
attention to the lighting, often never even looking through
the lens,

As some HD and DV shoots become more and more like
standard lilm production, with a DP instead of an LD, the
traditional division of duties between the DI and gaffer will
diminish and re-establish themselves. In addition, there
may be a DIT (digital imaging technician; however, this
person does not get involved in lighting—it is a camera
crew position). In commercials there are many director!
cameramen {(or director/camerawomen]. With their
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FIGURE 10.2 [a) Don't forget to
put a strain relief on all header
cables on lights. (b} A C-47 (laft, a
wooden clothespin and a C-74
(right}—a reverse clothespin for
pulling scrims out of lights.

attention devoted primarily toward directing the scene,
dealing with the client, and operating the camera, they have
come to depend heavily on lighting gaffers, who light the
scene based on a brief discussion of the board (storyboard of
the commercial) with the director.

The Team
The Gaffer

First let's clear up an ancient controversy. By now, you will
likely have heard many fanciful stories about the origin of
the term "gaffer.” Let's set the record straight—according to
the Oxford English Dictionary, "gaffer” is a sixteenth-century
term meaning "one whose position entitled him to respect,”
or, more directly, "the foreman or overman of a gang of work-
men: a headman ... a master, a governor.”

The gaffer is, in traditional production, the DP's chief
lieutenant for lighting. In the early days he was referred
to as the chief electrician and director of the electric crew,
although these terms are now seldom used. Recently the title
has been changed to chief lighting technician. This
more accurately reflects the job, since the gaffer rarely deals
with electricity, which is the responsibility of the second
electric.

The galfer implements the DP's vision by issuing orders to
the electricians and works in conjunction with the key grip.

Responsibilities include a wide range of duties. The gaffer

*  Scouts the location for lighting problems and
opporiunities and determines the availability of
power, cable runs, etc.

«  After consultation with the DP and the production
manager, prepares the lighting and electrical order.

*  Consulls with the grip about rigging lights in the grid
or ceiling, rigging lights on cars for running shots, silks
or butterflies, diffusion frames, ete.

+  Gives orders to the electricians concerning what
lights to place, and where and what diffusion or color
correction they will need.

*  Meters the scene, directs the electricians in focusing
and balancing the lighting, spot/flooding, adding
or removing scrims or dimmers, Directs the grips in
placing flags, nets, cutters, and diffusion frames.

*  Alerts the DP and/or director to any potential
problems. For example, the lighting may look great for
a certain position, but the actor will burn up it he gets
too close to a window.

*  Depending on the DE the gatfer may meter the scene
to determine the camera aperture.

« Consults with the DE operator, and AC about special
conditions such as frame speed, practical monitors,
HMI sync, filiration, etc.
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= During filming, monitors the scene for changing
conditions, shifting sunlight, or clouds. Particularly
where the DP is also operating the camera, the gaffer
functions as the eves alert for trouble.

The DP and gaffer’s tools include

*  Incident meter

* Spot meter

*  Color-temperature meter

= Digital or Polaroid camera

* Gel books

*  HMI sync charts

* 18% gray card and perhaps a gray scale and color chart

= Viewing filter [gaffer glass)

*  Compass

*  Flashlight

= Sun charts

The Best Boy

The electrical best boy is the NCO in charge of the electric
crew. He or she is the gatfers or lighting director’s key assis-
tant. Some people don't like the term “"best bov” {particularly
with many women fulfilling the function these days) and the
position is also called second electric or assistant chief light-
ing technician. The job covers:

1. Everything electrical: performing the tie-in or
generator hookup, cable runs, load balancing, and
electrical-equipment selection.

2. Direct supervision of the crew. On larger jobs the
second will select and schedule electricians, see that
their time sheets are filled out, and so on.

3. Equipment management. The second coordinates with
production to ensure that all equipment requested
is available and accounted for, and works out plans
for swing trucks, rigging crews, and strike crews. The
second should be ready at any time to tell the gaffer
what lights are in use and what is still available.

4. Staging. The second should be ready to maneuver for
a good staging area and then supervise off-loading the
equipment and preparing it for use, Al the end of the
day, the second is responsible for making sure it all
rils back on the truck safely and efficiently.

On larger productions, many of these functions will be
performed by the third or fourth electric and the second
electric will generally stay on the truck, taking care of the
paper work.

Third Electric and Electricians

The third electric is the corporal of the crew. On smaller
jobs the third is the lowest on the totem pole, but on a large
feature, s/he may have some supervisory duties over the
electricians and day plavers (hired for the day.)

V)l

()
FIGURE 10.3 [a) Moving a large
unit safely requires teamwork
and coardination, Here the best
boy and electricians get a hand
fram the grips in leveling the
light: a half-apple and guarter-
apple keep the light (an 18K with
a Chimera) level while one leg
extends off the sidewalk,
bl A Rocky Mountain leg can help
with leveling smaller units, It can
be extended to adjust to uneven
berrain, stairs, ete,
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FIGURE 10.4 A hand-squeezer—a
small dimmer for practical lamps,
efx, and lights of 1000 watts or
less.

FIGURE 10.5 The basics that every
technician should have an the set:
a cutter, some kind of multi-tool, a
Swiss Army knife, and a flashlight.
One additional essential for grips
and electricians: work gloves.

In the early days when open arcs were the only lights, there
were no motors o advance the carbons as they burned
down. Instead, an electrician tended each light, slowlv
turning a crank to keep the carbons in trim. This required
considerable skill and these people earned the title “lamp
operators.” Even today on the standard feature budget forms,
vou will see the category lamp operators,

Other Responsibilities

Equipment preparation: it is up to the third to make sure
every piece of equipment is ready to go: every light has its
barndoor and scrims, Bates extensions, and singles are
standing by, and so on. In general, when the gaffer calls for a
light, it is the third who actually brings the light, while at the
same time the second brings power to the position so that
the light is hot as soon as it hits the stand.

A best bov/electrician should carry on his/her belt or in
pockets

*  Cutter {usually a mat knife or razor knife; extra blades)
=  Wooden clothespins

= Work gloves

+  Crescent wrench 6

*  Flashlight

= Volt/ohm meter (both AC and DC)
*  Continuity tester

*  Amprobe

*  Slotted screwdriver

= Slip joint pliers

«  Marking pens
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In the tool kit
*  Visegrips
*  Channel lock pliers
*  Phillips screwdrivers: #1, #2
= Sgt of hex wrenches
#  Fuse puller
*  Cube taps—heavv-duty
*  Current taps
*  3-to-ds
» Electrical tape (black]
s  Colored plastic marking tape (red, blue, vellow, white,
ETEen)
*  Spare [uses: household, stage box, barrel [uses
* Heavy-duty staple gun
*  Tape measure
*  Wire nuts
= Zipcord

The Key Grip

The grips are an important part of the lighting team. Their
responsibilities in regard to lighting include

*  Rigging all lights hanging from the grid or from the set
walls or ceiling.

* Rigging lights to vehicles for running shots.

» Setting of flags, cutters, nets, and cookies.

*  Setting up and adjusting reflector boards,

» Rigging and adjusting silks, butterflies, and overheads.

*  Seeing to any diffusion or gel not attached to the light,
such as gel tacked to windows, on frames, or otherwise
triciked up.

* Placing all sandbags, tying off tall stands with sash,
grip chain, elc.

= Any hoisting or rigging of heavy equipment.

FIGURE 10.6 A grip Hollywooding
thandhalding) a courtesy flag for
the camera operator, Note that the
Fisher dolly is mounted on a track
daolly which sits an the tracks,
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FIGURE 10,7 (&) Mever do this,
stacking a smaller net against

a larger one will most certainly
cause damage; likewise with flags
and silks, {b) A good trick with
milk crates: the boxes that reams
of paper come inexactly it inslde
to prevent small objects from
poking cut and getting tangled,

*=  Helping out with heavy units or hard-to-reach
situations.

= Providing ladders, lifts, cranes, scissor lifts, etc,

+  Providing rain protection for lights.

* Leveling all tall stands such as Molevators and
Crankovators and Cinevators with apple boxes, step-
ups, and wedges.

If there is no dolly grip, the key grip usually tends to the
dolly and the electricians deal with the second grip.

As described here, the responsibilities of the grips are
strictly according to the American system, as it was devel-
oped in Hollywood in the first 50 years of the 20th century.
To a certain extent, it is the result of union rivalries between
electrics, grips, and prop people. In Europe, Japan, and else-
where, different systems are used: typically, the electricians
handle all lighting tasks, including rigging, sandbagging,
and setting flags and cutters. Grips supervise when there is
a heavy or complex rigging job, such as one involving cranes
or pulleys.

This leaves the grips free to run the dolly, work with the set
carpenters, attend to cranes, and perform other important
duties. The division of labor under the American svstem can
be a source of problems. It is possible for an electrician to set
a light, focus, gel, and scrim it, then have to search for a grip
to move the flag two inches. If it needs further adjustment,
the electrician has to find the grip again, explain (with much
discussion and hand waving) what the flag is supposed to
accomplish, and then stand by while the grip adjusts the flag.

A great grip crew can be an invaluable support. But for
many grips, working with the electricians is low-priority.
Often they must wait while sfhe sees to more pressing duties
with the camera support, dolly, or crane. In the meantime,
the electrician’s job can grind to a halt while s/he stares at
a piece of equipment that s/he knows perfectly well how to
operate but is not allowed to touch.

Grips

The second grip works for the key grip, just as the best boy
electric does for the gaffer. On larger jobs the duties become
largely administrative, but as with the key, the grips might be
called on to perform a variety of duties in lighting control,
rigging, leveling, camera support, cranes, and safety,

Most grips carry a large assortment of tools including

*  Mal knile and extra blades
* Hammer

*  Tape measure

= Slip-joint pliers

*  Channel lock pliers

=  Work gloves

*  Slotted screwdrivers
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*  Phillips screwdrivers

*  Flashlight

*  Heavy-duty staple gun

*  Partable drill; drywall screws and drill bits

=  Saw (a folding tree saw is handy; for big jobs, a
circular saw)

=  Bubble level

o 4" level

*  Crescent wrench

*  Vise grips

s  Chain vise grips

*  Motorcvele straps (ratchet straps)

*  Socket wrench set

* Set of hex wrenches

*  5-hooks

= Speed square

*  WD40 or silicone spray

= Marking pens (Sharpie)

*  Chalk for marking the floor

» Squeegee and spray bottle for applying gel to windows

* [ailing wire

*  Washers, including fender washers

s Camera wedges

*  Chalk line

*  Side cutters (dykes)

*  "—16 bolts of various lengths (camera tie-downs)

Other Crews

One of the great secrets of efficiency and speed in filming
is prerigging, This means the crew (or a few members of the
main crew) arrives on a set the day before to run power, posi-
tion large lights, rig lights in unusual places, etc. [t can make
it much more efficient when the shoot crew arrives. A prerig
{or prelight) crew may consist of a single electrician or grip,
all the way up to a large crew with a rigging gaffer, rigging
grip, and support services.

Set Operations

The difference between a smoothly run set and a chaotic
one can be measured by the number of extra hours worked
in a production day. The DP is in charge creatively, but it
usually falls to the gaffer and second to run the lighting
operation efficiently.

Load-In

One of the most critical decisions on many locations can
be where to park the truck. Try to keep it as close as you can
while retaining sufficient room behind the loading gate. One
of the most fundamental mistakes is parking the truck where
it will appear in a shot later in the day, Moving the truck

()
FIGURE 10.8 [a} Soidiering the
lights in a studio keeps the work
area organized and efficient,
(b} C-Stands saldiersd. It's not
about aesthetics) it's about being
able to get the equipment
quickly and efciently, knowing
what's available, and quickly
being able to assess if all units are
complete and ready to go
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FIGURE 16,92 Block, light, reh=arse,
shoot: the standard methodolagy
is not only efficient, but is also

a safeguard against chaos and
canfusion.

during the shoot day can be a disaster. Pin down the AD on
i sale location. If there is more than one truck, try to keep
them together.

Staging

Arrive early and stake out a good staging area before other
departments take out all the good ones. You will need room
to line up all the equipment in an orderly fashion so cach
can be reached quickly. You will need room to line up lights
and stands so they can be grabbed quickly. Depending on
how the dav is expected to ran, it may be efficient 1o leave
some items on the truck, but every shoot is different.

The Generator

Finding a parking place for the generator is even more criti-
cal than staging the trucks. A generator should be as close as
possible in order to minimize time-consuming cable runs
and voltage drop. On the ather hand, even blimped genera-
tors make some noise. And if vou are shooting sound, you
will want to keep the genny back far enough to minimize
sound problems. You will probably want to have the genny
operator fire up the engine as soon as possible to allow time
for warming up before applving a load. Voltage output and
cryvstal syne must be checked at the beginning of the day and
monitored periodically.

Cabling

A well-thought-out cable run from the power source can
make an enormous difference in the day. It should be as
direct as possible, but it should not go any place where it
might appear in a shot—this is imperative.

Likewise, it should eross the path of traffic as little as
possible, particularly with respect 1o the dolly, stands on
wheels, and so on. It may be necessary to fly it to keep it out
af the way of vehicles or dolly traffic, Sash cord is used to
tie it off to beams, highboys, the truck. or whatever is
available.

As the cable is run out, it is checked for proper color coding
and adjusted if necessary. A quick visual check of connectors
is a good idea, Then the neutrals are taped and distro boxes
or lunch boxes are plugged in. The second tests each box for
proper voltage and marks the boxes if AC and DC are being
mixed.

The Process

Rough-In
Based on previous plans, the DP and gaffer might know

some things about where they want the lights. As snon as
they can, they start to rough-in. This is not really lighting; it is
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FIGURE 10.10 Large rigging jobs such as these dozens of Kino Flo Image 805 for the film X2 are tasks better

handled by rigging crews: igging gaffer, rigging grip, and as many electricians and grips as are needed to
get the set prepped in time for when the shoot crew is scheduled to arrive. (Fhoto courtesy of Tony “Mako”
Makonechnyj.)

things like running power from the generator, pre-position
ing cranes, getting the units to the set (or nearbyl, that sort
of thing.

Running power is a big part of this. All power and distribu-
tion on a set is the responsibility of the best bov, With larger
distro setups, the best boy should walk the line, inspecting
the cabling, checking the connections, and making sure the
right lines are plugged into the correct phases of the power
source. Once lights are up and running the best boy will also
use a clamp-on ammeter {commonly called an Amprobe) to
verity that the load is in balance and no phase, line, or con-
nector is loaded above ampacity.

Blocking

Really serious lighting can begin only when you know the
frame—what area you are lighting and where the camera
goes. You also need to know the actions. Are the actors stand
ing or sitting? Does the car enter the alley from the left or
right? Dioes the door stay open or does the actor close it? All
this is critical information vou will need to do lighting—and
maost of all, to do lighting efficiently. If you don't know
the action and blocking of the actors (or cars or horses, or
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whatever], you mayv end up lighting air—making the set look
heautiful but not really lighting the actors for the scene.
Even worse in terms of efficiency, vou may end up lighting
things that are not even going to be in the movie. You must
insist on knowing whalt the frame is and what the blocking of
the shot is. Directors may be otherwise preoccupied; in that
case, the AD will usually be your ally in insisting on nailing
down the frame and seeing a blocking rehearsal.
Light
Once the blocking is done, the AD will say two things. First,
sfhe will say, "Put them through the process,” meaning start
the actors in makeup, hair, and wardrobe. The second thing
sfhe will say is, "Lighting has the set,” meaning that control
of the set now belongs to the DF, the gaffer, key grip, and
their crews. Everyone else should leave the set to make room
for the lighting crew. Of course, the ACs will be prepping
the camera, but whenever possible, they should do that in a

place that won't interfere with lighting (and also protect the
camera from any potential damage).
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[t is critical that the lighting team have the real actors or
good stand-ins for this phase. Lighting is fine-tuned fora
particular blocking and a particular facial shape and color-
ing. No stand-in—or one that does not match in height,
coloring, or depth of eyve socket—will often mean delays later
on, when the director and the high-priced talent will be even
more impatient, [1 is the ADs responsibility to provide for
this. Insist on it. At this stage, the lights are positioned and
focused. Scrims, nets, dimmers, or spotting and flooding are
used to balance the lighting, and flags cast shadows where
they are needed.

Reheaarsal

With lighting complete, the lighting crew retires from the
set and the DP and gaffer observe as the director rehearses
the actors. This is probably the first time that they can see
with finality the full scope of what they must do and any par-
ticular conditions that must be met. Rehearsal complete, the
director and actors leave, and the DP mav need to make a
few fine-tuning adjustments, or tweaking. Hopefully it won't
be necessary, but sometimes things come up that need to be
taken care of.

Shooting

Time for coffee, right? Wrong. The lighting team (gaffer and
grip) must be alert and ready. This is when fuses are short
and everyone is impatient. Some items are standard and
should be standing by as close to the set as possible and
completely ready to go; two or three each of inkies, tweenies,
and babies and usually at least one of each tvpe of light thart

{c)

(el

FIGURE 10,12 {a) The absolute waorst
thing you can do when setting up
a light—clotheshining the cable
practically ensures that somesne
will trip over it and either be
injured, damage the light, o
worse, (b} A properly set up light.
Most important of all, the cable is
nok clotheslined; it hangs down
straight and is tucked in. Also the
light has its barndoors and scrims,
a strain relief on the cable, and a
sandbag on the leq. (g A detail

of the strain relief on the header
cable. It also keeps the switch
handy. [d} Avaid letting any type of
cable have ground loops, which
create a tripping hazard.
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vou are using. These should be on stands with barndoors,
scrims, snaois, and diffusion attached,

While shooting, the gaffer and electricians stav alert for
changing conditions, bulb burnouts, etc.

Procedures

Axs the gaffer calls for a light the procedure is generally this:
an electrician goes to get the light and the best boy brings
power to it with a single, Bates extension, or whatever is
appropriate. If necessary one of the group passes on to the
grips any required rigging, bagging, flagging, or ladders.

The most important part of this process is communication.
As the crew is set in motion, they announce what they are
doing: for example, the third calls out ® Dewce flying in" while
the second savs "Bringing power to vou.” The reason for this
i5 o ensure that no task is duplicated (there is no more obvi-
ous proof of an amateur crew than watching three anxious-
to-please electrics run—all in unison—for the same light),
and the gaffer and best boy know that all the bases are being
covered,

When bringing a light to the set, it must e complete;
never bring a light to the set without barndoor and scrims.
Diffusion and clothespins should come with the light or be
readily available
bring snoots, gel frames, etc, [f the gaffer calls for a single
scrim, don't go up the ladder with just a single scrim. Take
the whole set with you; he may change his mind. The same
goes for electrical equipment. If you need a stinger on the
ather side of the set, why not take two to stay ahead ol the
game?

Scrims should stay with the light, with scrim clips or scrim
boxes if possible. Time permitting, a piece of each standard
diffusion and gel can be precut and attached to the light.
Cut the zel large enough to fit outside the doors; it can be
trimmed down to fit inside.

antcipare. If called for (or anticipated),
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LAMPS AND SOCKETS

[n this chapter we look closely at the many different types
of radiating sources that are available, examining their
potential and learning what techniques are necessary to
work with each of them successfully.

Types of Radiating Sources
Carbon Arc

The oldest type of radiating source is the open arc. All
carbon-arc sources consist of a positive and a negative
electrode. Current flows from the negative to the positive
glectrode. The high-current flow across the tip of the nega-
tive carbon gasifies the carbon/cerium metal electrode and
creates a small flame, which is an extremely hot plasma pro-
duced by the arc. The output is intense and can be viewed
only through darkglass viewing ports in the side and back of
the unit.
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As the arc burns, the electrodes are consumed and must
be moved forward 1o maintain optimal operating distance.
In modern arcs this is performed by geared motors, but
requires constant artention by an operator. In addition, the
positives must be replaced roughly every half-hour and the
negatives last about twice as lang.

Tungsten

The incandescent lamp was invented by Thomas Edison
and patented in 1879, It works on the principle of incandes-
cence—the greater the current passing through the filament,
the brighter the bulb will burn, Tungsten is used because
it has the highest melting point of any material suitable for
forming a filament. Even in the partial vacuum inside the
globe, the tungsten atoms boil off and accumulate on the
relativelv cooler glass envelope, where they form a sooty
coating that gradually dims the bulb and affects its color
temperature. To slow this evaporation, the globe is filled to
about 80% atmospheric pressure with the nitrogen and the
INert gas argon.

Tungsten-Halogen

The accumulation of soot on the bulbs was solved by
the introduction of the tungsten-halogen bulb. The idea
for a tungsten-halogen bulb originated with Edison, but
atl the time there was no glass that could withstand the
ternperature. In general use, the term "tungsten” refers to
any incandescent bulb. Quartz refers o tungsten-halogen

bulbs.

fakte 17.1
Designation Wattage Type Slze Base Calar
Temp
2% watl 5w househeld bulks A9 medium seraws 2600
D watt A0 househeld bullh A-19 medium scress 20008
ol watt Al household bulls  A-19%  miediom screse 25008
5 watt 75w household buls  A-19  rediom screw 2500
100 watt 100w household bully A-19  mediam screw 2500K
150 watt 1504 Fousehodd bull A-21  miedum scresy 2800
200 watt 2004y household bulb A-23  miediom screwy 200K
ECA 250w photoflocd bulk A-23  medium scres 32008
[CT S00W photoflood bulb P5-25  mediom screw 32008

BEA (AT Mocdd  250W photollaod bk A-21  medium screws 34008
EBV (52 flocd)  S00W blue photoflocd  P5%25  mediom screw A800K
BCA (¥81 flood) 250 blue photoflood  A-21  redium scres S800K
EEW (BB2 flocd)  S00%W blue photoflocd  P5-25  medium scres 8008
211 TaW enlarger bulb A2 medivm scrow FRG0K
212 150W enlarger bl A2l medivm scrow 250K

FIGUEE 1.3 An MRA-16In 2 holder,
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TYPICAL FILAMENT ILLUSTRATIONS
{NOT TO SCALE)
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FIGURE 1.4 Cormrmean incandescent
filament farms. (Courtesy General

Electric) Tungsten-halogen bulbs operate on a gas cvcle that works

to redeposit the evaporated metal back onto the filament.
As the tungsten atoms leave the filament, they chemically
combine with the iodine and bromine gases in the bulb.
The resulting tungsten halide migrates back to the filament,
where the very high temperature decompaoses it back into
tungsten, iodine, and bromine.

The halogen cycle will fail if the lamp is operated below
250°C, If operated for a prolonged period with a bulb wall
temperature of less than 250°, blackening may occur, with a
loss of output and a reduction of lamp life, Obviously, dim-
ming the light may result in an operating temperature lower
than this limit, but if the lamp is dimmed to low levels, the
evaporation of tungsten is also minimized and usually there
is no problem. In an incandescent lamp a 1% change in volt-
age results in a 3%.% change in output.

Enclosed Metal Arc: HMI

HMIs generate three to four times the light of tungsten-
halogen, but consume up to 75% less cnergy for the same

206 = Motion Picture and Video Lighting



gyl 00 U U

MS Mc  Cand SCBay DCBay SCPf  DCPI
Mm F Med sk hded I Wog Sc Mog P
T g
—-n
Mad Bp
Mad 2P

W%Wﬁw

PAGC  2PAG

MEE
Cand candelabra Med 5S¢ madium sooew
DCBay  double-coniact bayonel Med Bp  madium bipos!
candalkabra Wied P mgdiam prelocus
D Py doubla-contacl prafacus bied Skt meadidm ?Hnrtm_c:
candalabra Mg 2P redium o pin
EMEFR extenced mogul and prong MEF mogul and prang
E farrule contact jalso: extéendad mogul and
Ma G profg)
Mog 5S¢ rmogul screw SCBF single-coniact prafocus
MogBp  mogul plpos 5T seriEw fErrminal
MogPl  mogul prefocus TBER trubeam twa ein (V2P
L MIRALLINS SorEw isEa I'-':-g_ L[]
[with refgrence shauldar} T trufocus {also: four pind
[alEn: Tru-Loc mindatuere TLMS Triz-Lios minialure screw
FOrEW) j&l%o: miniature sorew
MEF medium sife prong with reference shoulder)
Rect REC rectangular recessed singla Wadge wedge
ciontact B iwo bution
R2ZP IR it Bt Bin ZPAG twa pinall glass (TP}
(588 Fig. 13] PG wao pinall glass
RSC regeased single contact (CErmiG cover)
(also: single contact 2P Tt pity iR lLfS
regesged) (iru@in TrF"}
5 el al gleave Rl iwo pin prefocus
SCBay  single-comact Bayonet e ihree prang
candelabra

Motes: A indicates special referanca paoint for LCL
(AR - at 0531 inch dimmeier)
(A" Indicates an shesolate referance i
*Crbsolate Desighation

luminous flux. When a tungsten bulb is corrected to daylight,
the advantage increases to seven times because they are
more efficient in converting power to light; moreover, they
give off less heat than a tungsten lamp.

FIGURE 11.5 Bulb base codes,
(Courtesy of General Electric.)
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FIGURE 11.8 Typical lampholders
for fluorescent lamps, (Tourtesy
GTE-Sylvania Lighting.)

The term HMI is an abbreviation for the basic components.
“H” is from the Latin symbaol for mercury (Hg), which is used
primarily to create the lamp voltage, *M" is for medium-
length arc. “I" stands for indine and bromine, which are
halogens, The halogen serves much the same function as in a
tungsten-halogen lamp and ensures that the rare earth met-
als remain concentrated in the hot zone of the arc.

HMI lamps are manufactured from high-temperature—
tolerant quartz glass. They have two axial electrodes made
from tungsten that project into a cylindrical or ellipsoidal
discharge chamber, Fower is supplied via molvbdenum
foils with a special surface profile. The foil is sealed in the
quartz glass lamp shaft and provides the electrical connec-
tion between the base and the electrodes in the discharge
chamber. Color temperature, as derived from a black-body
Planckian radiator, does not directly apply to HMIs becanse
they are not continuous-spectrum radiators. HMI lamps pro-
duce a quasi-continuous spectrum that is very similar to thar
of the sun.

In an HMI lamp the basic mercury discharge specirum
is very discontinuous and concentrated in a few narrow
bands. The output of the rare earths fills out the spectrum
and produces an SED very close to daylight. For most HMIs
the color rendering index is greater than 90, and thus above
the minimum for [lm. When first developed, HM s wers not
dirnmable. Lamps have now been developed that can be
dimmed (o 40% of their rated output, which corresponds to
30% of their luminous flux. There is some slight shift of color
temperature under these conditions,

All HM s require a ballast. As with a carbon arc or an arc
welder, the ballast includes a choke that acts as a current
limiter. The reason for this is simple. An arc is basicallv a
dead short. If the current were allowed to flow unimpeded,
the circuit would overload and either trip the breaker or
burn up. Original ballasts for HMIs were extremely heavy
and bulky, The invention of the smaller and lighter electronic
ballast was a major improvement. They also allow the unit to
operate on a squarewave, which solves the flicker problem.
The squarewave also increases light efficiency by & to 8%.

Voltages of 12,000 VAC or more are needed to start the arc,
which is provided by a separate ignitor circuit in the ballast.
The typical operating voltage is around 200V. When a lamp
i5 already hot, much higher voltages are needed in order to
ionize the pressurized gap between the electrodes. This can
be 20 kV to more than 65 kV. For this reason, older HMIs
could not be restruck while hot; most now have a hot restrike
feature, Owing to devitrification, which increases as the lamp
ages, the color temperature falls by about 0.5K to 1K per hour
burned, depending on the wattage.
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Household and Projector Bulbs

Ordinary household bulbs and photographic bulbs also
play a part in film and video lighting. They are used in these
Instances:

1. Specially built rigs such as large soft boxes that use
ordinary photographic or household bulbs as the
souree,

2. Practicals, such as lamps and sconces, that appear in
the frame.

All bulbs have a coded letter designations known as ANSI
codes, coordinated by the American MNational Standards
Institute. These three-letter codes designate the basic bulb
walttage, configuration, and socket of a bulb, and are used
by all manulfacturers, This ensures that bulbs [rom dilferent
makers are interchangeable. For example, the ANSI code for
a 2,000 watt tungsten—-halogen bulb to fit in a studio baby is
CYX. A SK bulb is a DPY, and so on.

Practical Bulbs

Practical bulbs are needed for just about any desk lamp,
Noor lamp, wall sconce, or hanging light that appears in a
scene. [t is important to order a variety of sizes that will fit
these units, Note also that many modern lamps use special-
ized miniature bulbs that are not commonly available.

A practical bulb kit is a must on any production that
involves on-camera practicals. It is common practice
for any company to have a box of bulbs always available.

{All of these bulbs are medium screw base, which is the most
commaon socket in howsehold lamps, sconces, and ceiling-
mounted lamps, followed closely by the smaller candelabra
base.)

One of the most important things to understand about
household and photo-flood bulbs is that they come in differ-
ent sizes, The fiddles of many table or foor lamps may not

be large enough to accommodate a large 200-watt household

bully, which is an A-23. A BEA, on the other band, is an A-21
bulk and measures only 4'%,;, small enough to fit in most
lamp housings.

Other popular bulbs include the 211, 212 series of enlarger
bulbs. These feature a special bonded ceramic coating for
evien and soft light. The 211 is 75 watts, the 212 is 150 watts,
and 213 is 250 watts; all are medium screw base.

Fluorescent Tubes

Mot surprisingly, fluorescent bulbs work on the principle of
Muorescence, which was discoverad by Sir George Stokes in
1852, Alexandre Bequerel used the principle to develop the
first fluorescent tube, which is not much different from
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FIGURE 11,10 Typical Hidl bulbs.

those in use today, although low-voltage lamps were intro-
duced by General Electric in 1938,

Fluorescent tubes have electrodes at each end of the tube.
The electrodes propel electrons into the mercury vapor
in the tube, The impact of an electron on a mercury atom
dislodges an electron from its orbit. When it returns to its
orbit, ultraviolet radiation is produced. The ultraviolet rays
strike the phosphor coating around the interior of the tube,
causing it to fluoresce in the visible spectrum. The color of
fluorescent tubes is a result of the chemical makeup of the
phosphor coatings.

All fluorescents operate with a ballast that limits current
flow and raises the voltage for initial firing. Ballasts may
emit an audible hum that can interfere with sound filming.
Some bulb types have special phosphors added that change
their spectral output. Bulbs have been developed that
closelyv simulate davlight and tungsten-balanced light and
have color-rendering indexes high enough for reliable color
filming. Continuous-spectrum bulbs have few of the color
rendition problems of standard fluorescents but have about
35% lower outpul.

Because a fluorescent is an AC gas discharge lamp,
its output varies as the AC current rises and falls, With
60-Hz current, the light pulses 120 times per second.
Fortunately, the phosphor coating, which is what is
producing the visible lizht output, decays more slowly.
Once it is excited into prodocing light by the ultraviolet, it
does not extinguish immediately when the current drops.
This moderates the flicker effect, bur does not eliminate it
completely.

Fluorescents can cause flicker problems, just like HMIs.
When using fluorescents as the sole source of lighting, it is
best to put some of them on different legs so that the flicker
effects of each phase of the AC cancel each other out.
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Exposure time, and hence shutter angle, is an important
factor in preventing ficker, It is wise to use the widest shutter o

angles vou can (to achieve the longest exposure time) and to e
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avoid, if possible, high-speed shooting, which dramatically
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increases the possibility of flicker.
Other precautions include using a crystal motor if at all fea-

ki

i j ; FIGURE 11,71 Dichrolc hter
sible and using other types of lighting (such as appropriately aperating principles.

filtered tungsten) as part of the set lighting.
Fluorescents can be dimmed, with the following caveats:

*  Only autotransformer or solid-state dimmers will work
on fluorescents.

*  They cannot be dimmed all the way out. At a certain
point they flicker and spiral inside the bulb.

*  There is usually no color shift when fluorescents
are dimmed, but lamps that have been dimmed will
appear warmer.

*  While being dimmed, the cathodes should remain
heated at the standard current.

Bulb Handling and Safety

*  Mever touch a bulb with your bare fingers—to do so
shortens its life.

*  Don't move a light with the bulb on. Excessive
vibration can damage the filament. Also avoid rapid
flood-spotting or other sudden moves.

*  Use extreme caution installing and removing bulbs,
especially double-ended bulbs like the FCM and
FHM, which have very delicate and damage-prone
porcelain ends.

= Note and follow the recommended operating
positions of bulbs, particularly large bulbs like DTY
and 6K/12K HMI bulbs, which are not only sensitive to
position, but also extremely expensive,

* Try to minimize on-and-off switching. Dimmers are
an excellent wayv to control the light, reduce the heat

FAY bulbs,

FIGURE 11,12 Dichroic fitter on
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level on the set, and reduce total energy consumption,
which helps save the planet.

*  Make sure all lamps are securely seated in their
sockets,

« Large bulbs (5K and above) must be removed from
the light and placed in a foam-padded box for
shipment. This does not usually apply to HMI bulbs,
which means that added caution is called for when
handling HMIs.

Dichroics

Some bulbs have built-in conversion filters, primarily
for converting tungsten to daylight balance. Generically
called FAYs or favlights, they are a reliable old standby for
daylight fill,

Technically, FAY is the ANSI code for a 650-watt PAR 36
with ferrule contact terminals and a color balance of 000K,
This occurs most commeonly in PAR clusters, such as the
nine-light, although one- and two-lamp units are commaon
for just a touch of fill on cloudy days or for hood-mounted
rigs for running shots. Some units take a similar bulb thart
has screw terminals, the FBE/FGK. They may look quite
similar from the outside, so check carefully before ordering
bulbs.

Both of these bulbs have dichroic filters for conversion to
approximate davlight color balance, Dichroic filters oper-
ate on the principle of interference. Glass is coated with a
number of lavers that are one-quarter ar ong-halt the thick-
ness of the wavelength of the color they are to filter. As that
wavelength enters these layers, it creates a series of interior
reflections that cancel out the color, Dichroics have been
developed to the point where they are very stable.

PAR 64 1000-watl dichroic bulbs are also available for
MaxiBrutes for high-intensity uses. They come in narrow
spot (NS, medium food {MFL), and wide (lood {(WFL).
Their rated life is only 200 hours, so be sure you have
.'-nI'IE! Tk,

Although dichroics {often called dykes) are generally an
integral part of the lamp, they are sometimes a separate Hlter
that clips onto the lamp and can be swung in and out for
instant changeover from davlight to tungsten balance, These
rigs have become standard equipment for ENG video news
CTEWS.
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FIGURE 12,1 When the relationship El 4 &
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When the camera speed is not atakilized, each frame s=es & slightly
ditferant number of pulzes, which creates unequal exposurs

situations in which tungsten lamps are run on DC, most
filming situations utilize alternating current. The fundamen-
tal nature of alternating current is, of course, that it alter-
nates, The output of an AC generator varies constantly as a
sine wave, When the current flow is at the maximum (top of
the peak} or minimum (bottom of the trough), the output

of the light will be maximum. The light doesn't care whether
the flow is positive or negative, At the moment when the sine
wave crosses the axis, however, the current flow is zero.

At that instant, the electron How is static—the light can
generate no output. Since the light is on for both the positive
and negative side of the sine wave, it reaches its maximum at
twice the rate of the AC: 120 cycles per second (cps) tor
G0-He current and 100 cps for S0-Hz current,

This applies to any source powered by AC, but with
tungsten filament lamps, the result is negligible because
the tungsten stays glowing hot, even when the current is
momentarily zero. There is some loss of ourput, butit is
minimal, usually only about 10 to 20%,

With enclosed arc lamps (HMIs as well as CS]and CIT)
lamps], the variation is greater, For an HMI with a standard
reactance ballast, the minimum output may be as low as
17% of total output, At first glance it would seem that we
might just average the maximum and minimum output
(58%] and take this as the rotal average output of the light.

In a crude way, this is exactly what does happen. In film,
however, there is another complication. The shutter is
opening and closing at a rate that may be different from the
rate at which the light output is fluctuating. As illustrated in
Figure 12,1, when the relationship of the shutter and the
light output varies with respect to each other, each film frame
sees different amounts of the cvele, The result is unequal
exposure. This problem can occur in three ways:

1. The frame rate of the camera varies unevenly.
2. The frequency of the electrical supply varies unevenly.
3. The rame rate of the shotter creates a mismatch
in the synchronization of the shotter and the light
aulput.
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The first two are intuitively obvious. If either the shutter
rate ar the light output is random, it is clear that there will be
different amounts of exposure for each frame. The third is a
bit more complex. Through experimentation, engineers have
found that only certain combinations of shutter speed and
power supply frequency can be considered acceptably safe.
Deviations from these combinations always entail the risk of
noticeahle flicker.

The danger of HMI licker will always be greatest when
there are no other nonflicker sources (tungsten, DC arcs,
daylight) and when all HM1s are being run on the same
electrical phase. The risk will be reduced by combining other

sources or by powering the HMIs on all three electrical phases.

None of these, however, completely eliminates the risk of at
least a small amount of noticeable exposure variation.

To prevent flicker, four conditions are absolutely essential;

1. constant frequency in the AC power supply
2. constant framing rate in the camera

3. compatible shutter angle

4. compatible frame rate

In practice the first two conditions are met with either
crystal controls on the generator and camera or by running
one or both of them from the local AC mains, which {in most
countries) are considered reliable in frequency.

The shutter angle and frame rate are determined by con-
sulting the accompanying charts. The relationship of AC
frequency to shutter is generally crucial only in high-speed
cinematography and is not usually a factor in maost filming
situations.

At 24 fps camera speed, if a stahle power supply is assured,
shutter angle can be varied from 90 to 2007 with relatively
little risk. Theoretically, the ideal shutter angle is 1447, since
this results in an exposure time of Yo of a second and thus
matches the frequency of the power supply. In practice, there
is little risk in using a 180" shutter if the camera is crystal-
controlled and the power supply is regulated. At 1807, the
camera is exposing 2/ pulses per frame (rather than exactly
2 pulses per [rame, as vou would get with 1447, s0 exposure
can theoretically vary by as much as 9%,

The Power Supply

Any variation in the frequency of the power supply will
result in an exposure fluctuation of approximately .4 {/stop,
The time for one cycle of fluctuation to occur will depend on
how far off the power supply is. (See Table 12.2.)

When working with a generator, it is essential that it be
crystal-controlled. Governor controls are never sullicient
for the accuracy demanded. Even with a crystal-controlled
generatorn, a frequency meter should be used and constantly

Technical lssues = 215



monitored. As a general rule, plus or minus one-quarter of a
cvele is considered acceptable.

Flicker-Free HMIs

The newest generation of HMIs uses flicker-free ballasts,
thereby minimizing the danger of exposure fluctuation.

The ideal shutter angle for shooting at 24 fps with 50 Hz per
supply is 172.8°,

A simple way to think about it is to divide 120 by a whaole
number, e.g.,

zf = 30
or
#e =15

With electronic ballasts, there is less likelihood of a
mismaltch from frame to rame. The major disadvantage
of this method is an increase in the noise level of the light.
Some flicker-free units are switchable from normal to
flicker-free operation. Flicker-free units are now available in
every size of HMIL.

Some caution is required when using licker-free ballasts.
Because they convert the normal sine wave of AC current to
a series of sharp peaks, the load on different phases does not
cancel out. This means that you cannot balance the load in
the normal manner: whatever comes out on the hot legs goes
back on the neutral.

For this reason, it is essential that vou use an oversize neu-
tral when running large loads at near capacity. Because it is
not a normal sine wave, the load can only be read with a true
rool-mean-square (RMS) amp meter, such as the Fluke 87
with a clamp-on accessory.

Flicker-free ballasts have the advantage of being able 1o
run on either AC or DC; they are also less susceptible to
variation in frequency and can operate effectively from 47
to 62 Hz on AC, They will generally fire on 100 to 132 valts.
Thev have a color temperature adjustment that will vary the
output roughly plus or minus 500K,

Because they generate less fiving voltage, tlicker-free
ballasts may sometimes fail to fire heads that are not well
maintained or that have the ignitor box spark gap set
improperly. With properly maintained heads, there should
be no problem.

Dimmers

There are a number of ways we control the intensity of light
output at the unit itself:
*  flood-spm
# wire scrims
*  orip nets
«  diffusion
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* npeutral density filters
« aim (spilling the beam)
*  swilching off bulbs in multi-bulb units {soft lizhts)

The alternative is 1o control the power input to the light
with dimmers. The advantages are

= fine degree of control

*  ahility to control inaccessible units

= ability to look guickly at several different
combinations

= ahility to do cues

* ability to preset scene combinations

= ahility to save energy and heat buildup by cooling
down between takes

The disadvantages are

= lights change color as they dim

* some lights cannot be dimmed, particularly some
HMI1s

* necessity of additional cabling

SCR dimmers do not alter the voltage, They work by
clipping the waveform so that the voltage is heating the
filament for a shorter period of time. The result is that the
output of this tvpe of dimmer cannot be read with an
ordinary voltage meter, Only a VOM that reads root-mean-
square voltage (RMS), such as the high-end Fluke meters,
will work—there must be a load to read the coutput. The
shorter rise time can sometimes cause filament sing and
create HF (radio frequency) and AF (audio frequency) noise.
The RF interference can be transmitted back along the power
line and cause problems, particularly for unbalanced high-
impedance sound svstems. ITn most cases, with
properly grounded audio systems, there should be no
problem, but a portable radio can be used to test,

When using an SCH dimmer with a generator, the genny
must be frequency-controlled—rthe loss of synce will canse
Nicker. Also, since most dimmers are voltage-regulated, rais-
ing the voltage of the generator will not increase the output.
An anomaly of these systems is that the neutral load can, in
some cases, be higher than the hot leg.

SCR dimrmers are basically theatrical equipment, so their
connectors will often not be compatible with the rest of vour
equipment. As a rule, the outputs will be theatrical three-
pin connectors, either 60amp or 100 amp. It is important to
order adaptors compatible with your plugging system.

The first dimmers invented were resistance units. Thev
operate by placing a variable resistance in the power line.
The excess energy is burned off as heat. Resistance dimmers,
which are still available up to 10K, are heavy and clumsy, but
cheap. The major problem with resistance dimmers is that
thev must be loaded to at least B0% of their capacity in order
Lo apaerate. If you put a 5K on a 10K dimmer, for example, the
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FIGURE 12.2 A dimmer system
controls Kine Flo units for a large
blue screen shot. (Photo courtesy
of King Fla, Inc.)

dimmer will reduce only a small amount of the output. You
won't be able to dim all the way down—a dummy load may
be necessary to operate,

Auto transformers were the next generation of dimmers.
Thev operate as variable transformers and alter the voltage.
They don't have to be loaded to capacity and don't gener-
ate excess heat, but they do operate only on AC. Known as
“variacs” (for variable AC), they are still standard equipment,
particularly in the 1K and 2K sizes.

For larger applications, silicon-controlled rectifiers are
used. Known as "SCHs,” these are electronic devices that are
small, quiet, and relatively low-cost. They can be controlled
remotely by dimmer boards, which means that the dimmer
packs can be near the lights. This saves cabling, since only a
small control cable needs to run from the board to the dim-
mer packs.

Tabla 12.1

Type Lamp Coler Shift CCT Directlan Cregres of
Shift

Turegsten Cirange-red Lawer harked

Fluoroscent Mot discernible Megligibhe MNeqliginle

Metal halide Blue Higher Dirastic

Mercury Mat discernible Megligible Meqligitle

Dimmer Systems On The Set

It is increasingly popular to run entire sets from a central
dimmer board. While this calls for additional cabling, it has
enormous advantages in speed and efficiency. This is always
a premium on a working set, especially when many lights are
somewhat remote or difficult to reach, rendering it harder
to make quick adjustments in level. Since a dimmer board
makes it possible to radically alter the balance of the load, it
is often a good idea to run a double-size neutral cable as an
imbalanced load on the hot legs sends more amperage back
on the neutral.

Working with Strobes

There are several types of sirobe lighting for cinematogra-
phy, the most widely known being Unilux. Clairmont Camera
also has strobe units that are widely used. Frame rates ol up
to 500 fps are possible. The strobes are fired by a pulse from
the camera, which signals when the shutter is open, Anyv
camera that provides such a pulse is compatible with the
syslem. In some cases, a pulse contact is added to a moving
part of the camera, and this provides the sync signal.
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Strobe lighting in film is used for several reasons:

1. Tolight cooler (strobes produce substantially less heat
than tungsten heads), which can be a tremendous
advantage when shooting ice cream, for example,

2. To produce sharper images. The exposure duration
for each flash can be as short as ' 00 of a second.

As aresult, the image is frozen and appears sharper
than if photographed on moving film at standeard
EXPOSUTES,

3. To provide sufficient exposure for high-speed
photography with a small power input.

Strobe lighting is often used in spray shots of soft drink
cans being opened: the strobe effect captures each droplet
of spray crisply. In fact, it can be too sharp. Consider shower
scenes [or shampoo commercials: the shower can appear as
a series of razor-sharp drops rather than as a soft spravy.

As a result, for beauty applications, it is common practice
to combine strobes with tungsten lighting. In most cases, the
strobe light is balanced with an equal amount of ungsten
within a range of plus or minus one stop. This presents an
interesting exposure problem.

Most strobes run about GOROK in color temperature, When
combining strobes with other sources, appropriate filtration
is regquired. When mixing with tungsten, use an 85 to obtain
400K and an 858 to reach 3200K. To maximize the strobe
light, use 804 or CTH on the tungsten lights. Most peaple
prefer to light only the moving object with strobe and the
rest of the scene with tungsten. Strobes are fan-cooled and
so are not useful for syne-sound shooting,

Strobe Exposure

Suppose vou are shooting at 96 fps with equal amounts
of tungsten, and strobe lights are desirable. Every time you
increase the frame rate of the motion picture camera, you are
decreasing the amount of time the shutter stays open—
vou are decreasing exposure. MNinety-six fps is four times
faster than normal; therefore, the shutter speed is |5y, of
a second instead of the normal V5, This is an exposure loss
of two stops. This is simple enough. To achieve an /5.6, for
example, vou light toan £/11.

But the same is not true of the strobe lighting. The strobe is
instantaneouws, It fires for only a lew thousandths of a sec-
ond at some time while the shutter is open. As a result, it is
completely independent of the frame rate. It doesn't matter
whether the film is moving at 6 frames a second or 600, the
exposure will be the same.

Here's the problem. We read the tungsten and have to com-
pensate. We then read the strobe with a strobe meter and we
don't have 1o compensate—clearly, we can't read them at the
same time. How do we arrive at a setting for the lens?
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ratios greater than 1:10, exposure compensation is necessary.
The formula is

fIstop determined by light meter
1 + magnification ratio

Shooting stop =

Example: Meter reading is (/8. Your reproduction ratio is 1:2
or '/, size, The calculation is 8/(1+.5)=5.3.

Depth-of-Field in Closeup Work

There are many misconceptions associated with macro-
photography; perhaps the most basic is that wide-angle
lenses have more depth-of-field. Frequently, this prompts
the DI who is having a depth-of-field problem to ask for a
wider lens. Sorry: it doesn't help.

Depth-of-field is a function of image size, not focal length.
Yes, it is true that wide-angle lenses have more depth-of-
field—a look at any depth-of-field chart confirms this. The
problem is that once you have put a wider lens on, you still
want the same image you had before, and in order to accom-
plish this, vou must move the camera closer to the subject,
Once you do this, the depth-of-field is exactly the same as it
was before, since focus distance is also an important deter-
minant of depth-of-field.

The important aspects of closeup photography are:

= Depth-of-field decreases as magnification increases.

*  Depth-of-field decreases as focus distance decreases.,

= Depth-of-field is doubled by closing down the lens
two stops.

Lighting for Extreme Closeups
There are two basic considerations in lighting for extreme
closcups. The first is that, owing to extremely small

depth-of-field {which is inherent in close focusing) and the
need to stop down for improved optical performance, very

FIGURE 12.3 Spacelights create an
ambient base for a snorkle rig shot;
some Source Four lekos add the
highlights. Macro and snorkle shots
almost always require a high fistop
and thus must be lit to a fairly

high level. (Photo courtesy of Mark
Weingartner}
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FIGURE 124 Kino Floinan
underwater housing. (Photo
courtesy of Kino Flo, Inc}

Takla12.2
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high light levels are needed. Particularly in conjunction with
high-speed photography, an uncorrected stop of [/ 64 and
higher is often called for. Since the area being lit is usually
very small, this generally poses no problem, although in deal-
ing with large units (such as 10Ks) it can be guite a job just to
get them close together and all focused on a small subject,

The other problem is caused by the fact that the lens is so
close to the subject. In some cases, the front of the lens may
be no more than an inch away from the subject. This makes
it difficult to achieve anv kind of front lighting or fill, as the
lens and the camera are in the wav, A further difficulty is
introduced when the subject is reflective. In this case, no
matter how much light is poured on the subject, what you
will see in the reflective surface is a mirror image of the lens
itself, looking like a large black circle.

There are two solutions. One is to cut a hole in a reflector
card just large enough for the lens. Sometimes it is not even
necessary for the hole to cover the entire front optic. You will
find by experimenting that the actual working area is smaller
and that the hole can be smaller without interfering with the
image. This is a form of ring light and a number of subtleties
are possible with a little imagination. Black strips of tape can
put some modulation into the reflective surface, and slightly
bending the card can create a pattern of highlights and
shadows.

The ather solution is a half-silver mirror. The mirror is
placed between the lens and the object and angled slightly to
reflect the image of the light source onto the subject in axis
with the lens. Don’ forget that the mirror has an exposure
factor that you can measure with a spot or incident meter.

Ring lights, which comprise any type of unit that fits around
the lens, may be useful in lighting for extreme closeup, if they
are small enough.

Underwater Filming
Water—even fresh water—acts as a filter, absorbing the red
wavelengths first, on down the spectrum, until all frequencies
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FIGURE 125 Low-lying fog in the
studio adds to the atmosphere an
this music video scene. In maost
cases, dry ice is used to keep the
fog close to the ground.

are absorbed. This is why there is no light at all below a cer-
tain depth, which varies according to the clarity of the water.

There are several underwater lighting units available. Most
of them are smaller sungun, batterv-operated units, Observe
the manufacturer-rated maximum depth carefully, as
exceeding it may lead to an implosion and short circuit.

Tungsten-halogen PAR 64s (1000 watt) and PAR 36s (G50
watt) are also available in watertight housings. The PAR 36
can be confizured for use with an undernwater battery pack
that can run two lights for an hour. In the tungsten units, the
bulbs can be changed to alter the beam from wide-flood (o
narrow-spot and for daylight or tungsten balance.

The ScaPar® by Hydrolmage is built around a 1200-watl
Sylvania HMI PAR bulb, encased in a watertight container,
which can withstand depths of up to 220 feet in salt water
{110 pounds per square inch). The fresnel is permanently
bonded to the front of the bulb to reduce the amount of glass
so instead of changing lenses, it is necessary to change lights,

Effects

Rain
Rain is the province of the prop department, but it does have
implications for lighting. To be visible, rain must be back-
lit. Frontlighting will not work with anything but the most
intense downpours—and even then, the result will be anemic.
Even with the most carefully controlled rain effect, water
gets everywhere. Several precautions are necessary:
= HRaise all connectors, especially distribution connectors,
off the ground on apple boxes. Wrap them in plastic

and seal with tape. Use electrical tape, as gaffer’s tape
won't withstand water.
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TV and Projector Effects

Like fire effects, the look of a flickering TV is best accom-
plished with dimmoers or, even better, a flicker box. The
source, which might be a fresnel or practical bulbs in porce-
lain sockets with some diffusion, is usually placed in a snoot
box to confine the light in a realistic pattern. In general, one
half or full CTB cools the light to simulate the blue look of
black-and-whirte television. This is a convention even though
most people watch color TV, which projects a variety of col-
ors. Here again, it is important that the person operating
the effect have some sensitivity to the mood of the scene
and keep it random. Actual television [lickers considerably
less than is usually portrayed, but the activity helps sell the
effect.

Projection effects can be accomplished the same way with
the addition of bouncing the light for a softer look. Film
projection is bounced ofl a large screen, while television is
a smaller direct source. Projection can also be simulated by
running actual film through a projector and aiming it at
the audience. Obviously, it is necessary to defocus the pro-
jector or remove the lens so the image won't appear on the
faces.

Day-for-Night

With the advent of high-speed film and electronic boost
for video cameras, speed lenses, high-efficiency HMIs, and
sunguns, day-for-night is hardly ever done anymore. In
the early days of black-and-white, infrared film was used
for night effects, generally in conjunction with a filter
such as aWratten #25. Traditionally, day-for-night is done
around noon since long shadows would give away the
fact that it is day. Of course, showing the sky is strictly
forbidden.

In color (both film and video), it is possible to achieve a
reasonably convincing effect by underexposing from 1Y, 1o
21/, stops. Moonlight blue can be simulated by removing the
85 filter with tungsten-balanced film or white balancing the
video camera for tungsten. Subtleties of color balance can be
achieved with color-correcting filters, depending on the feel
that is desired.

If reflectors are used, gold reflectors are a better choice to
preserve the correct color balance. Silver reflectors without
an #5 will probably be cold. Harrison and Harrison makes
a series of day-for-night filters. The #1 is blue-red; the blue
gives the night effect while the red component helps hold the
skin tones in balance, The #2 is the same color but also low-
ers the contrast, which can help maintain the night illusion.
The #3 filter offers a greater degree of contrast control. They
all have an exposure factor of 2 stops.

()
FIGURE 12.7 [a) The Thundervaltz
unit by Lightning Strikes is
battery-run but a powerful
ligthtring unit, (Fhoto courtesy
of Lightning Strikes) (b) A very
accurate compass s essential for
davlight shooting, especially on
the location scout and for setting
up sunrise and sunset shots,
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FIGURE 12.8 Kino Flo's
recammendations for lighting
process shot backgrounds: a
200% 20 backgrourd is just an
example. IUis impartant @ have
the largest background possible
foor any particular shot, This
keeps the foreground subject as
far away fram the background
as possible in order to prevent
backsplash, which gets the
background color onto the edges
of the subject—a real problem.
[Courtesy of Kino Flo, Inc.)

Moonlight Effects

As vou recall from our discussion of the Purkinje effect, it is
a widely accepted convention that moonlight is blue. The use
of blue for moonlight is controversial and many purists insist
on using no more than '/; CTB for the effect. More common
is full CTB or double blue. Of course, these are all in addition
to whatever blue is used to establish basic color balance.

Water Effects

The dapple of light reflected on water can be a beautiful
and subtle effect. It can be achieved in a number of ways,
Some people use broken mirrors or crumpled aluminum
foil to reflect a strong directional light (usually a fresnel or
a PAR). These tend to be somewhat stilted and artificial.

The best effect is always achieved by actually using water.

In a shallow pan with a black backing (black visqueen or a
garbage bag is effective) water itself can be highly reflective if
vou use a strong enough unit.

Lightning

Because lightning must be extremely powerful to be effec-
tive, it generally calls for a specially built rig. Most lightning
rigs are based on carbon arc technology. They consist of
an arc ballast and a set of carbons, which can be pushed
together, and then rapidly withdrawn with a levered handle.
The resulting arc produces a powerful and momentary blast
of light that is very convincing,.

A Brute arc can be used by reversing the polarity of the
DC so that it is wrong and then throwing the striking lever.
The carbons will produce a brief, powerful arc but won't
strike because the polarity is wrong. Understandably, these
effects can be very hard on a generator, so be sure you have
plenty of headroom before attempting them.

Sometimes, flashbulb rigs are used for the effect. M-Type
Nashbulbs, which have a long burn time, are most effective
for this purpose. Regular flashbulbs fire very quickly, and
they might burn while the shutter is closed.

Most of these methods have fallen into disuse, however,
as purpose-built lightning machines such as those by
Lightning Strikes are becoming very popular for this type of
effect. They make several different units of various sizes and
also units which recreate the flashbulbs of paparazzi and
similar effects, They also make a battery-powered unit, the
Thundervoltz, which is surprisingly powerful.

Using Daylight

Davlight is an important resource in film and we are often
in the position of maximizing its effectiveness. Keep in
mind that local weather conditions can seriously affect the
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FIGURE 12.9 Kino Flo Image 805 hung on a truss light the greenscreen for
this water shot. (Phota courtesy of Kino Flo, Inc.)

amount of usable light. Software is available that will predict
the exact altitude and azimuth of the sun for any time on any
date, A pood compass is essential in being able to predict sun a)
conditions, the exact spot where the sun will rise or set, etc.

Lighting for Process Photography
Chroma Key

Chroma key, also known as preenscreen, bluescreen, or
process photography, is a method of producing mattes for
compositing. The basic principle is simple: we place what we
want to be the foreground object {typically an actor] in front
of a uniformly colored background. Software later on makes
that background color transparent. It is then replaced with
a different background scene. Process photography based
on photochemical means has been around since the earliest
days of [ilm.

The color of the background can theoretically be anything
that does not appear as a color in the foreground, but for
film, blue has been found to work well, while in video, green
is best as it is the strongest channel.

G ()
i FIGURE 12.10 {a) Two Mole Biax
Blue and green are the most widely used colors, but any four bank lights illuminate the

color that is different from the foreground object may be used, — 9reensiresn evenly. (b) Tracking
miarks {the black crosses) help

the compasitor keep the correct
orientation as the camera moves.
Tracking marks are absolutaly

Other recommendations:
=  Use the lowest grain film possible; grain introduces
noise into the image. In video, don't add gain; with

: : B :
film don't push in processing. essential whenever thers are

* Do notuse diffusion aver the lens. Do not use heavy camiera moves in a process shot.
smoke effects. {e} The final resuls.

* In film, use a pin-registered camera.

*  Alwavs shoot a grayscale lit with neutral light (3200K
or 3500K] at the beginning of each roll. Shoot the
grayscale (or chip chart for video) in a place where
it will not be contaminated by splashback from the
background or floor.

=  Whenever possible, use a polarizing filter to eliminate
specular glare,
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process (a) The greensc
(k] the holdout matte, (g
background plate

final composite

FIGURE 1217 [a} A typical
greenacns
Flathe

some definitio

while anasther Flathead gives him
a good backlight/hairlight, (c) & ZK
fresmel gives him a bit of a kicker,
Firnally another lange Kino gives
hirm a soft ¥ front key. The ramp is
far his walk toward the camera,

228 = Motion Picture and Videa Lighting




Hidden page



Hidden page



Pazsing headlights of
approaching cars

-

2K bounce for
freanbight of
street ambiant

»
} Straatlight swings pas! the windows
4 "-._ "

Headlights of fallowing cars

FIGURE 12.15 A typical setup for the poor mam's process, The key to this effect s that all of the lights (except the
ambient bounce) move by being panned past the windows in a way that imitates the changing lights of real
traffic, It is the sense of movement that sells the gag (as these types of effects are called). Manmy people use a
small interlar light mimicking dashboard glow instead of or in addition to the ambient moonlight or city lights

(see Figure 12,14 for an example

plates and there will be additional CGI (computer generated
graphics) elements to be composited in as well,

When a compositing shot gets this complex, an overall co-
ordinator is essential. This function is usually performed by
a post-production supervisor or a special effects supervisor;
however, on smaller jobs, it might just be the editor who tries
to keep evervthing running smoothly. As always, there is sim-
ply no substitute for working out the details before a single
frame is shot. It is not merely a matter of matching the light-
ing and movement, but overal questions of formats, file types
and workflow as well, The davs when it was all done on film
were much simpler; today, a single shot might involve three or
four different types of digital files.

Greenscreen/Bluescreen Tips

*  Guard against backsplash.

= Block off any background screen not in use.

*  Don’t use a complementary color as a backlight.

* Askifthey need to see the floor, as vou will need to
deal with the shadows if they do, and plan accordingly.

*=  Don't use diffusion.

*  Dont use smoke,

= Don't include the matte color in the scene.

*  Try not to have anybody lving on the floor or on a
table. Sometimes a mirror on the floor will help by
eliminating shadows.
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Appendix

Brute Arc Operation

Arc operation is not difficult, but it is not something to
be atternpted by the uninitiated. Injury and damage 1o
the equipment are very possible. Hands-on training from
an experienced set elecirician is a must. We can, how-
ever, provide some basics that will assist the electrician in
preparation.

Make sure vou have the right carbons. White-flame carbons
(daylight-balanced shooting) are marked with a white dot.
Yellow-{lame carbons (tungsten-balance shooting) have a
vellow dot,

Megative carbons are copper clad and abouot 18 inches long
with a conical nose, Positives are 20 inches long with a crater
at one end: this is the business end of the carbon.

The necessary tools are screwdriver, pair of pliers, and good
leather work gloves. You will also need positive and negative
electrodes and a can of are lubricant. A dousing can full of
water or sand is also useful if vou are removing the glowing
hot electrodes [rom a recently operaling arc.

If DC is not available, it is possible to use a rectifier to
converl AC, Special units are available for this.

Cautions

1. Mever nse cracked carbons. The sound when lightly
tapped against metal will reveal their condition. The
crack will cause a flicker at the point of the crack,
possibly ruining a take.

2. Strike arcs one at a time, Striking too many arcs at a
time creates a huge strain on the generator.

3. Warn the galffer or cameraman when carbons are
burning low. It is vour job to make sure they don't burm
out in the middle of a shot,

4. MNever burn an arc at more than 45° tilt either wav.

5. Get lots of help when mounting a light on the stand.

6. Do not lubricate a hot head.

7. Morall arc guts require lubricating, Some companies
run their brutes as dry guts, which means they never
lubricate them. Check with the rental house. Qiling a
drv guts arc can cause trouble,

8. The units do exhaust gases and this should be taken
into account in enclosed spaces,

Operating 5teps
1. Make sure the power is off.
2. Release the latch and tilt the guts out for access,
3. Pressthe dimpled negative carriage release lever. The
cartiage will drop to its lowest position. Always use
the pliers or screwdriver to operate anything inside
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12.

13.

the arc. If it has been operating, these parts will be
hot enough to burn right through work gloves,
Depress one side of the negative holder. This lifts
the roller and allows you to place the carbon in the
V-block holder.

Rotate the positive electrode camiming lever clockwise
to release the positive electrode, If there is a used
positive, remove it. You can then slide a new one in with
its cratered end forward, protruding from the carrier
abour 1. inches.

Depress the striker lever (outside lower rear of

the housing) to bring the negative up to its striking
position. Push the positive gently forward unril it
touches the negative.

The ideal positioning is for the tip of the negative (o
just contact the lower lip of the positive. Adjust the
manual positive handcrank if necessary.

Rotate the positive carbon camming lever counter
clockwise to lock the rod in.

Tilt the guts back into the housing and lock in place.

Attach the power lines to the grid and then run cables
from the grid to the light.

Check polarity. Correct polarity—the negative side of
the DC source connected to the negative electrode

is essential to are operation. Power on at the head
and look at the polarity light; if it is ON, then the
polarity is wrong. Reverse the cables to correct.

To strike the arc, gently depress the striking lever to

bring the two clectrodes into contact, Immediately
release it. The arc should be working. If it's not, check
your electrode positioning and try again.

[Timming during operation is a skill that can only
come from practice. There are three basic trim
functions: the external rheostat that controls the
specd of the feed motors, the positive handerank
advance, and the negative handcrank advance. Itis
the job of the arc operator to view the flame through
the viewing ports (never look at the flame with the
naked eve; the intensity and ultraviolet will cause
immediate eyve damage) and make adjustments

to maintain the optimal ¥ -inch gap and proper
relationship of the carbons,
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Table .1 International Voltage, Frequency, Plugs, and Sockets

Country Type of Plug/ | Voltage Frequency Motes
Socket

Afghanistan . DLF 240V S0Hz Voltage may vary from 160
to 280

Albania . F 220V S0Hz

Algeria . F 230V 50Hz

American Samoca AR FI 1200 60Hz

Andorra i F 220 S50Hz

Angola C 220V 50Hz

Anguilla A {maybe B 110V E0Hz

Anticua A B 230V 60Hz

Argenting ol 220V 50Hz Live ard nautral are wired
backward

Armenia <. F 220V 50Hz

Aruba A B F 127v GOHz

Australia I 240V 50Hz

Austria . F 230V 0Hz

Azerbaijan C 220V 50Hz

Azores B.C.F 220V S0Hz

Bahamas AR 120V BlHz

Bahrain L] 230V 50Hz

Balearic Islands . F 220V S0Hz

Bangladesh AC DG K 220V S50Hz

Barbados A B 115V S50Hz

Belarus C 220V S50Hz

Belgium . E 230 S0Hz

Belize AB,G 110V and 200Hz | 60Hz

Benin .k 220V S50Hz

Bermuda AB 120V GOHz

Bhutan OLF G M 230V S0Hz

Bolivia A 220V S50Hz La Faz and Viacha 113V

Bosnia CF 220V 50Hz

Botswana D, G, M FERY S50Hz

Brazil AR 110V and 220V 60Hz Dual-voltage wiring is
CoMmmon

Brunei G 240y 20Hz

Bulgaria C.F 230V 50Hz

Burkina Fazo C E 220 S0Hz

Burundi L 220 S50Hz

Cambodia MG 230V S50Hz

Cameroon Z,E 2200 50Hz

Canada A B 120V a0 Hz Standarcized at 120V For

T

heavy-duty applications
240V/e0HZ are used
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Table 0.1 {Continuead)

Country Type of Plug/ | Veltage Frequency MHotes
Socket
Canary Islands C.EL 220V 30 Hz
Cape Verde C.F 120V S0Hz
Cayman lslands A B 120% GiHz
Central African Republic C.E 220V 50 Hz
Chad C.EF 220N S0Hz
Channel lslands L. 230% 50Hz
Chile C.L F20Y 50 Hz
FR. China {mainland anly) | A, C.1,G 220 S0Hz Mast cutlets support types A,
|, amd C
Calombia A B 1208 G0 Hz
Comoras C.E 220 50Hz
Conoo-Brazzaville C.E 230V 50Hz
Congo-Kinshasa C.0 2208 50Hz
Cook lslands I 240Y 50Hz
Costa Rica & B 1208 &0Hz
Cone o Ivodre (Ivory Coast) | CE 230 50Hz
Croatia C.F 230 0Hz
Cuba A8 110 Gl Hz
Cyprus [ 2404 S50Hz
Crech Republic C.E 230 S0 Hz
Denmark C.E K 230V 50Hz
Djibeuti C.E 220N S50 Hz
Dominica DG 230V 0 Hz
Dominican Republic &R 1oy G0 Hz
East Tirmor C.EFI 220% 50Hz
Ecuadar &, B 120 &0 Hz
Eoypt C 2208 50Hz
El Salvador AB 15V & Hz
Eqquatorial Guinea C.E 2200 S0 Hz
Eritrea C 230 50Hz
Estonla F 230 50Hz
Ethiopia oL L 220N S0 Hz
Faroe lslands C K 220 S0Hz
Falkland Islands G 240% 50Hz
Fiji I 240N S0 Hz
Finland C.F 230% 50Hz
France C.E 230V S0Hz
{farmerly 220V}

French Guiana C.0E 2208 50Hz
Gaza Strip C,H, M 230V 50Hz
Gabon C 220 0 Hz

{Cantinued]
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Table .1 (Cantinued)

Country Type of Flug/ | Voltage Frequency MNotes
Socket
Gambia | e 230V 50Hz
GErmany . F 230 S50Hz
iformerly 220V)
Ghana 1 [, G 230V S0Hz
Gibraltar CG 240V S0Hz
Gresce C.F 230v S0H=
(formerly 220)
Greenland K 220V S0Hz
Grenada L] 230V 50Hz
Guadeloupe C,DVE 230 50Hz
Guam | AB 110V 60 Hz
Guatemala A B 120V G0Hz
Guinea C,RK 220V S50Hz
Guinea-Bizsau iC 220V 50Hz
Uvana AR DG 240 Hz B Hz
Haiti ‘ A B 110w G0Hz
Honduras AR (R GlHz
Hang Kong 3,0 M 220V 50Hz
1548, of Ching)
Hungary ZF 230 50Hz
lceland . F 230V 50Hz
Irdia L T 230y SiHz
Indonssia | C FiG 127 and 230V S0iHz Type-G socket/plug iz less
COMmon
IFar C 230V s50Hz
Irag DG 230V S0Hz
Irelamd F QDM 230V S0H=
iformerly 220V
Isle of Man .G 240V 50Hz
lsrael T HM 230V 20Hz same plugs and sockets alse
used in Palestine
Ikaly Z,FL 230V 50Hz
iformerly 220V)
Jamaica 1 A B 110 S0Hz
Japan A B 100V S0fa0Y Eastern Japan 50 Hz Western
Japan 60 Hz Sockets and
switches fit in Amernican-sized
stancland boxes
Jardan B,C.DOFGJ 230V 50Hz
Kenya G 240V 50Hz
Kazakhstan C 220V 50Hz
Kiribati I a0y S0Hz
Kaorea, Morth . C 220V S50z
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Table 0.1 {Continuead)

Country Type of Plug/ | Veltage Frequency MHotes
Socket
Korea, South | CF 220¥ 60Hz
Kurdistan A&, B C D 230V 50Hz
E.F.&
Kuweait 1 LG 240% 50Hz
Kyrgyzstan C
Laos & B CEF 230v 50Hz
Latvia C.F 220y 50Hz
Lebanaon ABC DG 110 and 200V J0Hz
Lesatho ‘ M 2200 S0 Hz
Liberia ABCF 120 ard 220V 0Hz
Lilwa o 123 50Hz Barce, Benghad, Derna,
Sebha, and Tobruk 230V
Lithuania C.F 230v 50Hz
{formerly 220V}
Lischtenstein C.J 230 50Hz Lwizs standards
Lusembong .. F 230% M Hz
{formerly 220V}
Macau 5.48.R, of China O F M, G 220N S0 Hz
Macedonia (FYROM} 1 L,F 220 50Hz
Madagascar C.O,E LE 127 and 220V 50 Hz
Madeira C.F 230N S50 Hz
Malawsi G 230V 50Hz
flalaysia C.G,M 240V 50Hz Penang 230V
Maldives A, DG LKL 230% 50Hz
A ali C.E 220% 50Hz
Malta G 230 50Hz
Martimique C.OE 220% 50Hz
M auritania C 220 50z
Maurtius C,G 230 EOHz
Mexico . & B 120 &l Hz Voltage can vary from 110 to
135V, Split phase is
commanly available
P e naesia A B 1204 GO Hz
Maonacs C.DEF 127 and 220V
Mongolia C.E 230V 50Hz
Monlenegns L 2200 S50 Hz
Mantsarrat AR 230 Gl Hz
Morocoo ‘ C.E 127 and 220 S50 Hz
Mozambigue C.F M 220V 50Hz Type M in some areas
Myarnmar/Burma C.0DFG 230V S0Hz Type Gfound in some hotels
Mamibia C, M 230y 50H=
Mauru | 2404 50Hz

{Coadinued)
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Table .1 (Cantinued)

Country Type of Flug/ | Voltage Frequency MNotes
Socket
Mepal Lo N 230V 50Hz
The Metherlands . F 230V S0Hz
iformerly 220V)

Matherlands Antilles ABF 127 and 220V S0Hz

Maw Caledonia F 220V S0Hz

Mew Fealand I 240 50Hz

Micaragua A B 120 adHz

Miger ABC DVEF 220V S0Hz

Migeria [, G 240V S0Hz

Morway . F 230Y S0Hz

Okinawa AR, 100V a0Hz Military facllities 120V

CImian C,G 240V S50Hz Mamy voltage varations

Pakistan D 220V S0Hz

Palestine CoH M 230V 50Hz

Panama AR 110V G0Hz Panama City 1200

Papua Mew Guinesa | 240 S0Hz

Paraguay C 220V S0Hz

Pery A B, C 220V GOHz Talara "\ Arequipa
50 Hz

Philippines A B, C 220V BOHz some type-C saocksts deliver
110W/a0 Hz. Sockets and
switches fit stanclard
American-sized baxes

Poland . E 230 S50Hz

Fortugal . F 2203 S0Hz

Puerto Rico A B 120V 60Hz

Catar G 240 50Hz

Réunion E 220V S0Hz

Romania . F 230V S50Hz ldentical to German
stanclards

Russian Federation <. F 220V 50Hz Former USSR GOST sockets
with 4.0-mm pins instead of
the &.8-mm standard

Rwanda . J 230V 50Hz

S Kites and Mewvis (ENE 230 GOHz

St Lucia (Windward 1s.) G 240y 50Hz

st.¥incent (Windward 5] | A CEG LK 230V 50Hz

Saudi Arabia AMEFEG 127 and 220V GOz

Sanegal o DLE K 230V 50Hz

Serbia . F 220V 50Hz

Saychelles G 240V 50Hz

Sierra Leane 0.G 230V 50Hz

Singapore G, O M 230v S50H=

Slovakia . E 230V 50Hz
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Table 0.1 {Continuead)

Country Type of Plug/ | Veltage Frequency MHotes
Socket

slovenia . C.F 230W 0 Hz 360V used for heavy
applications

Somalia L 220 50Hz

South Africa 220 S0 Hz Some areas 250

Spain C.F 230W S0H=

{formerly 220V}

sl Lanka OoM, G 230Y 50 Hz

Sudan C.0 2304 S0H=z

Suriname . C.F 127 Gl Hz

Swiazlland i 230 50Hz

Swedan C.F 230W SO Hz

Swvitzerland .1 230 50 Hz

Syria C.EL 220Y S0 Hz

Tahiti &, B E 110 and 220V &l Hz

Tajikistan . ol 2200 50Hz

Republic of A B 1oy &l Hz

China (Taiwan}

Tanzania 0 G 2308 50Hz

Thailand & B,C 220 50Hz Standard American form factor

Tago C 2V MiHz Some 127

Tanga [ 240 50Hz

Trinidad & Tobago A B 115Y GOHz

Tundsia C.E 230 S0 Hz

Turkey C.F 2304 50Hz

Turkrmenistan B F 220N 0 Hz

Ligancla G 240V 20 Hz

kraine C.F 2200 50 Hz

United Arab Emirates 1 C.DG 220 50 Hz

United Kingdam G 240 and 220V E0Hz 0 and M seen in alder
buildings

United States of &, B 120% Gl Hz Valtage ranges from 105 1o

America 130V, depending on location.
240%/80 Hz used for heawy-
duty applications

Uruguay CEILL 2308 50Hz Moutral and live wines are
reversed, as in Argentina

Lizlxekistan C,l 220 50 Hz

Venezuela & B 120 GOHz

Vietnam . A0, 05 220% 50Hz Type G found in some hotels

Virgin Islands AR 110 GlHz

Western Samoa | 2300 SOHz

Yemen ADG 230 50Hz

Zembia C0G 230V S0 Hz

Zimbabwe 220 S0Hz

oG
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Building Your Own Hand Squeezer

Hand dimmers, known as hand squeezers, are standard
eoguipment on a film set, Often, the gaffer and electricians
bring their own or build them with materials supplied by
the production company; they are seldom rented. Ordinary
household dimmers are available at hardware stores, but
they usually carry the more common G00-watl dimmers (not
really adequate for use on the setl. Electrical supplv houses
or online is likely a better source of 1000- or 2000-watt dim-
mers, which are what is used on film and video sets,

You will want to enclose the whaole rig in some sort of box.
The most common method is 1o use a standard electrical
box, such as might contain a dimmer or switch when it is
installed inside a wall. Be sure to use proper connectors and
electrical tape, and be sure to make it so there are no loose
wires or exposed copper, which might cause a shock hazard,
Alwavs be careful with electricity!

Load trom dimmar

K12 THHM wirs

connacting tha
i — Lt Tron oirretiir

Famile Conrmebar
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Typical Lighting Order for a Small Independent Film

This is a typical lighting order for a night exterar on a lew-budget independent flm, Al lighting arders are
different, depending on the budget, the circumstances of the shoot, the type of scene, ete, This ane is shown
as an example anly; vou must adapt every lighting/grip order to vour particular budget, location, and type of

production.

POWER

1—Gensrator, 450 amps, three-phase with Camilok

connections

LIGHTS

F—MaxiBrutes with barmdoors, barndoars, gel frames

and stands

F—3-light FAY with tungsten MNSF bulbs with barn-
door and stand

4—Mightle Male, open-face 2K, with barndoar,
scrims, stands

2—Mickie Male, open-face 1K, with barndeoor, scrims,

and stands
Z=Baby Junior with barndoors, scrims, and triple
riser stands
2—Baby Baby with barndoors, scrims, and stands
2—Tweenie with barndoors, scrims, and stands
d—|nkies with barndoars, scrims, and snaot set
G—"1K zip goft lights {worklights for craft service,
rmakel p, wardnobe, ete.), stands
2—2K zip soft light with eggerates and stands

DISTRO
500 = FivE-wire banded feeder cable—=Camilok
S0 —Five-wire 200 feeder cable—Camlok

10—Camlok tees
G—100", 100-amp Bates extensions
S—Bates 100- to 60-amp sphitters
g—50", al-amp Bates extansions
2—3-Phaze distribution boxas
A—Lunch boxes
4—Bates to G-outlet Edison

25—50" single extension [stingers)

20—25" single extension (stingers)
2?—Flicker boxas
A—2XK Vanac
2—12K electronic dimmer

GRIP
J5—C-stands
40—3Sandbags
e—Cardellini clamps
d—mdtafer clamp
Td—Full apple boxes
10—Half-apple boxes
10—0uarter-apple boxes
10—0ne-elghth apple boxes
10—Pancakes
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2—12" 212 dolly boards
6—4 % 4 floppy

a—4 « 4 gpen frames
i—4 ¥ 4 cuculors

2—4 ¥ 4 single

=4 4 double

2—4 % 4 silk

6—24 % 36 flags

4—324 3 36 single nets
d==34 ¥ 36 double nets
5=18 x 24 flags
S—Highboys

2—5hiny boards soft/hard
4—Baby offset arm
2—Baby sidearm
2—Baby double header

DOLLY

Fischer 11 with seats, sideboards, pork chop
=127 risers

S—Pieces straight track

3—PFieces wide circle track (457)

Box of wedges

EXPENDABLES
Elack wrap
Full CTB

', CTB {about a half rall)

I CTE fabout a half rall)

CTa

W CTS (Y rall)

Ya CTS (Y relly

Fosco Opal

Rosco 3026 (216)

Rosco 3027 (Y: 216)

3 Yards bleached muslin

Sash cord 400" §#3

Trick line {mason's linel—hblack
Dulling spray—hblack

Streaks’ Tips—black



Lighting Order for a Large Studio Film

This lighting order |5 for the filen M ood Mes, Sevith and was supphied by Chief Lighting Technician Tomy "Mako”
Makonechny], 4 top Hollywood gaffer and an accomplished cinematograpberin bis own rght. This is the “truck
package’—the basic arder which is cared on the truck (a £0° semi-trailer) to all locations and stages, Other
packages covered specific stages, 2nd unit, spedial locations, etc. Every order is different, depending on the loca-

tlon, the type of shot, the look, the budget, et

HMI
(A ballasts must be electronic and flcker-free)
118 Fresnel Complets w/2 507 Head Feeders (LTM)
1—6kK Pars Complete w2 30" Head Feeders (LTM)
2—4K Pars Complete w/2 30" Head Feeders (LTM)
2=2500 Pars Complete w2 50° Head Feeders (LTM)
2=1200 HMI Pars Complete wi2 50" Head Feaders
(LT
2575 HMI Fars Complete w2 50" Head Feeders
(LThA)
1—575/2-K Hybrid Par Complete (CHC)
2—200-watt Joker Bug Lights Complete

TUNGSTEM
2— K Mole Complete
d—paxiBrutes Complete; $w/FFH & 4 w/FFR Glabes
2—9 Lite Complete w/FLX Glabes
F=—Gaby 10K Complete wid-way doars
F—Baby 5K Complete w/d-way doors
I—Baby Junior Complete w/d-way doors
F—Baby Complete w/d-way doors
f—Tweenie Complete w/'d-way doors
6=—100 Peppers Complete wid-way doors (w200 w
Globes)
2—2K Zips Complete w/eggcrate
2—750 Zips Complete w/eggcrate
B—Far 645 Complete {w/narrow, medium, wide
globes)
16—Far Cans w/Baby Spuds {FFR)
2—5Source Four Focal Spots
H—EBlondes Complate
6—Red Heads Complete

KINC-FLO

T—Image 280w/ Kinoss and Kino32 tubes
d—4" 4-Tube King w/Kinoss and Kino32 tiubes
d—4" 2-Tube Kino w/Kinos5 and Kine32 tubes
d—4" 1-Tube King w/Kinoss and Kino32 tubes
?=2" 4-Tube King w/Kinos5 and Kino32 tubes
2=2" 2:Tube King w/Kino55 and Kino32 tubes
4—2" 1-Tube Kino w/Kino55 and Kinod2 tubes
2—dini Flo Kit

STANDS
d—Enadrunners
2—=5uper Crank-a-vator
A—idini Crank-a-vator
B—3-Riser Jr. Combo (Amercan)
A=—2-Riser Jr. Combo (Amercan)

24—73-Rlser Baby (American)
B—Junior low stands
B—Baby low stands

DIMMERS

§—a< 12 kw Electronic Dimmer Facks (DY)
4—12= 3 4kw Electronic Dimmer Facks (DX
2—Epare DX Brains
1—Expressions 3 Control Board (1200<h)
1—ETC 48/%6 Control Board
1—0Gray's DMX combiner
2—Cpto splitter
10—=100" DMX control cable
10—18" DX Jumper
4—12K CD-80 Independent Electronic Bimmer
(Dadx)
2—20F C0-80 Independent Electronic Dimmer
(s X)
4—2K Variacs
4—1K Variacs
8100 Socoplex &-channel cables
8—50" socoplex -channel cables
10=Male Break-ins (20-amp M-Bates to F-3000)
10=Female Break-cuts (M-%aco to 20-amp F-Edison)

HARDWARE

i—Trapeze
4—T-Bones
4—Turtles

4—Baby plpe hangers
4—Baby plates
d—Juniar plpe hangers
e Jigrnicar platis
4—Raby off-sats

A— Juniar off-sets
12—Chain vise grips
G—Candlesticks

SPECIAL
T—Electrician’s F-crate cart
1—FKino cart

1—Chimera cart

Z=—Distro cart

2—Tungsten head cars

2—HMI head cart

4—able carts

2—4" Ladder [note: other ladders would be supplied
by the grip dept.]

1=Case of Tata-Lights
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T—{Lase of Stick-ups

T—KE Kit

2—=13" JEM Paper Lantern Harp and Ball

2—=19" JEM Paper Lantern Harp and Ball

4—22" JEM 1000-watt Muz Ball

4—30" JEM 1500-watt Muz Ball

2—1%" JEM Bug Light Grid Ball

4—Mini Space Lights

1—Tweenie Chimera Ring—Extra Small Quartz Plus
w/5oft Eggorate

1—1K Baby Chimera Ring—=3amall Quartz Flus Bag
w/Soft Eggorate

1—1K Red Head Chimera Ring

2—2K Baby Chimera Ring—=5mall Quartz Plus
w/soft Eggorate

d—2K Blonde Chimera Ring

2—35K Baby Chimera Ring—Medium Quartz
Plus wiiSoft Eggorate

1—10K Baby Chimera Ring—Medium Quartz
Plus w/Soft Eggerate

2=575 HMI Par Chimera Ring

21200 HMI Par Chimera Ring

1=—2500 HMI Par Chi mera Blng

1—4kK HMI Par Chimera Ring

1—6K HMI Par Chimera Ring

G100 Pepper Snoot

2—Tweenie Snool

2=—Baby Baby Snoot

2=Baby Junior Snoat

2—Baby 5K snoot

T—Baby 10K Snoot

CABLE
5—100" 4/0 CAM [Camlok connectors]
5—50" 40 CAM
T0—100" 2/0 CAM
S5—50" 20 CAM
12—=50" 2/5 CAM Banded (Three-Phase)
20—5" 470 Ak lumpers
12—Male CAM 1o Lug adapters
12—Female CAM to Lug adapters
B—Male CAM Suicide adapters
B—Female CAM Suicide adapters
B—=Male CAM to Female Fin adapters
B=—Famale CAM to Male Fin adapters
24—CAM Soft Three-fers
12—CAM Ground Squids
4—E00-armp Pin through CAM Distro Box
S8—100-amp Lunch Boxes
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d—100-amp Gang Baxes
d—fil-amp Gang Boxes
E—100-amp M-Bates to 2 100-amp F-Bates Splits
S—100-amp M- Bates to 2 60-amp F-Bates Splits
d—a0-amp M-Bates to Z-60-amp F-Bates Splits
12—100-amp M-Bates to F-CAM [Reverse Snake-Bite]
4—"100-amp F-Bates ta M-CAM S-wire {Triple Snake-
Bit=)
4—100-amp F-Bates to M-CAM 3-wire {Single Snaks-
Bit=)
A—220-volt M-Bates to F-CAM Pin (220 Reverse
Lnake-Bite)
4—220-volt F-Bates to M-CAM Pin 3-wire [220 Snaks-
Rit=)
EO—25" Stingers
SO—50" Stingers
E—50" 220-volt Gates
E—25" 220-volt Bates
Z=100" 100-amp Bates
E—50" 100-amp Bates
E—25" 100-amp Bates
B—50" a0-amp Bates
G—25" 60-amp Bates
12—Cable Crassovers
S—Female CAM Suicide adapters
Z24—CAM Three-Fers
12—CAM Ground Squids
d=a00-amp CAM-through distribution bozes
d=100-amip Lunch Boxes
4—="100-amip M-Bates to 2 100-amp F-Bates Splits
4—T100-amp M-Bates to 3 60-amp F-Bates Splits
4—=220-volt M-Bates to F-Mole Pin (220 Reverse
Smake-Bite)
4—220-volt F-Bates to M-Mole Pin 3-wire {220
Snake-Bite)
20—25" Stingers
20—E50° Stingers
4—50" 220-volt Bates Extension
2—25' 220-volt Bates Extension
&—=50° 100-amp Bates Extensicn
4—25" 100-amp Bates Extension
4—50" G0-amp Bates Extension
2—25" A-amp Batas Extension
12—Cable Crossovers

GEMERATOR
1—=1200-amp tow plant
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Index

A

additive colors, 106107, 131-132

alternating current (AC), 8, 24, 149, 151,
153, 154, 168-16%, 214

American Standards Association [ABA],
103, 144, see alsa IS0

ampacicy, 150, 152, 160-161, 170, 158

apple boxes, 171, 182, 188, 189, 196, 223

Arriflex, 14, 18

ASAL see American Standards Association

assistant chief lighting technician, 193

auto transformers, 218

i
haby light,, &
baby plates, 184, 187, 188
batteryies)
capacity, 158
heavy antimony batteries, 158-15%
lead acid batteries, 1538
Lision and Mibhdh, 159
nicads. 159
rigs, 158
Big Eve, 11
bleach bypass, 106
hluescreen photography, see Greenscreen
photography
brightness perception, 111
brightness range in a scene, 116
conirast, 112-114
carrect exposure in, 114-116
bulb base codes, 207
hulbs, see Lamps and sockets, for film
and video lighting
butterlies and overheads, 181, 195

L
CRImEera
exposire Hme of, 100, 125, 126, 127,
211,215
filters and colar balance, 143144
carbon arcs, 3.4, 6, 6, 16, 21, 147, 153, 208
soupces, A04-205
technology, 226
Cardellini clamps, 133
COT, see Correlated color lemperature
chief lighting technician, 82, 191, 192,
193
chroma, 95, 96, 132, 133, 134, 136
Chroma du Monde test chart, 838, 96,
a7, ai
Chroma key, 227
CIE color svsiem
digital and electronie color, 138
standard light sources in, 137-138

clamp-on ammeter, 167, 193
clamps
apple boxes, 171, 182, 188, 169, 196,
223
bar clamps, 126
2K receivers and turtles, 188-1829
il sef arms, 189
pipe clamps, 181, 186
platvpus, 187
side arms, 1949
studded C-clamps, 185
studded chain vise grips, 187
wiall plates, baby plates, and pigeons,
Litg
wedges, 188
codes, bull base, 207
colar
balance of filin, ss¢ Colar balance
choices in calor contral, 148
CIE color system, 137-138
coding of elecirical equipments,
iG]
color meters, 139, 142
in color negative films, 105, 106-107
color perception, 129
color temperature, 22, 56, 132-133, 137,
135142
cantrol of, 139-142
degradation of, 135-136
flucrescent lighting as color ]':-rnhlnm,
L46—-147
harmonies, 134-135
interaction and visual phenomena,
135136
laws ol simulianeous contrast and,
R
and light, 131-133
metamerism., 137
mieters, 139, 142
mixing, 133-134
nature of light, 126-129
negative filims, 105107
off-color lights, correciion, 147-148
subtractive, 106G, 107, 131-132
tristimulus theorsy, 1259-131
wheel, 132, 133134
calor balance, 225, 226, 230
of carhon ares, 5,17
and color control, 37
of HMh s, &
invidens, S0
calor balance, of films, 7, 97, 143
with camera filters, 143-144
conversion filters, 144-145, 212
light balancing filters, 145
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color mixing
advancing and retreating colar, 133
complementaricy, 133
film and video colorspace, 134
transparency and reflection, 134
weight balance, 134
color qualities
chroma, 132
color temperature, 132-133
e, 132
value, 132
color rendering index (CRI), 25, 140, 142,
146, 208, 210¢
colarspaces, 134
color temperature, 132-133
and color control, 139-142
color temperature blue (CTB), 56, 146
colar temperature orange (CT00, 145146
cotmmunication, in sef operation, 202
complementary harmaonies, 135
cones, in retina, 129-1231
continuous-spectrum bulbs, 210
coflrast, 112-114
and films, 108-112
contrellable light, 2-3, 17
conversion flters, 144-145
cookies and celos, 160
correlated color temperature (CCT), 140,
147
couplers, 1GG
CRI, see Color rendering index
C-stand rules, 164
CTHR, see Color temperature blue
CT0, see Color temperature orange
cuculoris, 179-180

L
davlight
balanmes, 17, 21, 37,948, 140, 143, 212,
232
bulbs, 25, 26, G4, 65
sources, 145
ungsten, 140-141, 143, 146
wse in Qlms, 286-227
depth-of-field, 221
deuce, 7, 12
dichroic filters, 211, 212
dichroies, 212
diffusers. 51, 184
butterflies and cverheads, 18]
overhead rules, 182
digital imaging technician (DT}, BT, 191
dimmier(s], 29, 61,94, 210-211, 216-218
auto transformers, 218
resistance, 217-218
SCR, 217
sysiem, 216

direct current (DC), B, 149, 153-154,
1 GR-165
director of photography {I2P), 190-192
discord and discordant calors, 135
distribution equipments
AC and DC, working with, 168-165
bullswitches, 163
bushar lugs, 162
connectors, 162
distribution ar distro boxes, 164
distributicn system planning, 165-168
exiensions (siingers), 165
feeder cables, 163
lunch boxes, snake bites, ganghoxes,
and lour-ways, 164
tie-in connectars, 161
wire tvpes, 163-164
distribution system, 160, 165-166
load balancing, 166-168
¥ log E curve, see H&D curve
[} see Director of photography
dvkes, see DMehroics

E
effects
day-for-night, 225
fire, 224
lightmimg, 226
macnlight effects, 226
rali, 223-224
smoke, 226
TV and projector effects, 225
waler, 2206
El, see Bxposure index
electrical best boy, 193
electrical equipments, coler coding of,
161
electrical supply systems
single-phase, 152
three-phase, 151-152
eleciricity, measurement of
paper amps, 151
potential, 150-151
electric potential, 150-151
glectronic calor, 138
enclosed metal arcs, see HMI lamps
exposure, of light, 89-100
brightness perception, 111-116
correct, in brightness perception, 114,
116
determination wols, 117-119
foot-candle and, 102
fistop scale relation with, 100
incident meters for, 117-118
IS0/ ASA speed relation with, 102
lighting source distance relation with,
10=102



photographic lms and, see
Photographic films
reflectance meters for, 118
reflectances and, 102
Fone syslem and, 119-127
exposure index (EI}, 103, 117, 144
and camera filters, 144
exposure tme, of camera, 100, 125-126,
211
extreme closeup photography, see
Macrophotography
exterlors in studio, creation of, B1-85

F
faylights (FAY), 21, 211, 212
FAY lights, see Favlights
filaments, incandescent, 206
film production, early. 3-5
films, see Photographic films
flags, 16, 176

and cutiers, 176-179

teicks, 177-178
Micker-free hallasts, 216
flicker-free HM 15, 216
flickering , &1-52

i Fsls, 203214

problems, 210-211
fluorescent bulbs, 208-212

lamphelders, 208
Nuorescent lighting, 146-147

shooting with, 147
fluarescent lights, 139
Muarescent twbes, see Fluorescent

bulbs

foot-candle (fc), 29, 102
fresnel lens, G, 10

G50, Betweenie, and InBetweenle, 12

mkie, 12

juniors, 12

ik, 124

ok, 11

10K and 20K, 11

tungsten iresnel lights, 11
f/stop scale, 100, 1]

G
gaffer, lighting, 191, 192-193
Cravrera, Y8, 1o9-111
generators, 42, 152, 153-154, 162, 168,
198, 215
AL generator, 1534, 214
D generatar, 153
cperation, 154
grayscales, 120
preenscreen photography, 175, 227, 224,
220,231
grids, 180

priffolyn, see¢ Griffs

grifFﬁ, 1R3-154

grips, 65, 195-187

prip works, 173
butterllies and overheads, 1TE1-182
r:[arnps, see Clamps
cookies and celos, 180
C-stand rules, 164
cuculoris, 179
diffusers, 180-184
flags and cutters, 176177
grids, 1B
griffs, 183—184
grip heads, 194
highbaoys, 185
halding, 184-185
light controls, 174-176
nets, 178-175%
ret tricks, 179
open frames, 180
cverhead rules, 182

grounding, 150
safety, 172

H
Hand dimimers, 241, see alse Mmmers
hairlight, 45
H&D {Hurter and Driffield) curve,
LOY=114
heavy antimony batterles, 158159
highboys, 181, 182, 185
high-high stands, see Highboys
MM, G, 145, 148, 154
flicker-free, @, 216G
lamps, 206-218
bulbs, 210
HMI PaRs, 21-22, 7b
safety, 171-172
shooting with, 213-215
units, 12
caring and leeding of, 15
failures, 14-15
GE and 8K, 13-14
L2K and 18K, 12-13
JK & 25K, 14
smaller units, 14
xenan, flucrescent, and LED sources,
-4
househald bulls, 2049
hue, color quality, 132

1
incident meters, 117-118, 122, 193
industrial lamps, 148
inertia point, 104-105, 110
T50Ck, 103
speed and exposure, 1040, 102
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K

Kelvin scale, 139

kilovolt amps (EVAL determination,
| 36-157

Kino Fleand LED, 9

2K receivers, 1RB-140

L
lampholders, for fluorescent lamps, 208
lamp operators, 194
lamps and sockets, for film and video
lighting
carbon-arc sources, 203, 205
dichroic bullbs, 21, 212
Muorescent bulbs, 209-212
HA T I:an'||'.-5, MG=-208_ 210
photographic or household bulbs, 209
practical bulbs, 208
tungsten bulbs, 204, 205
tungsten-halogen bulbs, 205-206
latent image, 104=10%, 106
Laws of Simultaneous Contrast, 136-137
lead acld batteries, 158
light, %9, see also specific entries
light and colar
pdditive and subiracilve color,
131-132
gqualities of color, 132=-134
light balance, correction of, 144
CIy, 14146
tungsten to daylight, 146
light balancing filters, 144, 145
light controls, 174
reflector boards, 174-176
lighting
ratio, 117
source distance and exposure, 100,
101-102
lighting, basic scene, 58
poes and eighits, 67, 68
plley scene, BO-81
ambhient from above, TR-79
ack cross keys [sitcom lighting), 73
day exterior, V677
detective scene, 67
film noir scene, G4, 66, 67
from under the floor, 77
Inthmate room scene, 72
large night exterior, 85
Medieval Knights arcund a campfire,
ab—6d
imor out, 74,75
miscellaneous scenes, 70-72
"Reality” show set, 73, 74
science flclion scene, G4
training, VE9-80
young inventor, &7, 69

lighting, lundamentals
hasic elements, 46
ambient, 47
backlight, 45
evelight, 45,47
fill, 43
kevlight, 4415
kickers and rims, 45
quality of light, 48, 132-133
altitude, 52
diffusion materials, 51-52
direcilon relative to subject, 52
hard/soft, relative to the source,
48-30, 37
high kevflow key (fll ratio), 53
modulationd texture, i
mavement, 54
natural diffusion, 52
relative size of radiating source and
lens, 53
specular’ambient, 53
specular! diffuse, relative 1o the
solrce, J0-51
subject/texture, 54, 56
lighting, process of
opporiunitles, 43-44
aptimizaiionn, 44
requiremients, 40-42
schedule, 4243
Loals, 42
lighting, purpose of, 35
adding shape, depth, and dimension, 37
depth, 38
directing the eye, 40
exposure, 36-39
separation, 38
shape, 38
texture, IR-39
color control and color balance, 37
serting mood and fone, 36
lighting, technical issues
daylight usage, 226-227
depth-oi-field problem, 221
dimimers, 29, 201, 216-2148
effects, light, 223-226
for extreme claseups, 221-222
Hicker-free HM s, 216
macrophotography, 220-222
power ﬁupr.-l].r, als
variations in, 215216
process photography, lightng for,
227-231
shinoting with HMIs, 213-215
strobe exposure, 2159-220
strobe lighting, types of, 218-219
underwater filming, 222-223
lighting director (L1}, 98, 191, 193



lighting instruments
balloon lights, 32-33
Barger Baglight, 32, 33
brute arc, 16-17, 133, 226
Chinese lanterns, 29, 30
crane-mounted lights, 29
cyes, sirips, nooks, and broads, 25-26, 28
Dedolights, 31-32
fluorescent rigs, 24
color-correct bulhs, 25
color-carrect fluarescent units, 8, 24
fresnel lens, 10-12
HM I MRS, 21-22
HMT units, 12=15, seealsa HMIs
Jokers, 31
LEL} panels, 31
open-face lights, 17-18
2K open face, 18
Har &4, 15920
skypan, 18
1000 500/ G50 -watt open face, 18-19
PAR groups
Dine, Moleena, and Wendy, 20
BEAY |ij;l,]1t!i. 21
MMaxibrute, 20-21
Ruby 7, 21
scrims and barndoors, 33-34
softhoxes, Z8, 30=-21
st lights, 22
cone lights, 22-23
space light, 23
studio soft lightss (8K, 4K, and 2K}, 22
source fours, 29-30
spacelights and chicken coops, 34
sunguns, 30, 223
xenons, 9, 15-16
light intensity, 99
contral of, 132, 215-216
lighting team, se¢ Tean, lighting
Li-lon batieries, 152
litho flmes, 108
load(s), electrical, 152, 157
ampacity and, 151, 160-16]
balance, 166-1GH
calculations and paper amps, 155160
extensions, 165
logarithims, 111
Lowell Tota Lite, 28
lux, 99

M

macrophotography, 220
depth-of-field problem in, 221
lighting for, 221-222

mafer clamps, 187

metamerism, £, 137

Monochrome color harmony, 135

N
nets, 1761749
cookies and celos, 160
cuculoris, 179-184
prids, 180
open frames, 184
iricks, 1749
peuteal, 152, 161, 167
nicad batteries, 159
Ni-MH batieries, 159

L]
oif-colar lights, correction, 147-148
color ares, 147
HMIs, 148
industrial lamps, 148
strategies for dealing with, 140
off set arms, of clamps, 189
open frames, 180

Iy
Pampa light, 24
paper amps, 131
lead calculations and, 159-160
photochemistry, 103
photographic bulbs, 209
photographic filmis}
chemical processing of, 105106
chemistry, 103-104
color negative, 106-107
contrast and, 109
development, see Photographic films,
chemical processing
differences between high-contrast and
low=contrast, 108-109
latent image and, 104-105
log E axis and, 110=111
negative, making of, 104
response and HED curve, 107-110
response to light, [04-1056
photographic films, color balance, see
Color balance
pigeons, see Baby plates
pipe clamps, 186
platvpus, 167
power sources, for film and video
production
generator operation, 154
peneralors, 153-154
stage service, 152-153
tig-ina, 154-154G
power supply, variations in, 215-216
process photography, 227-231
lighting far, 230
Turkinje effect, 131
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i’
radiating sources, types of, see Lamps and
sockets
reflectance, 102
reflectance meters, 118-114
reflection and colar, 134
reflectors
boards, 174-176
operating, 176
rifles, 5, 6
ring lights, 222
rods, ln retina, 130, 131
Rosco gels, 141

5
safety, electrical, 170=171

grounding, 172

HM1 safety, 171-172

tie-ins, 155-156

welwork and, 171
sash cord, 198
SCH, see Silicon-controlled rectifiers
SCIH dimmers, 217
sel operations, 157

blocking, 1%9-200

cabling, 198

generator, 198

lighting, 200-201

load-in, 197-19A

procedures, 202

rehearsal, 43, 44, 201

rough-in process, 196-199

shooting, 201-202

staging, 198
shooting, with luprescents, 147
Shooting stop, 221
shutter{s}

angle, 126

speeds, 102, 1256, 127

zone system and, 125-127
shutter angle, 24, 126, 211, 215

Mlickering and, 211
side arms, of clamps, 189
silicon-controlled rectifiers (SCR),

218

dimmers, 217
silver halide grains, 103, 104, 105
single-phase systems, 152
spinning mirror shutter, 126, 127
split complementary harmonies, 135
stage operations, see Set operations
stop, see Ffstop scale
sirabeis)

exposure, 219-220

lighting, 218-219

lighting, types of, 218
studded C-clamps, 185-186

studded chain vise grips, 187
subtractive colar, 106, 107, 131-132

T
team, lighting, see alse Set operations
electrical best bay, 193
equipment preparation, 194-1595
gaffer, 191, 192-1593
grips, 196-197
key grip, 195-196
prerig crew, 197
third electric and electricians, 193-194
lechnicolor, 6-7
tenner, 11
third electric and electricians, 193=194
three-phase systems, 151-152
tie-in(s), 154-155
connectors, 161-162
safety, 135=156
tools, basic, carried by techniclan,
117-11%9, 1896-197
toplight, 45
transparency and color, 56, 134
riadic harmonies, 135
tristimulus theory, of color, 129-131
ungsten bulbs, 207
early, 206
tungsten-halogen bulbs, 205-206
tungsten lighting, 5-6. 11, 146-147
furtles, 187-1849

u

underwater filming, 223-224
Unilux strobe lighting sytem, 218, 220

v

value, as color quality, 132

iriacs see Auto rransformers

VCR, 169-170

video lighting, gripology in, see Grip works
visible light, 128

vizible spectrum, 128-129

voltage, higher, 150-151

voltage drop, 169

W

wall plates, see Baby plates

wall plugping, 157-158

wedges, 189

white light, 139

£

zip lights, 22

zone system, 119-120, 123-125
gravscales, 120
reading exposure with ultraviolet

lights, 125

18% reflectance and, [20-123
inscene, 120
shutters, 125-127



