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ABSTRACT

STAGE LIGHTING AND ITS INFLUENCE ON
ARCHITECTURAL LIGHTING

Aydin Ozatlgan
M.F.A. in Interior Architecture and Environmental Design

Supervisor: Assoc. Prof. Dr. Cengiz Yener

May 1994

In this work, fundamentals of stage lighting are analyzed along with their historical
and fechnological background. It is stated that there is an influence of stage
lighting on architectural lighting. Consequently it is stated that stage lighting is the

basis of architectural lighting and there is an important interaction between them.

Keywords: History of Stage Llighting, Stage lighting, Stage  lighting
Equipment, Architectural lighting
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Bu c¢alismada,sahne aydinlatmasinin esaslan, tarihsel ve teknolojik yonleri ile
birlikte ele alinmisiir. Sahne aydinlatmasinin mimari aydinlaimaya olan  efkisi
belittilmistir.  Sahne  aydinlatmasi ile  mimari  aydinlatma  arasinda  varolan
metodolojik ve teknolojik yakinliklar ve farkliliklar ele alinmistir. Sonue olardk,
sahne aydinlatmasinin mimari aydinlaimaya baz teskil eftigi ve ikisi arasinda

onemli bir etkilesimin varligr belirtilmistir
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1 INTRODUCTION

For centuries, light has been used as a tool to support the communication between
the pertormer and the audience. It became a very imporiant component of
theatrical language. Due fo this imporiance, stage has been always dynamic to
experience and improve the effects of light on audience. Thus, a large amount of

knowledge is accumulated about the usage of light for the benefit of the

performance.

light is a very important element of architectural design as well. To state this
importance, le Corbusier {1970) says that "Architecture is the masterly correct,
and magniticent play of masses brought together in light'. Today, also the
influence of lighting is obvious on the human perception of the environmeni. In
architecture, giving the light same function as in stage lighting, will clear that
there are many similarities between architectural lighting and stage lighting.
Consequently, methodological and technological transitions from stage lighting 1o

architectural lighting are highly possible.

The purpose of this study is to analyze the stage lighting, and its methodological
and lechnolegical infiuence on architectural lighting. Considering the influence: «f
the historical developments on the contemporary ‘technology; in chapter two, the

technological and theoretical developments about stage lighting are analyzed



from the initial applications until the 20th century.

Third chapter explains the basic types, functions, and the contemporary stage
lighting techniques. Furthermore, the objectives of color and its usage in theater

are analyzed, and the effect of color on the audience is stated.

Fourth chapter, investigates the contemporary stage lighting equipment. In this
chapter, light sources, filters, lanterns and their control gear is studied in terms of

both technical properties and their effects on the scenery.

In the fifth chapter, similariies and the distinctions of stage lighting and
architectural lighting is  determined. The technological and methodological

transitions from stage lighting to architectural lighting are explained.



2 HISTORY OF STAGE LIGHTING

Ancient theater used to be performed outdoors. The classic theatron was built in
open air, usually on the hillside, and oriented so that the afternoon sunlight came
from behind the audience and flooded to the performing area. For the night
productions, torches were used fo illuminate both the auditorium and the
performing area. Roman theaters were also built outdoors, but they were covered
with a colored awning that diffused the sunlight. However, it is considered that the
history of stage lighting began when the performances moved indoors. According
to Brockett {1987] this transition occurred during the fifteenth century,  but

Stevens (1951) and Barber (1953) stafe that this  was during the sixteenth

century.

The stages of the 16th century had large aprons jutting out into the auditorium.
Stage doors were positioned at either sides of the proscenium. The scenery
behind the proscenium was consisted of flat, painted wings that can draw off
the grooves. At the far back there were o flat drop with a perspective painfing
(tig. 2.1). The play took place on the forestage, i.e., the actors were backed by

the scenery, but not surrounded by it (Nelson, 1975).

Main light sources were candles, oil lamps and torches that were in full view of
the audience [fig. 2.2). To illuminate the auditorium, candles positioned on
chandeliers were preferred due fo their agreeable odors. Frontal areas of the

stage were illuminated by the oil lamps that were consisted  of floating wicks in oil



and were called as footlights or floats (Brockett, 1987). Side lights, positioned in

the wings, were also used to increase the illumination level on the stage (Fig, 2.1}

The application of such lighting techniques were creating some problems. The
most common one was the headaches caused by locking into the apparent light
sources. It was not until the end of the 18th cenfury that all stage lighting
equipment was concealed from the view of the audience. Another problem was

haze, heat, and fumes that were caused by footlights and chandeliers (Brocket,

1987).

To increase the illumination level, parabolic or spherical reflectors made of mica
or polished metal basins were placed behind the light sources (Brockett, 1987).
Another important technological development was the introduction of ~ Argand
lamp in 1780 by Ami Agrand (fig. 2.3). It was consisted of an adjustable
cylindrical wick that enabled the adjustment of the relative proportions of il and
oxygen. Lafer a glass chimney was added to achieve a steady flame and brighter
source. Agrand lamp gave brighter light and less fumes compared to normal oil

lamps. It also brought an additional safety {Nelson, 1975].

Since the beginning of the stage lighting, different techniques were developed to
adjust the illumination level on the stage. The easiest way was to extinguish the
candles and il lamps, but it was difficult and awkward to light them up during
the play. Second method was to hang an empty tin cylinder {tig. 2.4) or scene
blind over the light source and dim the lights by lowering them (Brockett, 1987).
The third method was to position the light source over a reel and dim the light by
lurning it away from the visible part of stage. The last method used o dim the

footlights, was fo lower them info a conduit. These lights were called as sink lights

(Nelson, 1975).



(A) Footlights, (B) theater wall, (C) proscenium doors, (D) proscenium,
(E, F, and G) traps in the stage floor, (H, I) grooves in floor for shutters,
and (K) wing lights. The wing lights (1,2) are upright posts , to which
is attached "tinned iron, forming two sides of a square, and movable
finges, and furnished with shelves to receive the lamps or candles.

Figure 2.1



2

Figure 2

Figure 2.3



Figure 2.4

Stage lighting at that time was more sophisticated than what it is thought. light
coloring was considered as an important effect. Sebastian Serlios is the first artist
who used colored liquids to produce colored light (Stevens, 1951). By the end of
the sixteenth century colored silk screens that were placed in front of the luminaries
were used and remained as a relevant method for a long time. Some innovative
methods were developed to change the color towards the end of eighteenth
century. After the introduction of Agrand lamp, the glass chimneys of the lamps
were linted, but this caused a decrease in the illumination (Eddy, 1990). William
Pyne describes some lighting effects on the stage in a book, published in 1823 in

which he states the usage of slained glass as a color filler (Nelson, 1975].

lavosier, the French scientist, that contributed the development of Agrand lamp,

describes a way to illuminate the spectacles in his "Notes for the Academy of



Sciences". He states that there are three objectives that must be fulfilled in lighting
the spectacle hall: to light the actor, to light the stage and the scenery, and 1o light
the spectator.  According to his opinion, it is not natural fo light the actors from
the botiom by the footlights and proposes to light them from sides and top. This
method has not been used due to the conventions about the footlights. He also
thought to hide the lights and point them towards the stage with parabolic and

ellipsoidal reflectors. They were the exact forerunners of stage luminaries used

today (Nelson, 1975).

Another important confemporary figure was Pierre Patte. He is the author of "Essay
on the Theatrical Architecture” published in 1782. He was concerned with the
safety in the theaters. He suggested that reflectored lamps with their increased
intensity and directionality could be moved from wings, to the side walls so that
they were placed further from the combustible scenery, and actors' costumes. He
proposed a small tin funnel to confrol smoke and provide ventilation. He also
opposed fo the footlights and suggested fo move them to the second, third and

fourth tiers of the stage boxes (Nelson, 1975).

During the sixteen, seventeen and eighteen centuries, stage lighting was a slatic
medium due tfo the technological limitations. It was in the form of general
illumination of the stage and the surroundings (Barber, 1953). Theater people
were always thinking to find ways to increase the intensity and to control the light.

However the usage of footlights was held as a strong convention  (Nelson,

1Q75).

Invention of gas lighting starled a new era in the history of stage lighling. The
technology of gas had invented and adopted as a light source by  William
Murdoch in England in 1792 and it was applied to theater at the beginning of

the ninefeenth century. However the fransition fo gas in lighting did not happen



immediately, because the gas mains were not installed widely before 1850.
(Encyclopedia Britanica). Consequently all theateis had to built their own gas

mains (Brockett, 1987).

By the help of gas lighting, an increased level, and control of illuminance was
achieved. It was supplying a steady brightness during the show. Moreover it was
not dripping wax on the audience and it was eliminating the wicks that had to be
frimmed during the show (Nelson, 1975]. The primer fixtures were the simple gas
burner. The yellow light of the flame was the source of illumination (Encyclopedia
Britanica). They were placed together as rows that were equipped with reflectors

to control the light direction (fig. 2.5).

Higher level of illumination was achieved by the invention of the limelight in 1816
by Thomas Durmond (fig. 2.6]. This burner was mixing oxygen and hydrogen
with coal gas and directing this mixture towards a block of lime fo heat it to give
out a strong and pleasing light. However, it was difficult to manage and each
one required an operator. By placing this system inside a hood and adapting a

lens, limelight became the ancestor of the modern spot light (Brockett, 1987).

Adapting gas lighting to theaters enabled to place the lights to the places that
were hard fo reach. Moreover it became possible to change the illumination level
by adjusting the gas flow by the help of gas taps. In the beginning, those taps
were separate from each other. By arranging them together, it became possible
to adjust the gas flow remotely by one operator. This instrument was called gas

table and considered as the forerunner of the modern control boards (tig. 2.7)

(Brockett, 1987).



Details of gas battens used in the flies of theaters; (1) an iron batten
with its burners, (2) a section of this batten, and (3) a nnovable conical
box with its burner and reflector.

Figure 2.5

Figure 2.6
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Figure 2.7

Colored light was achieved by placing tinted silk screens or tinted glass panels in
front of burners (Right, 1958). By the help of mechanical devices, the color filters

were changed remotely. F~owever this application had a limited capacity for

different colors (Barber, 1953).

Gas lighting had its disadvantages as well as its advantages. First of all, the fire
risk was increased due to the failures at the fittings. The oxygen consumption was
excessive, and unpleasant fumes and heat were creating a problem (Brockett,
1987). Philip Barber (1953) cites that" At the end of a three hour performance
the oxygen in the auditorium and on the stage was almost exhausted, and
attempts to provide ventilation involved dangerous drafts that increased the fire

hazard". Although gas lighting had all the above disadvantages it was accepted

extensively.



The developments in gas lighting and their adaptation to theater, made the stage
lighting a dynamic medium. The meaning of stage lighting enhanced from general
illumination of the stage, to specific illumination of different scenes.  Llimelight
enabled to concentrate the attention of the audience in one point by a beam of
light (Barber, 1953). Moreover realism increased by the proper usage of higher
illumination level generated by fimelights. This increase in illumination level also

effected architecture: increase in visibility allowed to build larger theaters (Brocket,

1987).

Another important development was the invention of the arc light by Sir Humphry
Davy in 1808. Due fo the lack of safisfactory electric supplies it did not gain a
great acceptance until 1840 for general illumination. It was first used In 1846 in
Paris Opera fo create the effect of a rising sun  (Brockett, 1987).Arc light was
used to imitate the sunlight or moonlight and it was also the main light source of
the projection devices. The hood of early arc spots was made of teak that was
lined by asbestos [fig. 2.8). There were shutters placed in between the lens and
the carbon rods, used to dim the light. However one man had to confrol each

carbon arc to dim and to adjust the clearances between two carbon rods.

(Bentham, 1980).

Invention of the incandescent lamp by Thomas Edison in 1879 is a very important
evolution in stage lighting. This invention marks the beginning of modern stage
lighting. According to the Encyclopedia Britanica, Paris Opera was the first
theater that introduced this new system. However, Bentham{1980] states that, it
was first installed in the Savoy Theater in london in 1881. On the other hand

Stevens [1953) says that " It was first installed in the U.S.A. and soon after in

Fngland (about 1881) ".



Figure 2.8

However, the application at the Savoy Theater in London was the most significant
one, because it was the first theater that was completely lighted by electricity. The
interesting aspect of this application was the usage of six dimmers to control the
intensity of electric lamps (Bentham, 1980). Even though the illumination level of
the electric lamps was not very much different from the gaslight sources, it was

widely accepted, because electric lighting was much cooler than gas lighting that

reduced the fire risk (Stevens, 1951).

Early forms of electric lighting elements were still having the conventions of gas
lighting. The main reason was, the carbon filamented lamps were unable to give
brighter light than gas lights. To be able to achieve a desired level of illuminance
on the stage electric lanterns was used in a series battens of bare bulbs. These
battens were also called "floats" or footlights. Later on by the additional reflector,

efficiency of those battens increased and they supplied better illumination

(Bentham, 1980).



Increase in the light intensity is achieved by the developments in bulb design and
filament material. These technological developments affected the design of the
lanterns. Earliest incandescent spoilights is developed by louis Hartmann. It is
equipped with a planoconvex lens and a spherical reflector (fig. 2.9). These
lanterns were very big and bulky, due to the large size lamps that needed big
lenses. However they became the first practical FOH lights and they were used
instead of footlights. Application of fresnel lens improved the optical system, and
fresnel spotlight [fig. 2.10) became an important element of stage lighting.
Different reflectors and optical systems were also improved the light intensity and
light control. Introduction of the ellipsoidal spotflight made the greatest change on
the spoflights (fig. 2.11). Technological developments lead to powerful light

source in a smaller hood that increased the flexibility of lighting (Nelson, 1975].

Figure 2.9



Figure 2.10

Figure 2. 11



As stated above, since the beginning of the electric stage lighting, dimmers were
used. The earliest dimmers were mechunically controlled using the principle of
gefting the electricity through a partially conducting liquid. It was possible to
achieve very smooth dimming, but the maintenance was a problem (Wolf, 1987).
However this early system was too big and all dimmer equipment had to be
placed at the basement of the theater. They were controlled from the first floor by

some wire, pulley, and lever system (Gillette, 1987).

Progressing technology lead to the development of new dimmers. After the liquid
dimmers, saturable core dimmers took place. Later on auto transformers applied to
the dimmers. But these dimmers were very big and the main dimming equipment
was still had to be kept in the basement and the conirol equipment was  still
consisted of wire pulley system (Gillette, 1987). Developments on the dimmer
technology in United States lead to a compact solution. Small resistance dimmers
mounted at the back of the main confrol panel lead to very compact design
comparing fo ifs competitors. This systfem could be placed easily where ever it
was desired (Bentham, 1980). later on electromechanic means was abandoned

and the developments in electronic technology enabled compact solutions such as

silicon controlled rectitiers (SCR).

After the introduction of electric lighting, many different methods has been tried to
color the light. Sir Henry Irving fried to paint the bulbs by transparent paints
(Encyclopedia Britanica). Later on, Mariano Fortuny directed light sources towards
colored silk panels (Brocket, 1983). In the early 1920's Adrian Samolioff also
fried to paint the bulbs. Due fo increased wattage, the paint bumed and the color
spoiled (Bentham, 1980). Since the end of seventeenth century colored glass
filters were always in fashion. However, they were fragile and had o limited color
range. The spectrum of colors increased by the invention of the sheet gelatin filters

in late 1800's. These filtlers had about 75 different tints and they became very

16



popular. Gelatin fillers were easy to produce, cheap, and had good light
fransmission properties. Moreover, they were affected from moisture and heat
(Eddy, 1990). Consequently filter technology has grown more rapidly in the last
40 years and the problem of high temperature has been solved by the application

of sheet polyester and sheet polycarbonate as filtering elements (Eddy, 19%0).

At the beginning of the century stage lighting was considered as floodlighting the
stage. The lighting instruments were sfill placed as footlights in front, striplights at
the top and borderlights at the sides of the proscenium as the days of gas lighting.
Even in the late twenties and early thirties this did not change. [Bentham, 1980).
But later on introduction of powerful spotlights wiped out the footlights and the
conventions related to them. It became possible to illuminate the stage from each
side of the proscenium arch, and also from the auditorium. The sense of volume of
the stage increased by hanging the spois so that they can provide back lighting
(Encyclopedia Britanica). The baroque concept of painting the decor with deep
dyed paints changed as painting the decor with colored light (Brocket, 1987).
Attempts to change painted scenery with projected effects has been studied in the
beginning of the 20th century by D'yberry Fitsch. Afterwards, projected scenery

became one of the most important features of stage and sfage lighting design.

As it is stated above, developments in the technology always lead to the
perfection of the equipment and the techniques. This does not mean that a new
invention or innovation sweeped the older technology. The transition always took
a long time and usually the old technology has used along with the new one. For
example an old liquid dimmer is still functioning when the Aldwych theater was
bought by Royal  Shakespeare Theater in 1960 (Bentham, 1980). Every

development in the field opened new horizons to the creativily of the designer.



3 FUNDAMENTALS OF STAGE LIGHTING

Theater is an environment that is a microcosm of life where the players are the
visual representations of real people and the stage is the visual representation of
the world. Actors and the scenery are the main elements of this dramatic
environment. True manipulation of these elements brings up the message that is
conveyed tfo the audience. lighting plays a very important role in this action; it
unifies the whole field of visual expressions. It is a changing medium that
reinforces the action, sustains the mood, and focuses the attention of the audience.
The analysis of the main components and functions of stage lighting will state the

importance of the theme.

3.1 TYPES OF STAGE LIGHTING

According to the type of stage sefting, there are two types of stage lighting

methods: traditional stage lighting and modern stage lighting.

Traditional stage lighting is used for the pictorial stageset (fig. 3.1} that is used
since the medieval theater. The background is consisted of flat drops and wings,
on which the architecture, fumiture including the tables and chairs are painted
with heavy shadows and exaggerated perspective. To clarity the image, the

scenery is painted in very strong and brilliant colors, due to the low illumination

level of the past (Nelson, 1975).



Figure 3.1

Lighting is difficult for this kind of stage that needs sufficient illumination for both
the scenery and the performing actors; i.e., the setup should provide sufficient light
both for two dimensional and three dimensional media. If the lighting design is set
according to the flat scenery (strong front lighting), due to the loss of shadows the
actors will sweep off the stage and become two dimensional. Consequently, this
reduces the communication between the actor and the audience. During the
recent times, to sustain the communication and to enhance the facial expressions,
performers used to wear grotesquely heavy make up. To support the sense of
three dimensionality, two different lighting types are used, one for the performers

and one for the flat scenery. The flat scenery has to be accurately lit with soft and

19



diffused light that should stop in between the wings. The performers have to be

lighted by directional, and hard edged light, to create some shadows (Vanni,

1991).

The three dimensional lighting approach is developed by Adolphe Appia (1862 -
1928) who analyzed the problems and the failures of the traditional theatrical
production. He came up with the revolutionary ideas that the stage presentation
involves three conflicting visual elements: the moving three dimensional performer,
two dimensional perpendicular scenery and horizontal floor. He figured that two
dimensional scenery were creating a disunity, and changed it with three
dimensional solid elements. Moreover he emphasized the role of light in

combining all the visual elements as a unified whole (Brocket, 1987).

In this type of lighting, as there is not a back scenery, one creates the stage effect
through lighting. It is possible to use stronger light sources when the stage is made
of solid elements. Manipulation of light and shadow enhances the feeling of depth
and space. This type is easier than fraditional one, because there is only one type
of light that is used for lighting. In decoration, pastel tones are preferred, because
the designer paints the objects and the performers with colored light. In bold
oufline modern lighting can be described in terms of square consisting of a bright

pattern of strong backlight, paths of strong cross light and the necessary light from

the front (Vanni, 1991).
3.2 FUNCTIONS OF STAGE LIGHTING
Proper lighting. increases the audience's understanding and appreciation of the

play. It also extends beyond visibility to the achievement of the artistic

composition, production of atmosphere effects, and the revelation of forms. These

20



functions result from the true manipulation of the different qualities of light:

distribution, intensity, movement, and color.

3.2.1 ILLUMINATION

Visibility is the basic function of stage lighting. In theatrical performances the
communication between the actor and the audience is dependent on sound and
sight. Apart from voice, the complete body and especially the face is the main
communication means of a performer. To sustain a communication, perforrners
must be visible (Reid, 1987). To achieve a good level of visibility there must be
sufficient level of illumination on the stage. The term sufficient illumination refers to

a comfortable level between excessive light and under lighting without a strain or

glare.

One of the factor that effects the visibility is the place of the spectator. Unless the
auditorium is very small, it is hard fo provide the sufticient visibility for each
person. If there is enough visibility for the front row, there will be insufficient for the
back rows. If there will be enough light for the back rows, the scene will be
overbright for the front rows. Another factor that is effecting the level of visibility is
the eye adaptation to the changes fo the intensity of light. Therefore the required
light depends on the light intensity of the previous scenery. As an example, it is
difficult to see a very infimate scenery after very strong house lights or it is tiring to

look to a very bright scenery alter an intimate one.

We cannot define visibility as a fixed degree of brightness or an established
angle of distribution. Since the visibility is affected by the contrast, taking away
the light source from the visual field ends with the greater tocus and greater acuity
(Fisher, 1974). In most performing shows the aclors move, and the attention of the

audience shift to differing parts of the stage. However, in cinema or television, if

21 .



is easy to focus the attention by just zooming on the subject. In theater, lighting
designer can force the audience by manipulating the human instinct of directing

the attention to the brighter areas (fig. 3.2). That is called selective visibility.

Figure 3.2

3.2.2 REVELATION OF FORM

As stated before, in the traditional proscenium type theater there is a tendency for
the scenery to be perceived in dimensions (height and width). The third dimension
is present, but not perceptible. This effect is reinforced by the increased size of the
auditoriums, which leads the scene look flat for the spectator seated further from
the stage. This effect is one of the reasons to seek for alternative theater forms like

theater with thrust stage or theater in the round (Reid, 1987).

Modern stage has a great potential to stress the three dimensionalit/. The director

uses different techniques to reinforce the depth. The elements of the scenery can
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be placed in a manner to reinforce the three dimensionality or the director con
place the performers in several levels that emphasizes the depth. Texture or color
can also be used to emphasize the three dimensionally. However lighting
designer can easily Kill these attempts and make the scene look flat by pumping

light from the horizon line (fig 3.3) (Reid, 1987).

Figure 3.3

To reveal a form modeling is an essential factor used by the lighting designer (fig.
3.4). Modeling is a pattern of highlight and shadow that is reflected from the
object to eye. To achieve this, different qualities of light are used. These qualities
are direction, distribution, movement and color. Within those qualities, direction is

the most important among others to sustain highlight and shadow.

True manipulation of each element of the pattern and the combination of different
patterns enhances the depth perceived by the audience (Gillette, 1987). This
combination should be created so that the actors must not be lost in the scenery.
As a result the actors and the scenery must be properly lit with a three dimensional

relationship to each other (Reid, 1987). <
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Figure 3.4

3.2.3 ATMOSPHERE

The most lascinating use of light is its ability to influence the mental state of the
audience. Ffie term atmosphere refers to a wide range of situations that can vaiy

from the expression of time and space, to certain emotions that are conveyed to

spectator (Reid, 1987).
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The concept of time in theater can refer from the exact representation of a specific
moment in a day, fo the feeling of a season. In that manner nature provide a very
good example that must be observed carefully. The observation of the behavior of

the light in nature provides clues that should be carried to stage lighting

(Encyclopedia Britanical).

Mood can be explained as creating the desired dramatic effect. In that manner
light can help fo control whether the audience should feel happy or sad, extrovert
or withdrawn, aggressive or submissive. It is a very important function of stage
lighting that must function in harmony with other functions. Consequently, lighting
designer must be very careful while establishing a mood. As an example the

outcome of that specific dramatic effect must not disregard the illumination

function.

3.3 LIGHTING LOCATIONS

The real problematic part of stage lighting is where the lights are placed, what
they are pointed af, and how the beams are adjusted. It is the placing and the
pointing  decisions that are the creative part of the realizing lighting concept.
However those creative ideas are very much dependent upon the available
lighting locations in the theater house. More or less the locations determine the
flexibility of the designer in its creative process.

The proscenium theater offers many possibilities for varying the angle and the
direction of a light source (fig. 3.5). Basically there are two groups of locations:
locations in front of the proscenium and locations behind the proscenium. The
three  dimensional approach 1o lighting, developed within the confines of the

proscenium stage; it is also valid for the thrust or arena stage.
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1. Ceiling beams or ports, 2: Box booms or coves, 3; Balcony front or

balcony rail, 4. Apron or footlights, 5: First electric or bridge, 6:

Boom, 7: Second electric (mid stage backlight position), 8: Ladder, 9

Third electric (backdrop or cyclorama lighting), 10; Cyclorama base

or horizon lights, 11: Translucent drop backlight, 12: Followspot.

Figure 3.5
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3.3.1 LOCATIONS IN FRONT OF THE PROSCENIUM OPENING

As it is cited by Davis, 1975, first siage lighting theories are generated by
Stanley McCandless who wrote "A Method of lighting the Stage" in 1932. This
book has became the fundamental text for the explanation of stage lighting
functions, especially for the ones done in front of the house locations {Davis,
1975). There are five lighting locations in front of the proscenium: luminaries in
the auditorium ceiling, luminaries in the auditorium and proscenium sidewalls,
luminaries on the balcony front, the follow spot booth and the edge of stage

apron {IES Lighting Handbook, Application Volume, 1987).

The luminaries that are positioned on the auditorium ceiling are used for the basic
purposes of lighting the down stage area. McCandless' confribution was to
theorize that the ideal placement of a light for any actor was along the diagonal
of a cube with the actor's face at one comer and the light at the opposite comer
(figure 3.6). According to his theory two lights are necessary for balance, one
usually in a dominant, warm tone, the other in a cool shadow tone. This results
with a face rendered by fill light on one side, and a key light on the on the
opposite side. This slight difference in color and intensity increases the visibility
and form revelation. larger areas can be covered by increasing the number of

cube patterns. The result is even light cover of the area [figure 3.7} (Davis, 1975).

However, McCandless' magic angle of 45°, is not the one and the only solution
for the front of the house locations. Ditferent angles and difterent locations are
necessary according to the task. Higher angles are necessary for the sceneries
with litlle depth (tig. 3.8). This technique is also used to keep the projections and
light colored scenery in dark. Higher angles are also essential for redlistic eftects

of strong sunlight or moonlight {Davis, 1975].
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Figure 3.6




Figure 3.8

On the other hand, lower angles are used for comedy, where a shadowless light
is necessary without the problem of illuminated scenery. Another possible usage
of low angle is the need to get under some obstructions like ceiling, foliage, or

any other scenic element that can cut off the light from every other position (fig.

3.9) (Davis, 1975).

Each luminaire that is placed on the auditorium ceiling should provide a clearly
defined light beam pattern that can be adjusted to prevent light spill onto
adjacent areas. Due their precise beam control, ellipsoidal reflectored spotlights
equipped with shutiers, are ideal luminaries for that purpose. These spotlights are
best located in continuos slot stretching across the ceiling from one side wall o the

other wall (IES lighting Handbook, Application Volume, 1987).



Figure 3.9

Box booms are vertical pipes located on the sidewalls of the auditorium {fig.
3.10). luminaries located on the box booms are in use mainly as a supplement to
the ceiling spotlights. They are essential locations to light the shallow stages
without spilling on  the scenery. These locations are widely used in Broadway
since 1920's (Davis, 1975). The reason is the lack of frontlighting positions.
Depending on the position and the number of the booms, they provide a great
range of lighting angles with excellent opportunity of sidelighting. Each boom can
carry up fo sixteen lamps. Ellipsoidal spoflights are also preferred in these

locations due to their precise of beam control.
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Figure 3.10

In most cases the lights on the auditorium ceiling and on box booms provide
effective front lighting. However, in old theaters, ceiling locations are not always
available. In this case most of the front lighting is supplied from balcony front and

the box booms, but sufficient attention must be paid where shadows fall (Nuckolls,

1Q76).

However, in some cases the locations on the balcony front are necessary fo
provide low angled soft wash of fill light. Flashy, bright musicals need the extra
power of balcony rail lights. In this case, as there is only a slight vertical angle, it

tends to wash out neutral facial characteristics and cast shadows on the scenery

(Davis, 1975).

Balcony front is an ideal location fo place the projection devices or any essential

device for multimedia performances (fig. 3.11). However, proper access to the
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instruments is necessary to focus or to change the projection media. Drops or any
scenic elements in the first few meters are usually lit by the lights located on the
balcony rail, but the beam must be shuttered carefully {fig. 3.12). At the
beginning of the show, the stage curtain is illuminated by the spotlights (curtain

warmers) in this location (Davis 1975).

Follow spots are used to highlight selected performers. They are sfrong lights
equipped with beam adjusting accessories. Lights from these positions are useful
to focus the attention of the audience. However, they create a strong shadow on

the scenery (fig. 3.13). These positions are generally used on Broadway shows

(Parker, 1990).

Figure 3.11
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lights in front of the stage apron are a set of colored striplights that are
carryover from gas lighting. They are successful in lighting the painted wing and
border scenery, at the sacrifice of naturalism. Footlights are used to soften face
shadow cast by overhead luminaries, but they create a big and heavy shadow on

the back scenery (fig. 3.14).

Figure 3.14

3.3.2 LOCATIONS BEHIND THE PROSCENIUM OPENING

There are two main locations behind the proscenium opening: overhead, and

wing, locations. Each location has also its own subdocations that produce difterent

illumination qualities on the stage.

Overhead locations are consisted of parallel rows of luminaries that are

suspended from the ceiling of the proscenium. The first row, embodies the greatest
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number of luminaries, carries a great number of fresnel spotlights and ellipsoidal
spotlights. They confribute the tonal qudlity of the stage by providing sufficient
diffused top lighting. These lights must be used carefully, because one can lose all

the three dimensional representation (IES Lighting Handbook, Application Volume,

1987).

locations at the second or third rows can be employed to define the actor by
backlighting. Backlighting is a carryover from television fo theater. It separates the
actor from back scenery and adds an odditional depth fo the stage composition
through creating a haze around the actor (fig. 3.15). By the help of backlighting
the lighting designer can increase the illumination of the stage behind the actor.
When it is properly done the actor is observed as he is etched from the
background. It is desirable to use a narrow beam luminaire, but additional care

must be employed fo keep the light shining from the first rows of audience {Parker,

1990).

Cyclorama and any kind of drops lighted from overhead locations. Backings can
be greater proportions, for example a section of exterior seen that might contain
groundrows of distant hills or hedges and a section of sky. In these cases large
vertical surfaces (backdrops) and cycloramas are used. The purpose is to create
the illusion of speciousness, i.e., to enhance the visual limits of the stage. Such
backings require greater attention for light distribution and color.  Shadows
generated by furiture or actors can create problem in backdrop lighting (tig.
3.16). The best solution is to change the direction of the luminaire that is creating

the shadow, but is not always possible. Another solution is strong and diffused

wallwash (Parker, 1990).

Cyclorama lights must be long enough to cover the whole visible backing. As the

illuminance level must be at least double of the other borderlights, it is illuminated
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by rows of high wattage instruments. (IES lighting Handbook, Application Volume,
1987).

Figure 3.15

Figure 3.16
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Sidelighting provides an additional flexibility when it is used with front lighting (fig.
3.17). There are two main sides lighting locations: on suspended three or four
rung ladders or vertical side booms parallel to the apron with a variety of vertical
angles. lights from these positions provide increased modeling and visibility. They
are used to add colored highlight to both scenery and actors. Another possible
usage is to clear the unwanted shadows on the scenery. In addition, dramatic

effects can be established by sirong side lighting (Parker, 1990).

Figure 3.17



3.4 COLORED LIGHT IN STAGE LIGHTING

Stage lighting has a rich history of colored light application. Theater designers
have long studied the issues of additive and subtractive color mixing, and the
effects of colored light on scenery. However, among all the variables in stage
lighting, color is probably the most difficult to control. There is no problem in
coloring a single beam, but the difficulty arises in predicting the total additive
effect of mixing several beams that are hitting a particular part of the stage from

series of angles (Reid, 1987).

There are the two methods of mixing the color of light: additive color mixing and
subtractive color mixing. While both methods affect hue changes, additive mixing

also alters value, and subtractive mixing modifies chroma (Parker and Wolf,

19Q0).

When several individual hues are fransmitted to the eye, added together, and
interpreted by the brain, the process is called additive mixing. This can be seen in
the medium of great impressionist painters, such as Monet and Suerat. A small
patch of uniform fone is made up of many different colored tiny dofs (Kruger,
1989). In the same manner white light is a mixture of all colors in the spectrum.
The additive mixing of three primary hues produces secondary hues and synthetic
white light (fig. 18). It is interesiing fo realize that the huves in tigure 18 are not
created on the projection surface, but they are the result of the stimulated retinal
cones by different hues that the brain interprets as another hue. This phenomenon

occurs when two or more hues are additively mixed to each other (Gillette,

198/).

The other way to achieve colored light is subtractive mixing. When light passes

through any kind of filtering material, (i.e., glass, plastic) a-certain portion of the
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spectrum is absorbed or reflected back. Colored filter functions in the same way,
it allows only the wavelengths of light that correspond to its own color to pass (fig.
3.19). All other light is either absorbed and converted to heat, or reflected back.
As a result, subtractive color mixing reduces the intensity of the output of the source

(Gillette, 1987).

There are different reasons of using colored light on stage. Stage lights in their
uncolored state, and close to full intensity, are relatively bright and harsh. They
bleach any color out on the scenery, costumes, and makeup. To maintain the
palettes of scenic and costume designers, compatible colored light is used.
Another reason is to reinforce or change the mood of the scene; normally the
scene is reinforced by light, but proper color selection will enhance this effect.
Colored light is also used tfo increase the revelation ot the form. Choice of two
complementary colors striking to a three dimensional object (such as an actor's

face) from different angles will gradually mix towards white by revealing the face

(fig. 3.20] (Parker and Wolf, 1990}
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People react to color. This response is usually subtle and subconscious. There are
many experiments done to about the psychological effects of color. It is found that
there are demonstrable perceptual impressions of color applications that can affect
the experiences of the people. In theater, there are some accepted color schemes
that are the practical feedback of 500 years of theater history, Appendix (A)

ilustrate examples of these schemes.

As stated, mixing of complementary hues creates white light. However the
discussion about additive color mixing, is thought with fully saturated hues. In
theater, use of fully saturated hues are limited due fo their adverse effects on
costume designer's and scenic designer's paleftes. To overcome this problem,
complementary hues of low chroma are frequently used. The pigments enhanced
by white light is produced by additive mixing of low chroma hues. These low
saturation hues emphasize relatively narrow portion of the spectrum, although there
is sfill a large portion of white light in the mix. The white surface reflects back
those hues as well as white light fo the eye. If those low saturated hues are
complementary, brain interprets the mixture as white light. However the cones are
more strongly stimulated by the complementary colors, than they would be with
plain light, and the brain interprets this stronger color stimulation as a richer and

more vibrant color mix (Gillette, 1987).

Although the understanding of laws of physics that govern the mixing of colors very

helpful in using the color in theater, the real understanding of the nature and the

application potentials of color can only be emphasized by experimentation.



4 EQUIPMENT USED FOR STAGE LIGHTING

After deciding about the lighting design, the nexi step is to select the equipment
that is appropriate fo the needs. The lighting designer must always go through a
process of maiching the known instrument capabilities with the specific
requirements of the design. Mostly the available installations are not sufficient to
realize some complex layouts. In this case, it is essential to know the physical
characteristics of different equipment and how and when fo use them fo best

advantage. In the proceeding sections of this chapter a brief information on the

theater lighting equipment will be given.

4.1 LIGHT SOURCES

As stated in the second chapter, the invention of tungsten filament lamps opened
a new era in slage lighting. Due to their ease of dimming and satety they became
very popular. On the other hand incandescent lamp is one of the most inefticient

tool to produce light. They convert around fen per cent of the energy, o light.

The pertect light source for stage lighting should be a point source in dimension. Ii
should have the brightness of the sun and can be dimmed easily. Heat is also
another problem. The unnecessary intared portions of the energy spectrum causes

overheating problems like bulb and filter burnout's. Consequently, a light souice



that emits litle or no infrared portion of the energy spectrum is desirable. As it is
very important to get the infended color, a properly balanced color rendering
property is vital for an ideal light source (Watson, 1990). Today there are several
aftempts to achieve the factors that are listed above. Improvements in tlorescent
lamp control, smaller filament design, and small sources like tungsten halogen,
metallogen (hydrargyrum-medium iodides (HMI)} and other short arc sources are

the technological developments made fo achieve an ideal light source for the use

in theater (Loeftler, 1989).

Generally there are four groups of lamps that are used in stage lighting. They
are: tungsten incandescent lamps, quartz tungstenthalogen lamps, gas discharge

lamps and arc lamps.

The first group is incandescent lamps that are in use since the recent fimes of
electrical stage lighting. Those are the very big domestic lamps produced in
higher wattage (Bentham, 1980). They have shoit life-cycles with decreasing light
output. The reason is the evaporated tungsten deposit on the cooler glass
envelope. Consequently, the bulb darkens and that causes a decrease in light
output [Parker and Wolf, 1990). When they are full on, they produce light around
2800 K. Due fo their size the fixtures that are designed for them are very big,
and hard to control. However they lost their popularity, due to their size and

inefficient light production comparing to new technology lamps.

The second group is quariz halogen lamps. In principle, quartz halogen lamps
and the incandescence lamps are the same, they produce light by a glowing
filament. The main difference is their inert gas; quaitz halogen lamps are ineited
with halogen or a chemically aclive gas 1o sustain the halogen cycle. Due 1o this
halogen cycle, there would nol be any carbon deposit inside the bulb and the

filament is always replenished. As a result, the lamp gives constant light output
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throughout its life span that is longer than conventional incandescent lamps. As the
reaction between the tungsten particles and the halogen gas requires very high
temperatures, the glass envelope is made of quartz and small in size. Due to high
operating temperature, fungsten halogen lamp produces light between 3050K to

3200K that is different from conventional incandescent lamps (Pollock, 1985).

The third group is gas discharge lamps. There are two types of gas discharge

lamps used in stage lighting: low pressure gas-discharge lamps and high-pressure

gas discharge lamps.

Fluorescent lamp is a low pressure gas discharge source. The inner walls of the
tube are coated with fluorescent powders. light is produced by fluorescent
powders, activated by ultraviolet energy that is generated by a mercury arc. It is
used in series with a current limiting device that is called ballast. Fluorescent
lamps are cool and efficient light sources they reach fo their maximum light output
around 38 C°. Itis possible to dim them by special dimmers along with special
ballasts (IES lighting Handbook, 1984). There are different white and colored
fluorescent lamps with different spectral power distribution. Their color temperature

varies from 2700K to 6500K.

Fluorescent lamps are not compact and they do not have wide usage in theater.
They are only used for the scenes where a soft and even light wash is necessary
for the cyclorama. However, almost all color can be obtained by three-color
fluorescent cyclorama lighting system that produces the thiee primary colors, as
well as white light, with its dimmer controls ({lemons, 1974). Eventhough the
fluorescent lights have a limited usage in theater; they are widely used in

television since 1940's (Hazirjian, 1993,
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Metal Halide lamps are high intensity gas discharge lamps. Light is produced by
an electric curient that passes through vaporized mercury, argon and some metal
halides. These lamps need a ballast to start and continue their operation. It is
possible to dim Metal Halide lamps with a complex and expensive ballast.
Generally they produce discontinuous light spectrum, but improved color balance
can be produced by combining different elements that radiate in various regions
of the spectrum (Loeffler, 1989). They are used to where a strong and directional
light is needed. Metal Halide lamps are used to light such areas as stadiums and
arenas, providing light levels and color quality suitable for televising
performances. They also have the capabilities of providing "daylight fill* for movie

and television productions.

The last group of lamps are arc lamps. They are the oldest family of light sources.
There are two main groups of arc lamps: carbon arc and short arc lamps. Carbon
arc was the first eleciric light sources. It is consisted of two carbon rods that are
brought together to fouch each other, and immediately separated by a short
distance. A white hot spot is obtained on the positive electrode that is the source
of light. Carbon arcs produce very bright and white light, but  their carbon rods
should be replaced very often (every hour). These lights can only be dimmed
mechanically by the help of shutters or an iris that can be operated manually or

remotely. Eventhough the light itself is small, the equipment needed to handle it, is

very big and bulky (Bentham, 1980).

Short arc lamps combine the high efficacy of carbon arcs with easy maintenance
and clean usage of conventional lamps. They are consisted of two electrodes that
are placed inside a quartz envelope that is filled with xenon or xenon-mercury
gas. These lamps are the closes light sources to point light source wilh high
luminance. Their color femperature is around 6O00K (IES Llighting Handbook,

1984). However, they can only be dimmed mechanically like carbon arcs. As an
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auxiliary, they need special and expensive ballast to start up. These light sources

are used in follow spots and projection devices (Schelling, 1979).

There is also another type of lamp that is based on the combinations of short arc
lamps and Metal Halide lamp technology that is called Compact Source lodide
(CSI) or hydrargyrum-medium iodides (HMI). This lamp is having the characteristics
of both groups. The arc is operated between two tungsten electrodes that are
placed into an ellipsoidal quartz envelope. It is filled with mercury, argon and
some elements to complete the light spectrum. HMI lamp is a powerful 