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Dramatic Space & Time

Introduction

I have been asked to speak today on the subject of "Scenography –Close-bounded with sound and light-design." Many years ago I started teaching about the importance of the complementary relationship between sight and sound in the perception of the dramatic experience. One day while discussing this relationship, it suddenly dawned on me that the relationship I was describing seemed very similar to Einstein’s Special Theory of Relativity. This was unusual since I knew absolutely nothing about Einstein’s Special Theory of Relativity. Naturally this did not stop me from developing the analogy in my lectures.

Today’s lecture has given me a new opportunity to investigate Einstein’s discoveries, and I’m happy to say that after much study, I’m not much closer to a concrete understanding of his work than when I started. Fortunately, my lack of a definitive understanding will still not keep me from developing this analogy for you today. It is worth noting, I think, that Einstein himself preferred the more humanistic, empirical method of coming to the limited understanding of the nature of the universe to which we are privileged, and specifically suggested:

 “Since the mathematicians have invaded the theory of relativity, I do not understand it myself anymore [Schilp].”

There are remarkable similarities between Einstein’s theory, and the nature of the dramatic experience. In today’s discussion, I will first discuss Einstein’s special theory of relativity. I will then develop a simple analogy that relates Einstein’s theory to the dramatic experience. Finally, I will expand Einstein’s discoveries about space and time into a model of the dramatic experience, which I will call “The Dramatic e = mc2.” From this discussion, I hope to be able to draw a conclusion that helps us understand the critical relationship between sight, sound and scenography in creating the dramatic experience. Hopefully we will come to a better understanding of just how “closely bounded” sound and lighting are to scenography.

Einstein’s Special Theory of Relativity

Einstein’s developed his special theory of relativity out of one of his famous “thought experiments:

 “Downtown Bern, Switzerland. If you are moving away from a clock and look back at it, the light you see must catch up with you. If your motion is near the speed of light, the clock you see will be slow. Einstein recognized in this a clue to the flexibility of time itself [Weirt, /ae15.htm].”

Einstein discovered that “two different observers moving relative to each other, each measuring the speed of the same blob of light relative to himself, will both get c, even if their relative motion is in the same direction as the motion of the blob of light [Fowler, /srelwhat.html].”

Einstein’s theory demonstrated that time itself was relative, and Einstein himself predicted that the implications of his special theory of relativity included the possibility of travel through time:

"The relativistic analogy can be carried to its logical end. Since time begins to slow down with higher speeds, it can be shown that at the speed of light it stops totally and beyond that begins to run backwards! Similarly, matter having contracted more and more, ultimately vanishes. But beyond the speed of light it is difficult to imagine negative matter with infinite mass. [Bhachu]”

Einstein believed that 186,300 miles per second was the upper limiting velocity in the universe.
 [Bhachu] This upper velocity specifically relates distance and time so that the faster an object travels, the slower time progresses. If it were possible for an object to travel at this speed, time would stop. If it were possible for an object to travel faster, time would go backward. 

Imagine travelling on a space ship out into space at speeds close to the speed of light. Notice that from our vantage point inside the spaceship, we aren’t moving (as long as we are travelling at a constant speed), and the hands on our watches are ticking at normal intervals. However, upon returning to our starting place, we find that we have traveled far into the future of those left behind at our starting place [WGBH/NOVA, Time Travel, /through.html]! Now imagine if we were somehow able to selectively monitor the history of those left behind from our space ship. If we could somehow monitor events at many different places and switch between them, we could compress events in space and time, and watch them from our spaceship. We would be able observe events at our starting place specifically related to a time and place of our own choosing.

The Relationship between Physical Space and Time and Dramatic Space and time

But isn’t this exactly what happens in a theatrical production? Theatrical productions have transported audiences back and forth in space and time since the inception of drama itself!
 Consider, for example Shakespeare’s classic play Antony and Cleopatra. In Acts III and IV, Shakespeare transports the audience through 28 different locations over a period of three days! Is there a similarity between the time travel that Einstein speaks of and the time travel of a theatrical audience?

It is not too hard to imagine the similarities between the theatre and our imaginary spaceship: both lead their inhabitants to believe that they are not moving,
 and that time is passing normally. Both have an awareness of another world where time and events are compressed. The main difference is that theatre provides a window to this world; we are able to selectively experience events in this world, that would not be possible from the vantage point of our spaceship.

Einstein’s theory predicts that time travel is possible because velocity in the equation c = d/t is constant. If distance does not change, then clearly time must be variable. In theatre, this leaves us with an odd quandary: we know that we have not physically been transported to all of these times and places; but somehow, our memories record our experience of having been there! We are keenly aware of the paradox that we haven’t left our seats in the theatre, yet, somehow, we most certainly have left our seats and been transported vast distances through space and time. Already we suspect that “c” is a very important part of our theatre experience. Is there a way out of this paradox?

The Frame of Reference for a Theatre Audience 

A key component of general relativity is the “Frame of Reference.” Webster defines a frame of reference as “1: an arbitrary set of axes to which the position or motion of something is described or physical laws are formulated 2: a set or system (as of facts or ideas) serving to orient or give particular meaning” [Webster 332]

What is the frame of reference for a theatre audience? In the first definition above, the frame of reference is the physical theatre space itself. The audience shares this frame of reference with the cast, crew and other production personnel. In the physical frame of reference, the audience is aware of their discomfort with their seats, with the coughing sounds of the audience, with the linear time which all of the audience shares, referenced to their watches, that says that the performance will begin at 8:00 p.m., and conclude at 10:30.

But at the start of a performance, a very special thing happens: the lighting changes, the sound changes (as the audience quiets), and the production team immediately sets to work to change the frame of reference from a physical one, to a dramatic one. In this frame, the audience is transported to the dramatic setting of the play. They are soon made aware of how time functions in this world. The new frame of reference corresponds to Webster’s second definition: “a set or system (as of facts or ideas) serving to orient or give particular meaning.”  Traditionally, the exposition of the play provides this frame of reference. 

Simultaneously, the audience is faced with the paradox of two frames of reference: the first relative to the physical space and time, the second relative to the dramatic space and time. In the physical frame of reference, space and time are relative to an outside reference (e.g., clock). In the dramatic frame of reference, however, space and time are unique to each individual: for some members of the audience, time in the play passes quickly, as if mere seconds have elapsed. For others, time passes more slowly, as if more time has elapsed than the watch referenced to the physical frame indicates. This indeterminacy necessitates that one of the more important functions of the production team is to limit, or control the individual perception of space and time by the theatre audience. Notice how much more closely Dramatic Space and Time resembles Einstein’s understanding of time (i.e., it’s relativity) than the more commonly understood clock time!

We all know that plays somehow transport us back and forth in time; we have all experienced this phenomenon as audience members immersed in the action of a play. We might object, however, that our journey in dramatic space and time is not a form of time travel because this journey doesn’t really physically occur. But that is the essential nature of Einstein’s discovery: time is relative to each individual. Einstein was quite sure that this relativity embraced human perception when he explained

"Put your hand on a hot stove for a minute, and it seems like an hour. Sit with a pretty girl for an hour, and it seems like a minute. THAT'S relativity. [Judy, /relativity.html]" 

Einstein showed that this journey really did occur by proving the validity of the relativity of time to the individual. Our own brains concur with this conclusion, by providing us with our own unique memories of having somehow traveled through time to experience the drama! Remember our space traveler who left earth travelling close to the speed of light and then returned having aged much less than those left behind? This was possible because the traveler’s frame of reference was based on a different “c” than those left behind. Notice how changing the frame of reference for a theatre audience from a physical one to a dramatic one accomplishes the same function! We see now that the physical “c” is different than the dramatic “c”! In this way, the dramatic frame of reference of the play is similar to the world that is left behind by the traveler. The physical frame of reference (as experienced in either the spaceship or the theatre) compresses the time of the other world to a couple of hours duration.

We see now, that there exists a “c” in the dramatic experience that is similar to other constant c’s in the universe, such as the speed of light or electromagnetism. For lack of a better term, let us call this c the “speed of dramatic imagination.” Immediately we must understand that the speed of dramatic imagination is also a constant like the speed of light or electromagnetism.  Since it is a constant in the formula c = d/t, we can freely manipulate distance and time in our dramatic frame of reference! 

This “speed of dramatic imagination” by itself is useless, of course, unless we have something to communicate. In order for the audience to become immersed in the play, the production team must establish a dramatic frame of reference by manipulating more than time and space. It must use space and time to transform the physical mass of the theatre (e.g., the actors, setting, and costumes) to the dramatic mass of the imagination.  In order to understand the relationship of this c to the dramatic experience, we must draw an analogy to another Einstein discovery.

The Dramatic E=MC2
Let us begin by listening to Einstein describe the significance of his theory:

"It followed from the special theory of relativity that mass and energy are both but different manifestations of the same thing -- a somewhat unfamilar conception for the average mind. Furthermore, the equation E is equal to m c-squared, in which energy is put equal to mass, multiplied by the square of the velocity of light, showed that very small amounts of mass may be converted into a very large amount of energy and vice versa. The mass and energy were in fact equivalent, according to the formula mentioned before. This was demonstrated by Cockcroft and Walton in 1932, experimentally." 

Small amounts of mass are converted to large amounts of energy by moving and accelerating them in time. In Einstein’s theory of relativity, energy is mass in motion, it’s velocity determined by distance and time.

How does this principle apply to theatre? Certainly Einstein’s Special Theory of Relativity provided scientists with a new and important understanding of the universe, and the way the universe worked. To the degree that his theory proves true and accurate, we should find the theory to be no less applicable to our own metaphysical understanding of the universe, as we explore and develop it in art. In simple terms, we should expect to find an equivalence between energy, mass, distance and time in our dramatic experiences that follows Einstein’s special theory.

Einstein’s Theory applied to Dramatic Space and time

A simple inquiry into how Webster’s defines the terms “energy,” “mass,” and “velocity” leads us immediately to the same simple dramatic relationship: e = mc2.

E (energy, the life-force of the drama, or the vitality of dramatic expression): 

Webster’s defines energy as 1: vitality of expresssion 2: the capacity of acting 3: power forcefully exerted 4: the capacity for doing work [Webster 274]

All of the above definitions can be brought to bear on drama: dramatic ideas require a vitality of expression and a power forcefully exerted to command human interest. They reflect a capacity of acting and doing work that is unleashed on the theatre audience. Without this energy, dramatic ideas are inert, and cannot exist. 

In human existence, life itself is a form of energy, perhaps the greatest and most mysterious form of energy humans encounter. Our ability to comprehend this energy force of human existence has served as the basis for countless fields of human inquiry—religion, philosophy, and most importantly to our discussion here, dramatic art. Humans have always used dramatic art as a means to comprehend aspects of human existence that have defied the ability of pure science to explain. To explore these aspects of human existence, humans create their own life forces—plays, if you will—and in these plays the human condition is studied by experiencing a special life force that is created by the performers and the production team that somehow goes beyond mere imitation of life itself. For the brief period of time in which the performance exists, the audience is transported, and becomes a part of that new life force. The life force that exists between the performers and the audience in a specific (dramatic) space and time has all of the requirements of an organism as specified by Webster:

 “1: a complex structure of interdependent and subordinate elements whose relations and properties are largely determined by their function in the whole; 2: an individual constituted to carry on the activities of life by means of organs separate in function but mutually dependent [Webster, 594].”

The organism that exists in a performance is a manifestation of this dramatic energy. This energy (organism) only exists for the duration of the performance—it has never existed before the performance, and it ceases to exist the moment the performance ends. Every performance a new organism is born, lives a full life, and then dies, never to live again (although it might have a substantial number of siblings). It should come as no surprise then, that a simple formula for creating this energy involves the manipulation of mass in space and time, and a relationship between them that is in harmony with Einstein’s Special Theory of Relativity.

M (Mass: the physical entity of the drama: the inert actors, scenery, costumes, etc.) 

Webster’s defines mass as “the property of a body that is a measure of its inertia, that is commonly taken as a measure of the amount of material it contains, that causes a body to have weight in a gravitational field, and that along with length and time constitutes one of the fundamental quantities on which all physical measurements are based [Webster 520].”

If E is the energy or life force that lives for the duration of a play, then what are its components? Einstein would have us believe that energy is equal to mass times the square of velocity. Certainly we don’t have to look far to discover mass in our theatres: it exists in the physical structure of the theatrical edifice, it exists in the physical structure of the scenography, and most importantly, it exists in the physical human beings who inhabit our drama. However, all of this mass exists in the physical frame of reference of a theatre audience.

In order to create the energy, or life force of the drama, the audience must perceive this mass as part of the dramatic frame of reference. How the audience perceives this mass depends on how the production team reveals this mass to the audience. Allow the audience to wander a theatre starkly lit with worklights, and the audience will certainly reference the mass to the physical frame of reference. Allow the production team to create the dramatic frame of reference by carefully controlling the way the mass is revealed to the audience, and the audience will be transported into the realm of dramatic energy. 

C (velocity: The ratio of space to time (d/t);
 the space time continuum; transmitted by sound and light, and perceived by the ears and eyes) 

Webster’s defines velocity as “quickness of motion [Webster 984].” As we have previously discussed, however, velocity is equal to the ratio of distance to time: v=d/t. In order to understand the interdependent relationship between scenography, light and sound, we will need to understand the importance of both terms, distance and time.
Webster’s defines space as “1. a period of time and 2. A limited extent in one, two, or three dimensions. Distance, area, volume [Webster 836]. Significantly, Webster also defines distance in terms of time: “a: a separation in time. [Webster 242]” Distance, then is a measure of space, and, for the purposes of this discussion, we will refer to space, rather than its unit of measure, distance. 

Webster defines time as “1: the measured or measurable period during which an action, process, or condition exists or continues” Webster’s provides many more definitions of time, the most germaine to this discussion being “7a: rate of speed: TEMPO b: the grouping of the beats of music: RHYTHM [Webster 925].”

We are now in a much better position to understand the effect of velocity in the equation, e = mc2. Specifically, we understand that

“c” is the ratio of two very similar, but complementary quantities, space and time.

“c” is the factor responsible for placing the dramatic mass in motion;

 “c” is squared in the formula e=mc2 because it has an exponential influence on the creation of the life force energy of the play;

“c” reveals mass through sound and lighting, as perceived by the eyes and the ears.

Hopefully, we can begin to understand the tremendous implications that the space/time continuum exerts on the dramatic experience.
Einstein’s equation, e=mc2, now reveals itself in a very simple but powerful formula: dramatic mass put into motion by space and time creates the life-force or energy of the play.

The source of the energy that makes the life force of the play so fleeting and so hard to describe, is first and foremost, human beings. These human beings, or actors as we call them, can certainly be thought of as a physical mass. But these actors are not static masses. Quite the contrary, it is only when these actors are revealed to our eyes and ears in space and time that the energy of the dramatic experience can exist. Mass by itself cannot be apprehended by the theatre audience. It is dark, silent. The next section attempts to relate the complementary roles that light and sound play in energizing mass through space and time.

Understanding “c:” Light and Sound Compared

The speed of light is generally understood to be Einstein’s upper velocity of the universe: 186,000 miles/second. Note that the speed of light is always measured and defined relative to the observer (i.e., a time reference). It remains constant for all observers, regardless of the relative velocities of the observers. 

The speed of sound, however, is dependent on the space that conveys it. The speed of sound varies depending on the medium that conveys it. Light travels in a vacuum, because it does not depend on space to convey it. Sound does not travel in a vacuum, because it depends on a space to convey it. In order to create sound, we must move molecules (typically, of air) in time. It does not matter if we move molecules of air, or wood, or water, we can still create sound as long as we keep moving the molecules. The molecules never lose their original properties. They do not physically become sound or mass, they remain air, wood, water, or whatever they were before they propagated sound. Sound is not a physical object that occupies space, it is a propagation that can only occur in time. Sound is unequivocally anchored in time. Light-particles accelerated, on the other hand, becomes mass.
 Light must be unequivocally anchored in space.

Regardless of how light and sound are anchored, it is curious to observe that the speed of light is always measured and defined relative to the observer (e.g., a time reference), whereas the speed of sound is measured and defined relative to the space that conveys it (e.g., a spatial reference). In other words, light reveals space by defining it relative to time; while sound reveals time by defining it relative to space [Landau]. 

So, a close-bound, but reciprocal relationship exists, even in the most fundamental properties of space and time. These concepts of space and time are so closely related that we routinely use them interchangeably. For example, we routinely interchange concepts of space and time when we speak of travel. We refer to a city as being a certain number of kilometers away as readily as we refer to the same city being a certain number of hours away, depending on the mode of transportation. In either case, we define space (as measured in distance) in terms of time, and do so interchangeably. Certainly there exists in our own intuition, a strong relationship between space and time Should it surprise us then to find that light and sound waves possess some very similar properties? Should it also not surprise us that the very different human receptors that perceive space and time (i.e., the eyes and ears) do so in strikingly similar ways?

The Similar Physical Properties of Light and Sound

There are a surprising number of physical similarities between light waves and sound waves.  Both share the common properties of reflection (angle of incidence equals the angle of reflection), diffraction (both sound and light waves are able to “bend around objects, and some frequencies are able to bend around objects better than others), absorption, and transmission.
 Both sound and light are transmitted. Sound travels considerably slower than light (1100 feet per second as opposed to 186,000 miles per second; or about a foot a millisecond as opposed to a mile a picosecond). Both sound waves and light waves have a finite region of wavelengths that human sensors can detect. These wavelengths both derive from the general equation = c/f.  Soundwaves have wavelengths that vary between 3/4 of an inch and 50 feet, while light waves have wavelengths that vary between 16 millionths of an inch and 38 millionths of an inch, both under normal atmospheric conditions. Both sound waves and light waves are related to human perception of pitch and color by their association with frequency; sound is audible from about 20 cycles per second to about 20,000 cycles per second, while light is visible from about 311,000 to about 737,000 gigacycles per second. Both undergo Doppler shift, a phenomenon in which the perceived frequency of a moving source appears to change. The combination of all sound frequencies mixed in equal amounts is called white noise, and the combination of all light frequencies mixed in equal amounts is called white light. In general, sound and light waves have similar physical qualities that are perceived by the human sensory organs as color. [Thomas, 110-111]

The Eyes and Ears as Physical Receptors of Space and Time.

We need to keep in mind that sound and light are nothing in and of themselves: they are methods of transmission, they are not mass. They function to reveal the universe in space and time, that is, they reveal mass, e.g., the source of the sound, or the source of the light. To accommodate the human need to perceive such dramatically differing versions of reality as space and time, humans have two distinctly different organs, each optimized to perceive mass existing in space and time from their own unique vantage point. The human eye has been optimized to perceive light reflected off of physical objects, or the source itself; the human ear optimized to perceive changes to the atmospheric pressure over time.

Both the eye and the ear receive their information in the form of a peculiar combination of frequencies emitted from a source. The human ear differentiates frequency in the basilar membrane in a manner similar to how the rods and cones of the human eye differentiate frequency. Notice here that frequency itself is a property of time, as in cycles per second. There is, once again, then, an irony that in order for the eye to perceive space, it must perceive space as a function of time. 

On the other hand, the ears and the eyes both exist in pairs, and this existence serves the same function in both cases: the perception of space. Human ears use time and frequency differences to perceive spatial differences in much the same way that two human eyes are necessary to perceive space. 

There is a similar irony that in order for the ear to perceive time correctly, it must utilize receptors that are separated in space. As an interesting side note, we might also note that the primary purpose of two ears is the perception of source direction; a single human ear is quite capable of perceiving the distance from the source by comparing the first arriving direct sound to reflections that occur later in time. Unlike the ear, however, two eyes are required to perceive depth because the objects themselves provide little of the temporal information required to perceive physical depth. The human eye on the other hand, can individually perceive localization in both the horizontal and vertical planes, where the ear cannot. So, even in this matter we see this fundamental duplicity between sight and sound. Both sight and sound require two organs to improve their ability to perceive space. But sight and sound are polar opposites in that each sense requires two organs to perceive that which the other sense readily perceives with just one organ (vertical/horizontal location for the ear, or near to far depth for the eye).

There are also important similarities in the way we perceive sound and light waves.  Very rarely does a single frequency exist by itself in nature, for color usually occurs in nature as a composite phenomenon with diverse frequency content.  The sinusoidal waveform the function generator produces, or the colors generated by a prism are both colors that very rarely occur in nature.  This is partially due to the fact that color in light and sound is relative; the perceived pitch of a sound and the perceived pitch of a color are both dependent on their surrounding temporal and spatial colors--otherwise all songs would be “in tune”, and no colors would “clash”.  People vary in their visual and auditory perception of color, also.  “Color blindness” is related to “tone deafness” in that in neither case, can a person differentiate between the relative frequencies of two light or sound waves (respectively).  Even human beings that do not have marked perception problems have marked color biases according to their emotional and mental states, and society has developed associations for both visual colors (such as blue—calm, yellow energetic) and sonic colors (low tones sound serious, high tones gay), etc.  Finally, the nerve endings in the human retina (rods and cones) are subject to fatique just as the nerve endings along the basilar membrane are subject to auditory fatigue from overstimulation to particular frequencies. [Thomas, 111-112]

[image: image1..pict]As a final example of the close relationship between sight and sound, I would like to propose the test first offered by Davies: you are asked to consider two shapes:

One is called takete The other is called uloomu. Can you match the appropriate name with the appropriate figure?  In most cases (even among varying cultures), people will call the left “uloomu” and the right “takete.” [Davies, p 104]

In the end, we understand that the eyes and ears have evolved to perceive both space and time, and require one dimension to perceive the other. They are optimized to perceive one dimension over the other, yet the eyes and the ears each have some ability to perceive both space and time. In the final section, we’ll take a quick look at the constantly evolving relationship between sight and sound, and space and time over the course of theatre history.

Reconciling Dramatic Space/Time with Physical Space/Time

The relationship between space and time in the creation of the energy of the drama has been a tempestuous one since the origins of drama itself. Aristotle understood the difficulties of reconciling physical space and time with dramatic space and time. He promoted the Unities of Time, Place and Action. The stage represented a single place throughout the action; the plot recounted the events of a single day; and there was very little irrelevant by-play as the action developed [Best]. These restrictions essentially created a one-to-one relationship between physical space and time and dramatic space and time. This limitation in the dramatic space/time has manifested itself repeatedly in the history of theatre, and can be seen in the theatres of the mid-eighteenth century neo-classicists, as well as in the evolution of the box set and the rise of Realism in the 19th and 20th centuries [Columbia,].

Not all dramatic ideas neatly conformed to a single time, place or action, however. Dramatists in every historical period understood the need to change dramatic time, place, and action to help improve the communicative potential of the drama. Dramatists have always sought out the ability to create fluid time, place and action.

Developing a staging system to accommodate space that must conform to changing dramatic time, place, and action has preoccupied scene designers throughout most of the history of drama. The periaktoi of Sophocles   house-platea staging and pageant wagons of medieval drama, perspective scenery of the16th and 17th century theatre, the elaborate stage machinery of the 18th century, the evolution of lighting in the 19th century and the modern theatre (with its fly system, traps, wagons, projections, etc.) all evolved to allow a more fluent dramatic space and time to fit into a physical theatre space[Columbia]. 

Shakespeare followed another method for reconciling the physical space and time to the dramatic one. Granville Barker pointed out that Shakespeare “required a fluid stage where space and time changed freely and quickly.” He praised the quickly changing scenes in Antony and Cleopatra as exemplifying “perfectly the freedom he (Shakespeare) enjoyed that the stage of visual illusion has inevitably lost [Barker 13].” To accomplish this fluidity of dramatic time and place Shakespeare limited the physical space and time (e.g., scenery, costumes, etc) to that which could keep pace with his dramatic needs. Shakespeare dispensed with reality in his visual world in order to more freely manipulate space and time dramatically. In the late 19th and and early 20th centuries scene designers such as Appia, Craig, and Meyerhold discovered new and exciting ways to embrace Shakespeare’s fluid space and time. Opposed to naturalism, these designers “strove to show the essence of a play through simplification, suggestion, and, often, stylization [Columbia]. 

In the twentieth century, film has offered yet another solution to the problem of adapting physical space to a fluid dramatic space and time. Where Shakespeare had no possibility of creating space and time as quickly as he changed dramatically, film allows for space and time to change as quickly as the dramatist requires. There is a price to be paid for this fluidity, however, and that price is (as we would expect) paid in spatial limitations. Film is chiefly limited to two dimensions
, suggesting that we must still limit space so that time may roam free. For the present, this sacrifice of one spatial dimension (i.e., the third dimension) seems to be acceptable. The rewards for visual artists have been extraordinary.

The close of the twentieth century, and the opening of the twenty-first have seen an interesting evolution on the frontiers related to how artists conceive of space and time related to their art. Visual artists of the MTV generation have discovered the remarkable ability of time to enhance the music of their visual communications. The video editor becomes the equivalent of the sonic percussionist, sequencing a multiplicity of visual images into rhythmically complex tempi, thus increasing the energy of each piece by the visual manipulation of time.

It should not surprise us then, to discover sound designers exploring new horizons in the spatial aspects of sound. Modern sound designers have discovered the remarkable ability of surround sound to envelope their audiences in a newly discovered three-dimensional world of sonic spatiality. What began as a single channel of monaural sound, became stereo, and then 5.1. Recent developments have quickly escalated the number of channels to 7.1, 9.1, and even 10.2. Tomlinson Holman recently reported suggestions that it would “take about 1,000,000 channels to fully capture one space and reproduce it in another in all its detail.…”  This would be, of course, be infeasible, but Holman also reported experiments in Europe and Japan that “have as their basis the idea of an audio pixel. That is a regular array of transducers on a two-dimensional grid…(of) hundreds or thousands of transducers [Holman, 58].”

Conclusion

At the present time, Einstein’s theory of relativity serves as an excellent analogy or metaphor for the dramatic experience. But there’s another part of me that keeps suggesting that Einstein’s relativity is not just an analogy, but a directly applicable theory related to our understanding of the great mystery of human consciousness. Is there a relationship between the speed of light and the speed of thought, and the manner in which both seem to render time flexible? Can Einstein’s theory help provide the missing link between being and consciousness? Einstein said:

"Relativity teaches us the connection between the different descriptions of one and the same reality [Judy, /relativity.html ]".

Since the dawn of humans we have tried to come to an understanding of one and the same reality from the seemingly opposite perspectives provided by science and art. Human evolution would certainly seem to indicate a convergence between the two at some point in the future.

In the meantime, we must content ourselves with the knowledge that we encounter the energy of the dramatic life force through the ability of our eyes and ears to perceive sight and sound. Without sight and sound, and the continuum of space and time they represent, the mass of the mise-en-scene would remain forever inert, dark and silent, and out of our grasp. More importantly, without the exponential amplification of mass provided by space and time, there wouldn’t be much of a life force worth experiencing. 

Hopefully this discussion has now demonstrated not only how close-bounded sound and lighting are to scenography, but how essential sound and lighting are to transforming scenography into the energy force we know as the dramatic production! In the end, all roads lead back to the dramatic experience as a unified whole, and any attempt to dissect it into more or less important components will destroy it as surely as if we had dissected other living organisms.
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Inertial Frames of Reference

Newton's Laws of Motion apply only if the motion is viewed from the point of view of an "Inertial Frame of Reference." This is a frame of reference that is itself either at rest or moving at constant speed in a constant direction. The frame of reference is moving at constant velocity, and this means it is not being accelerated.

We know, of course that a play will consist of a journey of a certain duration; a typical journey in the modern theatre might take two to three hours. And, of course, we can also ask our audience to describe the journey they have taken, and they will most certainly describe the places they have been.

According to Einstein’s formula, there can be no energy if there is no velocity. Mass without velocity is inert. 

No longer the speed of light, c is the speed of dramatic imagination and imagination

must learn to think about c not in terms of the speed of light, but in terms of the speed of thought, as defined by the ratio of dramatic space (i.e., distance) to dramatic time! 

Wagner:

“…into whatsoever alliance music may enter, it never ceases to be the highest, most redeeming art [Gutman, p. 290].

Mass:

To be sure, there are artforms based on mass occupying space—painting in two dimensions, and sculptures in three dimensions. Neither form requires change in time, although even these artists will argue that the very act of moving the human eye from one part of the artwork to another involves an important and integral use of time. Nevertheless, traditionally, paintings and sculptures do not physically move in their spaces, and therefore consist primarily of mass occupying space.

E=mc2

What is this “thing” to which Einstein refers when he says that “mass and energy are both but different manifestations of the same thing?” Perhaps the thing to which Einstein refers is no less than the universe itself, or, at least, our primitive ability to perceive and comprehend it.

Static Scenery

Static scenery has always had to deal with the limitations imposed by our inability to increase dramatic energy by moving scenery in time. It is time that is critically necessary to create the dramatic experience. Energy is equal to mass multiplied by the square of distance and time, but in this crucial equation, distance and time are weighted in importance—they are, after all, the terms squared in the equation.

Later in this paper

Later in this paper we will make a brief exploration of the manner in which human evolution in the late twentieth and twenty-first century have focused efforts at improving the ability of the eyes to perceive time, and the ears to perceive space in art.

Music Occupying Space

Dramatic time is flexible in regard to reality. In other words, it is not measured in seconds, but experienced in rhythm. 

Music, on the other hand, does not physically exist in space in the same way that paintings and sculptures do not move through time. You cannot physically touch a sound, and more importantly, the moment you freeze a sound in time, it disappears. In the same way that one can argue that a painting can only be psychologically perceived in time, one can argue that there is a psychological perception of space in music—there are high notes, and low notes, and space in between them. However, these are, once again, matters of perception, rather than reality. 

Time Travel in Spaceship vs. Theatre

This is precisely what happens in the theatrical experience. The audience enters the theatre (spaceship) which, as far as they are concerned, is not moving  (although they are actually moving at speeds close to 1/100 of the speed of light!), and time continues to tick away, the same as it ever has. Through the magic of theatre, however, the audience peers through a window that reveals another time and another space, and moves between differing times and spaces as if the audience were travelling at speeds approaching, and exceeding Einstein’s so-called “limiting velocity of the universe.” If you can imagine that the theatre/spaceship that carried us at close to the speed of light were somehow able to “view” the speeded up events that were transpiring back on earth—you will have discovered the essence of the dramatic experience!

Romeo and Juliet; Space and Time

The Function of Time in the Play

Time is the agent of fate in the drama: Romeo and Juliet is a drama in which speed is the medium of Fate, although at first it only appears that Fate is a function of speed. [Gibbons, 76]

Time creates an urgency throughout the play that universally afflicts all of its characters (examples)

Role of the Friar in warning against acting hastily

The only time that time is suspended is when Romeo and Juliet are together

A ready made opportunity for sound to create this sense of urgency in audience.

Examples:

Shakespeare’s use of sonnet form

Prokofiev’s

Zefferelli

DiCaprio R&J (using visual manipulation of time to create urgency)

Shakespeare’s compression of Brooke’s time

� In 1971, scientists used extremely accurate atomic clocks to test out Einstein's ideas. One atomic clock was set on the ground and another was sent around the world on a jet traveling at 966 km per hour (600 mph). At the start both clocks showed the same time. When the clock flown around the world returned to the spot where the other clock was, the two clocks no longer showed the same time--the clock on the jet was behind by a few billionths of a second! [WGBH/NOVA, Einstein, /hotsciencetwin/test.html]


� It also corresponds to the speed of light travelling through a vacuum, although light travelling through other media travels more slowly. Rather than thinking of 186,300 miles pre hour as the speed of light, it may be better to think of this speed as a limiting velocity that prevents light from travelling any faster.


� Do not confuse this with Einstein’s “twin paradox,” in which you would actually perceive time to be moving slower on earth due to the effects of the speed of light!


� While travelling forward in time has been experimentally demonstrated, travelling backward in time is a much different matter. Today, Scientists actively debate the possibility of travelling backwards in time, through wormholes and other marvels of human imagination. But in the theatre, we travel backwards and forwards in time readily and fluently. Note, the similarity to the use of disjointed time in theatre. Most dramatic experiences contain a central action that consistently moves forward in time. In the twentieth century, playwrights have experimented with devices in plays that allow reverse time travel, e.g., flashbacks. However, these techniques are the exception, rather than the rule in theatrical production, and one can’t help but wonder if the difficulties encountered in travelling backward in time are similar whether they exist in a physical context or a dramatic one.


� Even in the theatre, the audience is spinning with the earth at a speed of somewhere between 0 and 1038 mph, [http://geography.tqn.com/science/geography/library/faq/blqzearthspin.htm], and the earth is moving around the sun at a speed of 67,000 miles per hour, and that our galaxy is moving around the solar system at a speed of about 490,000 miles per hour. [http://www.sciam.com/askexpert/astronomy/astronomy31/astronomy31.html] 


� Einstein’s formula makes use of units of measurement: energy, mass, distance, and time Distance is one measure of space, and, for the purposes of this discussion, the more all-encompassing term, “space” will be used.


� In Paris in 1933, Irène and Frédéric Joliot-Curie took a photograph showing the conversion of energy into mass. A quantum of light, invisible here, carries energy up from beneath. In the middle it changes into mass -- two freshly created particles which curve away from each other. [Weart, /ae22.htm]


� Note similarity between properties of acoustic materials to the properties of painted colors, optical lenses filters, etc.


� Or at best, is to 3D as stereo is to loudspeaker phantom imaging








