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ABSTRACT 

 
 
 

Has Orchestra performance reached its zenith? What can 
Science offer for sustenance? The recognized limitations are 
exposed. The pioneering work of physicists is reviewed. The 
inspiring efforts of Leopold Stokowski are paid special tribute 
and his innovative leadership toward orchestral balance and 
dynamic performance are stressed. Experiments with spacial 
factors in performance are described. 

 
The Choral Anomaly intrigues us into experiments that 

disclose clearer understanding of projection of sound from the 
stage. The relative acoustical power output of instruments is 
the primary factor. The directional characteristics of musical 
instruments play a dominant role. Precise acoustical model tests 
disclose the power of physical manipulation of acoustical 
factors. Proper placement of performers can combat the effects 
of body baffling and absorption on stage. Manipulation of the 
surfaces of the orchestra enclosure offers the acoustician great 
versatility for inter-section balance. 

 
A unique series of tests with the Seattle Orchestra in the 

calibrated Seattle Auditorium was staged to experiment with 
section arrangement within the orchestra enclosure. New values 
for relative and absolute power output from instruments and 
sections as a function of dynamic playing level were derived. 
Results demonstrate that relative placement and elevation of 
sections can be used to greatly improve intersection balance and 
choral effects. A unique and strange stage arrangement emerges. 



SCIENCE IN THE SERVICE OF THE PERFORMING ARTS 
 

Has Symphony Orchestra Performance Reached its Zenith? 
 
INTRODUCTION 
 

The most obvious and reasonable reaction to my subject 
could well be: What need do the performing arts in general and 
the symphony orchestra in particular have for the application of 
Science? My answer is that I am concerned about the future of 
orchestra performance and I think you, the musicians, and the 
diminishing appreciative audience should be.  When I ask whether 
orchestra performance has reached a zenith, I am implying it may 
be on the way down, both in impact, response, and support. And 
if so - why? First, because we are witnessing a whole generation 
that is infatuated with a boisterous mode which impacts the 
senses to the level of damage and utilizes very little of the 
dynamic range or other dimensions of music which are available 
for civilized emotional response. Second, because there is so 
much competition for people’s time for entertainment. Third, 
because television has so greatly expanded the availability of 
visual enjoyment, while orchestra performance on stage is 
largely an auditory experience. And fourth, because there seems 
to be so little interest or consciousness or care within the 
trade about these factors and what might be done for survival. 

 
So what can Science offer? Art is concerned about what is 

offered for our appreciation and reaction, whether it be a 
picture or a song. Science is concerned about why and how. We 
look for reasons, for the elements of a work of art, for the 
capabilities that we humans have for appreciation and reaction, 
for causal relations (Figure 1).  Art is subjective; science is 
objective. However, the scientist can get lost. We must be 
constantly reminded that it is not the pressure variation in the 
atmosphere, the modes of vibration of the string or the reed, 
but really ultimately the reaction of the ear, the nerve paths, 
the brain manipulations, all being consummated in an emotional 
reaction or an intellectual comprehension and appreciation. What 
a challenge for knowledge! The applicable fields? Music itself; 
then psychology, physiology, physics, craftsmanship (Figure 1). 

 



SCIENCE IN THE SERVICE OF THE PERFORMING ARTS 
 

From the General to the Specific. 
 
 
Objectives of the Arts: 
 

Audience - Enjoyment from the Stimulation 
of the Senses. 

 
Performer - Mastery of a Creative 

Artistic Medium. 
 
Applicability of Science: 
 

Analysis supplementing Hunch. 
Objectivity supplementing Taste. 
Function supplementing Feel. 

 
Inherent Limitations - Limits of the Senses 
 
Objectives of Science: 
 

Discovery of Limits, Interactions, 
Stimulation of the Senses. 

 
Predictability Based on Proven Cause -- 

Effect Relations. 
 
Fields - Music, Psychology, Physics, Engineering, 
Craftsmanship. 

 
 
 
 
 

Figure 1. The Application of Science to an Art. 



BACKGROUND 
 
The present report must, with difficulty, extricate a small 

segment from a much more inclusive report on this subject. We 
focus on the subject of Orchestral Balance. 

 
No account of this subject can do justice without paying 

tribute to the pioneering scientific work of others over the 
years: to Helmholtz, to Dayton Miller for his studies of the 
flute, to Fredrick Saunders for his studies of the violin, and 
more recently to John Backus for his studies of the woodwind 
instruments, and to Carleen Hutchins and her New Family of 
Violins, continuing the work of Saunders. Using the latter as an 
example, she shows in Figure 2 the four basic strings, violin, 
viola, cello, and bass viol, and superimposes the size that 
these would be if they were to radiate sound with equal 
efficiency. The figure shows the eight instruments of the new 
family that she has produced to cover the useful frequency 
range. Incidentally, perhaps the most immediately cogent or 
urgent instrument here is the vertical viola, because the viola 
is so difficult to balance in an orchestra. 

 
The more immediate background for the present subject must 

be the efforts of the late conductor Leopold Stokowski. He had 
acquired somehow a correct concept for the directional 
propagation of sound from the various orchestral instruments and 
he used this knowledge to arrange the orchestra on a stage for 
optimal balance among the sections of the orchestra and for 
projection and quality of solo voices. Figure 3 shows one of his 
concerts from the upper balcony of Carnegie Hall. All the string 
section is on the left, including the basses, to favor their 
radiation. He was also the master of musical dynamics, i.e. the 
changes of intensity of sound throughout a phrase or a line for 
maximum emotional impact . My interest in the subject has been 
greatly nurtured by studying his practices. 
 
DIRECTIONAL RADIATION OF INSTRUMENTS 
 

One key to the understanding and progress in this subject 
is the directional radiation of sound from the various 
instruments. Much of this information was assembled by Harry 
Olson. Dan Martin studied the brass instruments; John Backus the 
woodwinds; and most recently and detailed is the work of Jurgen 
Meyer with the stringed instruments. The complexity of this 
material is demonstrated in Meyer’s data . For our present 
purpose, we can illustrate the principal factors in simplified 
form (Figure 4). 



 
Figure 2. Charleen Hutchins’ family of violins. The shaded figures are the 
customary four stringed bowed instruments, shown to their relative scale of 
body length. The dashed figures indicate to scale the relative sizes these 
same instruments would require to radiate sound equally effectively in their 
pitch range. The open solid line figures show the relative sizes of Mrs. 
Hutchins’ eight family members. The maximum and minimum sizes are limited by 
playability. 
 

 
Figure 3. A Stokowski arrangement on the stage of Carnegie Hall. Note all the 
strings, including basses on conductor left for optimal acoustic projection. 
Mr. Stokowski was an inveterate experimenter with orchestra arrangement for 
optimal inter-section balance. 



 
 
 

    
Figure 4.  The directional radiating sound from orchestral instruments. The 
loudness will be dominated by the medium frequency range. Note that the 
dominant sound from the stringed instruments is radiated perpendicular to the 
belly of the instruments. The woodwinds are essentially omnidirectional 
forward, while the brass instruments beam sound from their bells. These 
properties are very useful for optimizing orchestral balance. 



 
The woodwind instruments emit sound from rather small 

openings, and therefore, the sound is quite non—directional 
forward of the performer. The brass instruments, having 
expanding horns with larger bells emit loudest sound on the axis 
of the horn trumpets and trombones forward, horns to the rear 
and right tuba upward. 

 
The stringed instruments have very complex patterns. But 

when data is reduced to loudness and we recognize that all notes 
have many harmonics, it is sufficient to think of the sound 
ejected perpendicular to the belly of the instrument. 
 
FOLLOWING STOKOWSKY 
 

With little more than this background and following 
Stokowsky, for many years I worked with orchestra arrangement. 
For example, for 17 years with Gastone Usigli and Sandor Salgo 
at the Carmel Bach Festival we made much progress. For example 
Figures 5 and 6 show arrangements of two of the six Brandenburg 
Concertos. The first is a concerto grosso with horns, oboes and 
violin in solo roles and string choir in chorus role. They are 
arranged to favor the soloists, diffuse the horn s sounds 
against the sidewall, and favor maximum projection of all string 
instruments. The second has the familiar extremely high trumpet 
solos, with recorder, oboe and violin also in solo role, and 
string section in choral role. Again we favor the solo 
instruments, with not too direct projection of piercing trumpet 
tone and arrange string choir for optimal projection. The larger 
oratorio performances at Carmel were a greater challenge 
(Figures 7 and 8). The Saint Matthew Passion is an example. The 
double chorus is divided, and well forward on the stage, with 
the double orchestra placed from front to back between, again 
favoring solo wind instruments, and of course, vocal soloists. 
The resulting balance and projection were excellent in all these 
cases. 

 
Yet another example was occasioned when Henri Temianka 

arranged for his California Chamber Orchestra to perform at the 
Dorothy Chandler Pavilion in 1965. Here we have two violins in 
solo role, and strings in choral role (Figures 9 and 10). 



BRANDENBURG CONCERTO – 1 

 
Figure 5. Arrangement for Brandenburg Concerto No. 1 to balance the 
orchestra and favor the soloists. 
 

BRANDENBURG CONCERTO – 2 

 
Figure 6. Arrangement for Brandenburg Concerto No. 2 



 
 
 
 
 
 
Figure 7.     Arrangement of 
performers for the St. Matthew 
Passion oratorio on the small 
stage of Sunset Auditorium in 
Carmel, California.  The 
objective is to favor choral 
projection and enhance special 
separation. 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
 
Figure 8.     View of the oratorio arrangement on stage. 



 
Figure 9.     Arrangement for Henri Temianka Orchestra.  Instruments are 
oriented as far as possible, including steep risers, to maximize sound 
projection.  Custom disadvantages violas, to be projected partly by 
reflection from rear wall. 
 

 
 

Figure 10.  View of Henri Temianka’s California Chamber Orchestra on the 
stage of the 3200 seat Chandler Pavilion. 



The arrangement favors the projection of the two solo 
violins, and also the violin, cello and bass sections on steep 
risers. The viola section is augmented only by reflection from 
the rear wall. It took some convincing that they could use a 
full dynamic range to the quietest pianissimo and still be heard 
in this arrangement by 3000 audience. 

 
By contrast, the more usual arrangement of American 

orchestras is shown in Figure 11. 
 
THE CHORAL ANOMALY 
 

Another fascinating mystery and disclosure has emerged over 
the last 25 years. In all our halls from Seattle in 1962, 
through Philadelphia (that is, a new orchestra enclosure), 
Portland, Los Angeles Pavilion, Des Moines (Figure 12), Iowa 
City, Kentucky, even the semi-outdoor pavilions at Saratoga and 
Wolf Trap, for the opening oratorios the chorus has been able to 
overwhelm the orchestra. And these are first class orchestras 
and ordinary choruses. How can this be? The formal data says 
that it will take a chorus of 1000 voices to equal orchestra in 
sound power output. Yet it happens with 250. We will present the 
physical data shortly. This phenomenon was a clue to one of the 
most powerful physical factors. 
 
OUR HEARING CAPABILITIES 
 

Before we get into the physical—that is, scientific—
foundations of all this, let us take another look at objectives 
in terms of our sensorial capabilities (Figure 13). 

 
On a physical scale our hearing capacity covers a 

tremendous range. We are able to hear sound pressure over a 
range of one million times; and the highest of these oscillating 
pressures is only less than one thousandth of atmospheric! We 
hear frequency over a range of one thousand times. This 
tremendous hearing capacity is not all used in either music or 
speech. For example, of a 120-decibel intensity range only about 
35 decibels is used in conversational speech and a frequency 
range of 100 to 6000 cycles suffices. And for orchestral music 
there is little of interest below 50 cycles or above 12000 
cycles; an intensity range of 50 decibels is rarely exceeded. 
This is a sad state, because, especially with the pervasive 
current pseudo—music influence, even for classical orchestra one 
rarely hears that most gorgeous part of music, that is, the 
beautiful legato pianissimos.  In short, music does not fully 
utilize the capacity of our hearing sensation. 



 

 
 

Figure 11.   The current conventional American arrangement is represented by 
the Portland Orchestra in the Portland Civic Auditorium.  Violas, cellos, 
basses are disadvantaged.  Properly profiler risers maximize the 
effectiveness. 
 

 
 

Figure 12.   The opening performance of the Beethoven Ninth Symphony in the 
Des Moines Civic Auditorium.  Note the chorus on elevated steep risers under 
a sloping ceiling. 



 
THE DIMENSIONS OF MUSIC 

 
Now let us look at the Dimensions of Music. The basic 

elements again derive solely from our hearing capability (Figure 
14). 

 
We can perceive pitch, derived from the frequency of a 

tone; also loudness—responsive to intensity of sound; also the 
passage of time, i.e. the progression of sound; also number, 
i.e. a single sound or multiplicity of sounds; also position or 
location of a sound; and finally we can focus our auditory 
attention on one sound in preference to others. Now all of the 
usual attributes that we ascribe to music derive from 
combinations of these elements. For example, melody results from 
pitch varying with time; rhythm from pitch and/or loudness 
varying with time; distinction between instruments is based on 
quality of tone, that is, pitch and number; distinction between 
solo and accompaniment partly by position or by loudness, 
quality and attention. Even the limited factors on the right 
illustrate the complication resulting from combinations of the 
basic elements. 

 
Here is an example of the scientific process, attempting to 

find the basic elements of a complex process. 
 
To emphasize one more point of the diagram, I have felt 

that the element of position is most neglected. If one looks at 
all the combinations of the six basic elements, we find gaps in 
usage. Back to Carmel: in about 1959 when presenting the 
Gabrielli Canzona for three Brass Choirs, I positioned one choir 
on the stage, one on the right corner of the balcony and one on 
the left corner of the balcony. It was a gymnastic feat for 
Maestro Salgo, as he turned to conduct first one choir, then 
another, then two together, then all three.   But for the 
audience, the thrill of whirling sound was such that they would 
not stop clapping until the conductor repeated the number on the 
spot.  Only later did I learn that the composer had conceived 
the piece for the three choirs of the San Marco. I am pleased 
that this principle is being applied more frequently. 



 
 
 
Figure 13.  The range of 
our hearing capacity is 
describer in terms of 
pressure level (loudness) 
and frequency (pitch).  
Neither music nor speech 
utilizes the full range of 
our auditory sensation and 
therefore the potential 
range of emotional 
response. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
Figure 14.   All of our 
response to music depends on 
the capabilities of our 
hearing sensation.  This 
capability is fully described 
by six basic dimensions.  All 
of the other auditory or 
musical effects or dimensions 
derive from combination of 
these six basic dimensions.  
The reader may add secondary 
dimensions and proceed to the 
right with many more valuable 
effects.  There may well be 
new and valuable artistic 
features to be found by this 
morphological approach. 



 
 

Figure 15.   View into the stage of the model configuration for measurement 
of sound from players in the orchestra enclosure (shell).  The scale is one 
to twenty-five.  The sound source is a tiny multi-intersecting gas jet 
emitting a sound spectrum to as high as 150,000 cps, representing a real 
frequency of 5000 cps.  The tiny micro pone is over the sloping absorptive 
surface representing the audience.  Small blocks of absorptive foam represent 
the players on the stage. 
 

 
 
Figure 16.   View past the stage into the side of the model audience seating 
area. 



PHYSICAL ACOUSTICS 
 

Now, let’s get down to the physics of the subject. We set 
up the conditions in our acoustical modeling facility (Figures 
15 and 16). . The orchestra players are represented by blocks of 
cellular foam within the model orchestra enclosure. The 
projected sound is measured over the raked slope of audience 
simulated by absorptive material. 

 
The model program measured the amount of sound projected 

from a source on stage to a receiver in audience position. 
Absorptive obstacles were arranged on stage to represent the 
baffling and absorbing effects of other performers. The sound 
source was moved about the stage. The enclosure surfaces were 
added or reoriented. Briefly, the resulting effects may be 
summarized as follows (Figure 17): 

 
1.  The basic level and spectrum is the sound source at a 

downstage (e.g. concertmaster) location in the absence of any 
surrounding surfaces. In Figure 17 this basic source is SD. Its 
spectrum is normalized as 0 — 0 — 0. 

 
2.  If the source is elevated three feet (in scale), the 

level received increased 1 dB (curve 1) . This results from 
decreased absorption as the sound from the elevated source 
passes over the simulated audience absorption. 

 
3.  If the canopy is placed above the basic source, the 

received level increases 4 dB (curve 3) . That this increase is 
more than 3 dB, the maximum expectation from an image source, is 
because the image source does not experience the severe 
attenuation of the grazing path over the audience. Also, if the 
forestage extends, there is a second reflection, from source to 
stage to reflector to audience. 

 
4.  If only the 2nd and 3rd ceiling panels are placed, the 

increase in sound from SD (curve 2) is only 1 dB in the low 
band, none higher. 

 
5.  If the source is moved upstage at seated height, SU, 

with no reflective surfaces, the sound is greatly attenuated by 
4, 10 and 12 dB (curve 4) in the low, mid, and high bands due to 
baffling and absorption. 

 
6.  If the upstage source is elevated four feet (as a 

choral group on risers), the projection is increased by 0, 4, 
and 6 dB (curve 5). 



 
 
 
 
 
 
 
 
 
 
 

Figure 17.   The effects of changes in source location or configuration of 
the surfaces of the orchestra enclosure are shown.  The results are detailed 
in the text. 

  
 



7.  If only the side walls or rear wall are erected around 
the seated source, SU, the projection is increased by only 1, 2, 
and 2 (curve 6). 

 
8.  If only the ceiling panels are placed above the seated 

upstage source, SU , the projection is increased by 8, 12, and 15 
dB (curve 7) . The improvement in low frequency projection is 
especially noted. 

 
9.  If ceiling, side walls, and rear walls are placed 

around SU , an additional 1, 2, and 2 dB are gained (curve 8).  
For this condition the projected energy is greater than for the 
downstage source, SD 

 
10.  When the upstage source, SU, is surrounded, if the 

ceiling is simply elevated, the projected level is decreased by 
3, 6, and 7 dB (curve 9). 

 
It is clear that the use and manipulation of the surfaces 

of an orchestra enclosure and relative elevation of performers 
offer great potential for varying the projection of sound energy 
from positions among the orchestra players to the audience 
seating area. In the extreme, variations of as much as 14 dB are 
possible. This is equivalent to a factor of 25 times the source 
power! When we realize that a brass section having 16 players 
produces about 16 times the power developed by a string section 
having 68 players, we understand the objective and the utility. 

 
In the early thirties, at the Bell Telephone Laboratories, 

Dr. Fletcher and his team became interested in the possibility 
of transferring a performance from one city to another by wire.  
In the process they made some very basic measurements of the 
power level and spectrum of instruments and orchestra (Figure 
18).  An example of the data is shown, which is the power 
spectrum of full orchestra. 

 
From this work came some revealing relations about 

orchestra balance. For example: 
 

One trumpet develops about the same power as the entire woodwind 
section. 
 
One tuba equals nine string basses. 



One thousand strings are required to equal the power of all the 
woodwinds and brass. 
 
One kettle drum develops as much sound power as all the rest of 
the orchestra! 

 
Their measurements showed the maximum sound power output 

for full orchestra of about one watt. Comparison with a chorus 
we have noted previously. 

 
In about 1956, in connection with an Air Force program, we 

made measurements of vocal power. The data indicate that the 
speaking voice can cover a dynamic range, using voiced vowels of 
over 50 dB, even more including whispering (Figure 19).  A very 
loud or shouting level, about the maximum that can be sustained 
for a phrase of singing, is a level of about 90 dB on the scale. 
This translates into a power output of one milliwatt, that is, 
one thousandths of a watt • It is interesting also to see that 
the spectrum of the voice also changes dramatically with vocal 
level (Figure 20). 

 
The remaining clues to the anomalous choral dominance come 

from the model results. Note that when a chorus is on stage they 
are usua11y at the rear of the stage, and elevated on steeply 
terraced risers, with the ceiling of the orchestra enclosure 
lowered above them to project their sound. The model tests 
clearly show us the great advantage of these two factors. 



 
 
 
 
Figure 18.   Example of sound power 
spectrum of full orchestra from the 
work of Dr. Harvey Fletcher and his 
team at the Bell Telephone 
Laboratories during the early 1930’s 
in connection with their development 
of stereophonic recording and 
transfer of sound. 

 
 
 
 
 
 
 
 

 
 

 
 
 

Figure 19.   Vocal power output 
for a full range of speaking effort.  
The speech sample is “Joe took 
father’s show bench out”.  The level 
for maximum effort varies greatly 
among individuals.  Conclusions for 
very loud effort for our present 
subject are based on the capability of 
trained singers. 

 
 
 

 
 
 

 
Figure 20.  The spectrum of the voice 
changes greatly with increasing level 
of effort.  Generally the speaking or 
singing pitch must rise to develop 
greater power.  The vocal power is all 
furnished by vowel sounds, for which 
harmonic production also generally 
increases with effort. 



MILTON KATIMS AND THE SEATTLE ORCHESTRA 
 

Shortly before the opening of the orchestra season in 
Seattle in 1973 Maestro Milton Katims invited me to assist with 
some comparisons of orchestra arrangements. The measurements 
were made in the reverberant field of the hall which we had 
calibrated in 1962 when it was finished (Figures 21 and 22) . 
Therefore, by measuring sound level and spectrum in the hall we 
were able to calculate the sound power spectrum delivered 
through the proscenium plane by instruments or sections or full 
orchestra. These recordings were analyzed and reported by an 
energetic young man, Rick Katz, from the University of Florida, 
who worked with us while preparing a master’s thesis using this 
subject.  Of the four arrangements tested, two are pertinent and 
revealing for our subject.  The first, the A arrangement (Figure 
23), is the usual American arrangement with first and second 
violins on conductor left, violas and cellos and basses on the 
right, with woodwinds and brass beyond. The array is shown on 
stage (Figure 24) . The other arrangement, C, though suggested 
by the results of the model study, was limited by available 
risers and strictly musical considerations. (Figure 25) . The 
principal strings still surround the conductor. Their sections 
then spread back and upward with the basses across the rear.  
The string array stresses rotating the instruments to increase 
projection from the bellies of the instruments. The brass 
section is forward on conductor right, and the woodwinds forward 
on conductor left. The view of the stage is shown (Figure 26). 
Note that the ceilings have also been lowered. 



 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 21.   Forward quarter view inside the Seattle Opera House in which the 
measurements of orchestral balance were made. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Figure 22.  Rear quarter view inside Seattle Opera House 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 23.  Diagram of Seating Arrangement A. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 24.  View of Orchestra on Stage in Arrangement A. 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 25.  Diagram of seating arrangement C 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 26.  View of orchestra onstage in arrangement C.  Note that the 
ceilings are lowered and more steeply sloped 
 
 



ANALYSIS OF ORCHESTRA DATA 
 

Now, when this recording session was analyzed in the 
laboratory many surprises evolved. From the mass of data, we 
show a few of the most important examples. If we compare the 
three sections (Figure 27), strings, woodwinds and brass, we can 
clearly see the balance problem . These spectra are all from the 
first, I .e . the A or usual arrangement, the sections playing 
separately, all at the same dynamic level. The brass section of 
12 players produces 16 times the sound power of 58 string 
players. The woodwind section of 15 players produces about the 
same power as the strings, so that they, too, would need sixteen 
times the players to equal the brass section. Clearly, our task 
is to reduce the sound power of the brass section and enhance 
strings if a balance is to be maintained at the higher dynamic 
levels. 
 

Now let us see what emerged from the comparison of the two 
arrangements. 
 

The French horns, being the most powerful of the brass, 
were reduced about 3 dB, i.e. half the power radiated through 
the proscenium (Figure 28), when they were pulled forward in 
arrangement C away from the rear wall. The entire brass section 
was reduced about 5 decibels, i.e. to about one third the power 
transmitted (Figure 29), by the move forward. On the other hand, 
the entire string section was changed not at all in total sound 
power transmitted (Figure 30) with the change from arrangement A 
to C. Note also (Figure 31) that whereas we have gained in 
balance, the total output power of the orchestra has been 
slightly reduced. Clearly, we have made an improvement, but not 
enough.  We need another factor of about three times gain in 
string sound. In retrospect, it is fair to suspect that the test 
fell short of possibilities for optimization, since analysis of 
the data came later. 
 

Based on careful listening to the recordings, long before 
the data could be reduced and analyzed, an arrangement was made 
for the opening concert (Figure 32). We buried the brass more 
deeply within the absorbing bodies, moved the basses around to 
the left, and well elevated for even better radiation.  The 
string section was built up on steeply terraced risers (Figure 
33). . The artistry of the arrangement is also apparent. 

 



 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 27.  Comparison of the sound power spectra of three sections of the 
orchestra playing at the same mf dynamic level.  Data is from the 
conventional American Arrangement A 
 
 
 
 
 
 
 
 
 
 
 



 
 

  
 
 
 
 
 
 
Figure 28.  Comparison of the 
sound spectra developed by the 
horn section from Arrangement A 
to Arrangement C. 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 29.  Comparison of the 
sound spectra developed by the 
entire brass section from 
Arrangement A to Arrangement C. 

 
 



 
 
 
 
 
 
 
 
 
 
 

Figure 30.  Comparison of 
the sound spectra developed 
by the string section from 
Arrangement A to Arrangement 
C. 

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
Figure 31.  Comparison of 
the sound spectra developed 
by the entire orchestra 
from Arrangement A to 
Arrangement C. 
 



The musical, i.e. auditory, evaluation of that concert was 
reported by many interested listeners. . The string section had a 
very strong choral quality, i.e. it sounded like a large number 
of instruments, evidenced by the prominence of string sound 
through fortissimo or tutti passages. Was this arrangement the 
reason for the markedly improved balance and choral sound of the 
string section? Unfortunately, performance conditions did not 
permit recording data section by section as we could in the test 
program. However, the indications show clearly the road to 
progress. 
 

It is interesting to note that this arrangement did not 
last beyond the first concert.  A few dissident players 
developed revolt and union pressure. They simply missed their 
usual proximities and sounds around them. This is another big 
subject. 

 
Before concluding, an interesting and challenging question 

arises . Why are we interested in “balancing” an orchestra? Why 
should we want a string section to be able to compete with, or 
even equal, the sound output of a brass section? 

 
In reply, I ask another question: is it not a bit 

incongruous to hear an orchestra approach and proceed into a 
climactic passage, especially a finale, and observe that the 
string section is completely submerged by brass and percussion 
while we see them playing away? Wouldn’t we like to hear their 
chorus? 

 
Challenging questions proceed: are we not satisfied by the 

presentations of the great orchestras -- Rimski-Korsakov, 
Stravinsky, Berloiz, et al? So I grant they did great things 
with what they had; but were they satisfied with their 
limitations? Should we be?? 

 
Consider the pipe organ in this light.   Each rank of 

pipes (or stops) can produce sound at only one level, (unless it 
is in a swell chamber which gives it minimal expression). A 
crescendo is built by adding ranks of greater loudness, 
whereupon the feebler ranks are lost. Yet great organ music is 
created. What is the limitation? My answer is: first, ENSEMBLE, 
i.e. to be able to generate a great chorus utilizing a very 
large NUMBER of instruments of the same coloration as well as 
different colors; and, second to be able to generate a greater 
RANGE of Dynamic Level for the chorus of a Single coloration. 
This could and should, to a greater degree, be the capability of 
the Orchestra in contrast and superiority to the pipe organ.  



Would not Rimsky-Korsakov have welcomed this extended dimension 
for orchestration? 

 
Synthesizing all this information and experience I am lef 

to a very radical suggestion for optimizing an orchestra.  There 
are also several other factors rolled into the scheme, which 
include musical aspects of player and section proximities 
(Appendix A), based on orchestration, that I have learned from 
several conductors, and also creation of a playing environment 
for each player that helps him use the six modes by which he 
governs his own playing level (Appendix B). 

 
In addition, one must keep in mind the appearance of the 

orchestra from the audience viewpoints.  Steeply raking the 
strings and moving the winds forward should make a more 
interesting scene.  It is open for question whether the profile 
view of the conductor will be more attractive.  I wonder who 
will have the nerve to try this arrangement? 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
Figure 32.  Orchestra arrangement devised for the season opening concert 
following the test program.  The Stokowski influence is clearly evident. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 33.  View of the orchestra onstage for the season opening concert.  
The artistry of the arrangement is an important factor. 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 34.  Suggested arrangement of an orchestra for optimizing balance and 
several other musical and visual factors.  The string sections should be 
elevated and steeply raked, as for vocal chorus with sloped ceiling overhead. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



CONCLUSIONS 
 

This being a scientific report of an artistic subject, an 
objective assessment is appropriate. 

 
Although the physical measurements, especially in the 

model, are quite exact and repeatable, the measurements using 
real orchestra are very difficult to control.  From one 
arrangement to another we ask players to repeat a musical 
section or to play a chord at the same dynamic level. The 
differences between the steps of musical dynamic levels are 
typically about 6 decibels. When looking for useful effects that 
differ by one to three decibels, accurate repeat of a dynamic 
level is a lot to expect. Furthermore, in continuous passages, a 
change in placement of a player in relation to other instruments 
may influence his perception of his dynamic playing. 

 
Advances in rapid sound analysis and use of an exactly 

repeatable sound source in player positions will make the next 
extension of this program many—fold more productive. I also 
expect quantitative confirmation and guidance to optimize 
adjustments of orchestra enclosure surfaces. 

 
There is every evidence that continuing attention to 

orchestral projection and balance can and will greatly enhance 
the thrill, enjoyment and preservation of orchestral music. 

 
 



APPENDIX A 
 

Musical and Other Factors Influencing Orchestra Arrangement 
 

by 
 

Paul S. Veneklasen 
 
 

In conducting the experiments in orchestra arrangement and 
discussing the acoustical factors, we must not lose sight of the 
fact that there are many musical and “personal” factors and 
constraints that are also involved and must be respected in 
actual application of these principles. 

 
It should first be noted that a great deal of inspiration 

for these experiments is derived from a study of the lifelong 
work of Maestro Leopold Stowkowski who has been very much aware 
of the need for evolution in these matters, is certainly fully 
aware of the musical factors, and has developed a considerable 
intuitive comprehension of the acoustical factors. The writer 
has followed with the greatest respect the endeavors in 
orchestra arrangement by Mr. Stokowski, as well as admired his 
achievements in musical transcription and dynamic performance. 
The writer has also been privileged to work for many years with 
orchestral arrangements, notably for 17 years with the Carmel 
Bach Festival under conductors Gastoni Usigli and Sandor Salgo. 
The writer was greatly privileged to work for several years with 
Maestro Eugene Ormandy to whom he is most grateful. Over many 
years he has gleaned many helpful comments from individual 
players. The experiments currently discussed were conducted in 
cooperation with conductor Milton Katims. 

 
From these experiences and mentors, then, we list the 

following factors. 
 

1. The instruments of the orchestra have developed in 
families, generally the Strings, Wood Winds, Brasses, 
and Percussion. Accordingly, the composer in the art 
of Orchestration tends to use the instruments in 
families, sections, or choirs. Any instrument may 
perform at one time as one of a family choir, or at 
another time as a solo line. Therefore, these 
sectional groups must be respected and retained in 
general as relatively compact groups in any 
arrangement. 

 



2. Within the string family there are also sections, and 
each section prefers to perform as a compact group. 
Indeed, many players seem quite dependent on proximity 
for confidence. This factor may be called section 
solidarity. 

 
3. Cohesion, i.e. the ability of players to perform well 

on a stage, both individually and as a group, is a 
first essential concern in concert hall design. An 
audience cannot be treated to excellent performance 
unless the performs are able to perform effectively. 
The first essential is that they be able to hear one 
another, their section, other sections, and 
themselves, well. 

 
4. The conductor will almost invariably demand, and perhaps be 

quite dependent on having the first stand of the four 
string sections, I Vl 2 Vl, Via, Vcl, immediately around 
him. In a hypothetical arrangement this factor may conflict 
with solidarity. 

 
5. The nature of orchestra composition and orchestration 

tends to associate certain instruments and sections. 
For example: in general (though not always) the cellos 
and basses play in octave relation; horns are really a 
hybrid section, being naturally part of the brass 
choir, but often paralleling or augmenting a string 
choir or a woodwind section. 

 
6. Specific adjacencies may be disastrous for certain 

performers. For example, to place a violist (the viola 
being the feeblest of the strings) in front of 
trumpets and trombones would completely defeat him 
when playing concurrently, because his instrument 
might be inaudible to him. 

 
7. One should consider the distinction between the solo 

versus choral role of an instrument or section. For 
example, although the principal of any string section 
may often have a solo passage or line in general the 
stringed sections perform as choirs or, as a group, in 
a choral fashion. For this reason, one may consider it 
well that they represent a broadly spread source 
onstage. At times, as for example in Tchaikowsky 1812 
Overture, or Brahms, Academic Festival Overture, 
(augmented) brass section may play a choral role, and 
desirably be widely spread. In contrast, any solo 
performer will be a localized source and should be 



treated acoustically so that his location is precisely 
apparent. 

 
8. The clear separation or distinction between two parts, 

either intermittently or concurrently, may be 
important in a musical passage. This would be most 
evident in an antiphonal context. An extreme would be 
the performance of the Gabrielli, Conzona for Three 
Brass Choirs. More commonly the distinction between 
1st and 2nd violin sections may be desirable. An 
advantage factor might for example recommend placing 
woodwinds and brasses on opposite sides of the stage. 
The distinction will be enhanced by the remarkable 
ability of our two ears to localize exact position of 
a sound source, even in a reverberant environment. 

 
9. The appearance of the orchestra from the audience is a 

very important feature; to achieve uniform coverage of 
the stage (avoiding vacant areas), to achieve a 
reasonably balanced or organized visual form, to 
intrigue the audience with a view of the 
instrumentalists, to spare the audience the view of 
some of the less palatable manipulations of certain 
instruments. 

 
10. The personalities of musicians in general and some in 

particular become a very difficult and control— ling 
problem. In general, they will have played in a given 
arrangement for a long time, are accustomed to the 
sounds around them, and resist change. Individuals may 
greatly resent the entire undertaking on the one hand, 
or be full of a host of conflicting and often mystical 
notions of what should be done. They can easily 
frustrate the entire project. 

 
Needless to say, it is clear that orchestra arrangement is 

a multi-faceted, challenging, and often discouraging task. 



APPENDIX B 
 

ORCHESTRA PLAYERS ADJUST THEIR PLAYING 
LEVEL IN THE FOLLOWING WAYS 

 
1. Individual or general cues from Conductor. 

 
2. Markings in the score.  

 
3. How loud they hear themselves, governed by: 

masking by other instruments, sound reflection 
from surrounding surfaces. 

 
4. How loud they hear others playing. 

 
5. Their habitual “metering” of their mechanical or 

pneumatic effort relative to 1 and 2. 
 

6. Their own artistic concept of musical dynamics, 
or how they relate to the ensemble. 


