
MICROPHONE PLACEMENT EXPERIMENTS 

The purpose of the microphone placement experiments was to arrive 

at a suitable microphone balance for amplification and recording of various 

extended techniques for the B-flat Tenor Saxop~one. The extended tech-

niques werec 

1) The Throat Purr 
2) Singing in the Horn 
J) Key Slaps 
4) Multiphonics(Split tones) 
5) Double notes 

1) The throat purr is the inconsistant oscillation of the vocal cords 

that takes place before the full amplitude of the sound to be made is 

~ achieved. It sounds very much like the purr of a cat. The problem with 

this very colorful sound is the very low amplitude of its performance. 

The saxophone acts as a resonator in this case. It colors the sound in 

various ways. The performer controls the pitch of the throat purr by 

alternating the number and location of depressed keys. For example, if 

all the keys are in a closed position,the purr will have a very low 

frequency quality, also the actual sound will be coming from the bell of 

the saxophone. This can be captured very easily with a microphone balance 

of one dynamic cardiod approximately 3 to 5 inches form the bell of the 

horn. As the keys are lifted,from lowest H-flat upward chromatically, 

the frequency or pitch of the throat purr gets higher. Due to the design 

of the saxophone it is possible to create a ster pan effect with the 

throat purr and the proper microhpone balance. Using three locations of 

-~ sound,on the saxophone,the bell,the right stack,and the left stack
1
a 

variety of effects are possible. On .tne _demonstration tape that is provided 

with this paper,the microphone balance is as follows: 



• Left Channel -- Sennheiser 

Right Channel-- Sennheiser 

Composite AKG-D1000E 
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3• from the left stack 

3" from the right stack 

3-5" from the bell 

With this microphone balance the stereo pan was realized. Actually 

with the AKG feeding both channels the purr is consistantly in both 

channels but depending on which stack was open the emphasis switches from 

the left channel to the right channel. (Example I Demo-Tape) In this exa

mple the pan effect is created by lifting the B key of the left stack, 

thus emphasis in the left channel as well as a pitch change,and by lifting 

the D key of the right stack ,thus emphasis in the right channel. 

<El The same stereo pan effect can be created by singing a steady tone 

into the saxophone and lifting the same keys, However, the pan is not as 

~ noticeabl e as in example I. (Example II Demo-Tape) 

• 

(3) Key slaps are standard practice in many contemporary compositions. 

Using key slaps with the B-flat tenor saxophone is very colorful due to 

the large chamber and bell of the horn. It is possible to play a chromatic 

scale using the key slaps,however,like the throat purr,amplitude is low 

enough to be a performance problem. Microphone balance for the key slaps 

was approximately 3 to 5 inches from the bell of the horn with the AkG-D 

lOOOE. With this balance the resonance of each key slap tone is made 

audible. (Example III Demo Tape) 

(4} Example four is a short composition utilizing the afore mentioned ex

tended technuques as well as multiphonics,or split tones,and double notes. 

Double notes are just what the name implies. Two different fingerings for 

one note,producing two different timbers. The double notes also created 

an interesting effect due to the change of key stacks A stereo pan is 

almost acheived but the resultant sound is slightly different. 
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ELECTRONIC MUSIC PROJECT: 

TONE DETECTING SWITCHING SYSTEM 

PROGRESS REPORT 

The purpose of the Tone Detecting Switching System 

is to turn on/off from one to sixteen signal's. The idea for 

this system originated in a desire to have a box that would 

switch different colored lights with rhythmic accuracy, so 

that these lights could be used as a "conductor" for a per

forming ensembe, giving complex multiple tempi and cues. In 

a piece that I had made (in collaboration with Tom Nunn), in

formation given to the performers over headphones while they 

performed proved unsuccessful because the performers were un

able to hear the sounds they produced. Also, the headphones 

inadvertently leaked information to the audience, which I had 

not intemded. Around this time, winter 1975, I asked Lou 

Prince, the department technitian, about the feasibility of 

building a device that would turn on signals with a prerecorded 

audio signal. He s aid it would probably cost $2000 to build. 

In the following spring I made a version of one of the sections 

of Warren Burt's Nighthawk in which my voice rotated, changing 

on each syl lable, in a quadraphonic speaker system. To 
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do this, I had to record my voice monaurally on four tracks 

and then selectively erase parts of each track; however, 

a device such as that which I had in mind would have made 

this project less time consumfing and could have made live 

performance possible. 
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Also, at this time, I ~ was investigating other situations 

where a rapid succession of sound elements occured. Some 

of these involved tape plicing techniques in which as many as 

twenty sounds per second would occur. One, a setting of the 

Gertrude Stein short story, Aa a Wife Has a Cow, A Love Story, 

the text was divided so that each 2- or 3-word phrase was given 

to one of several voices. The tape splicing process proved 

too time consuming and inflexible for a satisfactory realiza

tion of the piece. 

in spring of '76, while casually talking with George 

Ritscher, I mentioned by idea of a box that would be able to 

turn on/off a number of circuits--not just lights, but line 

or mike level audio signals as well. He said such a device 

was possible to build without far-reaching technical difficulties 

or economic expense. During the following months, we discus-

sed what capabi~ities this device should have and various 

means by which they could be achieved. 

Although the capabilities desired of this device have 

changed in all stages of its developement, four goals appear 

to be basic: first, each controlled circuit must have a 

fastest on/off cycling rate of at least four per second; 

second, the control signal must be in the audio frequency range; 

third, each controlled circuit must be independently tunable 



(or controllable) form the other controlled circuits; and 

last, that the cost to build be less than $100. 
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Three designs were considered. First, a more "classic" 

of variable band-pass filters followed by Schmidt triggers was 

rejected because it was less effecient than other designs and 

was not particularly inexpensive. Cost ruled out using a 

transistor switch--it also called for a complex design as it 

affects the impedance of the circuit, therefor affecting the 

frequency response of the circuit to the input signal. 

The design arrived at was one which uses a relay to 

swi thh the input signal and a ''tone decoding" integrated 

circuit to operate the relay. This design is the least 

expensive of the three designs. Additionally, it is more 

efficient than the filter-Schmidt trigger design, and much 

simpler than the transistor switch. 

The Design of the Tone Decoder Switching System 

The design for this device is built around an NE 567 

integrated circuit, and is based on designs found in "Cue

tone Decoder that Actuates An external Circuit,n 1· by Kurt 

Blackburn, Integrated Circuit Projects, 2 by Charles D. Rakes, 

and Signetics data sheet on the NE 567. 3 From the last source 

1. BM/E (Broadcast Management/Engineering), Nov.ry6, Vol.12, N.11. 

2. Howard w. Sams & Co., Indianapolis, Kansas City, N.Y., 1975. 

3. The Signetics Data Book, Sygnetics Corp, Sunnyvale, 1977. 



comes the following description: 

"The NE 567 tone and frequency decoder is. a 
highly stable phase-locked loop with synchronous 
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AM lock d'etection and power output circuitry. Its 
primary function is to drive a load whenever a sus
tained frequency within its detection band is present 
at the self-biased input. The bandwidth, center 
frequency, and output delay are independently deter
mined by means of four external components." 

In the design that we used, the load that is driven 

by the output of the NE 567 is the coil of a DPDT relay. The 

center frequency is adjusted by means of a 20K ohm, 15 turn 

trimpot. The bandwidth is less than .±. 6% of the cent.er 

frequency, less than a semi-tone. Appendix A is a schematic 

of the power supply and one tone decoding switch. In the 

device that George and I built, the tone decoding switch 

is duplicated eight times. They share a common control 

input, a phone jack on the right side of the front panel. 

Eight vertical pairs of signal input phone jacks connect 

to the relay armature. The signal output jacks on the rear 

panel connect to the relay contacts which remain open where there 

is no power applied to the relay coil Power may be applied to 

the relay coils manually by either momentary push-button or 

locking toggle switches located on the top panel of the box, 

or by the NE 567 when it se~1ses a tone at the control input 

that is within the frequency band to which it is tQned. 

Operating Characteristics Of The S~Titching System 

Although this project has been assembled, not all of 

the decoding circuits are functioning ·correctly. Presently, 
0~1..'( 

all eight relays can be operated manually, butAfive of the 



eight decoding circuits are functioning. All my experiments 

and tests involving the operation of the decoding circuits 

have been with these five circuits. 
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The most disturbing weakness in the device's operation 

is that an audible click at the output occurs whenever the 

relay is switched on or off. According to George, additional 

minor components will be added later to eliminate this defect. 

Because the clicks are so loud, I~ have only used line level 

signals at the signal inputs. Also, when the output is not 

switched on, there is some leakage of the input signal to the 

output. However, this leakage is -30 db or less than the 

signal when it is on, and I consider this flaw minor. 

I am very satisfied with the device's performance on all 

other functions. My three basic goals were all met. Each 

decoding circuit is independently tunable over a range of 

three and one-third octaves or more, g (392hz) to b3 (3950hz). 

The tuning also remains stable, and has not needed retuning 

to pitches for which it was set for several days, now. The 

above frequency range falls very well within the audio 

spectrum, and to test the "musicality" of this range, I 

used whistling, electric bass, and tape recordings of Handel 

arias and Purcell Gamba Fantasies as control signals; all 

worked effectively. I was able to determine with the electric 

bass as control input, that the harmonic partials were cap

able of being detected by the NE 567 when they are of suf

ficient amplitude. When the control input used was an 

oscillator, I found that triangle or sine waves caused a 

more reliable decoding function than pulse or sawtooth waves. 
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Another basic concern, that the on-off cycle should be 

at least four per second, was also satisfied. Of the five 

correctly functioning circuits, all met or surpassed this 

rate. With one the rate exceeded eight on-off cycles per 

second. When pushing the limit, the circuits would malfunc

tion in one of two ways. They would falter , and ultimately 

stop in the off-position ; or the relay would be held con

stantly in the on-position. Although the first malfunction 

seemed to be from fatigue of the relay or decoding circuit, 

the second seemed to occur because the output to the relay 

coil lagged behind the control signal. To test this, I 
SE'PAitATe -rtl.At($ oF 

recorded an input signal and a control tone onAa two-track 

tape recorder, and then measured the distances between the 

beginnings and the endings of the two signals. These 

measurements varied from circuit to circuit. The lag 

between "on" times was from 20 to 37 ms. The lag between 

"off" times was from 83 to 133 ms. Because of the off-

time lag., the input signal will overlap the beginning of 

the next control signal at on-off cycle rates of 5.3/sec 

to 8/sec or faster. 

Mock-up Applications 

Basically, the Tone Decoding Switch System can be used 

in two ways. First, it may be used to distribute a single 

input signal to a number of locations. Multiples of the 

signal are patched to separate signal i nputs. The signal 



/ 

outputs are then patched to different amplifiers/speakers. 

This arrangement will facilitate the distribution of one 

sound amongst the spatial positioning of the speakers. If 

the speakers are replaced by transduced objects as in the 

manner of Rainforest, this distribution can be timbral as 

well as spatial. Auditioning the system with transduced 

objects worked very well; beside making melodies of timbre, 

these objects easily forgave the inherent switching clicks. 
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The second basic usi of the box is to select from a 

number of different input signals. The outputs of the box 

can then be mixed. Here, the end result is the melodic con

catenation of different elements--but without the tedium 

of tape splicing. 
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The preceding uses can be combined in several ways, 

to form a switching system that both selects and distributes 

signals. A number of the switching circuits can be used to 

select from an equal number of inputs. These are mixed at 

the output, then multipled and patched to the remaining 

unused inputs. The outputs of the second group of switching 

circuits can lead to sound reproducers of varying spatial 

or timbral qualities. 

Another combined selecting/distributing arrangement 

involves the addition of a tape delay. Signals are patched 

into the upper row of inputs to the box and the outputs 

are mixed as in the preceding example. This mix is recorded 
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on tape and played back with a delay by another tape machine. 

The playback is multipled and patched to the bottom row of 

signal inputs. The outputs of the bottom row can be distri~uted 

to sound reproducers. By us i ng the tape delay, the number of 

combinations of selected inputs to distributed outputs be-

comes the square of the number of switching circuits used--

as many as sixty-four combinations, if'all eight switching 

circuits are used. 

Planned Additions and Modifications 

The inherent click caused by relay switching will 

be eliminated by the addition of minor components, click 

filters. 



The NE 567 has been designed such that the center 

frequency of the bandwidth to which it is sensitive is 

present as an output as well. These oscillator outputs of 

the eight IC's will be controlled by an additional row of 

push-button switches and mixed to one common output. From 

th i s output,control signals can be encoded on tape for 

later decod~ng use. 
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To give the box mor e flexibility, the bottom signal outputs 

of two of the switching circuits will be changed from the 

opposite pole same throw· as the upper signal outputs to 

the same pole opposite throw of the upper signal outputs. 

The result will enable the user to gate between two input 

siganl using one switching circuit rather than two. 
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The research I have undertaken in the 205 seminar has 

involved improving the sound quality of an electronic finger piano 

tru: I built during the fall . This instrument utilizes strips of 

spring steel which are rigidly mounted at one end and plucked with 

the fin~ers at the other , ~ as can be seen in diagram #1 below • 
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It is a similiar principal to the African Mbira or Kalimba, except 

for the amplification and the placement and mounting system of the 

spring steel reeds. 

The instrument I built during the fall has 125 reeds, four oc

tav-es, with 31 steps to each octave. The reeds are tuned by short

ening to raise the pitch and lengthening the reeds to lower it. 

I chose to utilize 31 tones to each octave (equally tempered) 

because of the greater flexibility of intonation and the similarity 

of 31 tone tuning to certain intervals in , just intonation• 31 tone 

is an extension of mean tone temperment, which has just major 

thirds in the ratio. gf 5t3~ and has slightly flat fifths. These 

characteristics are present in 31 tone. In addition, since the 

31 steps are equal, complete modulation to any degree of the scale 

is possible, without disturbing intervalic consistantcy. This 

potential is exciting to me. 

The main problem with demanding so many pitches to each octave 

is that for percussion and keyboard instruments, there must be 

a separate key or vibrating object for each of the 31 tones. 

Space conservation, and bulk become a severe problem. One of the 

few existing 31 tone marimbas is the one owned by Erv Wilson, 

a tuning theorist in Los Angeles. The instrument has three octaves 

and is ten feet long. Complex figures on the instrument are 

difficult. 



The present finger piano overcomes this problem by using 

very small reeds for each pitch. In a space 20"x9 ''x-3" I have 

.mounted 125 reeds,., laid out in the standard Bosanquet Generalized 

Keyboard first uncovered in-the twentieth century by Erv Wilson.l 

This keyboard pattern specifies where each of t he 31 tones are 

to be placed on the keyboard. It was first advanced in the sixteen-th 

century as an· alternative to the split keys in use on many harpsi

chords for the extended mean tone temperments that were being 

used at the time. In many cases the split keyboards gave the per

former the option of both a D' and a c f or a G# and an AP. Bosanquet 

and others2 calculated that if the mean tone temperment were to 

allow total modulation to any degree of the scale, 31 equal steps 

were necessary. The idea was droped at the time as too impractical 

in the face of twelve tone equal temperment, which was beginning 

to be used.3 Recently, a group in the Netherlands, the Huygens

Fokker Foundation, and isolated groups around the United States, 

have been carrying on study of the intonation system, and in 

some cases writting music for the limited musicians and musical 

instruments available at the time. It is my hope to increase 

the resources available to composers and performers. A copy 

of Erv Wilson's design and my adaption of the original Bosanque~ 

key~oard can be found in the Appendix. 

The reeds in my instrument are mounted at one end by passing 

over one t"xt" brass bar and under another, as shown in the diagram 

#2 below. 



The reeds vibrate at their resonant frequency when plucked. 
The vibrations are transfered through the spruce plyboard base 
to the contact microphone that is glued to the underside. The 
electronic output of the ~ontact microphone is fed into an amplifier 
and from the amplifier to a loudspeaker. 

Because each reed is a different distance away from the pickup 
transducer,. each has a different amplitude, and to a certain ext·ent 
frequency response, which is heard as a change in timbre. The 
bass reeds are especially influenced by posit on. Some lo notes 
are inaudib e or have loud enharmonic partials h «lt mal<e them sound 
out of tune or weak. This problem was the reason for the researeh 
undertaken in the 205 seminar. 

The first experiment I performed was designed to determine if 
microphone affected the sound quality. I glued the copper template 
of the ceramic contact microphone (which s described later in the 
paper) to several different places and played the instrument to 
determine the effect. The accompanying diagram #3 shows where on 
the instrument the microphone was placed •. -
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The letters A through E indicate the placements. In each position 
the reeds directly above the microphone were transduced efficiently 
but those that were 2" or more away from the picl<:up were inferior. 



· The microphone position I finally settled on was letter D, 

dirctly under the pitch C, one octave above the lowest CC, since 

most of my playing was in the key of c. Th i s pitch is also the 

vertical center of the instrument (see appendix diagrams.) This 

was an unsatisfactory compromise, . so I continued my research. 

The next step was to try different brands of contact micro

phones to determine which had the best tone quality for this 

applicat on•. The first m crophone I experimented with was one 

of the $12 copper template ceramic contact microphones th~the 

Kiva ensemble and I purchased from Abco Sound Company in New- York. 

The person I bought the mike from said that they were underwater 

throat microphones for frogmen, which he bought at a government 

surplus auction. I bought the last ones he had and he knows of no 

other source. They are essentially a ceramic transducer element 

that i ·s glued to the surfac-e of a coppe r template. Electrical contact 

is taken off the ceramic for the positive lead and the copper 

is for ground. The diagram #4 is a representation of this microphone. 

~l*R 

This one has since proved to be the best mechanical vibration 

transducer I have tried. In every contact microphone instrument 

I have built, this one has the most even frequency response, 

both on the high and low end of the audio spectrum. But because 

of the limited supply, I have tried other models too. 
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I also tested Varco ceramic phone cartridges, of which I 

have a virtually unlimited supply from Olson Radio at $1.49 eaeh. 

I disassemble the phone cartridp:e and reiD:ove t h ceramic element,. 

which is a piece of metel foil with ceramic on both . top and bottom,. 

and coated with an epoxy overlay. Two foil contacts extend from 

one end , . as shown in dia~ram 5. 

~ov~b co~c~~~~----------------------------~ 
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These microphones sound good, but their low f r equency response 

is weak. Since the supply of these microph ones is excellent at the 

moment, I am using them a · great dea l in related research. The 

next microphone I t ested was a dynamic contact microphone from 

"* Universa l . hese need ferrous vibratin~ surfaces in order 

to function properl y, although they work to a lesser extent on any 

surface that i s vibrating. Mounted on the spruce soundboard of 

the finger piano, their s ound was simili~r to the ceramic phone 

cartridge,. with a sli~htly improved hip:h frequency response. 

However, when the microphone was plRced near the vibratin~ tip of 

a spring steel reed, the frequency response was the best yet. 

The steel disturbed the ma~netic field around the dynamic element 

in the contact mike and induced voltage changes in the output of 

the microphone. This is magnetic transduction., The sound quality 

caused me next to· .. 

reeds. 
-J 
~ magnetic transducers for the finger piano 

* Universal Tape Corporation, Pembroke Park, Florida. ~ObEl RE. 



I researched magnetic transducers in The Electronic Musical 

Instrument Manual,. ~ Guide 1£ Theory ~ Design by Alan Dou~las. 

This book is concerned primarily with electronic organs, a few 

of which utilize ma~netic transduction in their sound synthesis. 

Notable amen~ these is the Hammond organ, which em9loys toothed 

metal wheels that rotate in proximity to a magnetic- transducer. 

The diagram #6 below shows one such wheel. 
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The teeth are alternately . c--l·ose to and away from the transducer. 

This change in the magnetic field around the transducer is in 

a repeated pattern that produces an electronic waveform at the 

output of the transducer.~ The output may vary from square waves 

to s~lke to sine wave depending on the shape of the gear. Numer-

ous waveform· possibilities can be found in the Appendix III, 

which is a Xerox copy of a publication of ElectroCorp, A magnetic 

transducer manufacturer.5 It is included here because of the 

experimental possibilities of waveform synthesis using toothed gears. 

This was not explored in the Hammond or~ans, which utilized the 

toothed gears to produce only sine waves, which were then added 

to other sine waves of integral multiple relationships to synthesize 
6 overtones. 

In addition to tone wheel ma~netic transduction synthesis, 

Douglas describes wind driven free reed synthesis using transducers. 

Some organ manufacturers utilized brass harmonium reeds driven 

by an electric bellows wind source as tone generators •. ?c · The tips 

of the reeds appar~ntly contained some ferrous material, since 

magnetic transduction will not take place with brass bars as the 

vibrating element. Later on iri the book Douglas describes a sus

tain device for electronic organs that would utilize pitch exclusive 

sympathetic.ly vi bra tin~ spring steel reeds with magnetic~ transducers 

as pickup elements.8 



The informatiorr on how to construct the tr9.nsducer element 
itself was inc-omplete in the Douglas book. He merely showed a 
magnet with coils of wire around it. Electrical connection was 
unclear.9 George Ritscher advised me to bu~ some magnets and magnet 
wire and experiment myself, which is what I did. The wire I 
purchased was #48 AWG magnet wire. This is extremely fine steel 
wire that is coated with a thin plastic film. I puchased sever al 
magnets including some inexpensive flexible c-eramic strip magnets 
from Earl's Supply in Clairmont •· I wound coils of magnet wire 
around a variety of different magnet axes, as shown in the diagram 

#7. 

#-7 

I also wound some coils around a plastic tube, as in diagram 
#8 '~ 

I then mounted each of the pickups in proximity to a spring 
steel reed and noted their outputs when the reed was plucked. 
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The highest output was transduced by the t" round magnets 

li" long wound latitudinally as in diagram ?a. A weaker signeal 

was found with the longitudinally wrapped magnet (#?b.) Coils 

with no interior ma~net that were wound around the plastic tubes 

had an even weaker output. For these pickups, the reed had to be 

magnetized, which was a~complished simply by touching a magnet to 

each of the reeds. 

Later I pu,rchased two Al-Nico rect~ngular bar magnets from 

Magnet Sales and Manufacturin~ Company in Santa Monica, California. 

They were each 1/8"x3/8"x5", stressed across the 3/8". The ceramic 

magnets I had been us in~ were not alli~ned en any axis,. but were 

instead composed of thousands of tiny magnets, each with its own e.xis 

of allignment within the flexible ceramic base material. The 

rectangular bar magnet is therefore much more efficient for 

the applications for which I was intending to use it. They cost 

$7.50 apiece as opposed to the 45¢ for the flexible cagnets. 

I wound approximately 1500 turns of wire around one magnet on the 

wrong axis, which made it ineffic-ient and bulky. In order to wind 

on the correct axis, I must first construct a plastic frame on 

which to wind the aoi ls. I have not been able to construct a 

strong enough frame at this time. They are either extruded or 

welded ultrasonioiy when they are made commercially, and I do 

not have acc~ss to either of these processes and am therefore 

attempting to erlue the frame to.a.:ether. On this I have yet to be 

successful. Possibly in the next month or two I may be able to 

finish a stron~ enough frame. 

Although temporarily held up in my research, I have continued 

working on the non-electronic portion of the instrument that I 

am building to utilize the pickups I ha.ve been unable to build. 

The design for the instrument is in appendix IV. 



This design utilizes 41 reeds in two rows, similiar to the two 

rows in a twelve tone keyboardc one for the naturals and one for 

the sharps or flats.. The new instrument has four octaves like the 

previous design, but with only ten tones to eaeh octave, instead 

of thirty-one. The terrnotes are taken from among the thirty one. 

and so the scales- are compatible in many c-ases.. The notes of 

the scale· in thirtyr"one tone notation are C ,D ,D# ,E ,F ,F-t ,G ,A ,A#, 

and B-'. This scale is ca.lled Helix Song Tuninp:, and was developed 

by Er~Wilson as arr· aid for teaching some of Harry Partch's ideas. 10 

Helix Song is derived from Partch's tona l ity diamond, which is made· 

of the first six prime number overtones of the first six prime 

number subharmonic- partials of the tone G. 11 Helix Song utilizes 

the six overtones of orrly two tones •· C and: F. The overtones of 

Care C,D,E,tf ,G,and A#, while those of Fare F,G,A,B~,c. and D#. 

C and G appear in both series but .o-ccur once in the scale. 

The pickups I intend to build will fit end to end between· 

the two rows of reeds and transduc--e the vibrations of both. They' 

are 1/8-th inch wide and should fit , but the final test will have 

to wait until the pickups are built. 

With the magneti~ transducer technology I learned in my 

researc-h for the finger piano,. David Poyouro~r and I carried on 

some related experiments this term. After listenin~ to Alvin 

Lucier describe h i s experiments with long stringst David and I 

constructed some extremely long str inged instruments with music wire 1 

screw eyes, the cement of Mandeville Center, and some tachometer 

pickups from Electro Corp. The latter are used to determine the 

speed of rotating toothed gears in au.t·omobile engines. They 

work with the same principle as the Hammond organ tone wheel. 

Using several guages of music wire·, we assembled c~ement electric-· 

guitars of 18, 26, and 160 feet in length , t.he l~tter was the most 
, 

in*eresting. It was constructed outside the Music Department 

offices in Mandeville Center with .080" and .011" music wire. 

We placed the tachometer pickups, which are essentially small 

magnets with coils of wire wrapped around them, in proximity to 

the wire at one of its ends •. The amplified sound of the wire when 



l t-was excited by various means was similiar to a heartbeat, a 
jet plane· buzzing overhead, M-1 rifles at forty miles, and 
Star Trek phasor sounds. For a more objective description, I 
will wait until the concert in May when we will be constructing 
two, three and four hundred foot models in the Muir dormatory quad. 
This is for the May 3 Atomic Cafe, and is entitled Son of Tower Music. 
For this concert we have four different guages of music wire and 
some nylon fishing line which will be transduced mechanically with 
a contact microphone. 

In addition to functioning as input transducers, the tachometer 
pickups also work as output transducers, if they are in proxi-
mity to a ferrous surface, such as a length of music wire. With 
this, we were able to excite the wire with the output of a ten 
watt amplifier. George Ritcher calculated the output impedence 
to be in the neighborhood of 300-400 ohms. We have had no probl em· 
with the transducers being overdriven. 

Using the string technology ~ained in my experiments with 
David Poyourow, I made a version of Fontana Mix by John Cage. 
My source material was multiphonics on an aeromembranophone.( te 

of my own inventions, the aeromembranophone i s a membrane instru
ment that is excited by a high pressure air stream from the per
formers mouth0 It is constructed from the lid of a peanut butter 
jar and a balloon. The lid is the frame for the balloon membrane. - ) 
The source material was processed by being transduced through 
six different objects, including a long string. The final mix 
was played on David Poyoro"tts concert on April 9,, simultaneously 
with the Cage Piano c·oncert. 
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A PPeN 1:> t )( 1IT 
CJb;~~~C1"'~~ I Magnetic Sensors 

OU TPUT VO LTAGE 

M agnetic sensors are non-contact transducers whose output voltage reflects the rate of 
change that is taking place in their magnetic field. The output voltage that results is a 
measure of this change in terms of electrical energy. 

Three factors effect the output voltage, and they are: 

1. The peripheral speed of the actuating mass. 
2. The size and shape of the actuator, or gear teeth. 
3. The pole piece clearance. 

r~ ... ~ .. ~-: -~~~~~T~~~~~- .~.. :~ b ,:·,~·· ~"~,, .'·.~-~ / ~_.~~ ·• t ;~ -:~---~~-~~ '·~~--·~~":·-~· ··~··~-~, 

.~~\; .......... ~,.:,l, .L-.i:'..~-~-Ao...._.i..._.: ... · .'·.A.-Lo._,~~:~~......._o..ar..._ .. c~~--.~w.~,.....-J~~-~~·4 - -~~J \ _.;. .. :, ........ :!J..~:~"'--~~'L.'I.:· ............ !r.J>; ___ .~. -~-~ -~ ..... ·---- h.i.r.-.L.<....&io?.-~·· ~· ~~ 

Steel single projection 

Steel coarse tooth gear 

Steel .,Maltese cross" 

Steel special cam 

Steel single projection 
for Di-Mag ( f)f~ITA &. 

Steel fine tooth gear 

( ~ 0 

Aluminum bar 

Steel special cam, 
reverse direction 

Generally speaking, gears are the most frequently used actuating mass. As shown above, 
actuators of varying sizes and shapes produce different waveforms. Fine tooth gears generate 
a near sine wave output, while coarse tooth gears produce a sharply peaked pulse. However, 
the same resul t s can be obtained by utilizing wheel spokes, a vibrating surface, a mov_ing bar, 
crank, or even a steel screwhead mounted on a moving surface. 
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P-2 

P-3 

P-J, C-42 

P-J 

P-3 

P-4 

P-9 

P-10 

P-12 

P-13 

P-14 

P-15 

P-18 

P-19 

P-21 

P-21, C-71 

P-27 

P-27 

P-28 

P-31 

P-3 1 

S-3, C-2, 
C-6 

PRICE LIST OF TAPES AVAILABLE TO DATE 

MARING MAMMALS 

Steller Sea Lion 

California Sea Lion 

California Sea Lion as Compared with 
Bottle Nosed Dolphin 

California Sea Lion Dialects 

Whiskers Echolocating 

Australian or White Capped Sea Lion 
(On 0 only) 

Guadalupe Fur Seal 

South African Fur Seal 

Northern Fur Seal 

Walrus 

Harbor Seal 

Ringed Seal (On 0 only) 

Gray Seal, P-19 Ribbon Seal, 
P-20 Harp Seal 

Baby Ribbon Seal 

Bearded Seal 

Bearded Seal and Bowhead Whale 

Leopard Seal 

Leopard Seal side one and Adelie Penguins 
side two 

Weddell Seal 

Northern Elephant Seal 

Northern Elephant Seal (5" reel recorded 
on both sides) 

Manatee, Inia, and Nonwhale 

$ 4.00 

$ 4.00 

$ 4.00 

$ 4.00 

$ 4.00 

$ 4.00 

$ 4.00 

$ 4.00 

$ 4.00 

$ 4.00 

$ 4.00 

$ 4.00 

$ 4.00 

$ 4.00 

$ 4.00 

$ 4.00 

$ 4.00 

$ 4.00 

$ 6.00 

$ 4.00 

• 
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C-1 

(
,_., 
• L 

C-5 

C-6 

C-7 

C-12 

C-18 

C-19 

C-20 

C-24 

C-28 

C-29 

C-42 

C-44 

C-45 

C-46 

C-47 

C-49 

C-50 

C-51 

C-51 

C-68 

C-71 

C-71 

Ganges Dolphin (Susa) 

Amazon Dolphin (Inia) 

Beluga or White Whale 

Nonwhale 

Harbor Porpoise 

Dall Porpoise 
(On 0 only) 

White Beaked Dolphin 

Atlantic White Sided Dolphin 

Pacific White Sided Dolphin 

Common or Saddle-back Dolphin 

Blue, or Blue-White, or Euphrosyne Dolphin } 

Spotted Dolphin 

Bottle Nosed Dolphin 

Grompus, or Gray Grompus, or Rosso 
Dolphin (On 0 only) 

Common or Pilot Whale 

Short Finned Pilot Whale or Short 
Finned Blackfish 

$ 4.00 

$ 4.00 

$ 4.00 

$ 4.00 

$ 4.00 

$ 4.00 

$ 4.00 

$ 4.00 

$ 4.00 

North Pacific Pilot Whale or North 
Pacific Blackfish 

(On 0 only) 

Slender Blackfish 

False Killer Whale 

Killer Whale 

Two Baby Killer Whales 1 male and 1 f~le 

Sperm Whale 

North Atlantic Black Right Whale 
} ,(On 0 o;:;ly , 

Bowhead Whale 

$ 4.00 

$ 4.00 

$ 4.00 

$ 4.00 



Marine Mammals - pagP ) 

C-7] <;ray Whale 

C-7) llaby Gray Whale 

C-75 Sei Whale 

C-77 Fin or Finback Whale (On 0 only) 

C-78 Blue Whale 

C-79 Humpback Whale 

RELATED AND UNRELATED TAPES 

A Under Arctic Ice 

B Under Arctic Ice (5 hrs playing time 
15/16 IPS 

c Whistlers from Outer Space 

D Ice Noise 

E Unusual Sounds Made by Marine Mammals 
Both Sides P-13, 21, 27, 28, 31. 
C-7, 51, 71 

F Gibbon Monkey 

G Many Species, Can You Identify Them? 

H Siamong Monkey 

I A Walk in the Cold and Under Arctic Ice 

J Some Unusual Recordings 

K Whistling Language (3" reel) 

L 1965 Tape (7" reel) · 

M 1966 Tape (7" reel) 
• 

Nl thru Nl8 Veterinary Working Conference, U.C. Ddvis 
Feb. 8-9, 1969 (9 7" reels) 

$ 4.00 

$ 4.00 

$ 4.00 

$ 4.00 

$ 8.00 

$ 4.00 

$ 6.00 

$ 4.00 

$ 4.00 

$ 4.00 

$ 4.00 

$ 4.00 

$ 1.00 

$ 6.00 

$ 6.00 

$50.00 

• 

I 
r 

I 
I 
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01 • (}} 

p 

Ql thru Ql6 

R 

s 

T 

u 

v 

w 

X 

y 

z 

'•7. Spt~ch•s of MRrlne Mammals on 7" n·els 
both sides (about 3 hours) , 

Asian River Otter, Marmot, Siamong, G!bbon 

Tape Recordings of 5th Annual Conference 
on Biological Sonar and Diving Mammals 

Bradycardia in Steller Sea Lion Pups 

Recording of the 1959 Volcanic Eruption 
.in Hawaii 

Unidentified Animal Sounds at Cape Crozier 
Antarctic 

Unidentified Species of Baleen Whale in 
Antarctica 

42 Species of Marine Mammals on 5" reels 
Recorded on both sides - Reel 1 of 2 

Reel 2 of 2 

Unidentified Animal Sounds in the Arctic 

Marine Mammal Vocalizations 

Leopard Seals and Unidentified Sounds 

Unidentified Sounds in Scammons Lagoon and 
the Pacific 

$25.00 

$ 4.00 

$15.00 

s 4.oq 

$ 4.00 

$ 4.00 

$ 4.00 

$10.00 

$10.00 

$ 4.00 

$ 4.00 

$ 4.00 

$ 4.00 



J'J\()(.'J· : ~: nl N(iS FOH TilE ANNUAl. ( 'ONFEHENCES ON HIOLOGlCAl. SONAH ANO 

lliVJ~(i MAMMALS ANII PHO<iltfo:SS HFI'OHTS PHICF LIST 

Tlwt'l ' Wt ' rt · no proce ('din~s pr c p~red for the First Conference in 1964. 

l'rnl-{l'l ·ss Heport, 19•>~, Echo Rnn~ing Si~nals of Sea Lions anct Seals, 

x;~ p ; l [ ~l ·~ , $1.00. 

Thf' PnKf' l'dings for the Second Annual Conference held in 1965 are 
~tv3ilablt' in limited numbers at $3.00 per copy so long as the supply 

lasts (100 pages). 

The Proc(.·edings for the Third Annual Conference held in 1966 are 
avnilahlf' i.n limited number:; at $5.00 per copy so long as the supply 

lasts (215 pages). 

The Pnwcectin~s rn1 · the Four·th Annual Conference was published in book 

fot·m uncier· the tit lc, Th e 13chavior and Physiology of Pinnipeds, by 
Appleton-Century-Crofts, New York, 1968 and is available from them 

at $12.00 per copv (411 pages). 

There were no proceedings published for the Fifth Annual Conference 
but n complete set of magnetic tape recordings are available at $15.00 

per set. 

The Pr·occ('dings of the Sixth Annual Conference is now available for 

distt·ibution at $12.50 per copy, 1969. 

ThP Proceedings of the Seventh Annual Conference held in 1970 are 

avriil~blc at $12.50 per set. 

The Proceedings of the Eighth Annual Conference held in 1971 are 

available nt $15.00 per copy. 

The Pr·ocecrlings of the Ninth Annual Conference held in 1972 are 

avail <tl){~ at $15.00 per copy. 

No proceedings was published for the Tenth Annual Conference held in 
] 97 3. 

These items are available through my. office at prices listed above plus 
posta~e. Check should be made payable to Thomas C. Poulter. 

~.t~~ 
Thomas C. Poulter 
Senior Scientific Advisor 
Stanford Research In~titute 
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lJ:-..'DERWATER ACOUSTICS 
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Fig. 15.2. (A) Typical thermocline. (B) Velocity of sound vs. depth curve. (C) Simpli
fied velocity of sound vs. depth curve. 

wind velocity, and sea state, all have their effect on the temperature 
gradient. Differentials of more than 5°C are common in the first 100m, and 
since the change in velocity with temperature is about 0.2 per cent per °C 
for a temperature in the vicinity of 15°C, this effect makes the prediction 
of the exact path of a sound beam quite difficult. The influence of the 
resulting refraction on the transmission of sound waves is in many respects 
similar to that of heated air on the transmission of light rays. 

Below 100 m in deep water the temperature in general decreases more 
regularly until at depths ranging from 500 to 1500 mit reaches a tempera
ture near 4°C and then decreases very slowly until the bottom is reached. 
Curve A of Fig. 15.2 is a typical thermocline illustrating the manner in 
which the temperature of sea water varies with depth, and curve B of this 
figure shows the corresponding variation in velocity. It is to be noted that 
when the near constant temperature water is reached at a depth of 1000 m, 
the velocity then increases in accordance with the pressure effect rate of 
0.017 mjsec per meter. 

The path of a ray of sound through~ a medium in which the velocity 
varies with depth can be calculated by the application of Snell's law. In 
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where T is the temperature in degrees centigrade. At low frequencies 
(f << fr), the absorption is dominated by the first term and becomes 
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If L is the value of I expressed on , 
10 log Ir and L1 is equal to 10 log I 1 -~ 

Lr- L I : - 2 

or 

Lr: L 1 - .20 

Equation (34) is the expression of the i 
scale and shows the characteristic 6 d l 
the distance is doubled. 

The absorption in the medium, at an 
function of range, so we can modify E 
attenuation: 

Lr = L 1 - 20 log r -

where a is the attenuation in decibels 
normally large compared to 1, Equation 

If W is the acoustic power in watts: 

L 1 = 71.6 t 10 lo 

5.3 Reflection 

When a body with dimensions that are 
wavelength of sound at the operatin 
sound field, it will intercept a certain a 
intercepted sound power is re-radiated a s 

The amount of sound power intercepted 
* its area which is designated as a' and det 
~ 

f if=7d~4 
fo r a spherical body. If the body is not 
orientation in the sound field. If F is 
unit area at the target and W is the 
ta rget: 

W =Fa' 

ff the target is a perfect reflector, all of 
::ccted as sound. If, however, it is not ~ 
!r.tercepted power will be absorbed and 
rr!lected as sound. The. re-radiated or 
:..~ e refore: 

Ws=~W-F~ 
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Fig. 9.7. Attenuation at ultrasonic frequencies in (A) and (D) fresh water; (B) and (C) 

sea water. 

Plotted in curve A of Fig. 9.7 is a line representing the measured attenua
tion of acoustic waves in fresh water at soc expressed in db/meter. Curve 
B of this figure is a plot of measured values of the attenuation in sea water 
at S°C. The pronounced difference between these two curves at frequencies 
below SOO kilocycles/sec makes evident the presence of yet an additional 
relaxational process and attendant excess absorption in sea water beyond 
those present in fresh water. It is natural to attribute this additional 
absorption to the presence of dissolved salts in sea water and to refer to it 
as a type of chemical relaxation. Laboratory measurements by Leonard

12 

and co-workers have shown that the excess acoustic absorption of sea water 
as compared to fresh water is caused almost entirely by the presence of 
dissolved MgS0

4
• For instance, as the concentration ofMgS04 is increased 

in water, the measured excess absorption increases until at a concentration 
of 0.014 mole per liter it is essentially the same as that of sea water as 
measured directly in the ocean. The relaxation time of the process may be 
computed from a measurement of the frequency at which the absorption 

12 Wilson and Leonard, J. Acoust. Soc. Am., 26, 223 (1954). 
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~ter. If the water composing 
gcneous, only divergence and 
pressure level as a sound beam 

pr instance, a wave diverging 
sented by the equation 

~-nl (15.2) 

res measured respectively at 
of origin of the wave and v. i:; 

nepersfmeter. Upon applying 
ion 15.2, the latter becomes 

y a, where a .is the absorption 

presents the decrease in sound 
m r

1 
to r2 and may be replaced 

transmission loss in decibels. 

(15.3) 

es to a given distance r as being 
at one meter from the effective 
done, the sound transmission 

cr to any distance r is given by 

It- ar (15.4) 

•;aves in sea water has already 
P on frequency and temperature 
a! values of its magnitude as a 
C may be obtained either from 

For instance, in sea water at 
0.001 db/m at 10 kcfsec, and 

from equation 15.4, showing the 
· ~ r for each of the above three 
11· this figure shows that at low 
transmission loss is caused by 
llo\\C\'Cr, as the frequency and 
the absorption loss becomes of 
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Fig. 15.1. Curves showing dependence of transmission loss on distance and frequency. 
Cune A at l kc/sec. Curve Bat 10 kc/sec. Curve Cat 50 kc /sec. 

greater and greater significance. If we differentiate equation 15.4 with 

respect to r, then 

dH = 20 . d(ln r) + a = 8.7 + a (15.5) 
dr 2.3 dr r 

is obtained for the spatial rate of transmission loss in decibels/meter. Let 
us now define a.crossorer range rc as one within which the rate of attenua
tion caused by divergence is greater than that caused by absorption and 
\ice versa for ranges greater than rc. Upon equating (8. 7/r) to a, this 

crossover range is given as 
8.7 (15.6) rc =-
a 

For 10 kcfsec, the crossover range is 8700 m while at 50 kcfsec it is reduced 
to 600 m. From the above discussion it is evident that low frequencies must 
be used if sound energy is to be transmitted through sea water to great 
di-;tances with a minimum of transmission loss. 

When sound transmission loss measurements are made in the ocean. they 
arc frequently observed to be at a considerable variance (usually larger) 
\\ ith those predicted by equation 15.4. Factors contributing to this 
\JriJnce include additional divergence or partial convergence caused by 
rt}rarrion, destructive and constructive inteJjerence associated with multi
r-tth types of propagation including reflections from the surface and 
bottom of the sea, dijji·action and scaTtering caused by the presence of 

' 
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Finally, upon substitution into equation 15.34 

E = 124 + 20- 2(94 +A)= -44- 2A 

is obtained for the echo level. It is evident that even if no transmission 
anomaly losses are present, i.e. , if A = 0, the echo level being returned 
under the above assumed conditions corresponds to a sound pressure of 
less than 0.01 microbar. Factors influencing the detectability of such a 
weak signal will be discussed in the following two sections. 

15.10 Masking by Noise. Two basic types of noise tend to mask echoes 
returned from underwater targets. One type consists of those noises present 
even when no sound is being radiated by the transducer. These include 
such noises as ambient sea noise, machinery and propulsion noises generated 
by the echo-ranging ship, and turbulence noises generated in the vicinity 
of the sonar transducer. The second type consists of a multiplicity of 
weak echoes returned from small scatterers located in the sound beam and 
near the target. This second type of masking noise is referred to as 
rererberation and will be discussed in Sect. 15.11. 

Ambient sea noise results from the summation of all noises generated 
within the body of the ocean. However, its principal source is associated 
with wind and wave action at the surface of the sea. 4 Figure 15.13 is a plot 
of average values of the pressure spectrum level of ambient sea noise as a 

0 

-10 

:g -20 
.SO: 
<ii -30 
> 
~ 
E -40 
2 
~-50 

.____ 
~ r-r-.... r-...._~ 

~r-. ............. 

~, j. ...... r--
-.............. ........ tf;= !'--

,.. i I~ r--~ 
~~ jt::: r=:-t- I-... I"'-

:-... 
Cl. 

~ -60 
:5 

r- t- I~ l: r---. r-
t-r- -~ 

~ -70 
ct 

-80 

-90 
0.1 0.2 0.4 

I 

to-,. 

1---r---. ........ !'--;-......,..... 

1.0 2.0 4.0 
Frequency in kcjsec 

Curve Sea Wind 
Slate Speed 

(knots) 
A 6 35 
B 3 15 
c 2 10 
D I 5 
E 1/2 2 
F 0 0 

!'---

b::'-r- r--A r---... 
t:--r-- -......B 

-- ~ ~ r--c 
r--- ........._ --.n 

~ r--E 
..... F 

10 20 40 

Fig. 15.13. Pressure spectrum level of ambient sea no ise for va rious sea states and wind 
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4 Knudsen, Alford, and Emling. J. Marine Research, 7, 410 (1948). 
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Power Frequency Model Capacity 
(I.P.M.) Response 

WLC 50 watts 50-15,000 Hz 
CLC 30 watts 55-14 ,000 Hz 
MLC 15 watts 150-15,000 Hz 
ELC 15 watts 150-12,000 Hz 
UW-30 30 watts 100-10,000 Hz 

MODEL WLC, world renowned as the ''Standard of Excel
lence" for outdoor, weatherproof h1gh fidel1ty sounc 
installations. Rugged, heavy duty dual range reproducer 
for public installations in arenas . sta diums , ch urch 
towers, concert halls , etc . High efficiency and wide, f!at 
frequ en cy response covers the entire musical spectrum. 

MODEL CLC, a full range weathe rproof speaker, is the ultimate 
in natura l sound reproductio n. The all-metal CLC is ideal 
for outdoor high fidelity mus ic systems on patios, lawns, 
terra ces -wherever high f idelity sou nd quality with max
imum efficiency is the pr imary consideration. 

MODEL ELC, weatherproof high fidelity wide-range speake r 
system, is especially well suited for use on patios, lawns, 
and terraces. Fiberglass re inforced polyester housing 
provides a scratch-proof indestructible finish. 

MODEL MLC, a weatherproof, high fidelity , 2-speaker system, 
is especiall y well suited tor use on patios, on lawns, 
around swimming pools, and for all other outdoor high 
fidelity applications. The light gray color of the horn 
allows it to blend with outdoor surroundings and is 
molded into the fiberglass reinforced polyester housing 
to provide a sc ratch-proof , indestructible finish . 

.---:> MODEL UW-30, a departure in the design of underwater 
sound sources, its unique design (pat. app. for) uses the 
case structural encl osure as the sound transducer. This 
development makes possible a speaker that has no meta l 
parts exposed to the outside, thus , eliminating rust and 
corrosion. 
A single model UW-30 will deliver uniform sound 
throughout moderate si ze poo ls, up to 30 by 30 feet. For 
home stereo, two speakers may be used but very littl e 
separation wi ll be noticed. For larger pools up to 30 by 
60 feet, two speakers should be used. If a high level of 
turbulence is to be overcome, such as swimming and 
diving instruction classes, several speakers should be 
used. 

SPECIFICATIONS 
Sound Shipping 

Impedance Dispersions Pressure Dimensions 
Level* 

Weight 

8 ohms 120° 120 dB 33)0" Oia. x 20" 0 72 lbs. 

8 ohms 120° 118 dB 22~" Oia. X 121
}{6" 0 20 lbs. 

8 o·hms 120° 117 dB 12~'' w X 9Ys " H X 10%" 0 10% lbs. 

8 ohms 120 ° 114 dB 12%'' Wx 9Ys" H x 10%" 0 7 lbs. 

8 ohms Omni ?1)" Oia. X 2%" 0 4 lbs. 

·sPL readi ng taken 4ft. on axis with " Full-Range" power input . Reduce by 6dB each time d istance is doubled . Reduce by 3dB if power input is halved; increase by 3dB when 
power input is doubled . 

20 
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Music 202 

Potentials of Transduced Guitar ' n Live Performance 

It is the purpose of this endeavor to compile a sound 

catalog using the guitar in a variety of potential live perform-

ance situations, in an effort to expand the technical limits 

of the guitar through applied technology. It is based on phenom-

ena observed t rough the use of an audio transducer mounted to 

the body of the quitar. The guitar functions as both the prin-

ciple sound source and as a timbral processor. 

This reject could be of value to guitarists seeking to 

broaden their horizons and apply the instrument reatively in 

other mediums, and to composers who might wish to write for the 

guitar; it \arould be beneficial to observe how it might be used 

and what it is capable of. 

A guitar has been prepared for experimentation and a trans-

ducer mounted to the sound board to maximize energy transfer. 

It was placed behind the bridge so that it will not interfere 

with playing position . A microphone is then pla~ed in front 

of the guitar, amplified, and fed into the guitar body by way 

of the transducer. 

The major effect of transduction is one o ,ound reinforce-

ment, as the vibration of the sound board is reinforced by ·induced 

vibration of the transducer , making the guitar -. und louder (sig-

nal plus a tered signal). The increased vibration supplied by 

the transducer caused the body of the guitar to ,) come hyper-

sensitive to sympathetic vibration. (Ex. 1) 

.· 



(2) 

T e effect of this phenomenon can be applied in several 

ways " If an open string (low "E" for example) is played staccato, 

a other strings containing common partials to the ''E" harmonic 

series wil be excited producing a sympathetic ''glow••, approx .... 

imating a reverberation colored by several natural harmonics~ 

'Ex. 2) 

A variety of percussive sounds are also available, as tapping 

the body of the guitar in different areas produces sounds of 

di ferent imbres - (Exs 3) ~he open strings, set in motion by 

the impact, can e a owed to ring , or can b8 damped so that 

pure y the percussive sound wi 1 resu t. (Ex~ 4) A wide range 

of co oration becomes possible when a chord is fingered in the 

eft han , and the body of the guitar is struck, so that the im-

pact is co ore by the notes of the chord. ,x. 5) 

T e use of amplification via transducer enlances other ef

fects in erent in the guitar~ Increased vibrati)n on the sound 

board a lows the "multiphonic harmonics., to b r .inforced, there-

y making em practica y accessible- Mu tiphor1ic harmonics 

are natura harmonics, inherent in the properties o open strings. 

T ey are produced by touching the strings at positions other than 

the harmonic no es and are plucked in the same m·1nner as natura 

harmonics . .. wide array of pitch combinations becomes possib e , 

determined by where the string is stopped and the pitch of the 

string c o en~ (Ex . 6) 
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The transducer , when used in conjunction with an air mike , 

can produce feedbac • This eff ct can be expl o i ted to sustain 

a note for any leng h of time . It can be control ed by varying 

the proximity of the microphone to the sound hole.. If a note is 

stopped , and p ucked and the guitar moved close to th mike (by 

leaning forward) , the feedback will begin as a crescendo , build-

ing up to the maximum level that the string and resonating cav-

ity can produce .. (Ex . 7) A ong sustain can be produced at a 

lower dynawic level by never allowing the feedback to reach its 

maximum level . This is done by leaning backward and forward as 

necessary to keep the string vibra ing. (Ex . 8) 

If the performer choses he can allow two no_es to feed back 

by the same method described above . The two pitches can then be 

sharpened or latt.ened to produce frequency beats of varying speeds 

approximating a tremo o effect (Ex 9 9} Th~ remaining two fingers 

of the eft hand may be used to play a melody a ove the sustaining 

strings if so desireds (Exit 10) 

T e gt i tar '·ras the major factor in determining· timbre when 

used with an air mike , in the preceeding experiment. In the fol-

lowing experiment , the contact mike p acement becomes the princi-

ple factor in se ecting a tone color . 

The interior acoustical design of the guita~ is such that 

different areas of the sound board are " tuned" -o reinforce cer-

tain harmo~ icP . This can be observed by placi 9 the contact 

mike in di fer nt positions on the sound board , pluc~ing a string , 

and listening for t e higher partials of its harmonic series • 

.. 
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By using the contact mike as a "stethoscope" one can determine 

readily the pitch areas on the sound toard, therehj choosing the 

coloration effect desired . (Ex- 11) 

Depending on the desired effect, the composer/performer 

must choose between air mikes and contact mikes, as each has 

its advantages and disadvantages. 

The air mike affords the possibi ity of controlled feedback 

though it is limited in the choice of position~ Also inherent 

in the air mike is the problem of proximity to the sound ho e, 

as plucked ' nstruments create strong transients as a result of 

the mode of attack. Though all microphones induce their own 

coloration effects on the sound source, their effects are quite 

subt e and not always readily perceptible~ lhen used with an 

air mike, the guitar itse f is ·he princip e source of colora

tion .. 

The contact mike will not allow the use of controlled feed

back, but is much less limited in the choice of osition. The 

"proximity" problem becomes a matter of how clos e to the trans

ducer it is mounted, and the operating level of the amplifier 

used. Unlike the air mike , the contact mike allows·a wide range 

of coloration effects, as mike positioning allows the choice of 

timbra variationw 

This project is centered on.observation of internal sources 

of coloration, that is to say, those inherent or native to the 

guitar. Though sympathetic vibra ion, percussive sounds~~ and 

multiphonic harmonics are purely natural phenomena, (the trans-
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( 5) 

ducer does not create these phenomena) , the transducer serves 

to enhance these effects , making them louder and more easily 

recognized in live performance situations , by'using the body of the 

guitar as a timbral processor . 

The transduced guitar opens the door a wor d of external 

sources of coloration , limited on y by the extent of the imag-

ination ~ ~mong these are the use of synthesizPd sound , and pre-

recorded tape" 
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EX . 2 

EX . 3 

EX . 4 

E'C . 5 

E • 6 

E~ • 7 

EX. . 8 

EX. 9 

EX . 10 

EX . l' 

LIST OF EXAMPLES 

(a) Guitar only 
(b) Guitar with transducer 

SYMPATHETIC VIBRATION 
(a) Sympathet i c vibration produced by low "E" played 

staccato without transducer 
(b) Wi th transducer 

PERCUSSIVE SOUNDS - tappi ng body of guitar with finger 
(a ) On the transducer 
(b) On the bridge 
(c) Behind the bridge 
(d) On th side of the body, or the vaist of the guitar 

(a Strings are allowed to ring , stricing transducer 
(b) " '' " '' striking bridge 
(c) Behind b r idge 
(d) On the side 

various chords are fingered and the body struck 

Multiphonic harmonics 

Feedba k 

controlled feedback 

Two note feedback with variable freque;lCY beats 

wo notes feeding back wi h melody 

CONTACT MIKE 
(a) Pitch areas of sound board 
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PROJECT 202B 
MICROPHONE PLACEMENT 

HOLLIS GENTRY III 
WINTER/SPRING 1977 
PAULINE OLIVEROS 

PURPOSE: To determine by experiment and observation,interesting and 

colorful results from various microphone placements when amplifyJng and 

recording extended techniques of the B-flat tenor saxophone. 

THEORYa That standard correlations may be derived between microphone 

placement and achieving a partic~l~ly colorful effect in amplification 

and reproduction for recording of various extended techniques of my own 

invention,as well as some commonlyused techniques,for example,flutter

tongue and singing/playing. 

FURTHER ASPECTSa Some of the more particular considerations of this 

study include determining which microphone type(s) to use. This is the 

initial concern,in that individual ~icrophone characteristics will bear 

individual results. These results will be obvious in characteristics 

such as tone color and timbre,and will therefore be of particular concern. 

The microphones should be compatible with the saxophone in regards to 

frequency response and boost areas in order to attain a smooth response 

and as natural a sound as possible. The extended techniques are colorful 

acoustically,and capturing their natural beauty is the main objective. 

Multi-microphone placement is another consideration in this etudy. 

This is of prime importance. In conceiving this study I became faced 

with a question of whether a more natural sound would result from using 

more than one microphone in close proximity to the instrument. By nature 

of its design,the saxophone,like other woodwind instruments,emits sound 

from numerous places other than the bell. Sound escapes under the left 

stack,above the left stack,the right stack,along the bell and even behind 

the horn. The question of where to place the microphone then becomes 

obviously more difficult to answer. Now when the physical location of 

these various extended techniques are taken into consideration,one dis-



covers that the sound escapes from a variety of locations on the 

saxophone. Where depends on the keys depressed and the unused areas. 

In essence it is my intention to determine if multi-microphone place

ment is beneficial in the electronic reproducti on of these extended 

2 

techniques,or not. This idea of multi•micing is an intented augmentation 

and possible improvement to the standard microphone placements such as 

omni-directional or the six inches in front of the bell proceedure. 

Another aspect of this experiment is its function as a study of 

microphone characteristics themselves. Thi s is important to me as a 

preformer in that understanding about microphones and microphone 

placement is beneficial for live preformances or in a recording situation. 

From past experience I have learned not to take technical considerations 

of this nature for granted. These are things that could,and very often 

do,make the differance between a good preformance,and a poor one,from 

the listeners perspective. 
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MICROPHONE TESTING 

My first series of experiments were aimed at determining which 

microphone type was best suited for use with the B-flat tenor saxophone, 

the E-flat alto saxophone and the B-flat soprano. I have reduced the 

scope of the experiment by excluding the alto and soprano saxophones 

in, order to concentrate on the B-flat tenor saxophone. 

The initial effort took place in the Mandeville Recital Hall. Due 

to restrictions be~nd my control the focus of this session was on the 

recording of aural information minus the amplification experiments. 

The recital hall was chosen partly because of it dimensions, 60x60x20, 

which are relatively similar to those of a small nightclub. This is 

important because this is the type of ro·om I have worked in over the 

past few years and it is probable that I will continue to find myself 

in similar situations in the future. This aspect effects only the 

amplification experiments and makes little difference to the recording 

study. The recital hall does influence the recording studies in that the ,if 

recording facilities in the hall are of the finest professional quality 

which implies such things as the use of low impedance microphones,the 

availability of faster tape speeds as well as high quality mixers,etc .• 

With equipment of this nature and quality,a good engineer is capable of 

reproducing or creating any sound he wants in the re-mix process. From 

this point of view the type of microphone used seems of less importance 

than this experiment implies. All sophisticated equipment aside,however, 

when the design of the basic sound reproduction system is taken into 

consideration,it is evident t hat the microphone is indeed an important 

elementJ ./ ~ 
Ma·~ .....__~ .. AMP -~wei.Prttf _ SPfAtfe. 



tter the microphone,the remaining components serve mainly to realize 

the aural information from the microphone. In effect the actual sound 

depends on how the microphone recieves,and especially,transmits the sound. 

The microphones used in the first experiment include: 

A) ELECTRET CONDENSER _, C-505E 

B) AKG-SE5 DYNAMIC 

C) AKG-D1000E DYNAMIC CARDIOD W/MODE SWITCH 

D) SENNHEISER MD421-U-5 DYNAMIC CARDIOD STUDIO TYPE 

These microphones were mounted on individual stands,side by side, with 

leads running directly into the mixing board .. a Taskam Model 10. See 

diagrahm for positioning in the room; 

60 1 -----------------------1 
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In order to reveal the aural effects of each microphone, a series of 
musical events was composed and subsequently preformed on each. These 
include; 

1) A series of long tones situated in each 
register of the saxophone. Played once 
forte,and once piano. 

2) A scalar passage played once with nor
mal articulation once with slurred art
iculation,and once with staccato artic
ulation. 

J) A rapid passage,excerpt from the John 
Coltrane GIANT STEPS solo,involving the 
entire practical range of the saxophone. 

Using two microphones at a time,one plugged into the left channel and 
one into the right channel,the in ormation was recorded. Distance from 
the microphone was approximatly 3 to 5 feet. This stereo balance of the 
two microphones on the tape,t"-t track-7iips,makes comparison of each 
pair of microphones easier than it would be in the tail-to-head position. 
Tone settings at the mixing board remained in a normal position. Also 
due to the relatively close microphone placement,unwanted room noise is 
reduced to a minimum,almost undetectable,therefore the sound of each 
microphone is relatively close to being accurate. 

EXPERIMENT RESULTS 

Upon listening to the recorded material, the following results and 
conclusions were attained. 

MICROPHONE A: Electret Condenser Omni-directional produced the brightest 
tone quality. This microphone is much too sensitive for recording the 
saxophone at close proximity. This is a good microphone for omni-directiona 
1 recording of large ensembles such as orchestras,etc .. It seems to 
strip the tone of its full harmonic character,producing excessive emphasis 
on upper frequencies. 
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MICROPHONE B: The AKG-SE5 Dynamic Cardiod produced a darker tone quality 

than the electret condenser microphone. The overall result was accept

able. The perceptable difference being the presence of a more full

bodied saxophone sound from the AKG-SE5. 

MICROPHONE C: The AKG-DlOOOE Dynamic Cardiod W/MODE SWITCH WAS not bad 

in overall sound quality, on the other hand, it was not outstanding in 

overall sound quality either. In general it seems to e a middle-of-the

road microphone for recording the saxophone. The tone quality is notice

ably darker than both the Electret Condenser and the AKG-SE5. 

MICROPHONE D ·r: The SENNHEISER MD421-U-5 Dynamic Cardiod Studio Type 

displayed the smoothist frequency response of all four microphones tested. 
/ 

It stands apart from the others by being true to the tone in all registers. 

Like the AKG-SE5, the SENNHEISER produces a full-bodied saxophone sound. 

As a result of these experiment results, the multi-microphone placement 

experiments will use the SENNHEISER and the ADG-DlOOOE. Further study 

of the AKG-DlOOOE is desired in order to fully explore the function of 

the Mode Switch which can be set on B-bass,M-medium,or S-sharp. 



FEATURES 
• Dynamic cardioid studio type 
• Direct ional pattern almost equally distributed over en-

tire range 
• Rejects low frequency undesirable noises 
• Helps control feedback 
• Built-in hum compensating coil 
a Built-in continuously variable low frequency roll-off 

filter 
• Professional broacast quality 

DESCRIPTION 
The MD 421-U is a dynamic microphone of the very 
highest calibre, designed to meet the most demand ing 
requirements of the sound system installing, recording, 
film, and broadcast industries. This microphone enjoys 
an excellent reputation, and can be seen in the company 
of many famous performers and statesmen throughout 
the world today . The MD 421-U covers the spectrum 
of 30 to 17,000 cps with a "transparent" quality which 
captures every nuance in a vocal pianissimo as well as 
the loudest crescendos of the symphony orchestra. Its 
response curve is exceptionally flat, assuring perfect 
frequency linearity and tonal balance throu ghout the 
audio spectrum . Because of its excellent directional char
acteristics. which are virtually independent of frequ ency, 
the MD 421-U is ideal for use in "spot" recording, 
where surroundin gs may be acoustically unfavorable, or 
in high -fidelity studio public-address systems, where 
faithful reproduction must be combined with freedom 
from acoustic feedback . The MD 421-U has an espe
cially high nominal front-to-back ratio of 16 db. It is 

· ~ rL fr:\1 ~ • ,.~ n r:L n ~ rL ~ 
~ u:: 1'\:J 1\.J! Lr~ lJ: u ~ u: uu 

Studio Cardioid Microphone 

'\fU , ~C21 lD 

equipped with a special compensation coil , which pro
tects against the effects of stray magnetic fields. A 
continuously variable bass filter allows adjustment for 
difficult acoustical environments. 
The MD 421-U is a Dynamic Cardioid, low impedance, 
microphone. 

ARCHITECTS AND ENGINEERS 
SPECIFICATIONS 
The microphone shall be of the dynamic moving coil type. 
The frequency response shall be 30-17 ,000 cps. The 
pick-up pattern shall be cardioid with a front to back ratio 
of 16 db min . This microphone shall have an impedance 
of 200 ohms (150/ 250 classification) and shall be bal- g 
anced in respect to ground. It shall also be equipped with M 
a continuously vari ab le acoustical bass filter for attenuat-
ing frequencies below 100 cps for speech purposes. 
The microphone shall weigh not more than 15 oz. and 
shall be housed in the case illustrated, which shall have 
a non-reflecting finish. 
The microphone shall have an output of -53 dbm (-53 
db/ 10 dynes / em ~). 

The performance specifications shall be listed under 
SPECIFICATIONS and shall be met or exceeded. 

The microphone shall be SENNHEISER Model MD 421-U. 
MD 421 -9N. 

10 West 37th Street, New York,N.Y. 10018 

1 



(echnical Data 

Acoustical mode of operat iOn . 

Frequency range 

Tolerance limits . 

Sensitivity (1 kHz) 

Output level ref. 1 mW/ 10 dynes/ cm 1 
. 

EIA rating 
Impedance (1 kHz) 

Directional characteristics . 

Front to back •atio . 

Sensitivity to magnetic fields 

Dimensions 

Weight 

Connector . 

Pin connections 

Pre!>.:>ure gradient 

30- 17,000 Hz 

See frequ ency response 

curve above 

0.2 mV/J..lbar 

± 3 dB 

-53 dbm 

- 145.8 db 
200 Q 

Cardioid 

18dB-2dB 

approx . 5 J..lV/50 mG 

177 x 48 x 46 mm 

14 cz. 

XLR 
2 + 3: signal, 1: .9round 

A smooth 5 db increase is provided in the range above 3000 Hz 

to odd presence to the recording. 

~25 • • !' I I II 

IIE~ER ~ 
dB dB 

4() 

* Soii-Frequenzkurve 30 15 

Typ: MD 421 20 1 
-{-+--1--H--

PrUffeld 
t 25d8 !SOdS 

Pot: I I X 10 5 

Sign. ~- Dot: 12.3.70 -
0 0

10 20 50 100 

Nominal freq•Jency respon~e curve (with tolerance limits) MD 421 

Every MD 421 is supplied w ith its own factory frequency response curve . 

• 

We reserve the right to alter the specifications especially with regards to technical improvements. 

0,1 

90°~+-;--r~~~--~+-~ 0 ~-+~~~~~~+-4-~90° 

------1000Hz 
-----4000Hz 

,. ' 

-~- -~-- ..- , 

II))() 20)0 1100 

SOO Ht 

----- 2000Hl 

•••••··••·•··•••·•••• 1000 Ht 

. 
---

20000 <I• 

MD 421-U dynamic microphone as described 
dark gray non reflecting finish 

$ 129.00 

CONSUMER NET PRICE LIST 

Effective date: January 15, 1972 

All prices are F.O.B. New York Warehouse 

Prices are subject to change without prior notification 

MD 421-U2 dynamic microphone as described 
without roll-off fi Iter 

$ 125.00 

MZW 22 

MZW 421 

MZA 216 

MC 22 

TM 514 U 

MZT 421 

dull black non reflecting finish 

ACCESSORIES: 

fibre glass windscreen 

foam windscreen 

thread adapter for American stands 

cable with XLR connectors on 
both ends, 15 feet long 

$ 17.60 

$ 10.00 

$ 1. 40 

$ 15.00 

transformer cable for high impedance $ 24. 20 
inputs with standard phone plug 

desk stand $ 11.00 
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L~--........ ---OIS T~IllUT E O BY D'unamcc ~·~ icraJJrrnhrmtrn~s 
NORTH AMERICAN PHILIPS COMPANY, INC. JJ l{l' 
MICROPHONES • HEADPHONES 

--~~~~ 10 0 EAST 4 2 n d STREET , NEW YORK . NEW VORl-< 10017 

-------------------D-1000E/D-1000TS 

,.. ' 

TECHNICAL DATA 

Frequency response 40-16,000 Hz± 3 db 

Sensitivity -53 db (re 1 mW/10 dynes / cm2) 

Impedance D-1000E, 200 ohms. D-1000TS, high 

Directional characteristics Cardioid 

Mode selection switch B =Bass, M =Medium, S =Sharp 

Dimension:. 6" x 1 7/16" 

Weight 9 1/2 oz. 

ACCESSORIES 
MSH-58E 
SA-10/3 
MK 
AKG 

Flexible shaft 
Stand adopter (around connector) 
Cable series 
Standard and anti-shock stands 

* B-M-S MODE SWITCH POSITIONS 

SD1000X51 -268-5M 

B = Bass: Normal, smooth frequency 
response. E mph as i zed low frequency 
response when close-talked. 

M =Medium: Permits close-talking for 
normal sound without booming or bass 
accentuation. Emphasized middles and 
highs at greater working distance. 

S = Sharp: High pitch sensation by 
added, upper mid-range brilliance and 
de-emphasized bass. 

The combination of mode switch po
sitions and varying p ickup distances 
enables a variety of effects. 

- ~~~~! 
---{ ~00 Hz 

1000 Hz 

-tOOOHz 

:.:_-_: :ggg ~! 
·- ·-uspoo M' 

D-1000E 

DESCRIPTION 

New AKG D-1000 Series microphones are 
specially designed for the performing artist. 
A built-in, exclusive AKG mode switch pro
vides creative control at the microphone for 
professional projection of a personalized 
sound. Performing singles or groups, vocal or 
instrumental can adapt Series D-1000' s spec ia I 
frequency response effects to any type of 
music from ballad to beat. Recessed for easy 
mode selection without accidental operation, 
the three position B-M-S*switch functions as a 
:.mique mood and environmental sound control. 

The effective cardioid (one direction) sensi
tivity keeps sound personal and rejects un
wanted rear noise from the audience. The 
close-working pick up pattern minimizes re
ampl ificat ion of instrument loudspeaker sound 
through the vocal reinforcement system. Feed
back squeal is suppressed when the micro
phones must be used close to loudspeakers or 
in an acoustically unfavorable area. 

The special non-metal! ic MAKROFOL dia
phragm of D-1000 Series withstands high sound 
pressures, and a s intered bronze cap filters 
breath noises and controls pop while protecting 
the system from dirt and moisture. AKG D-1000 
Series are extremely rugged. The system is 
shock-mounted to minimize handling noise. 
The attractive and practical fit-to-the hand 
design is enhanced by a nan-g lore, silver-gray 
satin finish. They are supplied complete with 
15' cable, necessary connector(s), quick
remove stand adapter and case. 

CONNECTION DIAGRAMS 

MK-7/TS-5 

D-1000TS 

·~~ 

The D-1000TS (Transformer/ 
Switch) may be ordered for 
high impedance and on-off 
switch operation. Package 
includes D-1000E with stand 

. 

t';.:'""' ' ~ 
.. '? - I 

~ 
,b 
·~'~ adapter and case pi us MK-

7/TS-5 cable assembly con
sisting of 3-pin microphone 
mating connector with bu i It
in on-off switch, 15' cable, 
high impedance trans former 
and phone plug for amplifier 
input. 

PRINTED IN U .S.A. 



I 
I 

r 

~ICING FOB COMPUTEH MIXI~G 

T.A. Setter 
Music 202 
Pauline Oliveros 

My objective was to supply transduced information which 

would provide significantly different irr1pressions of a single 

acoustical event, and to acquire different "impressions" before 

any active circuitry. This was to be achieved by using three 

different means: first, by usin5 reflected air mic signals; 

second, by allowing phase interaction which occurs when sign~ls 

from various types, phases, and locations of mics are mixed 

without isolation resistors and summing amplifiers; and third, 

by using a helium atmosphere to alter the speed of sound propa-

gation in a small enclosure. These varied harmonic spectra 

would be sent to the Sonic Research synthesizer at CME for com-

puter-controlled mixing and processing (see Russell Lieblich's 

paper). 

My research into these three types of modification re-

vealed some interesting, as well as some dull, results. The 

reflected mics were interesting in two applications {as far as 

altering the acoustic informatio~ ). The parabolic dish mic, 

which provides its v·iOn reflector, :.tJ .!len used in a reverberant 

space like CI"IE ·,..; ould isolate direct sou...YJ.ds from reverberated 

sounds because of its tight focus, thus sounciing 11 dryer 11 or 

"closer 11 despite the fact that it could be used at considerable 

distance due to the combination of its focal characteristics 

and the high gain factor caused by the dish. The second in

teresting reflected application was a cardioid mic (RE-16) 

1 
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placed in a sphere of music stands. A windov..r was left in the 

sphere to allow sound to enter and the mic was faced away from 

the window. This acted in two vlays: it vJas very directional 

due to the reflective ~uality of t h e outside of the sphere, and 

it acted as an acoustic resonant filter, the properties of v·.Jhich 

varied with the size of the s phere and placement of the mic 

within it. 

The pha se interaction experiments also proved qui te in

teresting. I designed two simple circuits for mixi~g two pairs 

of LoB balanced mics. The first pair were mixed in parallel and 

could be reversed in phase relative to each other and/or phase 

lagged ninety degrees. The second pair were mixed in series 

and had identica l phase changing circuits. Of course, the type 

and position of the mics relative to the sound source played an 

equally important role in determining phase characteristics. 

These pairs of mics, ho ~ ever, produced very d ifferent sounds when 

the phase switches were changed..;.--typically 11 thinner 11 or 11 fuller 11 

sound in varying degrees. 

Two of the r.1ost iYlteresting discoveries I made were the 

difference between parallel and s eri es mixing (using the same 

mics in the same positions), and the number of "tone types" pos

sible when one pair of rnics was mixed and then fed as one mic to 

the imput of the second module where it was mixed with a third 

mic. The result is sixteen possible sounds, some, of course, ti~ tn<S~e 

divergent than others. 

The actual set-up for the live demonstrati on at CME used 

the TASC8M model 5 as a pre-amplifier for the mics. A close 
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air mic (ARG D-1000E) was mixed at the model 5 with a contact 

mic on the neck of the soprano saxophone. This was intended to 

be the most natural sounding channel. These were assigned to out

put channel #1. A ~ parabolic m1c (using an EV RE-16) focused on 

the saxophone and an identical mic in the same plane ( 12 foot . ., 

radius from sax) were mixed in parallel through my special circuit 

and their phases set ninety degrees apart. The output from my 

curcuit ran to the model 5 and was assigned to output channel #2. 

A series mi::x. in the second channel of my phase processor using two 

Shure SM 53 mics in the same plane ( 5 foot radius from sax) with 

their phases unaltered (inphase) was assigned to output channel 

#)of the TASCAM board. Finally the"Setter Helium 'rocessor"( Ha-Ha!) 

which consists of a close air mic (AKG D-1000E) going to a Shure 

M 68 pre-amplifier/mixer and 15watt power ampli f ier driving an 

AR4ax speaxer ins i de an 85 gallon aquarium filled with helium at 

the far end of which was an EV 655 mic. This mic Has run to the 

model 5 and assigned to output channel #4. All mic attenuators 

were adjusted so that all mics provided identical signal level ,,· 

when Russell played and no equalization or reverb was used. The 

four outputs of the model 5 (hii3, unoalanced) drove the four 

VCAs and four filters of the synthesizer used in con junction with 

the computer. For the demonstration all air mics in t he synthe

sizer room were hi ghly directiona l in order to avoid as much am

bient noise as possi ble. 

The two "special ly prepared 11 mics, the parabolic dish (EV RE-16), 

and the 11 Setter Helium Processor 11 (EV 655) a re ooth represented 

in the attached spec sheets. However, their response in these 
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configurations is altered quite a oit. The parabolic mic be

comes much more directional, gives much more output, and rolls 

off more severely in the low frequency range. The "Setter Helium 

Processor 11 is at the mercy of the resonant frequency response of 

the aquarium and of the speaker. Some acoustic uamping material 

was added to help flatten-out the response of the a4uarium but 

the sound is still quite colored; i.e. another acoustic filter. 

My expectations were that the channel #1 rnics would sound 

close (distance-wise) and realistic, cnannels #2 and #3 would 

be medium-far sounding and quite variable as to tone color, and 

that channel #4 might experience a slight frequency shift which I 

could measure with a tunlng strobe. 

Channels #1 and rFJ held no surprises. However, the 11 Setter 

Helium Processor 11 (channel #4) only added a reverb quality with 

no pitch change. To my surprise, the parabolic dish rnic 11 sub

tracted" reverb, creating a usable effect I hadn't anticipated. 

The selection of a micing room which was not very well suited 

to show some of these phenomenon was due to feedback and operator 

convenience considerations associated with live processing and 

amplificat ion. More drama t ic results could have been produced on 

a tape but I felt that our demonstration should oe of possibilities 

ror live electronic application. 

T. s. 
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D-200E \1 

D l.SC!{ Jn !ON 
r\1...( ~ D-1 <1C•l Scrics. These !Tiicrophones Me hJsed on a cardioid 
ch n:u11 11 tr.lnc;cil •C c r \Vhich rl rsti nguishrs itc;f~lf hy ,l stnooth, \Vid e 
rJ!~i!C fL~~ponsc \\ ith C'\Ceptiun(ll iront - to-h.1rk disc rifnination Jt 
::

1 
lit •ltl t 'll l .l'"· fhL''t' {t'.llt!ll 'S l'l1 ~ ll lt. ' t iC'.Jf d! Jd C fftlllle :-. 'i SO LIIHJ 

tr.!fl'll''''inn .,, ;th ,;ut le<>dbac-k, Js w<>li .1 s exc-<'rtionally good 
rt't ni din··, t'\ l'll tlll{it1 r .. ,. -ou ..... ti ··.!lh unf.\vo r.1 l>l!' Ul rHiiti ons. A n 
intq~r.\1 ·, ll' t('l! ' ci ill on,:~ c,,,. e li i~1: ;1,J t< •s tlw di ,;uriJ:r~g e(:<>cts of 
l'f l' .tth ndi~t· .\'~d ,1i r tttr:Hdr·rH·t· .Hh l .1:-.n p ro lt'' h !l1e rnic ro
r· hone $\ ,~., 1!1 fmm du, t. i :on fJ2· ti c !e< i1!1d moisture 

G-1'1tliS ,; LklllcJ cd w iti, ,\1 (-:>0iS c.1b!c J<se•nbly ior ll igh iJ•1-
J' t'd lnf I' t )j '"~ f'i .'~ ! l(l :) \\' ilh cl n - 'lff S\\'i!ch 

Tilt' [I '• '·' tl is ,;nnl.• • (npt' Ji n; J1l,l tKe < h .1 1.H tl' Ji,tit ·, to tiH· D - t'JU 
e\ rep t th.d th,! lo11 Pfl d of th e Jl'>ponsc• range h~s been attenu
.1l t>d : ,, <kl<' ,1 t !n•.> frc•q ucn<:)• o:,cdl.1tion ;~ nd tab le-born noise 
11 h•'n nw.m tl'd drrt•ctl y on surfJCt'S. The unit <Omes eq11ipp<'d 
, .. it !1 " 'l ', ," !on~. non-de tachJblf' , ilex1ble shaf t p lus moun ti ng 
h.H ch1are .1nd c.1ble. 

8Jsed on thP revolutionary " Two-Way" concept (See page 13) 
this is truly ;~ superb CJrdioid dynamic microphone. Objective, 
f.1ithiul rL'p• oduction of sound, without off-axis cliscolordtion, is 
ob tJi ned with th e D-200E. In public addrP'S systen1s it permits 
contll) l oi ieccibdck dnd o ffers almost comp lete freedom of mi
crorhone ,111d spe.1ker plac<'rn<'nt. Smooth , full range r<' sponse, 
l in<'.1 • 0ii -,1\i'i .1CCC'p tJn re ,1nci total lack of proxi mity effec t are 
th e m.1in ch.H-lC teris tics nf the D- :.>00. 

0-200TS is dPii1 erC'd 11 ith ,\\C-:.~OTS cable assembly for High im
ped.lnCt' 0per.1ti01' S with on-off switch. 

Tht> - ccF i, .1 mu'ti -Jo<lfi'' '5C qu .1l 1:\ mi''' •phunt • wit h prr.,·: ~o;
":>:dn .1 : pt.~r:ui::JdrH P Lh ,H.h ten-,l rc., .ltH! t() ~,t1fl.1h! t' for retnfdings 
.t :h; p:!hltr ,idd Jc' > ~· .1 ppl":,!!i o n· .. It I' /'d!lll"lli,lrl y t", ip.li J:o: ,)j h,on
d o~ ! •g h1 ~; h ,,,und p~t•s,ure IE'I <'i> ll·i tl wu t o~t•r l nJrl 01 di stortion. 
It 1~:.1ture:"l ,11 1 in((•grJI ' 'in~._! "'- rl·CI 1, 1u~gcd cur,:.tructi -:.HI and is 
rf'>' -1 :nt to r,1u ;;h hmdling. 

D -70715 is delivered ' ' 'ilh ,\\C-.:>OrS cable Jo,c rn b!y for Hi gh irn
pcciJn<e opc'rJti o n \\ ith on-t1:1 w: rt ch . 

------------------------------------------------
The o--IOOOE hJs bee n deve lorwd for the re rforming art:st, rec-
o •d , b ro .•ck.~'t .111d publ ic Jddrc>s sy; tem ilpp licati ons. ll feJtures 
,1 r1l <1 d<' ,elec tion S\\'it ch to sh<1pe the microphones response 
ch..1ruc tc ri~ ri~.: ... . 

~l = 1',1" · fmpl1asizes smooth low frequency rC'sponse. 

,\ t = .\ kcl:un1 : r\t ic'I1U dl<'U IJ,tss; emph.1sizes 111iJdiC's Jnd highs 
!n r g rt',lt t'r \VOl kin~~ d i~ L1r H c. 

S = Sharr: r\ ddPd upper mid- ran ge brilliJnce and presence. 

D-1000TS is be ing delivered ' ' i th MC-20TS c.1 bl e assembl y for 

SPECIFICATIONS 
Sensitivity: - 50 dB (re 1 mw/10 dynes/em') 
lmpec!Jnce: D-1liOE, D- -190ES = 200ohm 

!J-"190TS = H ir~ h 7 
Oirrwmions: r,'/4' lg x 1112" d ia . 
Weight: f, oL. 

ACCESSORIES 
\"v' -ll \·Vin rl "-' "'~ n 
H-:.!4 Sli'>JE!nsion 
MSH-!illf: F!exthle Shaft 
SA-11 /1 Sta nd Adarte r (Replacement) 
AKC. St .IIH.b 

Sensit ivity: - 5~ dl3 (re 1 mw/10 dynes/em') 
lmped .11l c<' : 200 ohms 
Oiml'nsions: 11 1/i' lg x 15/a" dia. 
Weigh!: 9 OL. 

W-ll \V1nd screen 
ST-4A Talli e stJnd, weighted 

technical data 

ST-41 S.11Tle ~.,<~hove but w it !, one pu sh button. 
ST--U Wllh ti,rec ru ;;h buttuns. 

Sensitivity: -55 dB (re 1 mw/10 dynes/cm2) 

Impedance: D-200E = 200 ohm 
D-200TS = High Z 

Dimensions: 7-5 /1()" lg x ·t 5/8' dia. 

W-4 Wii1dsr: reen 
MSH-511E I iex ihle Shaft 
SA-20/1 St Jnd Adupt er (Rep lacement) 
AKG Stands 

Sensitivity: ~ 'l2 d[l (rc nnv/10 dynes/cm2) 

lmped.HH e: I ) -7fJ7E = 200 iJhms 
1J i'07 1S ,= Iii l 

Oimen:,ion: 6" lg x 71": 6" dia. 
W eigh t : 5.7 oz. 

H-24 Su~pension 
M~H-:iUE Flex•ble ShJf t 
SA-11/"1 Stand adJ:)ter (Rerlacement) 
AKG St.wds 

Sensitivity: - s·1 dB (re 1 mw/10 dynes/em~ 
lmpcdan<:e: D-IOOOf: = 200 oh:n 
U-1000TS = lli gh Z 
Dim<! n ~ ion: 6" lg x 1--7/1()" di~ . 
Weight: 9112 oz. 

M~H -51lF ri f'x ihk• Shaft 
W--1 \'Vi ,,Jscreen 
S.'\ -·12/1 StJnd Adarte r (Replacement) 
AKC Stands 

~~~-,- .~~ 
,~\. J. 

... :~.-...._ ~ .. 
--- C. ..... 

Hi ~h im recl .11~c e operati on 1•:i th on-otf >witch. 

~=-~--~--~~--------~-----~~-~- ============~----~= --· - - ··· ··----~·---=---::::. :=..:;:::.._=--==---
.L 1 --------------------------::::..--
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The Electro-Voice l\.lodel RE 16 is a dynamic cardioid 
microphone created especially for the most exacting 
professional usc. It is much like the RE 15 except that it 
uses a n~w and unitlliC bbst filter. The blast filter, an 
integral part of the RE 16, makes possible hand-held use 
with lips almost touching the microphone and outdoor 
usc without danger of ''p-popping" or excessive wind 
noise. Emphasizing a major technological breakthrough, 
the RE 16 features a degree of directiona l control so 
effective that frequency response is virtually ind ependent 
of angular location of sound source. The result is a 
microphone that generates little or no off axis coloration, 
yet provides greatest possible rej ec tion of unwanted 
sounds. A super cardioid, the RE 16 provides its greatest 
rejection at 150° off axis. (Typic:.Il cardioids provide 
greatest rejection at 180° .) This assures greatest rejection 
in the horizontal plane when the microphone is tilted in 
its most natpral position - 30° from horizontal (as on a 
boom or floor stand). An easily operated "bass-tilt" 
switch corrects spectrum balance for boom usc and other 
longer reach situations. 

A "hum buck" coil has been added (Sec Figure 4) to the 
RE 16, in additi(m to its screw-machined steel outer 
casing, to insure rejection of hum under all conditions. 
When a dynamic micro phone is subjected to extremely 
heavy magnetic fields caused by i\C currents due to 
heavy stage lighting, proximity to poi.ver transformers, or 
due to many other conditions that car1 occur in remote 
operation, it has a tendency to pick up hum. The hum 
buck coil in the RE 16 gives an additio nal 25 db of hum 
rejection. Hum pickup level is - 125 dbm (re: .00 I gauss 

field). 

Using the mechanical nesting concept of design, by means 
of which the inkrnal transducer p~trts arc nested one 
within another, the RE 16 tr;1nsduccr is a nearly solid 
mechanical structure that is highly resistant to damage 
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FREQUENCY IN HERTZ 

Figure 1 - Frequency Response 

from mechanical shock . The esclusive non-metallic 
Electro-Voice Acoustalloy diaphragm is virtually un
affected by extremes of atmospheric conditions. A 
carefully designed steel outer case provides additional 
mechanical protection. Finish is nonreflecting fawn beige 

Micomatte. 

SPEC! FICATIONS 
Element: Dynamic 
Frequency Response: 80 - 15,000 Hz 
Polar Pattern: <:::... Super Cardioia:,> 
Impedance: Lo-Z ( 150 ol1ms nominal) 
Output Level: - 56 db (0 db= 1 mw/ 10 dynes/cm 2

) 

EIA Sensitivity Rating: - 150 db 
Hum Pickup Level: - 125 dbm (re: .00 I gauss field) 
Diaphragm: Electro-Voice Acoustalloy ® 

Case l\1aterial: Steel 
Dimensions: 

Finish: 
Net Weight: 
Cable: 

7-3 / 8" long, l-25 /32" dia. 
c%" shank diameter) 

Fawn beige l'vlicomatte 
8 oz., not including cable 

18' 2-conductor shielded , broadcast 
type cabk, synthetic rubber jacketed 

with Switchcraft i\.3 F connector 

Accessories Furnished: Protective metal carrying case, 
Model 312A stand adapter 

Model 3 14 windscreen , 
Model 307 suspension mount, 
Model 421 or 422 desk stand. 

Optional Accessories: 

ARCHITECTS' AND ENGINEERS' SPECIFICATIONS 
The mi cro phone shall be a super cardioid type with 
integral blast filter. It shall have a wide-range uniform 
frequency rcspo11 se fwm ~0 ro 15 ,000 liz. Response at 
any angubr position away fwm the major :txis shall be 
essentially similar to th e rc~ponse on the major axis, 
attenu:1ted uniformly at all frequencies by an amount 
appropriate to that angular position. Attenuation at 
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PROFESSIONAL UNIDIRECTIONAL DYNAMIC MICROPHONE 
THE MOST VERSATILE MICROPHONE IN ITS CLASS 
You'll find the Shure SM53 has far more uses, in far more situations-because it has 
been functionally en ginee red. It is the result of careful analysis of the varied applica
tions a studio microphone must handle in today's across-the-board programming. 

SMOOTH NATURAL· RESPONSE 
The frequency response of the SM53 is essentially flat across its broad frontal pickup 
area to the top end of the audible spectrum. Its response is natural, without strident 
peaks, without false coloration. (See charts below.) 

SOME ADDITIONAL FEATURES 
Changes in tonal quality due to accidental blockage of the rear entry ports are virtual ly 
eliminated because of the radial distribution of the acoustic entry. Built-in low end 
roll-off filter switch. Soft, neutral glare-free finish is ideally suited for on-camera use. 

FREQUENCY RESPONSE CURVE POLAR PATTERNS 

180. 180. 

100 1000 10,000 20,000 
FREQUENCY IN HERTZ 

· SPECGF~CATIONS 
Type: Dynamic 
Frequenc Response: 70 to 16,000 Hz. (See Response Curve above) 

o/ar attern: Car 101 n1 1recbonal) 
Re~ponse- UnifoF wit -eqtren , symmetrical about axis 
(See Polar Patterns above.) 

Impedance: 150 ohms to permit proper match with any input from 
50 through 250 ohms 

Output Level: 1,000 Hz 
Open Circuit Voltage: -81 db (Odb = 1 volt per microbar; .09 
millivolt per microbar) 
Power Level: -58.5 db (Odb = 1 milliwatt per 10 microbars) 
E. I.A. Microphone Rating Gm (Sensitivity): -151 db 
(E.I.A. Standard SE-105, August, 1949) 

Hum Sensitivity: -144 dbm at 1 milligauss 
Bass Roll Off Switch: Response selector switch 

See Frequency Response Curve above for roll-off response 
(dotted line). 

Cable: 20 foot (6.1 m.) two conductor shielded Broadcast type with 
Cannon XLR-3-11C connector attached on microphone end. 

Connector: Cannon XLR-3-12 type in microphone 
Swivel Adapter: Positive action swivel to fit %" -27 stand threads 
Case: Aluminum and stainless-steel mesh 
Case Finish: Matte metallic 
Net Weight: (less cable) 8 ounces (227 grams) 
Shipping Weight: 2 pounds, 2 ounces (964 grams) 

ARCHETECT'S S .P E CIF6CJ! .. f EONS 
The microphone shall be a Shure Model SM53 or equivalent. It shall 
be a moving-coil microphone with a frequency range of 70 to 16,000 
Hz. It shall have a cardioid directional characteristic, with cancell.a
tion at the sides being approximately 6 db, and the cancellation at 
the rear being 15 to 20 db. The microphone shall have an imped
ance of 150 ohms. The microphone output shall be -58.5 db where 
0 db equals 1 milliwatt for 10 microbars of sound pressure. 
The microphone rating Gm (sensitivity) at 1,000 Hz. shall be within 
±2 db of -151 db (E.I.A. Standard SE-10"5, August, 1949). 

Shure Brothers, Inc./ Professional Products 
222 Hartrey Avenue, Evanston, Illinois 60204 

Phone: 312 328-9000 ·Cable: Shuremicro 

PAT. PENDING 

Printed in U.S.A. Copyright 1969 Shure Brott1ers Inc. 

The microphone shall have a Response Selector switch to provide 
gradual low frequency roll-off. 

The microphone shall be provided with a swivel adapter and a 20-
foot, 2 conductor shielded cable having a Cannon XLR-3-11C con
nector attached. The microphone swivel adapter shall mount on a 
stand having %" -27 thread. 

The overall dimensions shall be 7.164" (182.0 mm) in length and 
1.5" (38.1 mm) in diameter. 
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DESCRIPTION 
The Electro-Voice Model RE55 is a dynamic omni
directional microphone designed for the most demanding 
professional applications. Ideal for boom or stand 
mounting in recording and broadcast use, it is excellent 
also for close-up hand held use in stage and interview 
situations. 

Smooth, wide range response, high output level, and low 
sensitivity to mechanical shock, combined with functional 
"easy to hold" styling, make the RE55 one of the most 
versatile professional microphones ever created. The non
reflecting, matte satin nickel finish eliminates hot spots 
for "on camera" use. 

This microphone features the exclusive, non-metallic 
Electro-Voice Acoustalloy® diaphragm that assures very 
smooth frequency response and is impervious to damage 
from extremes of temperature and humidity. 

APPLICATIONS 
The RE55, an omnidirectional microphone, is outstanding 
in those situations where uniform sensitivity in all 
directions is desirable. 

1. Frequency response, flat and uniform across the 
entire usable range makes the RES 5 a good choice 
for: 

a. Symphony and other wide range recording 
situations where reverberation is not a problem. 

b. Calibration for usc as a secondary standard for 
acoustic measurements. 

2. Small diameter (3,4-inch shank) makes the RE55 
comfortable and convenient for hand held use by: 

a. Vocalists, for stage and television work. 
b. News reporters for interviews. 

SPECIFICATIONS 
Generating Element: Dynamic 
Frequency Response: 40 to 20,000 Hz 
Polar Pattern: Omnidirectional 
Impedance: Lo-Z (150 ohms) 
Output Level: -55 db 

EIA Sensitivity: 
Diaphragm: 
Case Material: 
Dimensions: 

Finish: 
Net Weight: 
Cable: 

(0 db= 1 mw/10 dynes/cm2) 
-149 db 
Electro-Voice Acoustalloy® 
Steel 
10-1/2" long (overall) 
1-7 /32" major diameter 
(shank 3/4" diameter) 
Non-reflecting matte satin nickel 
8-1/2 ounces, without cable 
18', 2-conductor, shielded, rubber 
jacketed, broadcast type cable 
with Switchcraft A3F 
connector. 

Cable Connector: Mates with Switchcraft A3F 
Accessories Furnished: Model 31 OA clamp and pro

tective metal carrying case 
Optional Accessories: Model 311A "snap ottt" clamp 
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Thesis Proposal 

Russell 1ieblich 



It lS my intention in this paper to describe t :l e rese ·±rch 

that I plan to undertake in the process of composing a work for 

symphony orchestra, tape and live electronic processing systems. 

The first ared I shall discuss will be that of live processing 

of an orchestral ensemble. Refer to figure one while reading the 

following systems description. 

Systems Description 

1) The ensemble is being transduced within a sonic space defined 

by eight or more microphones(depending upon mixer availability)~ 

The microphone-ens ~mble configuration is as of yet undetermined 

and must awf!it experimentation. 

2) precision balance and color can be achieved by a high qt:tali ty 

microphone to line level mi~er. This mixer should have a ma trix 

Jutput facility, which is to say any given microphone input can 

be routed to any of the four outputs. 

3 ) At this level the four output signals are route~ to tw0 diffe r en t 

systems; 
A) Interactive tape delay system 

B) Analog signal processing network fAP~) 

these two subsystems do in fact communicate w ..... th each other ,h0v.rever 

for now I'll discuss them independently and discuss their inter

relationship later on. 

Tape Delay System. 

a) The tape delay network begins with a four channel delay ( the time 

of which is controlled by the t a pe speed) 

b The output is both fedback into its initial input in channel one 

and routed to another stereo tape delay unit. ~he output of thi s 

unit is both fed bacK into the four channel t a pe machine a t mi xer 

two and into itself at mixer three. 

c) May 1t a lso be no t ed tha t both o f thes8 t ap e delay units have di-

I 



rect access to the f1nal audio output stage at mixer five. 

Between mixer two wh~ch feeds the four channel tape rna-

chine and mixer tnree which feeds the stereo delay unit very 

interesting and complex s gnals can be created Crom t he orir;inal 

input. A great deal of experimentation will have to be underta~en 

to fully Lmderst and the capabilities and mechanics of this pr0-

cess. 

4) The analog processing modules will cons1tt of volta~ controlled 

filters, voltage controlled c-.unplifiers., phase shifters and any 

other available electronic sound processing module. 

5) The six x six matrix mixer preceeds these t hree independant 

circ u1ts because it can provide an arr ay of cross mixing vmich 

is 10t possible any other wa.y. Literally every combinati on of 

outpQts is possible. 

6) The computer will behave in the capacity as master control for 

tne analog sys tem in real time. Control signals stored in the 

form of macros will control the filter settings 'center band fre-

quency and 0) define envelopes for the VC A's, control oscillat or 

frequencies and operate a voltage controlled mixer. 

The computer is dr~wn in the diagr am in a ~ashed line 

because it is presently uncertain ciS to how the computer which is 

permanently housed at the r.enter for Music Expe Liment can directly 

communicate with perlpherals in the ~llanriev .ille auditorium .. T have 

thougnt of the following soluti ons: 

1) Store the output of the computer on a low frequency response 

ns ..llllentatlon tape recorder (ie brain wave tape recorder ). 

~) Transmi t via rad~o the computer output 

3) Do the performa.nce at C .J~ ~E. 

(2) 
! 

l 
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7) The outputs of the analog processing eire ~ its along with 

bo th tne tape delay sy5tem outputs are fed into another matrix 

mix e r (#5 on t he schematic) which ih turn is routed to a four 

ch~nnel pann1ng f acility ( this too will be under computer 

control). These outputs are in turn mixed with the pre recorded 

tape and gated to the playback s ys tem. 

Below is a brief outline of the general c a pabilities of 

the system; 

a) Process1ng o f direct s 1gn a l fr om t he orchestra 

b) processing of delays plus unpr ocessed del ays 

c) processed delays plus direct si~nal 

d) unprocessed delays plus processed direct signal 

e) Direct processing plus delays plus direct signa l 
plus processed delays 

The combination of multilevel mixing, micro ph one placement, 

processing and delays will yield an enormous dimension to the 

orc~estral sound pallete. 0ne must also note that all of the above 

can be mixed with t r1e pre recorded tape. 

The next area 1 would like to address is tha t of 

creating the tape. The first step in dealing with this media is 

to pre record part1cular orchestral sonorities. These sonorities 

wlll include all twelve chromatic open fifths, ea ch orchestraterl 

1n ~ s l l ghtly different manner. Additionally I will pre record so~e 

tone clusters. These particula r s onorities 'Nere cho sen bee ' U ... e 

the w· ll bear structural signific ance to tne piece both ha r-

manically and textura lly. 

The objective of this is to gather source materia l 

0f an ~rchestral nature and to process it in a variety of ways such 

as flltering, pha se shifting and tape m-nipul at ion . The difference 



between these proceedures and what I have described in the 

live processing is th~t in the studio I am going to work with 

long steady state sounds created by making a tape loop of a 

glven orchestral sonority. The objective is to credte a complex 

texture by multiple tracKing. Thes e techn iques should yield 

sufficient material so that after a given amount of experimen

tation in mix1ng and panning the desired aesthetic will b e 

realized on four channel tape. 

Additionally I am interested in employing the tim

bre tuning system to generate sound that would oth reinforce 

and complement the harmonic content of the so-1rce mat eri al . This 

can only be done after a spectral analysis was performed on the 

sound t o in fact determine its r espective ~arrnonic content. 7he 

:Jnly advantage of using comp·.1t e r so....tn<i synthesis &.s opp -)sed tn 

an&log means is to achieve the precise frequency cont r ol wi thout 

drift which is not possible on analog equipment. 

Conceptually the piece will deal on three dimen

sions; live ensemble, tape, live processing. +he actual nature 

of the musical materials will be vari ed through out the course 

of tne piece depending upon whether the orchestra is playinr; solo., 

in w.n1ch case the .nusic will be formed in closed episodes, or 

playing wi tn the tape or as a source f or the processing system. 

In tn e latter c ase virtually anything is feasible,however from 

P!ior experience 1.n working ·ith related sy stems it would com-

positionally suit my purpo ses to write both short high den-

Slty gestures plus tong sustain textures. Ro th of these extremes 

will yleld the desired interplay between live sounds and pro

cessing tha t I am looking f or. 
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UNIVERSITY \)F CALIFORNIA, SAN DIEGO ~ iv' l 
/)j \ --~v 
~ ~ v 

To _______ __ _____ _ l :: .... -.. ( --- ----··· ·--·--·-···--· ··· ---- ····--------···· ---··· -· ·---···· ··········--···· 
\ · ... A.M. 

Date ... ......... ........ ~ - ---- --------···-- · ---·-·· --- ---- · .. ··· Time ...................... .. P.M. 

WHILE YOU WERE OUT 
Dr. 
Mr ........... .. .. ........ ...... ... ... .... .... .. ...... ..... ........... .... ..... ......... ... ...... .......... .. 
Ms. 

f ,rom .. ....................... ..... ....................................................................... . 

0 Telephoned 0 W.ill phone again 
D Will come ~again 

D Please phone 
D Rush D Came to see you 

·--- -- --··--········--·--·- -··· ·· · -- ·· ···-- - - ·· t ··- -- - --· ···· · --- - --··-··- ~-z - --· ----- ---------- ---·--···· 

rt t {{ tLI./'-( ;.{/ L( ."')_,&_ J ~ ~ -:> Phone pa y a -- ~ ------ ... ...... .. .. .. .. .. ...... .............. .... .... ~.L'I--· ·--·r·--------· 

;1 j · -:z_c -z 
Take:,:,:~; 3~ f~ /::" :

7 tf :?! I :. ~~ . i~"l i ~~ . . .. 
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Prelin.lnary Rep,Jrt on :~cse .4rch for 202 seminar 

Russell r_. t eb l i ch 



In this preliminary paper I would liKe to describe the 

rese :-1rch that I have presently involved with in relation to 

the 202 electronics seminar. My idea was initially to create 

an automatic preprogrammed microphone mixing facility by inter-

facing any given microphone ce>nfiguration to voltage controlled 

amplifiers for adrii tional processing by the C .M •. -E. .. hybrid sys-

tern. In theory wh~t was intended was to design an interactive 

system that would have the capabillties of effecting a timbre 

modulation of a sound source by selectively panning among the 

m1.crophones. An obv .Lous po1nt that arises rbmmedi a te ly is ''why 

not c:>ntrol the VC~' s wl th analog equipment'?'' 

There are basically two answers., one pr ·1.grnati.c the other 

theoretical. On the practical side it just doesn't work due to 

leakage in the VCA'S when using an oscillator as a control signa l. 

Additionally one can't obtain precise phase c8ntrol bet~een 

modules. This is of course crucial if one elects to have for 

ex<.:unple one device turning on while another is slowly turning 

off. For creating the timbre changes that I am speaking of 

this is fundamentally essential. Another critica l limit ation of 

analog eqllipment is the finite amount of waveforms tha t can 

be us ed as control signals in the kind of system Tam describi~. 

From experimentation it became clear tha t what was the most 

effective were slow linear wavef _rms •1ith intricate pha se relations 

*~ a s opposed ~ornplex high frequency waveforms 'Nhich ln a.ddi tlon t ( ) 

creating lea.t\:age 
1

create no .ise and unwanted sidebands. 'Phis might 

not be a disadvant ;.ge in analog sound sy:sthes .is
1

hov,.rever f or f.e..r 

sound processing of acoustic instruments it adds prominent en-

harmonic partl~ls to the sound. The mast effective control sig -



nals are sub-audio frequencies which hybrid can generate ith 

unmatched precision. Furthermore hybrid offers the option to 

store a sequence of commands i.n the form of macros. Tt is this 

macro facllity which can enable ~ne t o pr0gram a compleY evolu

tion of sonic events ln time. 

1~Jhat I have thus far described is a model for a 

sound processing system which is fundamentally based on the inter

action between dispara te microphone properties and spatial lo

cation witn respect to ~ sound source. The way in which these sound 

fields evolve in time is a function of both programming and the 

analog configuration .. 

When one actually approaches the equipment new 

realities unfold, generally in the domain of limitations .. The system 

that I am now working with(which is the result of experiment ~tion) 

incorporates an eight input high impedance output mixer. The high 

impedance output is necessary t ,:) be compatible r·i th 'Tlhe 2RJ\ syn

thesizer. Th~_s fact ellmina tes the C.M.F. tascam board which d0esn't 

deliver the appropriate signa1 level. rr'here a re four V('fJ's on 

tne s ynthesizer to work with, hence four inputs. What T have been 

Jdoing is using eight microphones and mixing two to each channel* 

So 1n effect the balance between each pair can be controililed 

manually on the mixing panel. 

The most challenging problem in this project has been 

in writing an interesting program to control the system. Hybrid 

(when it is working) delivers sixteen channels of control signals, 

all of which can be used in the macro mode. 1ne of the problems 

wa.-.., in de terming the voltage level a t which the input microphone 

signal became audible. It turned out in the dynami c range o f 0-7 

the signal just becomes audible at the bottom of ranve 5. This 



• 
' ~as crucial in ord ,r to determine the temporal relationship be-
~ 
/, 

·"tween modules., 

What adds an :interesting dimension to the system is 

t:::> split eac11 signal whJ.ch goes to the vr._A.' s and run them in 

para llel with voltage controlled filters. The center frequency 

and () of the filter can also be controlled by hybrid., 'The output 

of the VCA and filters a.re in turn mixed and a r prorriately 

balanc~ on the synthesizer mixer. Tnis arrangement allows for 

vast possibill ties ln live performance. /l,s indicate0 previr1usly 

the blllK of the problem is .1n writing a pr0gram. Pefore this 

can even begin to happen one must experiment with each module 

to determine exactly hovv l t opef·ates on Ji.n input sivnal ilin 

conjunction with hybrid., tr1e spat1al location of the microphones 

and wlth respect to the bther elements in the system. A final 

featu.re of tnis system which is most intere s ting is the four channel 

output capability. Considering the input can be anythln~ from 

a solo instrument to a symphony orchestra the various processing 

networks can be routed to any of four channels in virtually any con 

figuration. 

Th~s far I have finally figured ~ut how it all 

basically works and interacts. Bowever I have not been able t0 

put the wnole tning together to my satisfaction because the 

hybrid system has been lnoperat1ve for the pa st five ~eeks. this 

slight hindrance has v1rtua.lly st pped all work on the prog r an:ning . 

qopefully all will be well again for future experiments. 


