
There are two different space effects essential to the complete enjoyment of

music: first the differentiation between the directions of the direct sounds from

the musical instruments, which can be simulated by means of stereophony;
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Ambiophonics and Reverberation

The development of the Fantasound equipment for cinematic audio reproduction included 

different configurations, not only with multiple loudspeakers near the stage, but also in the 

corners and at the sides and ceiling of the hall. Several monitor speaker positions were also 

experimented with during the tests with the Stokowski installation in Amsterdam. Stokowski 

asked that the speakers at the front of the monitoring room be positioned off-axis and the 

ones at the rear be pointed upwards. After all, he had said that reproducing sound through 

speakers presented entirely new possibilities because it allowed much more freedom in the 

placement of sound sources. He argued that music should not reach the ear from a single di-

rection, as it does in a concert hall; rather, the listener should be surrounded by it, receiving 

no impression of direction but instead being bathed in sound. The term “Stokophonie” 

seems to have referred primarily to this idea. 

The Philips Research Laboratories acoustics department staff member L. Alons130 found 

Stokophonics a strange experience and saw no way for a scientist to judge it properly 

because of the lack of any standard. According to Alons, the results “therefore [could] only 

be judged by a musician.”131 He also questioned the need of stereophony in this context, 

since all sense of directionality was lost. In a stereo sound demonstration for the BBC’s 

superintendent of recording on the same day as Stokowski’s experiment, the front speakers 

were restored to their normal horizontal position, while the rear speakers remained pointing 

upwards; Alons considered this a significant improvement.132

Vermeulen later wrote in his journal that with this configuration, something he had pre-

viously imagined had been achieved. The composers Sam Dresden (1881–1957) and Willem 

Pijper had once said to him that stereophony could not truly “surround” the listener with 

music. But he had now discovered that this could in fact be achieved without introducing an 

additional time delay. Instead, pointing the rear speakers upward was enough to keep from 

disrupting the stereophonic effect of the front speakers.133 Some ten years later, in the 

article “Space in Music,” Vermeulen explained the concept of ambiophony: 



second the diffuseness of the reverberant sound, which can be simulated by

ambiophony. At the moment it is not yet quite feasible to introduce both

stereophony and ambiophony in the home by means of the two channels that

can be recorded in the single groove of the phonograph record. It is therefore

an important problem to establish which of these two produces the musically

most essential effect. […] There are, however, indications that ambiophony may

be the more essential.134

For Vermeulen, stereophony, ambiophony, diffuseness of sound and reverberation were ap-

parently closely related subjects within the context of research in acoustics. As part of this

research, Philips had invented a technique that employed scale models for the study of theater

and concert hall acoustics. It was used, for instance, to study the acoustics of the renovated

theater of the Philips Ontspanningsgebouw in 1935135 and the new recording studio of the

Vereeniging van Arbeiders Radio Amateurs (Workers’ radio amateurs’ association) (VARA) in

the town of Hilversum in 1938.136 That year, Philips Technical Review published articles on

room acoustics as they related to reverberation,137 speech intelligibility138 and sound absorp-

tion.139 Measuring equipment for studying the phenomenon of reverberation was developed

by Willem Tak (1908–1984),140 who published articles on the subject in March 1946141 and

December 1947.142 Vermeulen mentioned Tak’s reverberation meter, which was in regular

use and didn’t need much further development, in his December 14, 1946, proposal for an

acoustics department research program.143 Indeed, Tak’s second article described a standalone

configuration of measuring equipment that could be used to measure reverberation charac-

teristics. Brief sonic impulses were played over a loudspeaker into the room whose reverber-

ation was being measured. A microphone recorded the responses, which included the

reverberation caused by the impulses, and the responses were then monitored on an oscillo-

scope.144

Vermeulen wrote in 1955 that while too long a reverberation time made speech unclear, too

short a reverberation time made music sound “dry” and brittle. Many varieties of acoustic

materials were available for shortening reverberation time and thereby improving clarity of

speech. The opposite – lengthening reverberation time and, perhaps more importantly, mak-

ing sound diffuse – could be achieved by electroacoustic means. Tests would later show that

this could render a good theater suitable for concerts.145

Vermeulen had played the violin with the Philips Symphony Orchestra in the Philips

Ontspanningsgebouw theater many times, and his desire to find a solution for the problem

he pointed out was presumably partly based on his own practice as a musician. After the

1935 renovation, the room had excellent acoustics for theatrical productions, but as a concert

hall it left a lot to be desired.146 However, at the time of Tak’s articles, one crucial technique

for lengthening reverberation time electronically was still absent at Philips: that of recording

sound on magnetic tape. 
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The imminent rise of magnetic tape recording technology heralded the end of the Philips-

Miller project, and magnetic recording became the basis for the development of the Philips

electronic reverberation system. In June 1952, Philips Technical Review ran its first article on

magnetic tape recorders.147 Friedrich Krones (1915–1986) had worked on magnetic recording

techniques for Telefunken Austria in Vienna before becoming supervisor of Philips’ Vienna

laboratory in 1950. Between 1950 and 1953, he developed various magnetic tape recorders

for broadcasting studios, including the Philips Studio Magnetophon 10039.148 Philips in Eind-

hoven obtained a license to produce ferrite tape recorder heads around the same time.149

Vermeulen’s research in the field of artificial reverberation was also related to ideas of

Stokowski’s. In Chapter 15 of Music for All of Us, entitled “Reflection and Absorption – Echo

and Reverberation,” the conductor had written: 

In the future, it will be possible to build concert halls and studios for radio and

recording that have variable acoustics. […] In the future it will be possible to
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Fig. 1.37, 1.38 and 1.39: Measuring reverberation characteristics (1947). A sound impulse was produced by a
loudspeaker (L) and picked up by a microphone (M). The photograph shows the tone generator GM2307 at top
left and, under it, the cabinet that generated the envelope shapes of the sound impulses. Next to this cabinet
was the oscilloscope that visualized the measurement. The oscillograms show the responses to impulses with
durations of (from left) 0.12, 0,07, 0.035 and 0.02 seconds.



pick up and amplify any zone of frequency, and prolong it by reverberation. […]

This will not be done by reflection, but by an electrical process.150

In the article “Stereo-Reverberation,” Ver-

meulen explained that stereophony could

only reproduce the diffuse character of rever-

berant sound in a limited way. It could, how-

ever, be reconstructed, even through a single

channel, if several loudspeakers distributed

through the room were fed with different

aleatory delays, repeated many times at de-

creasing volume levels.151 Although Philips’

electronic reverberation system used mag-

netic recording technology, it did not use

magnetic tape. Instead, it used a delay wheel.

A magnetic recording surface was applied to

the outer edge of the wheel. The sound of a

musical performance on stage was picked up

by microphones and recorded on the wheel

from the recording head. Playback heads

around the wheel then played the recorded

signal back with different delay times. These

delay times could be determined by moving

the individual positions of the playback

heads. The output of the last head could be fed back to the recording head to prolong the se-

ries of repetitions. The outputs from the heads were routed to loudspeakers at various posi-

tions in the hall – on the ceiling, along the balcony railings, in the “dead” corners underneath

the balconies. Every output was routed to

several loudspeakers that were distributed

around the hall in an arbitrary way, so that

each delayed signal reached the listener’s ear

from multiple directions and distances, there-

by increasing the diffuseness of the overall

audio impression. The intention was that the

audience would never experience the sounds

as coming from the speakers.152

A first experimental setup of the system

was placed in the demonstration hall of the

acoustics department at Philips Research

56

Part I

Fig. 1.40: Philips 10028 magnetic tape
recorder for broadcasting studios, 1950.

Fig. 1.41: Philips 10030/11 recorder and
10031/11 amplifier, 1950.



Laboratories, where it was publicly presented for the first time during the first International

Congress on Acoustics in Delft in June 1953. Rather than installing the complex system in

Delft, the company brought conference participants to Eindhoven by bus to witness the

demonstration.153
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Fig. 1.43: Demonstration hall of the Philips Research Laboratories acoustics depart-

ment, 1948.

Fig. 1.42: Simplified diagram of
the electronic reverberation sys-
tem. 
P: stage; 
M: microphone; 
A: auditorium; 
W: delay wheel; 
0: recording head; 
1–6: playback heads; 
7: erase head; 
L: loudspeakers.
The colors have been added to
the lines by the author to em-
phasize the arbitrary routing of
the delayed outputs to the var-
ious loudspeakers.



The system was demonstrated so successfully that in 1954, the company attempted to

convert the acoustics of the Philips Ontspanningsgebouw theater to make them suitable for

a concert hall. A similar prototype system was installed in the hall of the Gebouw voor Kunsten

en Wetenschappen (Arts and sciences building) in

The Hague the same year. The first public perform-

ance using the system was given there on November

30, 1954, by the The Hague Philharmonic, with a

more pronounced demonstration of the system’s ca-

pabilities after the concert. The audience response

was positive, and the orchestra members and

soloists consciously and clearly experienced an im-

provement in the “playability” of the hall.154

After the experimental phase of development at

Philips Research Laboratories ended, the system be-

came commercially available through Philips’ ELA

division under the serial number EL6910. It now had

four playback heads instead of six. The system was

sold to venues including the Teatro alla Scala in

Milan, where the conductor Herbert von Karajan

(1908–1989) worked with ELA engineer D. Kleis during calibration. The reverberation system

was inaugurated in a performance of Mozart’s opera Die Zauberflöte under the direction of

Von Karajan on December 7, 1955.155 When Von Karajan was asked in 1958 to conduct a per-
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Fig. 1.44: Prototype version of the electronic reverberation system installed in the
Gebouw voor Kunsten en Wetenschappen in The Hague. Around the wheel were ten
playback heads, of which six could be used simultaneously. The device in the upper
right corner was used to create impulse-shaped envelopes. Sound impulses were used
in the calibration of the delay times and playback levels of the reverberations.

Fig. 1.45: Concert hall of the Gebouw voor
Kunsten en Wetenschappen. Loudspeakers of
the reverberation system are visible along the
upper balcony.



formance in the grand auditorium at the World’s Fair in Brussels, he accepted the invitation

on the condition that a similar system be installed there. His request was granted.156

A very similar type of equipment was developed a few years later by Telefunken. It was

presented in the Gravesaner Blätter in 1958157 without any reference to Vermeulen’s work at

Philips. In August 1965, Abbey Road Studios in London installed what it called a “system for

ambiophony” to lengthen the decay time of reverberation in Studio One. The system was the

brainchild of recording engineer Gilbert F. Dutton, who, according to the book Recording the

Beatles, had turned to a “then-new technology known as delay drum.” The drum had six play-

back heads, each connected to a set of sixteen loudspeakers distributed around the walls and

ceiling of Studio One. According to the engineer Brian Gibson, “Ambiophony was another ex-

ample of EMI pioneering new ideas.”158 Dutton’s system, however, was clearly an expanded

version of Philips’ system, and even the terminology was borrowed from Vermeulen.

The Gravesano Music and Electroacoustics Conference

The conductor Hermann Scherchen (1891–1966), a confirmed communist, left Germany in

1933 for political reasons. After staying in various countries, Scherchen bought a house and

a piece of land in Gravesano, Switzerland, towards the end of 1953. Construction of the Centro

Sperimentale Elettroacustico (Center for experimental electroacoustics) began there the next
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Fig. 1.46 and 1.47: At left, the assembly with delay wheel (W) that was part of the EL6910 stereo re-
verberation system. M is the recordable surface; O the recording head; 1, 2, 3 and 4 the playback
heads; and 5 the erase head. 6 is the motor and 7 the flywheel. The maximum delay for playback head
4 was 0.25 or 0.5 seconds, depending on the chosen speed of the wheel. There was an air gap between
the heads and the recordable surface of the wheel of approximately 20 microns. The lack of mechanical
contact between the heads and the wheel made the system’s lifespan practically unlimited. At right,
the complete EL6910 installation (the rack in the back on the left) in the control room of the Palais de
Chaillot in Paris.



year, and the first studio was ready within three months. The studio had a sloped ceiling and

five walls instead of the usual four so as to exclude parallel surfaces. Scherchen believed any

particular space “gibt Kleidung” (dresses up) and gives “Gesichtsfarbe” (complexion) to any

music produced in it and there was therefore no such thing as an ideal space, only exception-

ally beautiful individual spatial circumstances. First of all, Scherchen wanted to build a studio

that canceled reverberation out completely. He did indeed manage to reduce reverberation

time to 0.4 seconds. Using directional microphones brought effective reverberation time down

further, to under 0.25 seconds. Second, Scherchen wanted to experiment with adding very

specific types of reverberation to specific types of music by acoustic and electroacoustic

means. Besides the studio, he built four reverberation chambers with very different frequency

characteristics and reverberation times. The longest reverberation time he could create using

these chambers was over seven seconds. By 1956, the studio was using a range of equipment

to create artificial reverberation, such as various modified tape recorders and spring reverbs.

Scherchen was convinced that the technological specialization of phonograph records, radio

broadcasts, cinema and television had led to the beginning of a synthesis of electroacoustics,

“Schallwissenschaft” (acoustics) and artistic design. Furthering this had been his goal and

motivation for building his experimental electroacoustic center.159 One can easily see how

Scherchen’s interest in artificial reverberation techniques related to Vermeulen’s research in

this area.

In August 1954, just eight days after the studio complex in Gravesano was ready,

Scherchen hosted the international Musik und Elektroakustik conference there.160 Speakers
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Fig. 1.48, 1.49 and 1.50: Telefunken’s time delay unit (upper and lower left) and EMI’s delay drum for
ambiophonic sound (right). 



included Vermeulen; the German physicist Werner Meyer-Eppler161 (1913–1960); Maurice

Martenot (1898–1980), the inventor of the ondes Martenot; the composer and trautonium162

player Oskar Sala (1910–2002); Friedrich Trautwein (1888–1956), the trautonium’s inventor;

the composer Pierre Schaeffer (1910–1995); and his technician, Jacques Poullin. A Philips

electronic reverberation system, though still in its experimental phase, was set up in

Gravesano for the occasion. To demonstrate Vermeulen’s achievements, a recording of the

final chorus of Johann Sebastian Bach’s Matthäus Passion was played through the system’s

loudspeakers with different time delays.163

The proceedings of the conference were published in July 1955 in the book Musik –

Raumgestaltung – Elektroakustik (Music – Space design – Electroacoustics),164 edited by

Meyer-Eppler. The articles were grouped into four sections: 1) The conversion of music into

electronic sound formations, 2) Sound carriers, 3) Electronic musical instruments – Concrete

and electronic music, and 4) Science – Technique – Art. In his contribution to the proceedings,

Vermeulen pointed out that despite all the technical advances, it was still possible to distin-

guish sound reproduced by loudspeakers from sound from an original source. Vermeulen con-

sidered this the key problem of electroacoustics. He agreed that increasing the frequency

range to 12 kHz, 20 kHz or even into the

ultrasonic might be necessary165 but

doubted whether that alone would solve

the problem.166 He considered stereo re-

production part of the solution, but this

still involved the listener being in a much

smaller space than the one where the per-

formance had been recorded. Therefore,

he said, the next step was to mimic a con-

cert hall’s proportions in the listening

room.167 Although there was not yet con-

clusive proof, Vermeulen believed diffuse-

ness played an even more important role

here than reverberation.168 The statement

brings to mind Vermeulen’s first loud-

speaker design. Although intended for

monophonic sound reproduction, it was in

essence ambiophonic. After all, no direct

speaker sound reached the listener’s ears:

the sound was bounced back by the large

front element first and then diffused from

the circular opening around it (see fig. 1.3

and 1.4, 19).
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Fig. 1.51 and 1.52: Experimental setup of the
Philips reverberation system at the 1954
Gravesano music and electroacoustics
conference.




