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Foreword
Nordic Acoustic Association (NAA) is 60 years this year, 2014. This book is written in order to give
an idea, a brief look about what has happened during these years in the Nordic countries and Estonia.
The Baltic-Nordic meeting is held for the first time in Estonia. We hope that the Anniversary
celebration gives an Estonian kick-off for developments in acoustics and establishment of their
national acoustic society.
The Nordic Acoustic Association was established in 1954 in order to promote the acoustic field in the
Nordic countries and had 309 Nordic members. The acoustic field in the Nordic countries was in that
time quite new and with few professional experts. The activities were inspired of international
progress in the acoustic field. Also, the development of the radio broadcasting gave a kick-off to the
acoustic field and lots of Nordic activities in the beginning were related to broadcasting.
Professional knowledge in acoustics had to be put on the political timetable in order to get growth in
the Nordic community. Inspiration from abroad and participation in the political life was necessary for
promotion of the acoustic field in the Nordic countries. Periods of ups and downs in the Association
have characterized the years since. The political activities were great in the first tenths of years in the
Nordic countries and the later activities seem to be more focused on Europe.
The number of member countries increased to five when Iceland established their national acoustic
society. The number of members has increased during these 60 years, being today more than 1100.
Documentation of activities from the early years is detailed. The complexity of the acoustic field is
developing and increasing. Acoustics has become an important part of the daily life for everybody.
The articles in this book do not comprise the whole history of NAA and the Nordic acoustics, but we
hope that the reader will get an overview of the developments during the 60 years. We thank all the
members that have promoted and contributed to the work in Nordic Acoustic Association during all
these years.
We thank all who contributed to this Anniversary Book, and hope that it is an inspiration and gives
visions to carry on the acoustic activities and noise work in the future.
Happy Anniversary!
Oslo, 13 May 2014

Iiris Turunen-Rindel
President of NAA
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The history of the Nordic Acoustic Association
Jens Holger Rindel

Conception
In June 2014 we can celebrate the 60th anniversary of the Nordic Acoustic Association. Looking through the
archives from the early years it becomes clear that one person in particular was the driving force, namely
Professor Fritz Ingerslev from Denmark.
In 1951 the International Union of Pure and Applied Physics (IUPAP) established of the International
Commission on Acoustics (ICA) and Ingerslev, who had already tight international connections, became the
secretary of the commission. A main purpose of ICA was to organise international congresses on acoustics in
order to support the cooperation for the development of acoustics across the borders.
The first International Congress on Acoustics (abbreviated ICA like the commission) was held 16-24 June
1953 in Delft, The Netherlands, and it had 314 delegates from 22 countries. On the last day of this meeting,
four people from the Nordic countries were gathered, and they agreed on the following statement (translated
from Norwegian):
The persons present agree to support the creation of a Scandinavian Acoustical Society.
The purpose of the society is to establish a contact between acousticians within the
Scandinavian countries, and between these and similar organisations in other countries
and the international organisation.
For the further deployment of the matter is established a working group consisting of
Fritz Ingerslev
Reno Berg
Paavo Arni
Wachtmeister
Thus the conception of the new society was in Delft on the 24th June 1953. The four men were representing
Denmark, Norway, Finland and Sweden. It should be noted, that in the early documents there is not a clear
distinction between Nordic and Scandinavian.
The situation at this time was that only Finland and Sweden had an acoustical society (established in 1943
and 1945, respectively). So, it was important also to establish national acoustical societies in Norway and
Denmark, since the idea behind the Scandinavian Acoustical Society was a formal cooperation between the
national societies.

Birth
In the following months, there was lively correspondence between Ingerslev and the other three persons
involved, mainly concerning the rules of the society and the organisation of a trial meeting in Copenhagen.
This meeting took place 17-19 June 1954. There were 125 participants and it was so successful, that it was
decided to establish officially the Scandinavian Acoustical Society, even though Norway and Denmark had
not yet got their national societies.
We can imagine the enthusiasm on the last day of the meeting, when the following telegram was sent to the
Acoustical Society of America (being the oldest acoustical society in the world, established 1929):
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Copenhagen June 19. 1954
The Chairman of the meeting of the Acoustical Society
June 23-26, 1964
Hotel Statler
New York
The first child of ICA was born on the 19th of June 1954 at 12.55 p.m. The name of
the child will be: The Scandinavian Acoustical Society.125 happy fathers from four
Scandinavian countries were gathered at the cradle to welcome the boy. We hasten to
announce the birth of the boy to the grandfather and send our best greetings on the
occasion of the 25th Anniversary of the American Acoustical Society.
Paavo Arni
Finland

Reno Berg
Norway

Claes Wachtmeister
Sweden

Fritz Ingerslev
Denmark
However, this birth was a little premature, so after this Reno Berg and Fritz Ingerslev had to establish the
Norwegian and Danish Acoustical Societies as soon as possible. This happened in both countries less than
one year later, in 1955.

Purpose and organisation
The general purpose of the Acoustical Society of Scandinavia is to foster and promote collaboration among
acousticians in the Scandinavian countries as well as to increase and diffuse the knowledge of acoustics.
Fritz Ingerslev became the first president of the society, and the office of the secretariat was at The
Acoustical Laboratory in Copenhagen.
In the announcement of the creation of the new society, which was
sent 1955 to the European journal Acustica and to Journal of the
Acoustical Society of America, the numbers of members are
reported to be 110 in Denmark, 74 in Finland, 40 in Norway, and
85 in Sweden, making 309 all together.

The first Nordic meeting and other early
activities
The first meeting of the new Nordic society was held in Helsinki,
September 1956. There were around 70 attendees and 17 technical
presentations. After the opening speech by the president, a lecture
with the title The architecture and the acoustics was presented by
the famous Finnish architect, Alvar Aalto. The meeting also
included a number of visits to acoustically interesting places.
Figure 1. Paavo Arni.

One important outcome of the meeting was the establishment of a
Nordic working group with the purpose to define a measuring
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method for noise from motor vehicles. The first meeting of this working group was held in Oslo in December
1956, and Paavo Arni from Finland became the chairman. He had already for some years been drafting a
measurement method.
It is interesting to see how Ingerslev had a special view for the importance of addressing the public.
Immediately after the Oslo meeting of the working group in 1956 he sent a message to the press (Ritzau’s
Bureau) to be distributed to all Nordic countries. A few citations are given below (translated from Danish):
At the meeting it was realised that traffic noise is increasing violently. The noise
annoyance is already considerable. It is necessary that the authorities interfere, as there
otherwise is a risk that traffic noise in the course of a few years will cause a serious
stress on the nerves of the population.
The working group will try to coordinate the efforts undertaken in the Nordic countries to
establish equal measurement methods. This is a precondition for all countries to
introduce same requirements concerning the maximum allowed noise level produced by
the different means of transportation.
This is a good example on the following statement by Ingerslev; the purpose of our work and our meetings is
also to spread information to the public about the results of our work. The release of a press message was
repeated in connection with the following Nordic meetings.
In September 1962 the working group on traffic noise was closed. The work was finished and the derived
measuring method had been forwarded as a proposal to ISO. The result was ISO/R 362:1961, later revised to
ISO 362:1981 Acoustics – Measurement of noise emitted by accelerating road vehicles – Engineering
method. Later revisions have appeared in 1994, 1998, 2007 and 2009, but basically it is still the result of the
working group of the Acoustical Society of Scandinavia.

Figure 2.Professor Fritz Ingerslev in his office 1963. On the wall a portrait of Valdemar Poulsen (the
inventor of the telegraphone, 1898).
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The Nordic meetings
The Nordic acoustical meetings have been organised every second year. Information about the time and
place is shown in Table 1. The number of participants and the number of presentations at the meetings are
also given as far as it has been possible to find this information. In some cases the number of presentations is
actually the number of printed presentations in the proceedings, but in most cases it is the number of
presentations in the program for the meeting.
Table 1. Overview of the Nordic acoustical meetings.

The meetings often have a prominent international guest to deliver a plenary lecture. For example, at the 2nd
meeting in Stockholm 1958 the Nobel Prize winner in Acoustics, G. von Békésy, talked about “Analogies
between hearing and skin sensation”.
The 4th meeting in Copenhagen 1962 was very special, because it was combined with the 4th international
congress on acoustics, ICA. So, the number of participants and presentations is not so relevant for this
meeting.
10

Table 2. Presidents of the Nordic Acoustic Until 1974 there were no proceedings and very little
information about the meetings is available today. In the
Association
period 1976-82 the number of participants was
particularly high, exceeding 200, with a maximum of
276 in Stockholm 1982. The meeting with the lowest
number of participants was in Røros 2000 with only 66
participants, most of them from Norway.
The task as president of the Nordic Acoustic Association
has shifted between the countries as seen in Table 2.
It has often been discussed whether there is a need for
the Nordic meetings; some may say that there are too
many international meetings on acoustics. Against this it
can be argued that the Nordic meetings are important for
establishing and maintaining personal contacts between
people working in the same field, and contacts within
the Nordic countries are particularly important because of the close geographic and cultural connection
between the countries. Another good thing with these meetings is that they offer a good occasion for young
people to make their first international presentations in a forum that is more relaxed than in the bigger
international meetings. In the first meetings the presentations were mostly held in a Scandinavian language,
but in recent years English has been the official language of the meetings.
After the liberation of the Baltic countries in 1991, the
Nordic board discussed how to establish contact to
people working in acoustics in these countries. For the
meeting in Denmark 1994 it was decided to offer
economical support to participants from the Baltic
countries. Actually, a few people from Estonia, Latvia
and Lithuania attended the meeting, and the personal
contacts were established. Some years later, in 2002,
the meeting was for the first time named BalticNordic Acoustical Meeting (BNAM). This year the
proceedings were printed in Lithuania.
New technology was adopted for the meeting held in
Figure 3. Heikki Tuominen hands over the
Mariehamn, Åland 2004; the proceedings were not
presidency of NAA to Iiris Turunen-Rindel,
printed but made available on-line at the internet:
Reykjavik 2008
http://www.akustinenseura.fi/bnam/bnam-2004/.
The BNAM meeting 2006 in Gothenburg was
organised as a joint meeting with the Scandinavian Vibration Society (SVIB) http://www.svib.se/. At this
meeting the participants from Iceland could proudly announce that the Icelandic Acoustical Society (IAS)
had been established a few months before. Iceland became a member of NAA and the Board of NAA agreed
to accept an invitation from Iceland to host the next acoustical meeting in 2008. In 2014 the meeting number
30 is for the first time held in one of the Baltic countries, Estonia.

Nordic cooperation on environmental noise
From the very beginning of the Nordic cooperation in acoustics, traffic noise was a key issue. Already in
1956 a report on Noise abatement in town planning was prepared by Ove Brandt (Sweden) and V.L. Jordan
(Denmark) and published jointly be the Swedish and Danish building research authorities. This was a
literature survey and a list of proposed actions. The following five items were set up:
I.
Sound propagation over terrain and through plantations
II.

Derivation of noise criteria based on subjective investigations (interviews) and measurements
11

III.

Sound propagation over barriers (scale model investigations?)

IV.

Sound conditions in various constellations of buildings, trees and bushes

V.

Data for industrial noise

The five-point list above reflects that this was a pioneer period for environmental noise. It was obvious that
there was a need for collection of information about community noise sources and sound propagation.
During the following twenty years, the field of environmental acoustics was established as an important part
of acoustics with a solid empirical and theoretical foundation.
In 1963, the Nordic Committee on Building Regulations (NKB) published the report “Støj og byplan” (Noise
abatement in town planning) as a guide on how to control the environmental noise. However, calculation
models were still not available. In the following years the report was revised several times. In 1971 followed
the NKB-publication no 17 with the same title as previous editions, but now with the possibility to estimate
noise levels including the influence of the terrain. The acoustical basis for the simple prediction model was
developed by Stig Ingemansson and Sten Ljunggren (Sweden).
The doctor’s thesis by Hans Jonasson: The propagation of sound over ground with and without acoustic
barriers, Lund Institute of Technology, 1971, gave new empirical insight in the complicated interaction
between terrain and barriers. This was the basis for the improved Nordic calculation model for noise from
road traffic that was submitted by the Nordic Council of Ministers around 1975. The principles were adopted
in Nordic calculation models for railway noise and industrial noise.
Common Nordic guidelines for air craft noise calculation were submitted by the Nordic Council of Ministers
in 1993.
However, the Nordic calculation model for traffic noise was limited to flat or plane terrain profiles. In cases
of more complicated terrain profiles, the method was difficult to apply and the results were less reliable. The
doctor’s thesis by Karsten Bo Rasmussen: Outdoor sound propagation near ground surfaces, Technical
University of Denmark, 1990 contributed to new knowledge on the topic, and led to improved theoretical
models.
In 1995, a new Nordic project was started with the aim to develop Nord2000, which was a new generation of
calculation model for environmental noise. The shortcomings of the previous empirical models were obvious
when applied to cases outside the recommended range of application. Nord2000 is based on the more
detailed physical conditions including a non-flat terrain, and the model is more generally valid than previous
models. It also takes the meteorological conditions into account, and thus it is an ideal tool for estimation of
the annual average Day-Evening-Night level, LDEN.

Nordic cooperation on building acoustics
The Nordic Committee on Building Regulations (NKB) was a joint committee for the national building
authorities in Denmark, Finland, Iceland, Norway and Sweden. It represented a long tradition on attempts to
harmonise the building acoustic requirements among the Nordic countries. Since 1956 sound and noise have
been dealt with in NKB and the first NKB-proposal for common Nordic requirements on sound insulation
appeared around 1960.
In 1971, a new acoustic working group was established in order to implement new ISO concepts and
methods for noise and sound insulation. The chairman was Jørgen Kristensen from Denmark. In 1974 the
acoustic working group delivered recommendations that to a large extend were adopted in the national
building regulations. A proposal on how to deal with the sound insulation of facades was prepared in1977.
The collection of recommendations for harmonised acoustic requirements was presented in Guidelines for
building regulations concerning sound precautions NKB Report No 32, 1978.
In 1993, NKB established again an acoustic working group with Jens Holger Rindel as chairman. Like
twenty years before, the task was to suggest harmonised implementation of international standards on sound
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insulation. These had been revised and new measures were introduced. In the report Acoustical requirements
in the Nordic countries (in Danish) from 1994, it was among other things recommended to increase the
sound insulation between dwellings in multi-storey buildings to be the same as for row houses. Three more
reports came in 1996: two of them concerning the new spectrum adaptation terms in ISO 717, and the report
Low-frequency footfall noise in multi-storey timber frame buildings.
The NKB working group finally prepared a draft proposal for sound classification of dwellings, which 1996
was handed over to a new working group in INSTA (inter-Nordic standards common to all five Nordic
countries). However, the proposed INSTA standard for sound classification was not accepted by Sweden,
because they had already introduced a Swedish standard for sound classification. So instead, the INSTA
proposal became the model for the national sound classification standards in the other Nordic countries.
A very interesting and important type of activity is the full-scale experimental houses with improved sound
insulation. A common Nordic project took place in the 1990’s, but before that, and as a background, some
national activities in Sweden and Denmark should be mentioned.
In the 1980’s extensive field investigations on acoustical conditions in dwellings was made in Sweden by
Kaj Bodlund and L. Eslon: A survey of the noise climate in some modern Swedish dwellings. Subjective and
objective data for 8 residential blocks and 350 flats. SP-RAPP 1983:37. It was also suggested to extend the
frequency range for impact sound measurements to include the low frequencies down to 50 Hz. Bodlund
published a paper that has been frequently referred to: Alternative reference curves for evaluation of the
impact sound insulation between dwellings (J. Sound Vib. 102, 1985).
There was an increasing awareness of the problem of noise from neighbours and insufficient insulation
between dwellings. With the purpose to demonstrate how to build with high sound insulation using wellestablished traditional building methods, an experimental house was erected 1989 in Lund, “Det tysta huset”
(the silent house). Special acoustic requirements were applied, being 8 to 12 dB higher than usual at that time
and including extended frequency range down to 50 Hz for airborne and impact sound insulation. It was
concluded that the principles gave significantly improved sound insulation and the extra costs compared to
traditional buildings would be around 5 %. With further development of the building technology the extra
costs in future buildings with very high sound insulation should be only 2-3 %.
In 1993, experimental housing with improved acoustic quality was built in Frederikssund, Denmark.
Although the purpose was to reduce building time and costs, the sound insulation turned out to be 6-10 dB
better than existing requirements in Denmark at that time. The 'OPEN HOUSE Urban Building System' was
a building system based on factory produced room modules and a site produced concrete skeleton. Each
room module consisted of a steel framework enclosing one or more rooms. Walls, floors and ceilings were of
gypsum boards mounted on steel ribs.
In Stockholm, a new idea by professor Sten Ljunggren was tested in a building “BRF Kajplatsen” in 1994.
The building had large span floors supported by interior concrete columns and steel columns in the facades.
All the interior walls were lightweight, i.e. gypsum plates supported by steel studs. In this way, the sound
insulation in vertical direction was significantly improved compared with traditional buildings having
supporting concrete walls.
The research and development programme Nordic Wood initiated a joint Nordic project on multi-storey
timber frame buildings for residential housing in 1995-1999. In total seven new building concepts with
timber constructions were developed for experimental houses in Finland, Sweden, Norway and Denmark.
Some of the building concepts were applied for pilot buildings in different places, so in total there were nine
different building sites. The challenge in the project was to obtain a sufficient sound insulation, especially at
low frequencies, using wood as the main building material. The pilot projects and the experience gathered
through these projects are described in a report from the Norwegian Building Research Institute: Multi-storey
timber frame houses. Acoustical design, 2000.
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Nordtest
Nordtest was founded in 1973 under the Nordic Council of Ministers and has since then acted as a joint
Nordic body in the field of conformity assessment. In January 2004 Nordtest was merged with the Nordic
Industrial Fund into the Nordic Innovation Centre, based in Oslo. The Nordtest methods and technical
reports can be downloaded from this page: http://www.nordtest.info/. At the moment of writing (May 2014)
there are 56 methods and 20 technical reports available within acoustics. The latest published acoustical
Nordtest method is NT ACOU 117 (2009) Acoustics: Determination in the field of structure-borne sound
source strength of building service equipment. The latest technical report is NT TR 619 (2010) Acoustic
design of open-plan offices. The activity of Nordtest within acoustics is another fine example of how useful
and efficient the cooperation within the Nordic countries has been. In the Swedish contribution to this book,
there is a table showing a very large number of cases where Nordtest methods have directly or indirectly
given rise to international standards within CEN or ISO.

Status and outlook
Looking back through the past 60 years, it is interesting to see the amazing developments in acoustics since
the foundation of the Acoustical Society of Scandinavia (today the Nordic Acoustic Association, NAA). The
series of biannual meetings is just one obvious part of the cooperation where the personal networks are
created and maintained. However, it should be clear from the description above that the cooperation as such,
and not only the meetings, has been the background for the success and the high standing of acoustics in the
Nordic countries. The Nordic Committee on Building regulations, INSTA, Nordic Wood, Nordtest, and the
Nordic Innovation Centre have been mentioned as fora that have supported the technical development as
well as the cooperation between the countries.
Today, we can only be grateful to the four visionary men who took the initiative to establish the NAA 60
years ago. We should also go back and take a look at the original purpose, to foster and promote
collaboration among acousticians in the Scandinavian countries as well as to increase and diffuse the
knowledge of acoustics. There should be no doubt that the first part of the purpose is successfully achieved.
Increasing the knowledge of acoustics has certainly also been achieved and is still continuing. However,
maybe we could still improve the last part, “to diffuse the knowledge of acoustics”; to spread the knowledge
to the general public and politicians.
All acousticians involved in the creation of new
Table 3. The Board of NAA as in May 2014.
knowledge and those having the insight how much
sound and especially noise influence the quality of
life, should give a high priority to the spread of the
knowledge outside the narrow circles of acoustical
specialists. An example to follow is professor
Ingerslev and his press releases in connection with
the first Nordic meetings.
The Board of the NAA consists of the chairs of the
acoustical societies of each of the five Nordic
countries, and the president of NAA is elected for a period of 2 years at a time, maximum 6 years. The
members of the board are shown in Table 3.
The fact that BNAM takes place in Estonia in the Anniversary year 2014 the can be taken as a good sign for
the future of NAA. It demonstrates a willingness to develop and go beyond old borders when it makes good
sense. For the next meeting in Stockholm 2016 an application has been sent to European Acoustics
Association (EAA) to make it a EuroRegio meeting. This means that the meeting may be recognised as an
activity within EAA. If this application is accepted, it can be a good platform for closer connections between
acousticians in Baltic-Nordic countries and acousticians in other European countries.
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Acoustical Society of Finland as a channel of technology transfer
Development of sound insulation of Finnish dwelling stock as an example
Mikko Kylliäinen
During the Second World War, Finnish researchers could maintain the contacts abroad mainly
with their colleagues in Sweden and in Germany. 1 For example, the Technical Research
Centre of Finland (VTT) had practiced co-operation with the Swedish research institutes from
the beginning of its activity in 1942.2 Finnish Broadcasting Company (YLE) had already long
kept connections with Germany. At late summer 1942, a German doctor, Hans Joachim von
Braunmühl, visited in Helsinki in relation to a building plan of a new broadcasting station.
Doctor von Braunmühl was expert both in broadcasting technology and acoustics, and he
gave a lecture on the acoustical design of buildings and acoustical properties of building
materials. At the end of the year, a Finnish journal published his presentation translated by the
head of the radio studios, Mr Paavo Arni (1905–1969).3
The building plan of the broadcasting station was never carried out, but Doctor Braunmühl’s
visit had other result. It raised an idea of founding a Finnish association which would
concentrate in all aspects of acoustics. In August 1942, Paavo Arni summoned a meeting in
order to plan the foundation of the association. In the meeting, there was a representation of
architects, civil engineers, film industry, broadcasting, radio industry, medicine, music and
education. The meeting chose a committee to prepare the foundation of the association.4
The constitutive meeting of the Acoustical Society of Finland5 was held in Helsinki on the
29th of March 1943. The Acoustical Society of Finland thus became the oldest of the
acoustical societies in the Nordic countries. According to its constitution, the Society could
organize meetings, exhibitions and lectures, promote research of acoustics, circulate
professional literature, carry on publishing activities and develop Finnish vocabulary of
acoustics. The activity of the Society covered all fields of acoustics from musical instruments
to radio engineering and from phonetics to noise control.6
Acoustical conditions of buildings and dwellings were in the focus of the Society from the
beginning. The board of the Society decided in October 1943, that ”at first, the Society should
make strong propaganda in order to solve the fundamental questions of acoustics, especially

1

Hietala 2002, 531; Michelsen 2002, 196–197.
Michelsen 1993, 101.
3
Kylliäinen 2009b, 31.
4
Minutes of the planning meeting of Acoustical Society of Finland, August 25, 1942, B1
Minutes and annual reports 1942–1962, ASF.
5
Later referred as ”Society”.
6
Minutes of the constitutive meeting of the Acoustical Society of Finland, March 29, 1943,
B1 Minutes and annual reports 1942–1962, ASF.
2

15

sound insulation and reverberation time questions”.7 Following its constitution, the Society
invited the first international guest for a visit in Helsinki. In the end of the year 1944, Doctor
Per Brüel gave a lecture on building and room acoustics.8

Acoustics before the Society
The pathbreaking work of 19th century scientists and the progress in electricity and
construction of measurement devices had led to increase of scientific activity in the field of
acoustics after the First World War, especially in the United States. By the 1930’s, there were
already material industry producing acoustical materials, commercial testing and
measurement laboratories, and engineers specialized in acoustics formed a profession.9
The founding of the Acoustical Society of Finland was a part of the professionalization of
acoustical engineers. The social process leading to a profession of acoustician had begun
already earlier. As a curiosity, it can be mentioned that music and science of sound interested
the scholars of the Royal Academy of Turku already in the 17th century.10 Their studies, of
course, did not have any practical meaning, but at least in the 19th century, acoustics as a
notion had become familiar to the educated people.11 At that time, acoustics of existing
buildings or building plans raised sometimes public debates.12
The methods and materials used in the United States became in use in Finland, too. The
Parliament House in Helsinki (1931) became probably the first Finnish building which had
been designed also from the acoustical point of view. The dome of its chamber was covered
with absorption material imported from the United States.13 Mr Jaakko Packalén (1886–1935)
who was responsible for the structural engineering of the building designed the acoustics, too.
He also carried out the acoustical design of the Helsinki Exhibition Hall, the first building of
the Finnish Broadcasting Company and the concert hall of Helsinki Conservatory. Another
early Finnish acoustician, Mr Uuno Varjo, was structural engineer like Packalén. Because of
the need of acoustical knowledge in studio design, Finnish Boradcasting Company became a
center of acoustical knowledge, and two engineers working for it were also known as
acoustical consultants: already mentioned Paavo Arni and T. K. Laakso (1899–1979).14
The early Finnish acousticians published articles about acoustics in Finnish journals of civil
engineering and architecture during the 1930’s. In these publications, the authors name the

7

Minutes of board meeting, October 26, 1943, B1 Minutes and annual reports 1942–1962,
ASF.
8
Minutes of board meeting, November 30, 1944, B1 Minutes and annual reports 1942–1962,
ASF.
9
Thompson 2004, passim.
10
Sarjala 2001.
11
Kylliäinen 2009a, 36–37.
12
Kylliäinen & Takala 2013, 7–10.
13
Hakala-Zilliacus 2002, 168–169.
14
Kylliäinen 2009b, 31–32.
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American research as most important, and Germany was mentioned the forerunner of
acoustics in Europe. Swedish research was already used as well.15
The first Finnish handbook in room and building acoustics was published in 1949 by Paavo
Arni.16 In the end of the book, Arni gave a reference list and another list of literature which
was not referred but which was recommended to the readers. These two lists consist of
altogether 61 articles, research reports and handbooks. The distribution of the origins of the
publications is given in Table 1. Compared with the 1930’s, the contacts with the
Scandinavian countries had increased. Among the references used by Arni, the proportion of
Swedish and Danish sources is altogether 20 %, which is more than the amount of sources
written in the United States.17
Table 1. The origins of the references of the first Finnish handbook in acoustics, published in
1949.
Country
Germany
United States
United Kingdom
Sweden
Denmark
Finland
Switzerland
The Netherlands
Norway

Amount

Proportion [%]

20
10
7
6
6
6
3
2
1

33
16
11
10
10
10
5
3
2

Proposal for preparation of sound insulation requirements
In his book, Paavo Arni mentioned as an unfortunate matter that Finland does not have
building regulations concerning sound insulation of dwellings.18 Other countries, however,
had them already: in spring 1947, Dr Vilhelm Lassen Jordan form Denmark had given a
lecture in a meeting of the Acoustical Society of Finland on the present legal rules and
standards concerning noise and sound insulation in different countries. In his presentation,
Jordan referred to German, English, Danish and Swedish regulations and instructions
concerning sound insulation and noise control. The part of the presentation concerning
building acoustics focused on both the requirements and definition of measurement methods
of sound insulation between dwellings. Jordan referred most widely to the German DIN
standard, which had been used since 1938, and the Swedish requirements for airborne and
impact sound insulation between dwellings published in the previous year. 19

15

Kylliäinen 2009b, 32.
Arni 1949.
17
Kylliäinen 2009b, 32–33.
18
Arni 1949, 165.
19
Paavo Arni’s letter, March 29, 1947, C1 Incoming and outgoing post 1944–1978, ASF.
16
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Soon after Dr Jordan’s visit, the Society delivered a press release about the visit and the
presentation translated into Finnish to the newspapers.20 Later in 1947, the society decided to
approach the Ministry of the Interior with a letter on the drawing up of an acoustical standard
for the house builders. In the board meeting, it was suggested that this standard should include
precise examples and drawings about constructions.21 In a proposal sent to the Ministry in
spring 1948, the Society defined three existing problems that could be solved with the
standards. The first problems was the insufficient sound insulation of dwellings:”It is rather
usual that the sound insulation of a modern, multifamily apartment building is extremely
poor. The result is that the dwelling cannot be regarded as a home because so much sound is
transmitted between dwellings. A house built correctly considering sound insulation can be
defined as a rarity.” The Society suggested that the Ministry should appoint a committee for
the drawing up of the standards. This committee should have wide representation of
organizations in building trade.22 The Society was in correspondence with the Ministry during
the year 1948, but in 1953 the Society had to found that ”no further information about the
matter does not exist”.23
The Society continued the co-operation with other Nordic countries in solving the sound
insulation question of dwellings. In the end of the year 1953, Prof. Fritz Ingerslev from
Denmark visited in Finland. He gave a lecture about sound absorbing materials and sound
insulation problems of residential buildings. During his visit, he explained the idea of
accelerating the Nordic co-operation. This thought had risen from the basis of international
conferences on acoustics.24
A meeting for the Nordic acousticians was organized in Copenhagen in 1954. The purpose of
the meeting was to find out if there were prerequisites for establishing a Nordic organization.
As the meeting turned out to be a success, it was decided to establish the Nordic Acoustical
Association, Nordiska Akustiska Sällskapet NAS.25 The organization began to work in the
beginning of 1955 and the Acoustical Society of Finland nominated Paavo Arni, who had
already taken part in the meeting in Copenhagen, as its representative to the board of the
NAS.26 The Acoustical Society of Finland was the oldest among the Nordic societies, and
thus it was decided that Finland would host the first NAS conference in Helsinki in 1956. The
first day of the three-day conference concerned room acoustics and sound insulation. This
seems to have been an established practice in the early stage of the conferences.27 The
founding of NAS meant that the connections between Finnish and other Nordic acousticians
had got an organized and regular form.
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During the 1950’s, several scientists from the Nordic countries visited the Society and gave
presentations dealing with sound insulation problems of dwellings. Among them was Ove
Brandt from KTH in Stockholm. He spent two days in Helsinki in 1955 and held a
presentation about the experiences achieved from sound insulation of multi-storey apartment
buildings and new concrete structures, which were to replace the vertical masonry frame.28
In the beginning of the 1950’s, both VTT and Finnish Broadcasting Company had invested in
a modern acoustical measurement devices. The state gave funding for a research project coordinated by the Society to find out the sound insulation level of the new multi-storey
residential buildings. The research was carried out from 1952 to 1955 and it led to a
recommendation for sound insulation, which was published by VTT. The results obtained
from the measurements in buildings were compared with Swedish results from corresponding
buildings. The measurement method, however, was adopted from Germany. The
recommended impact sound insulation level was set 6 dB stricter than in Germany based on
the inhabitant’s interviews. One of the conclusions of the study was stated as follows: “As
long as we do not have official sound insulation requirements, the builders cannot be obliged
to construct residential buildings with sufficient sound insulation despite the fact that against
the common understanding, they do not become significantly more expensive”.29
In addition to the meetings of the Society, the members spread the foreign knowledge to the
domestic professionals in engineering journals. For example, in 1956, Mr Mauri Parjo,
researcher at VTT and member of the Acoustical Society, published a paper on design of
sound insulation and noise control of multi-storey buildings.30 Parjo referred to two Danish
and one Swedish handbook. Already in the planning meeting of the Society in 1942, there had
been discussion about listing the acoustical handbooks and ordering scientific journals. It is
not known, if the Society started to collect an own library. However, it seems obvious that the
Nordic experts brought research literature concerning acoustics when visiting in Finland. For
example, all the writers of the Nordic books that Parjo referred in his paper had visited the
meetings of the Society as speakers.31
The proportion of the dwellings constructed of precast concrete elements increased rapidly in
Finland in the middle of the 1960s.32 At the same time, knowledge about the problems in
sound insulation of new precast concrete buildings was obtained from Sweden.33 Papers of
Swedish researchers were also published in the Society’s own journal, which was printed in
1964–1967.34 Swedish acoustical experts presented measurement results and issues to be
taken into consideration in design and construction of the precast concrete buildings. In
Finland, there were no domestic research results about the sound insulation of the precast
concrete buildings in the beginning of 1960s.35 The publication of the Swedish research
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results led to an extensive domestic research project, which compared the sound insulation of
buildings built in situ, and buildings constructed of precast concrete elements.36

Nordic Council and the harmonization of building regulations
Finland became a member of the Nordic Council in the end of the year 1955.37 The Nordic
Council had prepared the harmonization of building regulation and standardization of its
member countries since 1953. Finland participated in the work of the harmonization
committee since 1956. In all the other member countries, there were already sound insulation
regulation in force. This is why the committee had chosen sound insulation to be one of the
four questions that should be solved first.38 Beside the Nordic committee, a domestic sound
insulation committee was working since the year 1957. It got its own suggestion as Finnish
sound insulation requirements ready in 1958. Because Finland wanted to follow the Nordic
suggestion as much as possible, the domestic committee decided to continue its work until the
year 1960.39
The members of the Nordic committee, however, did not success in finding consensus in the
case of measurement method of impact sound insulation. Because of that, all the Nordic
countries published their own sound insulation requirements during the years 1959 and 1960.
In those requirements, measurement methods differed from each other so much that
measurements done in different countries were comparable only by doing complicated
transformations and corrections. The aim of the Nordic Council – to form common building
markets in the Nordic countries – could not be achieved from this point of view.40
In Sweden, new sound insulation regulation was published in 1960. In Finland, the suggestion
done by the domestic committee was not adopted as official requirements, but the suggestion
was published in a report series of VTT in 1960. However, this draft was considered too
theoretical and complicated, and did not get a common approval. Even though the common
object of the Nordic countries could not be achieved, the work of the Nordic committee was
not meaningless, but it affected the way how the Finnish committee suggested the sound
insulation measurements to be carried out in buildings. Besides that, the knowledge obtained
through the Acoustical Society of Finland was also important.41
A new Finnish committee was set in the middle of the 1960’s to prepare sound insulation
requirements. When the committee found out that Sweden was going to follow the
international standardization, the domestic committee decided to do the same. The reason to
this was that builders in Finland wanted to have comparable requirements with Sweden to
make co-operation both in building markets and research possible.42 The Society was
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represented in the committee by its members Alpo Halme and Mauri Parjo.43 The draft was
published by the Finnish Association of Civil Engineers in 1967 with the support from the
government.44 Even though the sound insulation requirements were not official regulations de
jure, they were de facto considered equal with regulations when building inspection started to
require their use.45 The Ministry of the Interior adopted the requirements of 1967 unchanged
in the National Building Code of Finland in 1976. After that, the requirements were first
changed in 1998.46

Development of sound insulation of Finnish dwellings
The sound insulation requirements remain meaningless if they do not affect the realized sound
insulation between dwellings. The Technical Research Centre of Finland had made the first
attempt to measure sound insulation between dwellings in 1949. Even though the
measurement equipment was not totally appropriate for the study, it was discovered that the
sound insulation was so weak that more research was needed. Because of this, sound
insulation studies were included in the research program of VTT in 1950’s.47
Between the years 1955 and 2008, sound insulation studies and measurements have been
carried out by VTT and other organizations. In these studies, airborne and impact sound
insulation between dwellings has been measured both in vertical and horizontal directions.
The object of these studies has mainly been to define the characteristics of the sound
insulation in new built dwellings. The measurement results shown in different research
reports thus represent the sound insulation of new buildings in the past.
The sound insulation regulations and recommendations have varied over the time. The
changes have concerned both the methods and the requirements of sound insulation, which
leads to the fact that the measurement results of different decades are not always directly
comparable. Because of the changes in measurement methods, the results have to be
transformed in order to make the comparison possible.48 Table 2 shows the requirements and
measured sound insulation properties of dwellings of different eras transformed into the
single-number quantities used in the present.
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Table 2. Sound insulation requirements between dwellings and averages of realized sound
insulation. R’w denotes the weighted apparent sound reduction index in horizontal direction
and L’n,w the weighted normalized impact sound pressure level in vertical direction.
Years
1955–1959
1960–1967
1967–1976
1976–1999
2000–2008

Required
minimum of R’w
51 dB
52 dB
52 dB
52 dB
55 dB

Average of
measured R’w
53,8 dB
51,8 dB
52,3 dB
55,1 dB
57,4 dB

Required
maximum of L’n,w
62 dB
56 dB
58 dB
58 dB
53 dB

Average of
measured L’n,w
57,1 dB
55,0 dB
57,5 dB
55,4 dB
48,8 dB

Table 2 shows that since the 1950’s, the requirement for airborne sound insulation expressed
in present terms as minimum allowable weighted apparent sound reduction index R’w has
increased 4 dB. The requirement for impact sound insulation expressed as maximum
allowable weighted normalized impact sound pressure level L’n,w has changed 9 dB from 62
dB to 53 dB.
The change in measured airborne sound insulation between dwellings has been even greater
than the change in the requirements. The proportion of the measurement results not fulfilling
the requirements was around 50–60 % in the 1960’s and early 1970’s. In the recent studies,
the percentage of the results fulfilling the requirements has been nearly 100 %. The average of
measured apparent weighted sound reduction indices R’w has raised 5,6 dB. The average of
weighted normalized impact sound pressure levels L’n,w has changed 8,7 dB from 57,5 dB to
48,8 dB (from the 1970’s to the present). The proportion of measurement results fulfilling the
requirements is nowadays over 90 %, but in the late 1960’s and the early 1970’s the
percentage was lower than 50 %. Also, the proportion of the people satisfied with sound
insulation of their dwellings has risen from 60 % to 93 %.49
In the end of the year 2012, there were 2 866 000 dwellings in Finland. From that amount, 44
% were in blocks of flats and 14 % in attached houses. Altogether 47 % of the Finnish
population were living in this dwelling stock.50 Sound insulation between dwellings, thus,
affects the every-day life of around 2,5 million Finnish people. Compared with other
European countries, both the sound insulation requirements and realized sound insulation in
Finland have been at highest level already in the 1950’s and still is.51 On this basis,
participating the preparation of sound insulation regulation in Finland could be considered
socially most important achievement of the Acoustical Society of Finland.
Sound insulation of dwellings had been one of the main focuses in the activities of the
Acoustical Society of Finland. In the beginning of the 1970’s, the Society had achieved the
goals that were set already in the 1940’s. The activities of the Society started to change from
49
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societal influencer to merely scientific society. During the last decades, most important
activities of the Society have been the Finnish acoustical conference Akustiikkapäivät, held
every second year, and organizing the BNAM conference in turn. The Society also grants
awards and stipends from two funds.

Acoustical Society as a channel of technology transfer
Doctor von Braunmühl’s visit to Finland in 1942 is an example of technology transfer that
can be concretely transporting devices and machines from one country to another, but
especially it is the interaction of people that leads to transfer of knowledge.52 Paavo Arni, who
was long chairman and secretary of the Acoustical Society of Finland, visited foreign
countries, took part in international conferences and worked as an officer in the international
organizations. Arni probably was the first internationally acknowledged Finnish acoustician53,
and with the help of his personal connections, he could invite experts to visit Finland. This
kind of action is regarded a very important part of technology transfers.54 From the
publishing activities of Arni, it can be concluded that he followed foreign professional and
scientific journals, which constitute one channel for technology transfer.55
When the Finnish sound insulation requirements for dwellings were drawn up, there was no
chair for acoustics in Finland, neither a modern acoustical laboratory for sound insulation
measurements.56 The researchers of the Technical Research Centre of Finland VTT wrote in
1955 that the lack of domestic studies forced designers and builders to utilize the results of
foreign researches. The measurement methods used in the 1950’s were also adopted from
abroad. The preface of sound insulation requirements in 1967 stated that the knowledge
received from abroad was the prerequisite for the drawing up of the standards: “The
experiences gained in the Nordic countries, the international cooperation and the experiences
in our construction, however, have made the drawing up of the standards possible.”57
Even though technology transfers are mainly based on actions of individuals, their
connections and movements, the actions of individual people are insufficient for transferring
the technology. In order to adopt technology there must be a greater interest and the
operations must be organized. In addition, adequate financial and other resources are
needed.58 From this point of view, the Acoustical Society of Finland has been the necessary
channel for technology transfer in the field of acoustics from the 1940’s to the 1970’s.
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NAA 60 Years Anniversary 1954 - 2014

Acoustics in Sweden 1940-2013
Introduction and the Swedish Acoustical Society
Hans Jonasson

This very condensed history of Swedish acoustics after 1940 has been written by Hans
Jonasson, president of the Swedish Acoustical Society (SAS) since 2007. In 2013 SAS had
229 members including 11 supporting members. SAS was founded in 1945 and has had the
following presidents:
1945: Gunnar Heimbürger, ci, KTH, building technology
1948: Vilhelm Nasiell, med dr
1949: Stellan Dahlstedt, technical manager on Swedish Film industry 1945 - 1961.
1950 – 1960: Erik Mattsson, director, Radiotjänst (Swedish Radio)
1961 - 1965: Stellan Dahlstedt
1966 - 1975: Gunnar Fant, professor, speech transmission laboratory, KTH (Royal Institute of
Technology)
1976 – 1980: Johan Sundberg, professor, Musical Acoustics, KTH
1981 – 1986: Bertil Johansson, Technical Audiology, KI (Caroline Institute)
1987 – 1989: Sven Lindblad, professor, Technical Acoustics, LTH
1990 – 1995: Tor Kihlman, professor, Teknisk akustik, CTH
1996 – 1999: Per-Anders Hellström, Swedish Defence
2000 – 2006: Leif Åkerlöf, ÅF-Ingemansson
2007 : Hans Jonasson, SP Technical Research Institute of Sweden
Several SAS members have contributed to this historical overview but the time available has
not permitted a full coverage of all fields of acoustics or check of all facts. There are bound to
be important gaps and may be some errors as well.
Early history 1940-1960 “The starting up period”
At the beginning of the above time we encounter several famous names. At the end of WW II
Per Brüel came to Sweden and got involved in starting up the first laboratory in acoustics at
Chalmers in Göteborg. At Chalmers he met Uno Ingård who graduated in 1944 and became
head of the acoustic activities at Chalmers when Per Brüel went back to Denmark, bringing
with him one of the most famous future B&K products, namely the logarithmic level recorder
which was developed during his time at Chalmers. In 1942 he had founded the company
Brüel & Kjœr together with Viggo Kjœr.
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Per Brüel 1987
In 1945 Per Brüel was one of the 9 founding fathers of the Swedish Acoustical Society. Some
of the others were the architect Gunnar Heimbürger, the technical head of the Swedish Film
Industry (SF) Stellan Dahlstedt and Ove Brandt, special teacher in building acoustics at the

Ove Brandt ca. 1960
Royal Institute of Technology (KTH) in Stockholm. In 1958 Ove Brandt published handbook
no. 1 (!) of the Swedish Building Research Council, Akustisk planering, which was a great
help in creating the high standard (relative other countries at that time) in building acoustics
achieved in Sweden later in the 1960-ies and 70-ies. Stellan Dahlstedt left SF in 1961 when he
founded Akustikbyrån.
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Uno Ingard (from internet)
1950 Uno Ingård left for MIT where he met Philip Morse together with whom he later wrote
the well-known book Theoretical Acoustics. Before he left, Ingård recruited Stig Ingemansson
into acoustics. In 1956 Stig Ingemansson founded Ingemanssons Ingenjörsbyrå in Göteborg,
which 20 years later was to become the second largest acoustic consultant in the world,
second only to the famous BBN in Boston. Ingemanssons is now part of ÅF.

Stig Ingemansson 1987
At KTH in Stockholm Ove Brandt taught building acoustics for civil engineers whereas
Gunnar Fant pioneered the field of speech transmission, which was important for the Swedish
tele communication industry. Gunnar Fant earned his doctor’s degree at KTH in 1958. Like
Uno Ingård he spent a few years, 1949-51, at MIT. During 1951-1966 he lead the work at the
speech transmission laboratory and in 1966 he received a personal professorship at KTH.

29

Gunnar Fant (from internet)
1960-1979 “Building of new laboratories”
During this period the results of 100 years of continuous high economic growth in Sweden
without taking part in any wars became visible. The public sector expanded enormously and
huge investments were made in infrastructure, dwellings and education. The rest of Europe
had still not recovered completely from the war and Sweden was despite its small size a
leading country with respect to building acoustics and noise abatement. In 1963 the
department of audiology at the Caroline Institute starts up with Bertil Johansson as head. In
1966 the new technical university Lund Institute of Technology inaugurates a well-equipped
building acoustical laboratory with Tor Kihlman as provisional head. A year later Tor
Kihlman becomes the first doctor in Sweden in building acoustics by explaining the extreme
vertical flanking transmission of lightweight concrete elements, which had recently been
introduced on the Swedish market. In 1969 he moves back to Göteborg and Chalmers to
become the first Swedish professor in building acoustics. By that time Chalmers has also got a
new fully equipped laboratory with focus on building acoustics.

Tor Kihlman 2009
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In 1977 Göran Gadefeldt becomes the first professor in technical acoustics at KTH. His
professorship was sponsored by Marcus Wallenberg and Atlas Copco. The same year Statens
Provningsanstalt, now SP Technical Research Institute of Sweden, inaugurates a new, large
and very well equipped acoustical laboratory in Borås in West Sweden with Hans Jonasson as
head. Hans Jonasson became the second doctor in building acoustics in Sweden in 1971 with
the thesis Sound propagation over ground with and without acoustic barriers. At about the
same time Rockwool built a laboratory for measurements of sound absorption and sound
insulation in Skövde. This laboratory was later to be taken over by Ralf Friberg who founded
Akustikverkstan. In 1979 Johan Sundberg becomes the first professor in musical acoustics at
KTH.

Johan Sundberg 1987

Göran Gadefelt 1974

During the 1970-ies large amounts of money became available for noise abatement measures
in the Swedish industry thanks to a new fund for protection at work, Arbetsmiljöfonden.
Working groups were created for the noise abatement within different industrial sectors, e.g.
the paper and pulp industry, the engineering industry, the food industry, the concrete product
industry, the graphic industry, the saw milling industry and the wood working industry. Each
working group consisted of an acoustical consultant and representatives from the trade unions
and the companies involved. Great progress was made and a great number of practical test
cases were made and reported. A review of noise abatement principles for machinery was
published 1977 in the book Noise abatement – principles and application (Bullerbekämpning principer och tillämpning) created by Stig Ingemansson and Hans Elvhammar. This book
became very popular and was translated into English and distributed internationally by the
Acoustical Society of America.
During this time there were significant cooperation between Nordic authorities, e.g. with
respect to building regulations and prediction methods for environmental noise and thanks to
this we got a coordinated Nordic view and significant influence on European level whenever
31

decisions were taken within these fields. In 1977 we got a common Nordic prediction method
for road traffic noise. This method was to a large extent based on research carried out at LTH
in the beginning of the 1970-ies. For its time it was quite advanced as it was based on the
same theoretical grounds as the later Nord2000 and Harmonoise methods. The main
difference was that it did not deal with the meteorological effects on sound propagation. As to
building regulations we failed to get exactly the same sound requirements. Although they
became very similar there were a few deviations between the countries.
During this period several acousticians receive distinguished rewards. In 1965 Göran
Gadefeldt receives the gold medal of the Royal Swedish Academy of Engineering Sciences,
IVA, for achievements within the fields of impact and noise abatement. In 1970 Uno Ingård
receives the Gustav Dalén medal from Chalmers. In 1977 Gunnar Fant receives the great
award of KTH. In 1978 Gunnar Fant receives an honorary doctorate from Grenoble
University.
1980 – 1999 Consolidation
During this period Sweden is well established in acoustics. In 1988 the International Congress
on the Biological Effects of Noise, ICBEN 1988 is arranged in Stockholm and in 1990
Internoise is arranged in Göteborg with more than 1000 participants.
In 1989 Anders Nilsson succeeds Göran Gadefeldt as professor in technical acoustics at KTH
and 8 years later he can inaugurate the new, expanded Marcus Wallenberg Laboratory
(MWL) for sound and vibration research.
In 1994 the government proposition 1993/94:215 Action plan against noise is approved by
Riksdagen. The main message was: Annoyance from noise in the society shall be limited
strongly and sound levels shall be lowered in order to expose fewer people for noise. The
proposition was based on a one-man investigation carried out by Tor Kihlman. This
investigation led later to an introduction of a voluntary sound rating of buildings. It started
with a Building Research Publication: The sound guide – Selection of sound quality in
building by Leif Åkerlöf and in 1996 we got a new Swedish standard SS 25267 Building
acoustics – Sound rating of rooms in buildings – Dwellings. Here, for the first time, specified
requirements stricter than current building code regulations were introduced. As an example
three classes, A, B and C, were introduced for sound insulation. C was the minimum,
regulatory requirement whereas B was 4 dB better, and A further 4 dB better than B. This
approach turned out to be very successful and nowadays most new dwellings meet class B
requirements and some even class A.
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Leif Åkerlöf 2006
In 1996 Sweden introduces, probably as the first country in the world, specific guidance
values for frequencies below 100 Hz. At the same time guidance values for high sound
pressure levels from music indoors and outdoors are introduced. In this context it should be
pointed out that guidance values were taken very seriously in Sweden and usually dealt with
like regulatory limit values.
In 1996 the Nordic road and rail administrations financed the Nord2000 project aiming at
more accurate prediction methods for traffic noise with the capability to include effects of
meteorological conditions on the sound propagation. The work was carried out by SP in
Sweden, Delta in Denmark, SINTEF in Norway and VTT in Finland. The project was quite
successful and the results had great influence on the later European Harmonoise and Imagine
projects.
In 1997 the government proposition 1996/97:53 Infrastructure for future transports is
approved by Riksdagen. For the first time Sweden formally got unambiguous guidance values
for road traffic noise.
In 1999 WHO publishes Guidelines for Community Noise, behind which there were
significant Swedish contributions, notably by Thomas Lindvall and Birgitta Berglund at the
Caroline Institute/Stockholm University.
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Birgitta Berglund 2011
During this period the following acousticians receive distinguished awards: In 1980 Bertil
Johansson receives an honorary doctorate from KTH. In 1985 Stig Ingemansson receives an
honorary doctorate from Chalmers. In 1985 Gunnar Fant receives the LM Ericsson award. In
1988 Gunnar Fant receives an honorary doctorate from Stockholm University. In 1998
Gunnar Fant receives the gold medal of the Royal Swedish Academy of Engineering
Sciences, IVA, for important achievements as innovator within the field of speech research,
which has important consequences for the design of modern tele and data communication
systems, aid appliances for hearing and sight damaged persons, for speech science, phonetics
and voice therapy, etc.

Bertil Johansson

2000 – today Turning even more international
This period has been dominated by large projects, often co-funded by the European Union and
with participation from many countries. Some examples are given in the following table:
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Acronym
Harmonoise
Imagine
Quiet
HOSANNA
Cargovibes
SILVIA

Field
Harmonized prediction methods for
environmental noise
Harmonized prediction methods for
environmental noise
Railway infrastructure optimisation
and monitoring for further noise
reduction
Decreasing noise from road and rail
traffic during propagation
Human response to ground-borne
vibration affecting residents
near railway lines
Sustainable Road Surfaces for
Traffic Noise Control

Swedish participation
SP, VTI
SP
KTH, MTRS, SLL, Strukton,
TBT, Tyréns
Chalmers, Stockholm University
Sahlgrenska Academy
Skanska, VTI

Also national Swedish projects have been larger than they used to be and often involving
many participants with different fields of expertise.
Among such Swedish projects we have, e.g.:
Mistra with its 8 years long project Soundscape for better health with Kjell Spång, former
managing director of Ingemansson and Akustikbyrån, as programme head. The project ended
in 2007 and one of the most interesting innovations that was studied, was the importance of a
quiet side of buildings in urban areas.

Kjell Spång 2012
AkuLite is a research project involving Swedish building industry and acoustic research
groups, which aims to develop sound and vibration criteria that are consistent with people's
perception in lightweight buildings. Project leader is Klas Hagberg, WSP. Focus has been on
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impact sound insulation of lightweight floors, as traditional rating methods have been shown
not to work very well for these cases.

Klas Hagberg 2011
In 2002 Ulf Sandberg, together with Jurek Ejsmont, published the extensive Tyre/Road Noise
Reference Book, covering all state of the art knowledge based on their extensive experience
from research and standardization in this field.

Ulf Sandberg 2013
In 2003 the International Congress on Sound and Vibration ICSV took place in Stockholm.
In 2004 Stig Arlinger receives an honorary doctorate from Linköping University for his works
in audiology.
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Stig Arlinger 2011
The Sound Award of the Swedish Acoustical Society
Every year since 1993 the Swedish Acoustical Society (SAS) awards a person, a company, an
institution or an authority that has contributed to or built up conditions for a better sound
environment in Sweden with the Sound Award. So far the award has had the following
recepients:
1993 SKB Karin Wiklund, sound quality of dwellings
1994 Per Brüel, one of the founders of SAS 1945 and manufacturer of sound and vibration
equipment
1995 Sören Norrby, liberal politician behind the national action plan against noise
1996 The Building Research Councilt
1997 Konsumentverket/Råd och rön
1998 Tor Kihlman and Stig Ingemansson
1999 Gösta Bengtsson and Mattias Flock
2000 AMMOT Artists and musicians against tinnitus
2001 The Swedish Rail Administration project Kallhäll - Kungsängen
2002 The sound artist Mikael Strömberg
2003 Universitetslektor Hans Peter "HP" Wallin
2004 Professor Johan Sundberg for his great contributions to the development and
understanding of musical acoustics, speech learning and synthetical speech
2005 Kim Kähäri – for great contributions towards prevention of hearing damages among
musicians
2006 The Swedish Road Administration for contributions for support and development of
quiet road surfaces
2007 The Sound Environment Center at Lund University in Sweden for its innovative strive
to create an interdisciplinary research center with an aim to study sound as a phenomenon and
how sound environments affect us.
2008 Kjell Spång as leader of the multidisciplinary research program Soundscape for better
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health.
2009 Anders Bodin Fastigheter AB for progressive work for dwellings with very high sound
quality.
2010 Stig Arlinger for his long and dedicated engagement for audiological
research, standardization and information.
2011 Hörselskadades riksförbund (HRF) for its campaign "Befria samtalet (Liberate the
conversation)" which successfully drew the attention to problems with high sound pressure
levels in public spaces.
2012 Birgitta Berglund for internationally successful work for dissemination of knowledge
of the harmful influence of environmental noise on human beings.
2013 Bo G. Pettersson as promoter and prompter at The National Board of Health and
Welfare (Socialstyrelsen) for guidance values and measurement methods for noise indoors, in
particular low frequencies, and high sound pressure levels from music at arrangements
indoors and outdoors.
Swedish participation in international standardization
Over the years Sweden has had an ambitious participation in international standardization in
acoustics. ISO was set up in 1947, to compare with IEC which was set up already in 1906,
and the same year ISO TC 43 Acoustics was one of 67 technical committees to come into
operation. 1984-1994 Bertil Johansson was chairman of IEC TC 29 Electroacoustics. He was
also heavily involved in ISO TC 43 working with hearing protectors and hearing damage
criteria. In 2008 Hans Jonasson became chairman of CEN TC 211 and ISO TC 43 with ISO
TC 43/SC 1, the secretariats of which were held by Denmark. ISO TC 43 with subcommittees
1 and 2 met, together with IEC TC 29 in Stockholm in 1979 and in Borås and Stockholm
respectively in 2008.

Hans Jonasson during ISO TC 43 plenary in 2009
Some of the most frequent Swedish working group participants have been Ulf Sandberg on
tyre/road noise, Bertil Johansson and Stig Arlinger on hearing damage and hearing protectors,
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Manfred Klopotek on vehicle noise, and Hans Jonasson in building acoustics and on various
noise standards.
In 1973 Nordtest was founded with the purpose of development of harmonized Nordic test
methods. Until Nordtest ceased to exist at the beginning of this millennium, a great number of
Nordtest projects were carried out with participation from 4-5 Nordic countries. Most of these
projects were successful and when CEN required new test methods for the purpose of getting
harmonized test methods for the European single market, the starting point was often a
Nordtest method. Thus, thanks to Nordtest, the Nordic countries achieved great influence
within ISO and CEN in the 1980- and 1990-ies. This is illustrated by the following table:
ISO/CEN-standard

Nordtest project, method,
reports
EN ISO 140-3:1993
NT-project 29-75, 52-76
Airborne sound insulation
NT ACOU 013:1979
in the laboratory
LL rapport nr 4,1976
NT-project 669-87
NT ACOU 073:1989
SP-AR 1988:36
ISO 140-5:1998
NT-project 556-85
Facade sound insulation
NT ACOU 072:1989
SP-RAPP 1986:37
NT-project 494-84,665-87
NT ACOU 074:1989
LI rapport nr 131,1986
ISO 140-6:1998
NT-project 279-81
Impact sound insulation in NT ACOU 050:1985
the laboratory
SP-RAPP 1983:01
ISO 140-8:1998
NT-project 279-81
Impact sound improvement NT ACOU 050:1985
in the laboratory
SP-RAPP 1983:01
ISO 140-10:1991
NT-project 196-79
Sound insulation of small
NT ACOU 037:1982
building elements in the
SP-RAPP 1980:22
laboratory.
ISO/TR 140-13 Guidelines NT-project 963-91
for sound insulation
NT TR 203
measurements
Delta report
ISO 354:1985
NT-project 6-74, 27-75
Sound absorption in
NT ACOU 012:1979
reverberation rooms
SP-RAPP 1974:30,1977:13
EN ISO 717-1:1996
Rating of airborne sound
insulation
EN ISO 3743-1:1994
Sound power level with
reference sound source in
hard rooms

NT-project 491-84
NT ACOU 061:1987
SP-RAPP 1985:43
NT-project 414-83
NT ACOU 060:1986
SP-RAPP 1984:19
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Influence due to the work
of Nordtest
Rules for flanking
correction when measuring
windows and doors.
Mounting requirements for
window size and niche
location.
Total revision of
loudspeaker method.
Requirements when using
aircraft noise as source.
Practical details, e.g.
stationary condition during
measurement.
Practical details, e.g.
stationary condition during
measurement.
The standard is fully based
on the Nordtest method.
= Nordtest report.
The procedure for
determining number and
location of diffusers has
been copied from the NTmethod.
Traffic noise spectrum and
calculation methodology
taken from NT.
The standard is based on the
NT-method

EN ISO 3744:1994
Sound power level in a free
field above a reflecting
plane
ISO 3747:1991
Sound power level in situ
with reference sound source
EN ISO 9614-2:1996
Sound power using
intensity scanning
ISO 10053:1991
Office screen sound
attenuation
ISO 10847:1997
Insertion loss of traffic
barriers
EN ISO 11546:1995
Airborne sound insulation
of enclosures
EN ISO 11654
Rating of sound absorbers
EN ISO 11957:1996
Airborne sound insulation
of cabins
ISO 15186-1:1999
Measuring airborne sound
insulation using intensity

ISO 13475-1:2000
Emission from sirens
EN/ISO 11205:2004
Noise from machines using
intensity
EN 1793-3:1997
Traffic noise spectrum for
noise barriers
EN 12096:1997
Vibration declarations
Abbreviations:

NT-project 667-87
NT ACOU 080:91
LI report nr 142, 1989
NT-project 621-86
NT ACOU 078:1988
SP REPORT 1988:03
NT-project 558-85
INSTA 122
STF44 A86166
NT-project 120-77
NT ACOU 036:1981
SP-RAPP 1980:8
NT-project 496-84
STF44 A86165
NT-project 234-80
NT ACOU 058:1986
SP-RAPP 1982:30
No NT-project
NT ACOU 079:91
NT ACOU 057:1986
DTH in Lyngby
NT-project 746-88
NT ACOU 084:1992
SP REPORT 1991:23
NT-proj1065-92
NT ACOU 093:95
VTT Publication 262
NT-project 671-87
NT ACOU 081:1991
Delta rapport
NT-project 1129-93
NT ACOU 097:97
SP REPORT 1995:75
NT-project 491-84
NT ACOU 061:1987
SP-RAPP 1985:43
NT-project 964-91
SP REPORT 1992:15
LL=Lydteknisk
laboratorium (Today: Delta)
SP=Sveriges provnings och
forsknings institut
WD=Working draft
CD=Committee draft
INSTA=Nordic Standard
VTT=Technical Research
Centre of Finland
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Methods for measurements
on sources near walls and
corners have been taken
from NT.
The basic concept has been
taken from the NT-method.
The standard is based on the
INSTA-method
The standard is based on the
NT-method.
The standard contains
significant parts of the NTproject.
The standard is based on the
NT-method
The standard is based on the
NT-method
The standard is based on the
NT-method
The standard is based on the
NT-method. NT ACOU 093
refers to small building
elements.
The standard is based on the
NT-project
The standard is based on the
NT-project
The EN spectrum is taken
from the NT-method.
The standard is based on the
NT-project
LI=Lydteknisk Institut
(Today: Delta)
STF=SINTEF
WG=Working group
DTH=Danmarks tekniske
Højskole (Today: Technical
Unversity of Denmark)

NAA 60 Years Anniversary 1954 - 2014

Danish Acoustics History – An Extract
Claus Møller Peterseni

INTRODUCTION
The following description will be given in sections starting with the pioneer age from 1898 up to establishment of the Danish Acoustical Society, DAS in 1955 and then a short section on the establishment of DAS.
This is followed by three main sections covering more recent history based on the tracks that was laid out
by three of the Grand Old Men from the Technical University of Denmark, DTU, in Copenhagen:
1) Room acoustics 2) Absorbents and Instrumentation 3) Noise as umbrella for its many branches namely
electro-, environmental-, building-, machinery- and psycho-acoustics; and in addition organizing of a part of
the Danish acoustics’ research and education.
Many specific literature references will not be used during the following chapters. The amount would be
too enormous and the risk of forgetting some key references too high. Instead, all named persons will be
mentioned in short at the end of the article. However four main Danish sources should at least be mentioned in detail: ‘Akustiske perspektiver – festskrift til professor dr. techn. Fritz Ingerslevii’ ref. [1] from 1982
by Jørgen Kristenseniii et al. and the booklets ‘Dansk Akustik 1955-2005’ ref. [2] edited by Ole Juhl Pederseniv et al., ‘Episoder og Resultater inden for Akustikken før 1954’ ref. [3] by civ.ing. dr. techn. Per V. Brüelv,
both published on the 50th anniversary of the Danish Acoustical Society in 2005. The fourth source is ‘Dansk
Lydteknologi – en global styrkeposition’ ref. [4] from 2006 edited by Jan Voetmannvi et al.

THE PIONEER AGE FROM 1898
Acoustics in Denmark started very early with exciting inventions.
Already in 1898 technician Valdemar Poulsenvii invented the
‘Telegraphone’ a magnetic wire recorder which became the forerunner of the later tape recorder. At the world exhibition in Paris
in 1900 Poulsen got the chance to record the voice of Emperor
Franz Josef of Austria which is believed to be the oldest surviving
Figure 1 Valdemar Poulsens Telegramagnetic audio recording. Listen here: Ten-second YouTube video phone, 1898. Picture from wikipedia
of the 1900 recording of the Austro-Hungarian emperor Franz
Joseph. Only two years later in 1902 Poulsen and his assistant engineer Peder O. Pedersenviii invented the
‘Poulsen Arc Transmitter’ which was widely used in radio before the advent of the vacuum tube technology. It may be at this time that P. O. Pedersenviii became interested in acoustics which later on launched the
remarkable early development of acoustics in Denmark. Let us try to make a brief description of the basis
for this development and look at the ‘acoustic landscape’ in Denmark during the start-up period. As shown
in table I, several other inventions were made and companies were started up.
Year
1915
1923

Area
Loudspeakers
Sound film

1925
1926

Radio production
Loudspeakers

Activity
The first practical application of moving-coil loudspeakers, by engineer Peter L. Jensen
Patent of a sound film system (later Fonofilm) in which sound was recorded on a separate
filmstrip running parallel with the image reel, by Arnold Petersen and Alex Poulsen
Bang & Olufsen (B&O) starts their radio production
Pearless loudspeaker company is founded

Table I. Main acoustic activity before 1935
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The early acoustic science - Why Denmark?
In fact a project that went completely wrong was among the reasons why the Danish acoustic science was
already established in 1935 by the ‘Source of Danish Acoustics’, professor P. O. Pedersenviii. The unsuccessful first Radio Broadcasting house in Denmark, built in 1931 on top of a building at the Royal Danish Theatre, both had far too poor sound insulation and bad room acoustics. After that, professor P. O. Pedersen,
who also was also rector at the later Danish Technical University, DTU, established a formal university education in acoustics at the Laboratory of Telegraphy and Telephony, LTT. However, it would be fair to mention that several other factors also played a role - for example some post graduate exchange activity with
the Heinrich Hertz Institute in Berlin. As described the acoustic education was established at LTT, a part of
the Electro-technical branch at the Technical University. The combination of Acoustics and Electro makes
good sense due to the huge instrumentation task, but many applications were and are connected to building materials and machinery. Over the years there have been very good cooperation and mutual inspiration
between the branches. Placing the education and research in acoustics under the electro-technical branch
is more or less a Danish speciality and has proven to be a good solution as long as the branches at the
Technical Universities cooperate and prompt the students to mix their education and research outside each
of these narrow branches.
P. O. Pedersenviii was very brilliant and visionary and wanted to build bridges from science to business when
he in 1937 established the Academy of Technical Sciences (Danish abbr. ’ATV’). A deeper understanding of
the background for this new academy can be found in a speech he held just before the launch of the academy: ‘We only have one factor to bring forward: Our competence. Only by intense scientific work within all
of our production areas we can hope to win the race for markets. That’s what our competitors do; we have
to do the same thing’. This in combination with the fact that Denmark is a country with very few raw materials makes very good sense. The Academy of Technical Sciences consisted of many individual units or laboratories and the second unit was the Acoustical Laboratory, established in 1941. This is one more important factor in the development of the acoustics area because here was an opportunity for research, to
mix science and applications, and to test and refine theories.
Three of P.O. Pedersen’s most interested students - the later
technical doctors Vilhelm L. Jordanix, Per V. Brüelv and Fritz
Ingerslevii - became the next generation to develop the different
areas of acoustic expertise: Room acoustics and scale-models,
instruments for acoustic measurements and standardisation/education.
During the first years these three people were a kind of ‘acoustic
dream team’ making a lot of joint investigations together with the
fourth, the later dr. A. Kjerbye Nielsenx who worked with theoretical models for resonators. These three most interested students
became important players on the Danish and international acoustic scenes in the following many years as will be described later.
After the establishment of the university education in acoustics
and the Acoustical Laboratory around 1935, more acoustic and
company activities were launched, as shown in the following table
II.
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viii

Figure 2. Top: P. O. Pedersen .
Button: Fritz Ingerslev, at LTT 1937.
Picture from Ingerslev’s photo album.

Year
1941
1943
1945
1945
1946
1947
1948
1950
1956

Area
Research
Instruments
Hearing aids
Consultancy
Consultancy
Hearing aids
Pick-up
Legislation
Hearing aids

Activity
nd
The Acoustical Laboratory is established as the 2 ATV-institute
Brüel & Kjær company produces their first instruments
William Demant (now Oticon) produces the first hearing aids
ix
Vilhelm Lassen Jordan dr. techn. Acoustic consultancy company starts up
Sound technical consultation at the Danish Technological institute was established
Danavox, hearing aids (now GN ReSound) is founded by G. Rosenstand
Ortofon presented their first gramophone pick-up
The law concerning hearing impairment is adopted, and new hearing clinics are established
Widex, hearing aids is founded by Tøpholm and Westermann

Table II. Main acoustic activities after 1935 and before the founding of DAS

As shown in both table I and II there were relatively many acoustic entrepreneurs. Most of these companies have survived until today but the Danish loudspeaker industry did not maintain its position as market
leaders and the Danish sound film technique is now replaced and development is steered by companies
from other countries.
It is seen that the hearing aid companies began their work early. Their story is also famous and more or less
initiated by the legislation from 1950 which gave hearing impaired persons the right to get free hearing
aids. But also the cooperation between public hearing welfare offices and the hearing aid companies, and
the later cooperation in scientific research has pushed the development to a pronounced position in the
world where – nearly 60 years later, in 2014 – every second hearing aid is Danish.
The well-known companies Brüel & Kjær, B&O and Ortophon are still strong, sound and well.
Consultancy in both room and building acoustics and in other acoustic areas also started early and has continued and expanded ever since.
These companies were followed by several important companies in loudspeakers, 3D-sound and consultancy. According to ref. [4] the 15 largest Danish audio companies engaged in 2004 17.000 employees.
To summarize the pioneer age of acoustics in Denmark has been favoured by
•
•
•
•
•
•

Early ‘sound entrepreneurs’
An unsuccessful radio-house
A brilliant and visionary scientist who established both a formal education in acoustics and the
Academy of Technical Sciences
A first generation of dedicated students who became next in line to develop the acoustic areas
Viable companies in acoustic production, R&D and in the consultancy business
Legislation on providing free hearing aids for hearing impaired persons.
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THE DANISH ACOUSTICAL SOCIETY
DAS, the Danish Acoustical Society was established on January
13, 1955, one year after the founding of the Nordic Acoustics
Association, NAA. Typically for this period, one of the founding
fathers, Professor Fritz Ingerslevii, was interested in building a
bridge to foreign acousticians primarily in the Nordic countries
by establishing an acoustical society. Professor Ingerslevii
served as president (1955-65) of the first board consisting of
three other technical doctors, the famous Dr. Brüelv one of the founders of Brüel & Kjær sound and vibration instruments, Dr. Jordanix who among other things worked with the acoustics at the Sydney Opera
House and Dr. A. Kjerbye Nielsenx. It is interesting to remark that the board also had two medical doctors.
The strong connection between acoustics and human hearing science was already then important.
It was this handful of active people who took the initiatives to establish DAS and after them new generations
both from the university world and from other areas of
applied acoustics have continued their work as shown in
Figure 3.

DAS – Officers 1955-2014
ii

1955 - 1965
1965 - 1972

The development in the number of members and sponsors are such that DAS now has grown to 333 members
and 29 sponsors from its start, 58 years ago, of around
110 members and 5 sponsors. Member fees have grown
from 5 to now 325 DKK per year to enable use of external
staff to help promote acoustics.

Fritz Ingerslev (P) The Acou.lab.(S)
x
Asger Kjerbye Nielsen (P)
iv
Ole Juhl Pedersen (S)
iv
1972 - 1979 Ole Juhl Pedersen (P)
1972 - 2010 Arne Th. Christensen (S)
xi
1979 - 1988 Ib Ballisager (P)
xii
1988 - 1991 Ulrik Danneskiold-Samsøe (P)
xiii
1991 - 1997 Per Rubak (P)
i
1997 - 2012 Claus Møller Petersen (P)
2010 – 2013 Gunhil Nørhave (S)
xiv
2012 Birgit Rasmussen (P)
xv
2013 Leif Nielsen (S)

The activities are based on the objectives clause in the
bylaws:

Figure 3. DAS’s officers from the start until now

P = president

S = secretary

To increase and spread the knowledge of acoustics
and its application in practice in Denmark, and to establish contact between people with interest in
acoustics at home and abroad, including cooperating with similar Nordic and European organisations.
DAS is organised in technical committees (TCs) for BuildingDAS as opinion maker
and room acoustics, Electro-acoustics, Environmental
acoustics, Machinery acoustics and Psycho-acoustics which
At BNAM 2012 a DAS-member made a public
run national acoustical meetings during the year. The genclaim/comment on the ‘secret acoustic data’
from newly built concert halls and other music
eral assembly has, for over a decade, been held as a part of
rooms – in this case for the Danish Radio. That
the annual meeting where a keynote lecturer is invited and
problem has earlier been discussed internally in
all the TCs present their highlights. Often the meetings end
DAS, and the BNAM meeting was the occasion
up with a dinner and a nice piece of music – if possible in an
that solved the problem due to the press. The DR
interesting ‘acoustic venue’.
published
the asked reverberation data and now
Every 10th year, Denmark hosts the Baltic Nordic Acoustic
we know that the reverberation at midMeeting as described in another part of this jubilee book.
frequencies in the concert hall is a little lower
The last time in Denmark was BNAM 2012 at the Southern
than 2 sec. and without the expected reverberaDanish University in Odense. The meeting was a success and tion raise at lower frequencies.
it was nice again to be with visitors from the Nordic family
in the Nordic Acoustics Association, NAA. At the same meeting DAS acted as an opinion maker
due to DAS-member Niels Jordanxvi as described in the text box.
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The tradition that DAS is hosting the largest international acoustic conferences continues, see Table III.
Name of conference
City
th
The 4 International Congress on Acoustics
Copenhagen
nd
The 2 Inter-Noise
Copenhagen
th
The 6 International Congress on Sound & Vibration
Copenhagen
th
The 6 Forum Acusticum
Aalborg
Table III Larger international conferences organized under DAS

Year
1962
1973
1999
2011

Chair
ii
Fritz Ingerslev
ii
Fritz Ingerslev
xvii
Finn Jacobsen
xviii
Dorte Hammershøi

Participants
1200
700
540
600

Several other conferences have been arranged by the institutes themselves e.g. the bi-annual conference
on low-frequency noise and vibration, which was first hosted by Henrik Møllerxix in Aalborg 1980, held again
in Aalborg 2000 and 2010, and the conference on windturbine noise (Aalborg 2009). Another example is
the ISAAR conference organized every second year by Torsten DauxIiii, DTU. The Nordic Acoustical Meetings
started 1954 in Copenhagen, and were there again in 1962 and 1970. In 1976, NAM was in Odense, in 1986
in Aalborg and in 1994 in Aarhus. The first BNAM was in Kgs. Lyngby 2002 and 2012 it was again in Odense.
Some could ask - why are these conferences interesting? The answer is: Mutual inspiration and
knowledge sharing. Especially on the ‘hot topics’ and new trends – and if not, you always find
interesting presentations among the many topics.
The background for all these international activities is DAS’ membership and active involvement
of the international ‘umbrella’ organisations:
•
•
•
•

NAA, Nordic Acoustics Association
EAA , The European Acoustics Association
ICA, the International Commission for Acoustics
I-INCE Institute of Noise Control Engineering International

As one of the founding members of these organisations, DAS normally participates in the General Assemblies of these organisations, supporting their decision making. DAS supports the travelling costs.
At present, there are the following Danish representatives in these international societies:
•
•
•

Birgit Rasmussenxiv represents DAS on the NAA Board and the EAA General assembly.
Dorte Hammershøixviii is a member of the ICA-board
Douglas Manvellxx is a member of the board of directors of I-INCE

Last but not least: DAS also cooperates with other acoustical organisations such as AES, the Audio Engineering Society (the Danish section) and several acousticians are members in both societies. Denmark has hosted many AES meetings compared to the size of the country.
To sum up: The present board2 in DAS is working both at the national, the Nordic and at the
international acoustic scene to promote sharing of knowledge in the fields of applied and scientific acoustics, where Denmark continues to play an active role. _________________________
2

xiv

The present board in DAS: Birgit Rasmussen (president) / Danish Building Research Institute, Aalborg University
xviii

xx

xxi

Dorte Hammershøi / Aalborg University, Douglas Manvell / Brüel & Kjær A/S, Birger Bech Jessen / Danish Technological Instixxii
i
tute, Søren Vase Legarth / DELTA and Claus Møller Petersen / Acoustica-dep. Grontmij A/S.
xv
Secretary and treasurer is Leif Nielsen / Danish Standard.
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HIGHLIGHTS FROM THE DANISH ACOUSTICAL HISTORY from 1940-2014
In the next paragraphs some of the highlights will be presented. If you ask what is famous in Danish acoustics there might be many and different answers depending on who you ask. We try to emphasize what we
think has been important and also some of the scientific-society background. Let us again use the three
interested students of Prof. P. O. Pedersenviii: Jordanix, Brüelv and
Ingerslevii as the basis for this fascinating story. First an introduction to these three acousticians and the area of acoustics each of
them worked in and how they affected developments.
Dr. Jordanix was a pioneer in room acoustics and became famous
for his scale models (one of the first at LTT was the aula at the
new facilities at Øster Vold in Copenhagen to examine the difficult
acoustic conditions) and not least for his great contribution to
early room acoustical research. He wrote many articles and invented more acoustic parameters to help make objective descriptions of sound in rooms. The purpose was to give the best correlation with the subjective experience of human hearing. Thereby he
and other acousticians got the scientific basis for making better
acoustic designs of rooms for music and speech. As a ‘laboratory’
he used his work with the acoustic design of the famous Sydney
Opera in Australia and with other large halls – among them the
Metropolitan Opera House in New York.

Dr. Brüelv is most well-known all around the world for Brüel &
Kjær - his and Dr. Kjær’sxxiii company - and for his lifelong engagement in informing about, inventing and selling acoustical
instruments. As he describes it himself about one of Brüel &
Kjær’s early instruments - from 1942 and forth: ‘There is no
doubt that this level recorder to a high degree strengthened
Denmark’s position as the country where you know something
about acoustics’. Before that he was, due to World War II, in
Sweden for several years where he served as leader of the acoustic activities and as associate professor at Chalmers Technical
University in Gothenburg. A lot of investigations in building
acoustics were performed as well as work for the Swedish automobile and shipbuilding industry. He was also involved in developing sound absorbers in Stockholm. The rest is an amazing history.

Figure 4. Jordan in a 1:10 scale model of
the Major Hall of Sydney Opera House,
1966. Picture from ”Acoustical design of
Concert Halls and Theatres”

Figure 5. Dr. Brüel (standing middle) and
Kjær (standing right) 1958 in their company.
From ”Journey to Greatness – the story of
B&K”

Dr. Ingerslevii also became famous. As the ‘noise-professor’ from 1954-82 he was known as being very keen
in the special discipline of ‘political acoustics’. Several times he went against the politicians. Using arguments, influence and the press he stopped an urban motorway “Søringen” though central Copenhagen and
worked for an alternative placement of the Copenhagen Airport on the island of ‘Saltholm’. But he also
focused on reducing noise in the environment and at workplaces. Internationally, he worked intensively as
head of several acoustical standardisation committees and took initiative to start I-INCE as will be described
later. In addition, Prof. Ingerslevii was chairman on two major international acoustic congresses in Den46

mark. At the Danish Technical University, DTU, Professor Ingerslevii was primus motor in getting the grants
for the fantastic laboratory facilities (anechoic rooms, building acoustic transmission rooms and reverberation rooms) in Kgs. Lyngby in 1966, which still are among the best of their kind in the world today. The extremely quiet ventilation system for the anechoic rooms was designed by Jørgen Kristenseniii. These rooms
are actually hire-able on commercial basis at DTU.
By doing so, all three acoustic doctors – Jordanix, Brüelv and Ingerslevii – made their mark in ‘acoustical
world history’. But their work also served as basis for the upcoming Danish acoustic scientific environment,
which produced a long row of scientific highly-estimated professionals. There are many - so only a fraction
will be described in the following.

Room Acoustics
Going back to Dr. Jordanix, you could say that his influence was a sort of ‘kick-off’ of the development of
room acoustics. The technique used for scale-model measurements was refined and based on the finer
details in impulse responses which were used to calculate the new acoustical parameters. Impulse responses were also used in real halls and today one of his parameters the EDT, Early Decay Time (from
1969), is used as the best descriptor of the subjective impression of the reverberation time in halls and
auditoria. Later, in 1982 scale-models were used for the acoustic design of two larger Danish concert hall
projects in Århus (acoustics by Birch & Krogboe) and in Odense (acoustics by N. V. Jordanxvi). These halls
were the first ‘new’ dedicated concert halls in Denmark since the 1950s.
Room-acoustic computer modelling
For the acoustic design of the music house in Århus the consulting company Birch & Krogboe also used
simple room-acoustic computer modelling based on a mainframe computer. A few years later, the Acoustic
Laboratory at DTU decided to start a project with the purpose
of providing reliable prediction software for room acoustics
Odeon
based on personal computer calculations. The project managA room acoustical prediction software that
er was Jens Holger Rindelxxiv, and among the early projectenstarted as a project at DTU. Due to the fact
gineers was Asger Donovanxxv and Graham Naylorxxvi, see furthat external financing was a strict rether details in the text box. In parallel to this room acoustic
quirement for getting public funding, a
computer modelling more projects developed the area furgroup of consulting companies became
ther. New methods for measuring the acoustic parameters for
involved and thereby the software became
the audience was invented and even parameters for the musicommon to the group and enabled excians’ ability to hear each other and aid professional ensemble change of experiences in practical use. The
software actually became a success and
playing was introduced by Anders C. Gadexxvii in his PhD-study.
after seven years it was sellable to foreign
These methods were used in a mapping from 1984 of the
countries – and it still is - under the name
acoustics in 21 Danish and from 1989 in 11 European Concert
‘Odeon’, the name of the earliest known
Halls. But many other investigations and EU-projects pushed
concert halls from the ancient Greeks and
the development of the room acoustic science, for instance
Romans built beside their large theatres
CAHRISMA, ERATO and DOREMI (the names are acronyms)
around 2000 years ago.
where international cooperation (with Jens Holger Rindel as
project leader) resulted in new knowledge concerning complicated rooms, open air theatres and musical acoustics. Over time, it became easier to make computer models and to listen to the calculated results by ‘auralisation’. Today Claus Lynge Christensenxxviii has continued
work in Odeon and now you can also use the software to measure the room acoustic parameters. In this
way, the cooperation between the scientific and applied acoustics resulted in a world-class simulation tool
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which is advantageous for both parts and for clients who now can choose and make decisions based on
listening impressions as a supplement to numbers, tables and graphs. In numerous concert halls, opera
houses, auditoria, churches, exhibition-, office- and school-buildings in Denmark and foreign countries their
room acoustics have been designed using room-acoustic computer modelling software like Odeon. You
could say that the Danish acoustic thereby has been at service for musicians, audiences and, among others,
office- and school-users.
In parallel to this, development of the ISO 3382-standard continued with a new part (No. 3) in which acoustical parameters also could be predicted with room-acoustic computer modelling. Recent examples of
open-plan buildings, which have been designed by means of computer simulations, are the Hellerup School
and Ørestad Gymnasium – both open education buildings in multiple storeys.
Halls for amplified music
A brand new area of musical or room acoustics – the halls for amplified music has been investigated by
Niels Werner Adelmann-Larsenxxix (NWL) at DTU in 2005. One of the main findings was that many of the
newer halls lack sufficient damping of the low-frequent reverberation. In these halls both the audience and
the sound technicians feel that the bass-sound is muddy and far from distinct and therefore destroy the
good sound quality at concerts. NWLxxix has proposed an optimal reverberation time in halls for rhythmic /
rock music depending on their size (room volume) and he has also invented flexible acoustic absorbers
which are especially efficient for the low frequencies.
New room acoustical building regulations – sufficient or too tough?
In the recent years – 2008 - newer Danish building regulations on room acoustical conditions have been
strengthened. During the pre-legislative hearing-phase, DAS played an active role. In open plan areas (offices and schools) more absorbent surfaces are needed to ensure better acoustic separation between groups.
In classrooms, the reverberation time requirement has become shorter (now RT ≤ 0,6 sec.) due to the
widespread use of group-work and the need to reduce noise and enhance speech intelligibility.
Some authorities require even shorter reverberation times
(RT ≤ 0,4 sec.) in classrooms – despite the room size. Here you
ought to consider the wear on teachers’ voices – especially if
they in many years have to make an effort to speak up to be
heard in larger rooms. Different requirements depending on
room size should have been taken into account as it has been
shown at DTU in a PhD-dissertation from 2010 by David
Pelegrin-Garciaxxx.
For music-rooms in schools it should be mentioned that the
Danish building regulations now also requires different reverberation times for acoustic music (RT = 0,8-1,1 sec.) and for
amplified music (RT ≤ 0,6 sec.).
A tiny start – but a start – compared to our Norwegian colleagues’ upcoming new standard NS 8178.
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Missing acoustic recommendations for dwellings?
In living rooms and dwellings requirements
for reverberation time are still missing.
Large rooms or minimalistic arrangement
in dwellings has become a strong trend
with consequently very reverberant rooms,
where it is hard to understand the spoken
word. Especially if you are more than two
people in the room, or if the users are
hearing impaired or elder people with
reduced hearing. Requirements for ‘universal design’ including acoustics could be a
solution. Until now this has not been the
case - in Denmark.

Absorbents and Instrumentation
This chapter uses Dr. Brüelsv influence on the dissemination of knowledge about – and development of –
acoustical instrumentation, starting with his background as a scientist in acoustics as the basis for this part
of the story about placing Denmark on the acoustical world map. The story is long but ends with at least a
couple of conclusions:
1) The industry – in this case Brüel & Kjær and the
companies that were created from it – are the reason why e.g. a large fraction of precision microphones in the world – are Danish.
2) The industry has been a very important factor in developing the electro-acoustical area to such an extent that a significant fraction of the acoustical candidates at least from DTU are employed there.

Why the green instruments?
The colour green seems to play a role in all
these famous instruments. Why? The short
v
answer to that question is that dr. Brüel in
1939-40 was in the Danish army where he
worked at the army’s radio workshop developing radios. In the spare time he also
‘puzzled’ and actually produced the world’s
first analyzer with constant bandwidth
proportional to frequency. During a war at
a workshop you had to use what was at
hand and that was the light green frontplates the colour of which has been a ‘signature’ for these instruments ever since.

Some of the background is already mentioned in the introduction to Highlights from the newer Danish Acoustical history. During 1942-47 when Dr. Brüelv was in Sweden he both
used his doctoral thesis on absorbents and his knowledge on
instruments. The period showed, to him, the urgent needs
for new building solutions due to the refurbishing after WW
II but also that these solutions should be appropriate concerning both thermal and acoustic insulation. Actually, Dr. Brüelv was more or less the key person behind the development and ISO-standardisation of the
tapping machine. This machine is even now the standard structural noise source used around the world to
measure impact sound from floors and stairs in buildings. But in these years he also was involved in the
development of the Level Recorder - used to make registrations of sound level versus time. That instrument
became an imposing success which, among other things, was used for reverberation time estimations – an
important part of the room acoustical qualities in many buildings and as the basis for estimations of sound
absorber efficiency. Later, from the 1950s and up to now, a large amount of unique and state-of-the-art
instruments followed. From a consultant’s view, instruments and transducers as precision microphones,
calibrators, pistonphones, the many hand-held precision sound level meters are important but that also is
true for the many frequency analyzers (octave, 1/3-octave and FFT) and not to forget sound intensity analyzers and probes. But many other instruments from other branches ought to be mentioned e.g. vibration
measurement equipment and systems for measuring the acoustic characteristics of telephones.
The industry is a magnet for graduates from all over the world. Many ‘foreign’ acousticians could be mentioned here but in relation to the Danish Acoustical Society, the board member Douglas Manvellxx is one of
them.
As in many others companies, organizational changes occur, and people break out and start new companies. In this context DPA Microphones from 1992 and Gunnar Rasmussensxxxi GRAS (transducers) from 1994
are some of the more well-known with fine international positions. Gunnar Rasmussen’s story is also one of
the remarkable ones in Danish acoustics – he started his new company at the tender age of 68 and has
received several international awards, among them the EAA AWARD 2008 for lifetime achievements in
acoustics.
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Noise
In this chapter, Professor Ingerslev’sii influence is used as a driver for the development of noise as a science
in broad terms. Noise is understood as an umbrella for its many branches – namely environmental-, machinery, building-, electro- and psycho-acoustics. Some areas were more directly influenced than others. In
addition, Ingerslev’sii impact on organizing part of the Danish Acoustics’ research and education will be
mentioned. An extract of Fritz Ingerslev’s CV is shown in Table IV
1937-38
1943
1945-62
1946-81
1954-75
1975-82

Studies at MIT, Massachusetts Institute of Technology, Boston USA
Associate professor at LTT
Teacher in acoustics at the School of Architecture at the Royal Danish Academy of Fine Arts
nd
Head of the Acoustical Laboratory, the 2 ATV Institute
Professor in ‘low-current electronics’
Professor in building acoustics

1951-69
1955-65
1961

Member of the board of the International Commission for Acoustics, secretary in two periods
st
Co-founder and 1 president of the Danish Acoustical Society
Took the initiative to involve the Danish Acoustics in the work in ISO, the International Standardisation Organisation.
1968-87
Chairman of ISO TC43 ‘Acoustics’ and /SC1 ‘Noise’ and chairman for WG’s (working groups) on traffic noise and flight noise
1963
Started and managed activities under IEC with the purpose to develop a standard for measurement
methods to find the electro-acoustical properties in hearing aids
1974-88
Co-founder and chairman of I-INCE, the International Institute of Noise Control Engineering which
sponsors and coordinates the Inter-Noise conferences
ii
Table IV Fritz Ingerslev’s CV - in extract

In the years from 1954, professor Ingerslev was both head of ‘Applied acoustics’ at the Acoustical Laboratory under the Academy of Technical Sciences and head of ‘Scientific Acoustics’ at the Laboratory for Acoustics at DTU. This system gave much mutual inspiration and pushed the development further.
The work in the ISO-standardization TC43/SC1, Technical committee 43 - subcommittee 1 (noise) was and
has since then been, as described by Leif Nielsenxv from DS (Danish Standard) in ref. [1], a ‘happy symbiosis
between research, development and standardisation’. DS has decided to end the Danish engagement as
hosting the secretariat for ISO TC43 in 2014 due to lack of funding for this activity.
While INCE was originally an American institute, the international I-INCE was established just one year after
the successful 2nd Inter-Noise in Copenhagen. It is characteristic that also Ole Juhl Pederseniv participated in
the initial working meetings. The two Danes (Ingerslev and Petersen) performed as a central team both in
this matter and in supporting DS as secretary for ISO/TC 43.
As easily seen the nick-name the ‘noise professor’ for Fritz Ingerslev was most appropriate.
The huge noise engagement as described above somehow spread to the scientific development inside environmental, machinery, building, electro and psycho-acoustics.
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Environmental acoustics
Environmental acoustics covers both the external noise
(transportation and industrial noise) and the internal noise
at workplaces. In this aspect Ingerslev’sii team at the Acoustic Laboratory participated in the development of methods
to measure and calculate noise from the sources. A part of
the development was a PhD-study ‘Traffic Noise Annoyance’
by Else Relsterxxxii in 1975 which combines psychology and
acoustics. She interviewed 960 persons living in two areas,
one with traffic noise LAeq,24h 50 - 60 dBA, and the other with
Figure 6. An early dose-response curve - strongly
LAeq,24h 70 - 78 dBA. Among the findings was that the freannoyed persons as function of the traffic noise
quency for visiting a medical doctor was doubled for the
level. From ’LL rep. No. 5, 1982’
areas with the high traffic noise. Also, a significant larger
number of people with low psychological well-being were found in the noisy areas. As a spin-off some of
the first examples of dose-response curves for noise were derived, showing the percentage of strongly annoyed persons as a function of the traffic noise level as shown at Figure 6. The newest evidence-based
knowledge shows that especially night-time noise is of major importance for people’s health. This
knowledge is very current - and the core question - in the Copenhagen Metro’s problem on working in the
night-time very close to neighbours in built up areas.
Later the Acoustic Laboratory under ATV (Danish abbr. LL) also developed methods to calculate the external
noise from road, railroad, aircraft and industry – some in cooperation with the other Nordic countries among the key persons were Jørgen Kraghxxxiii, Birger Plovsingxxxiv and Christian Svanexxxv. The newest
Nord2000 now includes more weather conditions. Over time new public ‘noise offices’ were established
e.g. at the ‘Danish Transport Research Institute’, ‘Danish Working Environment Authority and ‘Employees
Health Service’. Later these institutions both participated in the investigations and further development of
noise reduction of asphalt pavements, and legislation both on avoiding unnecessary noise and on setting
the maximum working day noise limit of 85 dBA. At DTU
Karsten Bo Rasmussenxxxvi studied and made prediction models for sound propagation over ground.
A special branch of noise is low-frequency noise which has
been thoroughly investigated by Aalborg University from the
very start of the University’s foundation in 1974. The laboratory facilities were limited in the mid 70s but included an
anechoic chamber and a pressure field cabin for controlled
low-frequency exposure, see Figure 7.
This research field was intensively explored by Henrik
Møllerxix and colleagues, who in the late 70s and up through
the 80s conducted experiments to investigate human response to infrasound and low frequency exposure. These
efforts contributed to an international awareness in the field,
which lead to the establishment of the biannual Low Frequency Noise and Vibration conference series with its first
occurrence in Aalborg in 1980, and to the foundation of the
Journal of Low Frequency Noise and Vibration.
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Figure 7. One of the walls in the pressure field
chamber, Aalborg University (approx. 1976).
xix
From Henrik Møller’s Ph.D. dissertation, 1984.

At Internoise 1984 (in Honolulu) a consensus was established
that the slope of the hearing threshold at low frequencies was
indeed 12 dB/decade, and should be weighted accordingly,
see Figure 8. In addition, the Nordic Acoustic Meeting in Aalborg two years later had strong discussions in this field.
Another special area that grew out of the 90s was that of
noise immission from sound sources close to the ears. The
increasing use of personal cassette players, CD discmen and,
later, iPods and other MP3 players raised attention to the
likely over-exposures and the lack of standardized methods in
the field. On the Danish scene both Ture Andersenxxxvii from
Odense University Hospital, Torben Poulsenxxxviii from DTU and
Figure 8. Hearing thresholds from free field and
Henrik Møllerxix from AAU were active in discussions of these
from the pressure field. The two curves coincide
methods. ISO accepted it as a new work item in 1996, and the nicely, giving high credibility to methods and
results. From review in “Noise and Health” 2004,
new standards ISO 11904-1 and -2 were published in 2002
6:23, 37-57.
and 2004, respectively. The standards were based on drafts
that to a large extent were drafted by the Danish participants,
and data that was collected from laboratories across the world by Henrik Møllerxix and Dorte Hammershøixviii. The ISO 11904 enables cross comparative efforts in the field, and shall be used in national and
international legislation. In spite of the EU commission’s decision in 2009 (‘that the players must
not put their users at risk’) much remains to be
done by producers and standardization bodies,
before this ambition is met.

Wind turbines
Wind turbines and their noise characteristics has
also been investigated in detail because this market is growing – and the potential challenges between on the one side fulfilling the governmental
goals for establishing/updating wind turbines and
on the other side protecting neighbours against
too much noise. In this context there have been
Danish contributions in making the measuring
standards that are used for the estimation of
source strength and the calculation of noise at the
neighbours. This also covers wind farms, including
the psycho-acoustical effect - the sound masking due to background noise from the wind in the
trees and leaves. The Danish contributions have
also shed light on the shortcomings of the calculation methods in the current Danish legislation,
and the systematic underestimation of the low
frequency exposure at neighbours.

Figure 9. Manikin built by Aalborg University in 2006 for
mediation of the risks of hearing damage by music. The left
scale displays the diffuse-field related LAeq (as defined by ISO
11904-2). The right, the amount of hours one can listen at
the given level without exceeding an 8 hour limit of 80 dB.

52

Machinery acoustics
The area of machinery acoustics also grew as an important factor for acoustical engineering for low-noise
design of the sources themselves and of noise damping methods. In the 1980s machinery acoustics
achieved its own course at DTU by Mogens Ohlrichxxxix and later Niels Olhoffxl at AAU included the topic in
his research/courses. A part of the development was the previously-mentioned fine laboratory facilities
established at DTU in 1966 but perhaps more importantly the development of new measuring techniques
(e.g. sound intensity). Helicopter noise and noise from towers of windmills has been investigated at DTU by
M. Ohlrichxxxviii. Before that ship-noise has been investigated at DTU by John Ødegaardxli and the gathered
knowledge later spread to consulting companies and the industry.

Building acoustics
The building acoustical area also took advantage of and expanded the activities in the large building acoustical facilities at DTU as a continuation of earlier major investigations into optimizing airborne sound transmission and impact noise transmission between dwellings. In 1961 the first legislation on building acoustics
in dwellings came into force – again with strong influence from the ‘noise professor’. What still remained to
be checked was the actual situation in real life - in the expansive building business these years. Therefore a
‘BAM’ (Building Acoustical Measurement-unit) was established to perform on-site measurements. Actually
– due to the extensive and heavy equipment at that time a minibus was used to these measurements, which quickly
got the Danish nickname ‘BAMBUSSEN’ (can be translated
to the English word ‘the Bamboo’), see Figure 10. In its first
years of life, this operated as a part of the Acoustical Laboratory, and later the activities were handed over to the
Danish Building Research Institute (Danish abbr. ‘SBi’)
which in 1967 established a building acoustic unit, with
Jørgen Kristenseniii as leader. The BAMBUS even got a twin
in Jutland, at the later Delta in Århus where it was managed by Henrik S. Olesenxlii. The BAM-activities revealed
that a large fraction of the Danish buildings (in Århus 80%)
did not fulfil the requirements. In that aspect, using control measurements both had a preventive effect for the
building industry and gathered an enormous knowledge
base which was used to make very specific SBi-recommendations on how to make successful acoustics in buildings. In Århus the fraction of buildings not fulfilling the
Figure 10. Jørgen Kristensen in the BAMBUS
requirements was reduced from 80 to 30% in the period
around 1965.
1975-85.
In 1991 the Danish Building Research Institute (SBi) decided to lay down the building acoustic unit, and the
BAM-activities were handed over to DELTA. Meanwhile Jens Holger Rindel from DTU became the acoustic
advisor for the Ministry of Housing, and as chairman of a revived acoustic group under NKB he advocated
for increasing the requirements for sound insulation in dwellings (1994). This work continued as an INSTA
proposal for sound classification of dwellings (1997), leading to the Danish sound classification system in DS
490 (2001). Finally, in 2008, the Danish Building Regulations refer to DS 490 sound class C as a minimum for
new dwellings, and the thus the requirements were increased as previously suggested. In 2005 Jens Holger
Rindel was awarded the Rockwool Prize in recognition of his work for better sound insulation.
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The acoustic activities at SBi, (now Aalborg University) – without field measurements – have, since 2007,
been reestablished by Birgit Rasmussenxiv. Unfortunately, without field measuring activities at SBi, the situation for the science as such is not optimal, because the important and central knowledge base from practice is missing. Nowadays the control measuring activity is reduced and the experiences is more spread
throughout the building acoustic consulting companies, and that is on the other hand a benefit.
During the years lots of investigations on building components (walls, floors, doors, windows and vents)
have been performed – both at DTU and at the Danish Acoustical Laboratory (DELTA) in Lyngby by Dan
Hoffmeyerxliii and in Århus. These activities are also today somewhat reduced compared to the period before the 1990’s. Much of the progress in developing building components with high acoustic quality comes
today from foreign countries.
One of the newest activities has been made under the European Cooperation in Science and Technology,
the COST Action TU0901 ‘Integrating and Harmonizing Sound Insulation Aspects in Sustainable Urban Housing Constructions’ with the main objectives to make proposals for harmonization of sound insulation descriptors and acoustic classification schemes in Europe. The work ran in 4 years 2009-2013 and 32 countries
participated with Birgit Rasmussenxiv as Chair. Results and constructions from participating countries can be
found in an e-book at www.costtu0901.eu and in conference and journal papers. A proposal for an acoustic
classification scheme has been submitted by ISO/TC 43/SC 2 as a New Work Item Proposal.
Electro acoustics
Electro acoustics also development strongly in the Ingerslevii period. At DTU several leading experts worked
with general acoustics and complex sound fields, with precise measuring, reference calibration, recording,
transmission and loudspeaking of the acoustic signals. Among them were Finn Jacobsen and Knud Rasmussenxliv. Actually, Denmark has for years served as an international reference laboratory for calibration of the
sound pressure – in other words: “One of the normal dB’s lives in Denmark”.
New professors in electro acoustics was Leif Bjørnøxlv in the period from 1978-84 and the French JeanDominique Polackxlvi for only two years from 1999-2001. From 1984 Bjørnø was professor at the Industrial
Acoustic Laboratory at DTU’s Machinery section, and, at both places, he worked with underwater acoustics,
getting a good reputation both in the EU and worldwide, and he also co-founded companies in the field.
It was in the electro acoustical area that the objective
control-techniques for among
other things the hearing aids
were born. A control system
which emphasized that
acoustical quality was needed
if you should have a place in
the large market.
Optimal acoustic quality was
also the goal for another set
of scientific investigations on
perceived sound from loudspeakers made by B&O
(Søren Bechxlvii) in coopera-

Timeline for research projects in relation to BeoLab5

Acoustic lenses

ABC is developed

Figure 11. B&O’s development of a world-class loudspeaker based on basic research and corporation during several year with more parties. From ’Dansk
Lydteknologi – en global styrkeposition’
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tion with Danish and international universities. These projects ended up both with inventions and a state of
the art loudspeaker as shown in Figure 11.
Alternative methods for sound recording and reproduction were investigated in parallel at the other end of
the country. Henrik Møllerxix and his colleagues at Aalborg University addressed the options of using acoustical
manikins for so-called binaural recordings. The Danish
manikins which were available at the time were designed
for telecommunication purposes, and did not meet the
requirements for wide-band instrumentation well. A subsidiary of Brüel and Kjær (Perceptive Acoustics A/S) was
established at Aalborg University in 1991 with the purpose of investigating these methods and developing binaural methods for the assessment of sound quality parameters. These efforts, along with several parallel national research council projects, and one EU collaboration (SCATIS 1992-95) gave a strong profile at Aalborg
University in the 90s in the field of binaural methods and
3D sound as it is more commonly referred to. A special
Figure 12. Setup from localization tests at Aalborg
lab wing with dedicated VR equipment and a nonUniversity in the SCATIS project 1992-95. From
magnetic interior was developed and inaugurated in
Hammershøi and Sandvad, 96th AES Conv paper
3862.
1997.
In 2001 AM3D A/S was founded in Aalborg, a company based on the patented principle of binaural synthesis. AM3D offers positional sound for telecommunication in the field of mission critical systems, stereo widening for small devices, and audio enhancement in cars. The company has subsidiaries in Japan, Korea, and
the US. The research field at the University has been widened to include 3D sound for teleoperation, teletransporting, sports related training, social robots, etc. through the EU projects SKILLS (2006-2011), and
BEAMING (2010-2014).
But how did all these acoustic properties affect people? The answer to this question and many suchlike is
the topic for the very interesting area of psycho-acoustics.
Psycho-acoustics
Psycho-acoustics started under difficult circumstances. As Torben Poulsenxxxviii tells: The area was introduced by Ole Juhl Pederseniv who had been at MIT in Boston USA, where he was inspired by a course on
human hearing. In Denmark the course in 1968 got a more political correct name ‘Acoustical Communication’. But even this was, in the beginning, not convincing enough to get approval from the professor that
this course – which involved medicine, physiological and psychological content – should be a part of the
education programme at a technical university. But the courses got enormous success, perhaps because
the students work was project-based, read the newest literature and did research under realistic circumstances, wrote reports and made aural presentations. These courses have formed the basis of several psycho-acoustical and audiological MSc- and PhD-projects as well as national and large international research
projects often in cooperation with industry. Among them were the audiological ODIN project (research
cooperation between the three large Danish hearing aid companies), the EU-project ’Archimedes’ (with
Bang & Olufsen and KEF) on the sensation of sound quality of loudspeakers, and in the ’Lo-dist’ project on
audibility of low frequency distortion in loudspeakers.
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Torben Poulsenxxxviii has been an important player in the psycho-acoustic team, and after Juhl P’siv retirement he continued and enhanced the efforts in the education of new generations of psycho-acousticians
and in cooperation with industry. Without the industry that employed all these candidates, psychoacoustics would not have had such a success. The impressive results are achieved due to exchange of
knowledge as in the mentioned examples where cooperation between common university research and
industrial development goes hand in hand. It has been most interesting to see that the world of research in
hearing aids and audiology has been so closely connected that ’the three’ Oticon, Widex and GN Resound
established the Center of Applied Hearing Research, CAHR. The purpose with CAHR includes promoting
research and education on acoustical communication, hearing impaired peoples’ listening capabilities and
the use of auditive models in hearing aids. The activities continue now (Jan. 2014) with the same sponsors
starting a newly named CAMM center – Center for Acoustic-Mechanical Micro systems that will focus on
the interaction between acoustics and mechanics. All of this with the purpose to improve the ‘sound quality’ of life for hearing impaired people by improving hearing aids. Behind all these successes are also important researchers from the companies like Carl Ludvigsenxlviii from Widex and Claus Elberlingxlix from Oticon.
A key to the development of the field of hearing aids in Denmark is also the Technical Audiological Laboratory, DELTA in Odense. The Laboratory is led by Gert Ravnl , who over the past 25 years has developed the
services offered by TAL e.g. EMC testing of hearing aids in 1997. TAL was in 2000 approved as the certification body by the Danish Health Agency. Gert Ravn is also recognized in the field for his participation in International Standardization, and was awarded the IEC 1906 prize in 2007 for his focus of raising standards
for hearing aids in Europe and North America.
In Odense professor Axel Michelsenli has played a significant role by initiating research in bio-acoustics and
leading the Center on Sound Communication founded by the Danish National Research Foundation. The
center has been a base for establishing a group within the department of biology working with acoustics
and sound perception of both animals and humans.
As Peter Møller Juhllii describes has the University of Southern Denmark (SDU) as a general university included faculties of both health, science and engineering and facilitated a close collaboration among people
at these faculties and TAL resulting in research in hearing disorders, health issues concerning noise exposure and audiology.
Engineering acoustics in Odense was/is carried out at the University College of Engineering which later
merged into the Faculty of Engineering at the University of Southern Denmark. With a close collaboration
with the local and national industry development and research has mainly been focused on electroacoustics, numerical acoustics and general physical acoustics.
The field of psychoacoustics was influenced by the activities in Aalborg University which took place in parallel. During the 80s the understanding of the perception of infrasound and low frequencies was intensively
investigated, and in 1987 a new University campus with a wider range of special laboratories was inhabited.
During the 90s this was further investigated, and the results conveyed for international standardization in
the field of e.g. audiology. Henrik Møllerxix from Aalborg chaired the ISO TC 43/WG 1 (for more than a decade) which was responsible for the reference zero level in hearing (reference standards for the audiological
instrumentation). Both he and Torben Poulsenxxxviii from DTU provided data for the various parts of the ISO
389 series, and participated actively in the work group. Henrik Møllerxix and colleagues also provided
unique data for hearing in the low frequency range, and participated in an international collaboration on
equal loudness contours in the infrasonic and low frequency hearing range, leading to the revision of the
ISO 226 and to the introduction of the G-weighting. A Japanese grant co-funded the establishment of a
56

larger, and more versatile, exposure facility in the new campus in Aalborg East. The exposure chamber,
initially designed/used as a pressure chamber, was later improved to also be able to operate as a progressive field.
More recent results from this group (this century, jointly with Professor Brian Moore of Cambridge University) have demonstrated that the auditory filter bandwidth continues to decrease with decreasing centre
frequency, overruling the loudness estimation at low frequencies laid down in the ISO 532B (the Zwicker
loudness). In spite of efforts from the involved scientists, and their active participation in the ISO WG 7 on
‘Loudness’, international standardization has yet to take the consequence of this new understanding.
Sound quality
Research in sound quality has been performed at DTU as well as at Aalborg University, AAU.
The success of the psychoacoustic studies on e.g. low frequency hearing and sound localisation at AAU in
the 90s led the research councils to support two successive programs in the field of human sound perception. The largest of the two programs (40+ man months 1999-2008) was headed by Henrik Møllerxix and
Dorte Hammershøixviii. The programs focused on human sound perception with special reference to electroacoustic applications, including activities concerning the risk of hearing damage, audiometric measurements and equipment calibration, annoyance from noise in general and from low frequency noise specifically, and characteristics of head-related transfer functions and their significance in localisation. The other
approved program (38 man months 2000-2006) was co-funded by Bang and Olufsen, Brüel and Kjær, and
DELTA, and focused on sound quality, including activities concerning sound quality evaluation, identification of relevant auditory attributes, instrumental measurement of their acoustical correlates, as well as
applications to product sound, sound design, and high quality audio systems. The experimental psychologist, Professor Wolfgang Ellermeier, was appointed to lead the program and the research unit on sound
quality (SQRU). The laboratory facilities were extended with a second anechoic chamber, a multi-channel
listening room, and two listening cabins.
These two programs directly affected the technology innovation in the two companies, and also widened
the consultancy solutions from DELTA, which established ‘SenseLab’ as a specialized laboratory for these
services. At Aalborg University the two programs lead to the development of a new educational program in
Product and Design Psychology, which combines experimental psychology with relevant engineering methods in the field. The program is taught by staff at the Department of Electronic Systems, and the Department of Psychology.
Sound quality has in this way been introduced in other areas of our common life. For a sound source its
sound quality is not only the question of the sound pressure level in dB. During research other new parameters were shown to be important for the feeling of good sound quality e.g. ‘sharpness’, ‘roughness’, ‘tonality’ and ‘loudness’ – the naturally perceived strength of sound. Optimization techniques are under development to determine how e.g. a hand-mixer in a kitchen, a hair dryer, a slamming door in a car or the lock
of an attaché case should sound to give the best impression and sound quality. The ‘SenseLab’ at DELTA
with among others Torben Holm Pedersenliii has worked on that area for years. Today ‘SenseLab’ evaluates
primarily telecom, consumer audio and hearing aids using well-trained test-panels. High sound quality is
expected to become one of more important selling parameters.
Consultancy companies
Consultancy companies have been established during all these years. In Denmark Dr. Jordan’six own consulting company was, as mentioned, one of the first but many followed. One of the founders of the engineering company Birch & Krogboe (now Alectia) was in the 1930s among the early civil engineers using a
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falling steel ball to measure impact sound under floors in buildings. The method involved also a Barkhausen
phone meter in which you, with your ears, compare the level of a known sound signal and the sound under
test. This method had limited precision and was replaced by the ISO Tapping Machine and Precision Sound
Level meters around 10 years later. That engineering company and many others still exist and have a group
of acousticians. Both in the area of environmental noise and in the areas of machinery, room and building
acoustics you now find more than 30 independent specialist companies, institutions and specialist departments in larger and middle size engineering companies. An estimate of the acoustic advisors in Denmark
from 2005, numbers approximately 235 engineers - as number that still is growing.
The logos of the sponsors of Danish Acoustical Society (www.d-a-s.dk/firmaer/index.php) are shown in
Figure 13. Among the sponsors, you will find a fraction of the above-mentioned companies, institutions and
manufacturers.

Figure 13. The sponsors of the Danish Acoustical Society (2014, Jan)

Vision – the sound of future acoustics
At the time of writing a lot of acoustic activities are going on at the universities AAU, DTU and SDU both in
the ‘common acoustic’ field and in the more specialized fields as signal processing and musical acoustics.
The newest ‘tone in the acoustic harmony’ is DTU’s Centre for Acoustic-Mechanical Micro Systems, CAMM.
Looking at these many separate fields it seems that broadband basic acoustics is weakened somewhat
compared to the long history described in this article. On the other hand, several branches of acoustics are
alive and doing well. A hope for the future must be that research and education in the basic and broadband
knowledge of acoustics may be focussed, maintained and prioritized. Why? Because this knowledge benefits all who like to have a life in well-sounding environments at home, at work, during transportation, while
attending concerts, speeches and sport as well as in quiet areas where nature shows its beauty.
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Final notes
The text in this article ‘DANISH ACOUSTICS HISTORY – AN EXTRACT’ is written by Claus Møller Peterseni
with contribution from Dorte Hammershøixviii and is reviewed by Birgit Rasmussen and Douglas Manvell
from the board of the Danish Acoustical Society. Hopefully it has given useful information, even though it
has been an extract mainly seen from the perspective of an individual consultant and of a few members of
the DAS-board.
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NAA 60 Years Anniversary 1954 - 2014

Historical view of the Acoustic Society of Norway (NAS) and
developments in acoustic in Norway
Edited by Iiris Turunen-Rindel

Introduction
M.Sc. Iiris Turunen-Rindel, Standards Norway
This historical review of the Acoustic Society of Norway (NAS) is a collection of contributions from
several acousticians at different fields of acoustics. The review is by no means complete or detailed,
official historical study, but a history as the authors remember and have experienced these matters.
These contributions also mirror the authors’ personal style of writing.
The goal is to give a historical review written by some central persons that have influenced the
developments of Norwegian acoustics. Three of the authors are present Honorary members of NAS
and one is from one of the oldest supporting company members of NAS. There are no specific reasons
for not including several persons or topics, except that several items within acoustics are uncovered
due to lack of contributors. Therefore, there are fields of acoustics in Norway that have not been
handled properly in this historical review.
Most of the contributions have been prepared earlier to the 50th Anniversary of NAS, translated,
supplemented and adapted to this 60th Anniversary of Nordic Acoustic Association (NAA). The
contributions comprise of minor and major highlights of acoustical events and success stories. We
hope that this historical review gives the reader a pleasant and interesting moments, and understanding
of how the acoustics developed in Norway since the establishment of the Acoustic Society of Norway,
NAS.

Highlights from 45 years of acoustics – the way I still can recall them
Senior Scientist Truls Gjestland, SINTEF Acoustics, Honorary Member of NAS

The founding of the Acoustic Society of Norway
The Acoustic Society of Norway, NAS, was founded 28 March 1955. The history starts however the
year before when a special incident occurred in Copenhagen. A Nordic acoustic meeting was held on
19 June 1954. At this meeting, it was decided to establish a Scandinavian Acoustical Society. As a
consequence of these plans, professor Fritz Ingerslev in Denmark started the process to get Norway
and Denmark to establish national societies as these were to be members of the Nordic Acoustical
Society.
On 28 March 1958 there was a meeting in Oslo at NRK (the Norwegian Broadcasting Corporation).
The invitation was initiated by at that time acoustic technician Reno Berg. When studying the list of
invitees, we get a good impression of what areas of acoustics that were represented at this founding
meeting. Audiology was represented by Rikshospitalet (The National Hospital), transmission and
reproduction of speech and music (classic electro-acoustics) was covered by NRK (the Norwegian
Broadcasting Corporation) and Telegrafverket (Norwegian Telecom) and underwater acoustics was
represented by FFI, (The Norwegian Defence Research Institute). In addition NTH (The Norwegian
Institute of Technology) and University of Oslo were represented at the meeting.
The first board had the following members: Reno Berg, Johan Holstmark and Gunnar Nesheim with
substitutes Helmer Dahl, Henrik Nødtvedt and Wilhelm Løchstøer. 1 January 1956, right after its
establishment, NAS had 40 members. We cannot say that the Acoustical Society of Norway, NAS,
was very active in the beginning. There were a few enthusiasts, but in general very little interest. NAS
managed to organize a Nordic meeting in Oslo in 1960, and NAS also managed to arrange a dinner in
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the fall of 1961 to honour the Nobel laureate Georg von Békésy, ("a great party" according to one of
the guests).
In the beginning, acoustics had a low priority both at the University of
Oslo and at NTH in Trondheim. Revitalization took place in Trondheim
when Akustisk laboratorium (The Acoustic laboratory) was established in
the early 1960s. In 1968 Nordic meeting was organized in Trondheim.
Professor Asbjørn Krokstad played a key role in this meeting. This 1968meeting was my first encounter with NAS.
The Nordic meeting was held at the same time as the ICA Congress in
Tokyo. In those days Tokyo was "very far away" and hardly anyone in
Scandinavia had the opportunity to participate in the congress. Professor
Kuttruff from Göttingen gave a specially invited lecture, and professor in
physics, Johan Holtsmark, gave a speech on the early years of acoustics
in Norway. My memories from that meeting, however, are concentrated
on the banquet in Studentersamfundet (students’ grand hall in
Trondheim). With reference to the ongoing congress in Tokyo, the menu
was Japanese inspired, and the table was set complete with chop sticks. Figure 1. Associate professor
Proper use of these utensils was demonstrated by a young Japanese post Wilhelm Løchstøer at the NAS
doctor, Yokyo Kagawa. I also remember the dinner speech given by meeting in 1983
Wilhelm Løchstøer. His main message was that whatever will happen,
the meals will have to continue.

NAS’ participation in international activities
The different Nordic acoustical societies were always very well represented in The International
Commission on Acoustics, ICA, but they were reluctant to join Federation of Acoustical Societies of
Europe, FASE, which was established in 1972. Norway and Denmark joined in 1978, Sweden and
Finland the following year. The same attitude was present when the European Acoustics Association,
EAA, was established in 1992.
I was the president of NAS, when NAS decided to join FASE. Ironically, I was the general secretary
of FASE when we decided to discontinue the federation in 1996 after a bitter (and completely
unnecessary) dispute with the competing organization EAA.
However, during the years with FASE, NAS managed to arrange the 4th FASE Congress, associate
professor Jan Tro from NTH was the president of FASE the years from 1992 to1994. I was the general
secretary the years 1994 to 1996. So NAS was rather active in this international cooperation.
I was also the president of NAS when we finally decided to join EAA in 1996. We considered EAA a
rather risky business, as it was established as a regular business company with full economic
responsibility. This business model was not sustainable for a voluntary organization like NAS. EAA
was established as a parallel (and as a counter weight) to the Acoustical Society of America, ASA.
After we joined EAA in 1996, EAA was reorganized similar to a non-governmental organization
(NGO). EAA was established under Spanish law which proved to give the simplest solution to the
economic risk. Truls Gjestland was later elected as vice president of EAA for the years from 2001 to
2003. It is fair to say that NAS has not been very quick in joining international activities, but once we
were in, we were certainly very active.

NAS’ participation in FASE conferences
One of my early memories regarding international activities was a symposium of Federation of
Acoustical Societies of Europe (FASE) in Liège 1973. FASE was predecessor before establishment of
EAA. This was the very first symposium to be arranged by FASE, and everything was very formal.
All announcements, both written and oral, were given in the four official FASE languages: English,
German, French and Russian. "Coffee break" as announced in the program turned out to be "open bar"
with all kinds of beer, wine and other alcoholic beverages. Quite a contrast for someone who had just
completed his studies at the university: "Is this what it is like to be an acoustician?"
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The driving forces behind FASE were the Eastern European acoustical societies. In hindsight I
understood that this was a way to communicate with colleagues beyond the “Iron Curtain” without too
much politics involved. However, they had to be really careful about what was said and done, within
the relative narrow boundaries of this "freedom". For me it was an introduction to practical diplomacy
and ability to adapt.
I had the privilege to represent NAS at the annual FASE council meetings after NAS became a
member of FASE in 1978. NAS was soon ready to host the first FASE event. NAS got the opportunity
to host the conference in 1984. We realized that it was important to do plenty of advertising in all
FASE gatherings in the years ahead of the one in Norway. We arranged small "announcements," by
serving Norwegian specialties: smoked salmon, "fenalår" (smoked mutton leg), Norwegian beer, etc.
Even if this was a long before 9/11, our handbags were often given a special check at the airport: four
six-packs of beer was not the usual hand luggage on a plane!
Around Easter 1981, there was a FASE symposium in Venice, and the following council meeting was
a rather dull and formal affair (as always to my experience). The council dinner was held in one of the
magnificent Venice’s palaces with one servant for every guest. Associate professor Jan Tro from NTH
and I represented NAS. Let me cite from the official minutes of the meeting:
“The dealings of the meeting came to the end, yet the Norwegian colleagues asked the audience not
to leave. They invited all to a nearby small table onto which they conjured a nice piece of mutton
leg smoked in special Norwegian style. With the help of Mrs Tro and Mrs Gjestland the mutton
meat was sliced and offered around with Norwegian bread and ale. It was a grand idea. It put new
life into everybody and at once the sincere audience was a big lively chatting family.”
The person that wrote this forgot that we also served Norwegian "Linie Aquavit", but he quite
correctly observed that what had been a group of serious delegates dressed in dark suits (plus two not
so serious Norwegians) was pretty soon transformed into a rather lively party.
In August 1984, NAS was ready to host the 4th FASE congress in Sandefjord, a small city and
municipality in Vestfold County in Norway. The organizing committee comprised Jan Tro (the general
secretary), Hans Fjerdingstad (organizer of exhibition), Eyjolf Osmundsen (the treasurer) and Truls
Gjestland (the president). We had two main congress themes: «Planning with respect to environmental
noise” and “Acoustical methods for condition monitoring and diagnosis". About 300 participants
arrived, less than what we expected considering all our advertising efforts of the meeting. However,
we are still reminded about the quality of the "Sandefjord congress", so again let me cite the official
minutes of the council meeting:
“The 4th congress was much discussed its perfect organization, friendly atmosphere and unfailing
attendance of the president Truls Gjestland. The welcome ceremony was opened by a chamber
group of young musicians which – besides other compositions – played the festive “Congress
anthem” composed by Mr J. Tro especially for this occasion.”
We had planned a 24-hour program packed with technical and social events, and our local NAS-Nytt
(NAS News Bulletin) highlighted the non-technical sides of the meeting, the "sociable and efficient
secretariat". The secretariat comprised our wives, properly presented as "social secretaries".
For me the technical highlight of the congress was a presentation by Ted Schultz on Community Noise
Ratings. His earlier work on Synthesis of Social Surveys on Noise Annoyance had already become the
gold standard reference for all studies on environmental noise. I had the opportunity to work together
with Ted Schultz at BBN (Bolt, Beránek and Newman, Inc.). I managed to convince him to come to
the FASE congress organised by NAS in Norway, an event that was completely unknown "over there".
The FASE opening ceremony was held in Hjertnes concert hall. On our way back to the congress
venue, the Park Hotel in Sandefjord, a Marching Band played in front of the procession. Before start
of the procession, professor Sven Lindblad from Sweden took one of the big flower decorations from
the stage and positioned himself in front of the band. Sven Lindblad is rather tall, more than 190 cm,
and the flowers measured 2 m or more. I wanted to act similarly, so I took the other flower decoration.
Together we led the delegates through a park and back to the congress hotel.
About the social fellowship during meetings, I would like to mention the nights at "Club 509" that are
also memorable. “509” was my room number, or should I say the number of my generous hotel suite.
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Professor Lara-Saenz' demonstration of subtle details of Spanish bull fighting was quite exciting. The
Toledo knife he used on the make-shift bull (on a leather Chesterfield arm chair, and later on my wife)
is still on my desk and is used daily as a letter opener.
Financially the congress was also a success, and the profit was set aside for future international
conferences. When NAS was the host of ICA’95, the amount had grown to more than NOK 90.000.

NAS organized ICA’95
The FASE conference in Sandefjord was considered a great success in the acoustic community.
Norway was soon asked to host a new international conference. The first possibility was the ICA (the
International Commission on Acoustics) congress in 1995. We were "given" that congress as a result
of a compromise. China and Italy were both bidding for this event, but as the committee could not
reach an agreement, they decided on NAS.
The NAS Board accepted the challenge, and appointed an organizing committee with Jan Tro and me
as co-chairs, together with the colleague scientists Truls Berge and Mike Newman. I would like to add
that most of our colleagues at SINTEF and NTH were also deeply involved in the organizing process.
Professor Asbjørn Krokstad was the president of NAS in 1995, and also a member of the International
Commission on Acoustics. He was therefore an obvious candidate for chairing the program
committee. The scientific committee normally comprises of a number of prominent acousticians from
the international community, but experienced organizers know that the work has mostly to be done by
the chairman himself.
Once again we wanted to present a
total experience with a 24-hour
program. For the first time (and
until now also for the last time), we
had an official concert program for
the conference. Each day of a full
week we offered a lunch time
concert and an evening concert.
"Heavy" scientific papers were
presented at NTH during the
daytime, but in the evening we
invited people to "The ICA Club" in
students’
grand
hall,
Studentersamfundet, where we
Figure 2. Organizing committee of ICA’95: Mike Newman, Truls Berge, Jan presented various music ensembles
Tro, Truls Gjestland
and papers on acoustics in a more
"story like" fashion.
The opening sessions of these ICA congresses typically consisted of a long series of speeches by
prominent acousticians and politicians. We decided to do it otherwise. We planned a ceremony lasting
one hour. The Norwegian brass ensemble, Brazz Bros, played a special composition made by Jan Tro,
made up from only two tones "C" and "A" (and the number of tones could be represented in
mathematical terms by the letter i). The mayor of Trondheim bragged about his city without any
inhibitions, and after a few more pieces of music and salutations, exactly 60 minutes had passed, and
the ceremony was finished. The whole audience of 800 delegates joined the marching brass band and
formed a parade from the concert hall “Olavshallen” to Studentersamfundet, through the city in the
traffic of Trondheim. We simply cordoned off the streets (with permission from the local chief of
police). No one had experienced anything similar.
An event caused some unexpected problems in organizing the ICA Conference. There was an ongoing war on Balkans. The UN had passed a resolution imposing a blockade on the parties involved in
this conflict. This also included scientific exchange. Jan Tro (the secretariat) had to answer a number
of angry calls from old FASE colleagues from Yugoslavia, and to explain why they were not allowed
to attend the conference.
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One of the highlights of the conference was a speech given by professor Jürgen Meyer. He had
requested a symphony orchestra for his presentation! We established our own ICA Symphony
Orchestra of about 80 musicians. About 1/3 of these were professional musicians from Trondheim
Symphony Orchestra, but the rest of them were skilled amateurs. Many of them were students from
NTH. The conductor was professor Asbjørn Krokstad - who else?
The presentation of Jürgen Meyer was held in the concert hall, Olavshallen, where he demonstrated
how the position of the different instruments (especially first and second violin) influences the sound
of the music. His conclusion was that in order to recreate the music the way the composer had meant it
to be heard, the orchestra should be seated as it was customary at the time the music was composed.
Several pieces of music were played with different settings of the orchestra. The difference was
stunning. The presentation was not exactly economical (hire a concert hall and payments to 1/3 of the
orchestra members), but it was quite exciting. We had a lot of fun to be able to carry it out.
The conference banquet was held at Dragvoll University Campus. The world renowned choir, Cantus,
with girls in Norwegian national costumes was a hit. And people were overwhelmed by the light
nights. Coming home from the banquet at midnight in full daylight was a new experience for most of
the participants. I dare to conclude that the conference was a success.
After negotiations with most of the suppliers, the final result presented to the NAS board showed a
positive balance. During the time after ICA'95, NAS has been asked both formally and informally to
arrange another international conference. In so far, ICA'95 has been the last one. I hope that NAS once
again will be the host of a large conference. It is a lot of work, but also important for your standing in
the acoustic community. However, Jan Tro and I have grown too old!

Open meetings on community noise
Acoustical societies usually concentrate their activities for their members, but at least once NAS has
arranged an open public meeting. In spring 1977, the Norwegian Parliament (Stortinget) passed an act
on community noise. This was the very first time that noise had been recognized as a "problem". NAS
seized the opportunity to arrange a public meeting in Oslo just days after the Parliament decision. I
was the president of NAS at that time and had the pleasure to introduce the minister of the
environment, Gro Harlem Brundtland, to a very well attended meeting. We had great press coverage,
but very few noticed that NAS was in charge of the event.
The noise work has received public attention during the tenths of years since the first meeting, and a
new milestone came with the adoption of national noise measure in 2000. Ambitious new national
target of 25 % community noise reduction from the level of 1999 until the year 2010 was established.
Today, we see that it was not realistic to get this goal fully achieved.

Life inside NAS
In the beginning NAS was concentrated around the educational institutions, and in particular NTH,
and the research laboratories that are today called SINTEF. Later on, the acoustic consultants have
become more active. The annual meetings that alternated previously between Oslo and Trondheim,
have been held in various places in Norway such as Oslo, Porsgrunn,
Stavanger, Bergen, Voss, Røros and Tromsø and many more.
During the first decades of NAS’ existence, the university people played
a leading role. The first honorary member of NAS was naturally the
founder Reno Berg from NTH. Later on assistant professor Wilhelm
Løchstøer from the University of Oslo and audio physicist Gordon
Flottorp from The National Hospital of Oslo, were appointed as honorary
members.
After a while, the NAS Board decided to create a special silver pin with
NAS logo for the appointed Honorary members. Associate professor and
a member of NAS, Magne Kringlebotn, designed this pin. He never
received the wine bottle that had been offered as a prize for the designer.
Figure 3. Professor Asbjørn
Krokstad became Honorary In 2001, professors Asbjørn Krokstad and Tor Erik Vigran from NTNU
member of NAS in 2001
in Trondheim became Honorary Members of NAS. Senior scientist Truls
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Gjestland became the sixth Honorary Member
at the 50th Anniversary of NAS in 2005. The
Anniversary meeting was held in Oslo in
connection to the new National Opera House of
Oslo that had recently opened.

NAS News Bulletin
NAS published from 1980s a news publication
called "NAS-Nytt" (NAS News Bulletin), or as
it was called originally: “Message to the
members”. At the start in 1980 it was News of
few pages that were photocopied and sent to the
Figure 4. Truls Gjestland (right) receives the Honorary members by ordinary mail. NAS News Bulletin
membership of NAS from Odd Petersen (left) in 2005
was published 3 to 4 times a year. During many
years, this became an important means of
communication between the NAS Board and the members. The introduction of a web-based News
Bulletin in 2000 was a great improvement, but for several years we also had to print the webpages and
send the publication by ordinary mail to the members that did not have access to internet.

Final remarks
You may regard this history as stories told by someone that has been around NAS for some time. I
have forgot a lot (things disappear from the memory over the years), there are things that I have
omitted on purpose (for instance the sortie of a prominent English acoustician and his demonstrative
Good night! when the party at Club 509 in Sandefjord got out of hands).
But let me conclude that I feel very lucky and privileged to have been able to spend a lot of time on
NAS-related issues. This has been possible thanks to a generous employer, first represented by
professor Asbjørn Krokstad and later on by head of SINTEF ICT, Odd K. Pettersen. Last but not least:
thanks to all inspiring colleagues.

NAS in 2000nds
Supplements from M.Sc. Iiris Turunen-Rindel, Standards Norway
NAS has been growing more than six times bigger during its 59 years of existence. In 2005, a
successful 50th Anniversary Celebration of NAS was held in Oslo in connection to the newly opened
Oslo Opera House at Bjørvika. The participation was good with acousticians from many Nordic and
European countries. NAS consists today of more than 320 members, acousticians, interested parties
working in acoustics and supporting members. The numbers of acousticians at the universities has
been strongly reducing during many years. The largest increase has therefore been of the consulting
members, naturally.
NAS is a non-profit voluntary organization, and still a member of Nordic Acoustic Association
(NAA), European Acoustic Association (EAA), International Institute of Noise Control Engineering
(I-INCE) and International Commission on Acoustics (ICA). The annual conferences have more than
100 participants each year. Today, NAS is hosting BNAM meetings every 10th year. Last BNAM
organized by NAS, was held in the city of Bergen in 2010.
The aim of the Society is to establish contact between acousticians in Norway and through
participation in Nordic Acoustic Association with acousticians in the Nordic countries, corresponding
national and international organizations. The Society works for development of the acoustic science
and techniques. The Society contributes for spread of information and knowledge in this scientific
field. NAS also supports travel costs for some participation in international meetings and
standardization work. Standardization committee in acoustics was established already in 1972 and the
committee on vibration in 1986. Both of these have been active since. For such a small country as
Norway, the participation today is quite extensive since there are experts in nearly 50 international or
European working groups in the acoustic and vibration fields.
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The internet age has also reached NAS. The members’ register became electronic about 15 years ago,
the NAS News Bulletin does not exist anymore, the election of the NAS Board is done electronically,
and the Society news are continuously found on website: http://www.norskakustiskselskap.org/. The
archives and history of NAS has been a problem to gather in one place. Electronic archives were
therefore established at SINTEF for about 15 years ago.
Statutes of the Society were established after foundation 21 December 1955 and later revised 26
December 1968. A total revision of the statutes was made during 2001 in order to update the statutes
for the modern practise and situation. The revised statutes were accepted at NAS’ general assembly 26
October 2001. The revision concerned many things such as changes due to legal requirements for
associations, use of modern technology, ways of working through internet, membership in EAA and
other international associations, organising Nordic meetings, assignment of honorary membership,
dissolution of the Society, etc.
The NAS Board consists of five members and the maximum time for being member is four years at
one time. The election of all members is done every 2nd year. Due to these relatively short periods of
NAS Board membership, the renewal of the Board members and the NAS President is quite quick and
a large number of the NAS’ members have been members of the Board. The latest president of NAS,
acoustic consultant Ingjerd Aaraas, has also contributed on consulting activities to this Anniversary
book, together with her colleagues. The new president of NAS from 2014 is acoustic consultant Elin
Rasten from Norconsult as.
The Society has also worked for enhancement of the acoustic teaching after that educational positions
of acoustic professors at the Technical University of Norway vanished together with retirements.
There is a lack of education of new acousticians for the national market. Many acousticians have been
engaged from other European countries, especially to the consulting companies and the universities.
Also, plans for common meetings with the Scandinavian Vibration Society (SVIB) and Norwegian
Technical Audiological Society (NTAF) have been discussed several times, but these plans have not
yet resulted in common conferences. Cooperation with the special interest organization, Norwegian
Society against noise, has also been in question. However, the traditions and goals for the meetings
differ.
A more active participation of NAS in the national discussions on noise problems, lack of education in
acoustics and solving of community noise problems should be raised again in order to improve the
national availability of acoustic competence and to reduce the community noise annoyance.

Some highlights from the history of building acoustics and noise control in
Norway
Professor Emeritus Tor Erik Vigran, Norwegian University of Science and Technology (NTNU),
Honorary member of NAS

Introduction
When I some years ago introduced myself to a colleague at the
same university and said that I worked on building acoustics, he
thought a little about it before he remarked: "It is perhaps not so
glorious, but it's damned important." It is hardly debatable that one
of the most important qualities we want our homes to have is the
ability to opt out noise and interference, be it from neighbours or
from other sources. The need to control, by calculations and
measurements, sound and vibration phenomena related to buildings
will always be present.
Acoustic research and technology as we know it today is arguably
inextricably linked to developments in electronics and computer
engineering. This is similar to the sharp rise of acoustic research Figure 5. Proffessor Tor Erik Vigran in
from the 1920s onward being associated with the development of 2008, Honorary member of NAS
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electrical engineering, in particular the development of transducers and measuring equipment. I have
in this brief overview attempted to elucidate this and highlight events and people who have meant
something to development especially in the field of building acoustics and noise control in Norway. It
is of course inevitable that some believe that the sample could have been larger, critical incidents and
people may have been overlooked. I have not been able to restrain myself to initially throw a little
look back further than the recent past.

Building acoustics in a wider flashback
Acoustics as a discipline one assumes started in Greece at the time of Pythagoras (about 570 to 497
B.C.) and the word acoustics is derived from the Greek word "akuein" which means to hear. When the
ear was the only "measuring instrument" available, one had up to Newton's time in the 17th century not
progressed much longer than in ancient times. The
following 200 years after Newton, however, a rapid
development appeared in all areas of classical physics
also in acoustics. In 1738, one succeeded to measure the
speed of sound in air at 332 m/s, which led Laplace in
1816 to provide a correct theory for this speed.
Bernoulli, Euler, Fourier, Helmholtz and Huygens made
important contributions to the development of acoustics,
culminating when Lord Rayleigh, John William Strutt,
decided to gather the available knowledge in the field.
The result was the famous work in two volumes "The
Theory of Sound" published in 1877 and revised in
1896. This was considered as a complete description of
the acoustics. There simply were no more problems left
to solve. It is perhaps not surprising then that acoustics
was not any particularly relevant discipline in research
until 1920ies. We will however not forget the efforts of
Figure 6. Sketch of double wall with rigid Wallace Clement Sabine in the years 1895 to 1915. He
connections between the wall plates, and assembled and tested his famous formula for
corresponding electrical equivalent. After Berg and
reverberation time with very primitive means; organ
Holtsmark [1]
pipes as the sound source and the ear and stopwatch as
recording equipment!

Between the World Wars
The revival of the acoustics of the 1920ies was related
to the new possibilities by using electricity to measure
acoustic phenomena. The condenser microphone was
born, and towards the end of the 1920ies sound level
meters covered a frequency range from 60 Hz to 9000
Hz. Electroacoustics was the new subject that met the
challenges through applications in radio and movies;
areas that were going to get great scientific, social and
economic importance. The foundation of the
Acoustical Society of America in 1929 reflects this
aspect.
How about the development of building acoustics in
Norway? It is without disparagement of someone to
proclaim Johan Peter Holtsmark as the father of
building acoustics in Norway. Holtsmark was
appointed professor of physics at the Norwegian
Institute of Technology (NTH) in 1923, only 29 years Figure 7. Tapping machine that was used by Berg and
old. His work covered many areas of physics, but from Holtsmark
around 1929 through 1930s a series of publications was
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made in room acoustics and sound insulation, most of them together with his assistant Reno Berg. The
way of publication was somewhat different from today, namely the so-called Negotiations from the
Royal Norwegian Society of Sciences. Many of them were written in German in order to reach the
international society, too. They got good help in constructing instruments through the Academic Radio
Club at NTH; an enthusiastic group of students in telecommunications with for instance Vebjørn
Tandberg, the founder of Tandberg Radio Factory. Tandberg becomes the private assistant of
Holtsmark during the years 1931 to 1933.
Holtsmark and Berg performed measurements both in the field and in the laboratories that were built
in some rooms at the Department of Physics at NTH. As an example we cite some conclusions from a
large series of measurements in 1932 conducted at the half-ready Veterinary College in Oslo. The
results were published in the Technical Magazine 16 August 1934, with the title "The sound insulation
of impact sound on floor structures", by the Acoustic committee at the Norwegian Institute of
Technology, by Reno R. Berg, Finn Berner, Edvard Harboe and J. Holtsmark. In a short resume the
work describes among other things:
1. The experiments pointed out two ways for getting acoustically good floors on reinforced concrete
slabs:
Type I: The floor can be made in a normal way, but by adding a soft top layer of floor covering.
This can e.g. be a loose felt layer below the linoleum, thin fibreboard below the linoleum etc. It is
clear that the sound volume in the room where the floor covering lies is dependent on the flooring
type. The sound volume gets much higher with parquet than linoleum.
Type II: The floor can be constructed as a floating floor, i.e. by adding a heavy rigid plate on a
highly flexible underlayer. When this elastic layer is so soft that it acts as a cushion, it provides
very good floors. The floor does not have to bend so much that it is noticeable.
2. The experiments showed with certainty that a lot of materials that have been widely used, e.g. shell,
pumice, gas concrete and similar do not have any particular acoustical damping effect on impact
sound. This finding did not differ from the theoretical expectations.
3. Elaborate combinations of multiple layers did not give notably better results than the plain
structures, unless they fall in to type I or II.
4. Materials that with superficial consideration seem to be elastic, such as rubber, cork, artificial
elastic masses, are not resilient to the extent required for the floors of type II.
It is free for anyone to make his own reflections on
what kind of information they possessed already 70
years ago. A little particular for the author of this
section is that the findings were published two days
before he was born.
In spite of the increasing activity in acoustics in the
1930s, actually in all the Nordic countries, there was no
organized cooperation between Norway and other
countries. Cooperation starts at first with the foundation
of the Nordic Acoustical Society in Copenhagen in
1954 where Reno Berg represented Norway.
In 1942, Holtsmark was appointed as a professor in
physics at the University of Oslo and the activities in
building acoustics moved with him, including the
Figure 8. A structure of an absorbent by Berg and
measuring instrumentation At that time he had close
Holtsmark [2]
connection to the Norwegian Broadcasting Company
(NRK), a collaboration that he continued with in Oslo.
The Department of Physics at the University of Oslo was also next door to the new buildings of NRK.
Development of slatted panel for the audio studios in NRK was one of Holtsmark's most important
works at this period. Some smaller measurement rooms were established at the Department of Physics
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at the University of Oslo, including rooms for measurement of airborne sound insulation. However,
towards the end of the 1950s his interest in acoustics declined, and was followed by the interest in the
new field of solid state physics.

The second half of the 20th century
At NTH Reno Berg continued the activities in building acoustics. Already in 1948 he made plans for
an acoustic laboratory that was to replace the old laboratories in the Department of Physics in Oslo. He
directs a request to the Council of Norwegian Science and Research (NTNF) for funding. NTNF
wanted to establish a committee to discuss the future of acoustics in Norway due to acoustic research
that was going on at the University of Oslo.
Reno Berg was appointed as associate professor in acoustics in 1952, the first teaching position in
acoustics at NTH. The proposal of the committee at NTNF concerning acoustic research was at first
presented in 1958. The committee gave full support to plans for an acoustic laboratory at NTH, and
thus also to a certain extent support to centralization of the scientific efforts in the area of building
acoustics, noise and electroacoustics at this new laboratory. The new laboratory was completed at the
turn of the year 1963 to 1964.
In retrospect, it may seem strange that the laboratory was established at the Department of Electrical
Engineering. However, an anechoic room was already established at this department in 1958 and
connected to a desired for education in acoustics at the department was of considerable importance.
The Institute of Acoustics with Reno Berg as the head and Asbjørn Krokstad as a laboratory engineer
was thus established at this department.
Responsibility for the operation of the new laboratories was put on a new Department 42 of SINTEF,
called Acoustic Laboratory, and with Krokstad as the head. The official opening of the laboratory was
in 22 March 1965, and the event was duly covered by Byggenytt (Building News) in 31 March. An
article that ends with the wording: "Present nuisance, the noise, has got an effective enemy at NTH 36 years after that professor Holtsmark started the work in 1929."
The new laboratory got a number of special rooms
for building acoustics, three rooms for measuring
of sound transmission of airborne and impact
sound insulation, each of volume approximately
115 m3. In addition, a reverberation room with
volume of 200 m3 was built. All these were
organised around a large assembly and test hall. In
the years 1969-1970 the laboratory got a new,
larger
reverberation
room
of
volume
approximately 270 m3 and a connected
transmission room for acoustic measurements on
smaller test objects, such as windows and doors.
At the same time, a better opportunity for
measuring noise from ventilation systems,
including noise generation of components and
noise reduction of silencers, was established. In
addition to research activities for sound insulation
and absorption, reducing noise from ventilation
systems has been an important activity throughout
the history of the laboratory. It may be worth
mentioning that the first tests with active silencers
were performed already in 1987 – 1988.
An increasing attention on noise problems,
especially from the late 1960s, contributed to that
Figure 9. King Olav V visits Acoustic laboratory in 1967. In noise from transport, especially road traffic noise,
front arrangement for measuring of ventilation noise
also got great position among the activities of the
70

laboratory. Cooperation with acoustic experts in neighbouring countries resulted to the first common
Nordic calculation method for road traffic noise in 1979. A later follow-up of this method was NORD
2000.
At the national level, all kinds of community noise got great attention throughout the 1970s. This
applies not only to noise from external sources as discussed above, but especially also to noise at the
workplace. Report No. 50 to Stortinget (Norwegian Parliament), on measures against noise, was
published in the period 1976 to 1977 for the Ministry of Environment, initiated by professor Asbjørn
Krokstad at the Acoustic laboratory. NTNF established a committee on noise research. They had made
a series of publications on noise at workplace. The authors’ came from a variety of business and
cooperating companies: Acoustic laboratory and collaborators at NTH, the University of Oslo, the
Norwegian Building Research Institute as well as some consulting companies. A "Noise Index" from
1977 contains basis information and data for various noise sources having more than 700 references.
As Department of SINTEF, the
acoustical
laboratories
had
responsibility for external activities,
while the new Institute of Acoustics
had assigned responsibility for all
special education in acoustics at NTH.
In collaboration with the Department of
Building engineering, a number of
students started master studies in
building acoustics. Regular lessons in
building acoustics and noise matters
started at first in 1980s for the other
departments. This was the case due to
lack of capacity. In 1980, a new
associate professor in acoustics was
appointed, Tor Erik Vigran. Many of
consulting engineers became
Figure 10. The first portable computer of the Acoustic laboratory, for the
control of 4-channel custom-built analyser (1979). Vigran and Sørsdal are familiar with introductory discipline of
seen in the background.
technical acoustics and a higher level
course on building acoustics.
A natural partner at building acoustics for the Acoustic
laboratory was the Norwegian Building Research
Institute (NBI). NBI’s interests and responsibilities was
particularly in practical and popularization of research
results for the construction industry and building
designers, while the Acoustic laboratory had the main
objective of primary research. NBI had, as was natural
the years after World War II, close connection with the
acoustic environment at the Department of Physics, the
University of Oslo.
Here we can mention the university lecturers Gunnar
Arnesen and Wilhelm Løchstøer from Department of
Physics and architect Gunnar Ø. Jørgen from NBI. A
number of NBI's recent construction detail sheets and
recommendations on acoustic topics were however,
based on research activities at the Acoustic Laboratory Figure 11. Sound transmission through a structure
[2] .
with radiation reducing cladding. After Jørgen and
Considering official cooperation in acoustics between the Løchstøer [3]
Nordic countries, the Nordic Committee on Building
Regulations (NKB) and Nordtest should be mentioned. The task of NKB was harmonization of
building regulations in the Nordic countries. The provisions of acoustics in buildings were considered
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as well suitable for harmonization. A committee for sound insulation was established in 1963, but the
provisions were still different. The acoustic committee of NKB from 1971 brought cooperation more
closely, especially when they had ISO standards to lean on. More recently (1997 to 1998), the work
with an INSTA standard on acoustic classification was finished due to lack of necessary votes to be
adopted in all Nordic countries. The work had undoubtedly a major impact on the national sound
classification standards (in Norway NS 8175).
Nordtest was created in 1973 in order to
develop Nordic test methods that could be a
common basis for acceptance of products and
rational utilization of resources in the Nordic
countries. A number of projects resulted in a
series of Nordic test methods (NT ACOU).
Three of the Nordic countries became
members of the EU, and a shift to more
international and broader aspects happened.
Until 2003, the expert group "Ljud och
vibration" was in charge of activity within
building acoustics, noise and vibration and
electroacoustics.

A final word
Haven’t we solved soon all problems in
building acoustics? If the range of material
types and constructions were static, we could
maybe have done it, but this is not the case.
We are "blessed" with structures that are
composed of several components with couplings which are hard to characterize acoustically, and the
components behave differently being driven at 50 Hz or 5000 Hz frequency. The modern measurement
techniques make many possibilities for mapping and characterising, but still a lot remains on
improving computational models. Such models should give engineers precise enough information on
coupling complex structures, to structures and structures to liquids (air). The increase in computing
power implies that finite element methods that are able to treat more complex systems and extending
the frequency range, can be supplemented by statistical methods such as SEA (Statistical Energy
Analysis) and similar.
What about noise problems in our technological life? We constantly increase the knowledge about
how sound is produced and propagated, and we are better to model these phenomena. However, it
seems not that the scope is particularly changed from the period before the Report No. 50 to Stortinget
(Norwegian Parliament). The government imposed to reduce the noise exposure by 25 % within 2010,
compared to the situation in 1999. This was not the case. EU also requires comprehensive monitoring
and reporting of noise in our cities and towns.
Figure 12. Sound power measurements by using a scanning
technique for sound intensity. The basis of ISO 9614 2 from a
Nordtest Project in 1986

Despite the fact that I have only concentrated on two specific areas of acoustics, building acoustics and
noise control, there should be a little reason to believe that the acoustic research will reduce the first 20
years of this century, parallel to experiences from the last century.
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At a fusion of three institutes at this point, acoustics is a research group at the Department of Telecommunications, from 2004 a research
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I've chosen to keep this name even though both the name and organizational affiliation has changed numerous times from the creation to
the present situation.

Education in building acoustics in 2000ies
Dr.ing. Anders Homb, NTNU, IVT Faculty and SINTEF Building & Infrastrucure
After retirement of professor emeritus Tor Erik Vigran, the education within building acoustics was
reduced to a 20 % position at the IME faculty at NTNU. Professor Arild Brekke had this position from
2003 to 2007. He combined this activity with his work as a consulting engineer at Brekke & Strand
Akustikk AS. At that time, the lessons were divided into two modules; sound insulation, and room
acoustics and noise. The last one with main focus on applied solutions.
In 2008 the education in building acoustics was moved to the IVT Faculty at NTNU. The previous two
modules were merged to one course and supervised by senior scientist Anders Homb from 2008 to
2012. In 2013 Anders Homb was appointed as a professor at this faculty with the 20 % position. He
continued with the work from earlier years.
Later, the content in this specialized topic changed slightly giving greater focus on service equipment
and measurement techniques than to room acoustics. There is still great focus on calculation methods
for impact and airborne sound insulation. During all these years we have registered a limited number
students at this specialized course (max. 10 students), with major interest from students at the IME
Faculty.

Building acoustics at the Norwegian Building Research Institute
– today SINTEF Byggforsk
Senior Scientist Sigurd Hveem, SINTEF Byggforsk

1950ies
The Research Council of Norway (NTNF) was established in 1946. NTNF soon after established a
Building Technical Committee to look at how to promote building research in Norway. NTNF
established then an Office for Building Research in 1949, which was the predecessor of the Norwegian
Building Research Institute (NBI). NBI was established in 1953 with main office in Oslo and a
regional office in Trondheim. The abbreviation in Norwegian Byggforsk became more and more
adopted in the 1980s, and at the merging with SINTEF in 2007, the new corporate division name
became "SINTEF Byggforsk" in Norwegian and "SINTEF Building and infrastructure" in English. In
this historical review, we have used the abbreviation Byggforsk.
The main reason for these establishments was the need for reconstruction of dwellings after the
Second World War. Already in 1952 the Handbook 1, Timber houses today, was published. The
Handbook 1 showed engineering details recommended for the construction of small wooden houses,
often two-storey houses, where good sound insulation properties were secured. Acoustics soon became
a central area at Byggforsk with architect Gunnar Ø. Jørgen as the important person. Gunnar Ø. Jørgen
cooperated with associate professor Wilhelm Løchstøer at the University of Oslo, Department of
Physics, on several publications on building acoustics in this first period.
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In the Annual Report of Byggforsk from 1955, it is described that the
sound properties are very difficult in light-weight timber houses, and
that improvements are required Surveys were conducted in order to
investigate people's annoyance of noise in dwellings. In addition,
sound insulation measurements were carried out and suggestions for
construction improvements were given. These surveys showed that
the problem was largest in block of flats made of heavy-weight
materials, although they had better sound insulation properties than
light-weight timber houses. The discomfort was caused especially by
noise from sanitary installations and from staircases, types of
problems that Byggforsk came to work with a lot in the future.
Byggforsk has from the very first start focused on communication of
knowledge to the building industry by publishing handbooks,
guidelines and other information. Through research & development
and assignment activity Byggforsk has worked closely with the
Figure 13. Instrumentation for building industry. However, it is the Building Research Design
measurement of sound using a level Guide, more than anything else that has contributed to the
recorder in 1950ies.
development of practical solutions to technical challenges and to the
interpretation of the Norwegian building code. The Building Research
Design Guides provides concrete solutions and advice on a wide range of specialist building issues
and is a central area at Byggforsk. The Building Research Design Guides has also status as preaccepted solutions by the building authorities. The Building Research Design Guides started in 1958
and was a huge success. The SINTEF Building Research Design Guides (Byggforsk-series) has to day
over 60 design guides in the field of acoustics, sound insulation, noise and vibration. The Building
Research Design Guides consist totally of about 760 design guides for subscription, is updated twice a
year and is available on paper and via internet at bks.byggforsk.no (in Norwegian only).
Initially, the role the acoustic activity at Byggforsk was first of all dissemination of knowledge. This
was then primarily based on work of other research groups in building acoustics, primarily The
Acoustic Laboratory at NTH together with SINTEF ELAB, as also described in the sections from
authors Vigran, Krokstad and Pettersen.

1960ies
In 1960, Byggforsk published the first handbook of acoustics: Handbook 9. Sound insulation and a bit
about acoustics, with Gunnar Ø. Jørgen and Wilhelm Løchstøer as authors. The same year the first
design guide within the field of building acoustics was published: NBI (23).311: Sound insulation of
timber floor constructions, see Figure 14. In horizontally separated small buildings in timber
constructions the need for good
solutions
that
could
provide
satisfactory airborne- and impact
sound insulation was demanded. A
series of new Design Guides on
acoustics were published in this
period. Measurements of sound
insulation in the field started up, see
Figure 13.
Byggforsk moved in 1965 into a new
building at Forskningsveien 3B at
Blindern in Oslo. At the same time a
simple sound transmission laboratory
were established in the basement in
connection with the building's bomb
shelter. The transmission laboratory
Figure 14. NBI (23).311. Cross section of sound insulated timber floor,
was also combined with a test mock 1960
up for laboratory tests on noise
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emission from appliances and equipment used in water supply installations from sanitary installations.
This was the earliest start for test laboratories on building acoustics at Byggforsk, which eventually
expanded considerably. At the Norwegian University of Science and Technology, NTNU (formerly
Norges tekniske høgskole, NTH) a new acoustic transmission labs was already built in 1963 - 1964 at
the Faculty for Electrical Engineering, and the Acoustic Laboratory was then established there. At the
same premises, a anechoic test room was previously built in 1958.

1970ies
In 1970 Byggforsk published Handbook 21 Practical guide on sound insulation in buildings (in
Norwegian). The purpose was primarily to give solutions that met the new requirements for sound
insulation by the Building Code of 1969. In 1972 Byggforsk published Handbook 30: Noise from
sanitary installations (in Norwegian) also with solutions adapted to the Building Code of 1969.
Byggforsk published in this decade a series of new Building Research Design guides.
Byggforsk contributed in the period from 1973 to 1978 with several
publications published by a committee under to days Research Council of
Norway (NTNF's Committee for Noise Research). Byggforsk established a
new publication series. Guideline 4: Acoustics and sound insulation in
offices, (in Norwegian) was published in 1973 followed in 1974 by Guideline
11: Acoustics and sound insulation in schools (in Norwegian). Development
of good sound insulation in light-weight wooden floors continued, and in
1973 Byggforsk cooperated with Treopplysningsrådet in Report 2: Sound
insulated light-weight wooden floors (in Norwegian).
In this period, researcher Sigmund Alvestad developed a new product for
simplified suspension system for sound reducing ceilings consisting of an
elastic steel spring (hoop), see Figure 15. Earlier, the sound reducing ceilings
were mounted on separate ceiling joists, and the new steel spring system
Figure 15. Elastic steel
spring (hoop) suspension simplified the assembly process and has been a great success. It is only in
system
for
sound recent decades that the steel spring system partly has been replaced by elastic
reducing ceiling
resilient steel channels, but the principle is the same. The figure shows the
steel spring for mounting to the main timber floor joist with the foot for
connection of ceiling battens. The steel spring system is also available in a version for mounting on a
level base, e.g. heavyweight concrete slabs or similar.
In this period, the focus was increasing on outdoor traffic noise. Byggforsk tested properties of noise
barriers of light-weight wooden constructions. Previously, the use of heavy-weight noise barriers was
common. Recognition that even noise barriers of simple wood claddings could provide full damping
effect for regular distances and screen heights was growing. In 1974 Byggforsk cooperated with
Treopplysninsrådet of Report No. 3: External noise barriers of wood. This was the start for wooden
noise barriers. They became common and were accepted as a real alternative. With increasing noise
from outdoor traffic, the interest for noise reduction properties of windows and exterior walls strongly
increased. Through "Innredningsindustriens industrigruppe" (an industrial group for furnishing) in
1975, Publication No. 5: Sound reducing windows, was published. In 1978 came Working report No.
16: Sound measurement of facade constructions, and in 1978: Working report No.18: Sound insulation
of light-weight exterior wall constructions. This was the start of a numerous releases of Design
Guides, manuals and handbooks that dealt with calculation and data collections for insulation against
external noise in buildings.
First one of these releases, Guideline No. 19: Sound insulation against external noise, was published
in 1979 and revised in 1981. Updated editions came in 1988 as Handbook No. 39: Sound insulation
against external noise, and in 1999 as Handbook No 47: Sound insulation against external noise Calculation method and data collection. These calculation methods and data collections were assumed
to be used by the transport authorities and others for calculation of improvement of existing
constructions. These methods have also been used for new constructions for calculation of the indoor
noise levels in relation to the Building Codes. In recent years, Byggforsk has cooperated with SINTEF
Information and Communication Technology, SINTEF ICT, on use of the method and data collection
as a part of a larger calculation program for outdoor sound levels called Støybygg.
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In 1979 Byggforsk cooperated with the Acoustic Laboratory, also called ELAB, at the Norwegian
University of Science and Technology, NTNU (formerly Norges tekniske høgskole, NTH), in
publishing Guideline No. 20: Room acoustic planning with senior scientist Svein Strøm as the author.
Svein Strøm had through many years of research work at the Acoustic laboratory collected absorption
data for a wide range of sound reducing products. This data collection was published by Byggforsk.
This publication was for many years an important basis for calculations of reverberation time in
rooms.

1980ies
We cooperated for a long time with the Norwegian Building Authorities (today called DIBK)
regarding the Building Codes under the Norwegian Planning and Building Act. In the field of noise
and sound insulation, Byggforsk contributed to the design of regulatory changes in the building code
of 1979. In 1981 Guideline No. 21: New building regulations on acoustics of 1979 (in Norwegian),
was published. We took later part in the work to make the Building Codes and the guidance for noise
and sound insulation totally free from specified performance limits for airborne sound insulation,
impact sound level, room acoustics and noise levels of the room for different building categories. The
specified limit values were moved to a classification standard (NS 8175) and linked to sound quality
class C. Byggforsk also participated as a member of the committee of acoustics at Standards Norway,
in the work of first edition of NS 8175:1998, Acoustics in buildings - Sound classes for different
building types, and later editions.
In 1983, the successful cooperation between Byggforsk and the Acoustic Laboratory/ELAB was
repeated in publication of Guideline No. 28: Sound insulating structures, with senior scientist Svein
Strøm as co-author. Svein Strøm had through many years at the Acoustical laboratory collected sound
reduction data for a wide range of different constructions, and this data collection was published by
Byggforsk. This guideline has for many years been important as a basis for calculations of sound
insulation between rooms. Higher sound insulation requirements in the Building Codes increased the
interest for finding good acoustical solutions for floating floors. In 1983 Report No. 90: Sound
insulating floating floors, was published with focus on acoustic characteristics and structural
properties, such as stiffness in terms of comfort.
Due to changes in funding from the Research Council of Norway, the Acoustic laboratory at
NTNU/NTH had to reduce their activities in building acoustics from the mid 1980ies. The
measurement tasks were gradually handed over to NEMKO and the laboratory ended their activities in
building acoustics. NEMKO had no personnel with building acoustic expertise. As NEMKO after
some time finished this activity, this gave an opening for Byggforsk to build up acoustic testing
laboratories in Oslo. The first step was to build a new sound transmission laboratory for walls,
windows and doors. It was made by extending the main building in 1988. The new laboratory was
built in connection with a test laboratory for sanitary products. It was combined with a test wall for
measuring noise from water taps.

1990ies
In 1991 the office and laboratory buildings of Byggforsk, situated in Forskningsveien 3b in Oslo, were
rebuilt and expanded. Three floors were added to the existing ground floor and first floor. The
laboratories and testing facilities were not altered.
Much of the activities in this decade have been influenced by the great interest in Norway and the
Nordic region for multi-storey timber frame buildings. Changes in the building regulations for fire
were no longer an obstacle. In 2000 Guideline No. 37: Multi-storey timber frame buildings - Sound
insulation, was published. This was the final acoustic report from the Nordic research program “Multistorey timber frame buildings”, organized by Nordic Wood. It started in 1995 in order to solve various
strategic problems associated with the light-weight building technology. Finally, in 2003 Byggforsk
published Handbook No. 51: Multi-storey timber frame houses, where booklet No. 2 deals with sound
insulation.
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2000nds
The sound transmission test laboratories were completed
in 2002, see Figure 16. This opened for measurements of
partition walls and floors in addition to test facilities with
reverberant test room. The test laboratories were also
adapted for measurements of ventilation components. The
increased demand for acoustic measurements of doors and
windows resulted in reconstruction of the test laboratories
named U48/49 twice (2005 and 2008) to provide more
appropiate measurements.
In 2007, Byggforsk merged with SINTEF Building and
Infrastructure. The new common division group was
named SINTEF Building and Infrastructure. This merging
opened again for closer acoustic cooperation with
SINTEF Information and Communication Technology,
SINTEF ICT.
In 2007 and 2008 the focus and interests appeared for
vibration
characteristics
of
light-weight
floor
constructions. There was a need for new criteria and
solutions due to that new types of wooden joists and cross
Figure 16. New sound transmission laboratory
laminated timber elements were getting longer spans. In
in 2002
2007 Project Report No. 8: Criteria for experienced
vibration trough floor constructions, was published. This was a partial report from the research
program "Comfort properties of timber floor constructions". In 2008 Byggforsk published Project
Report No. 24: Vibration properties of Cross Laminated Timber elements.

2010ies
In 2011 the Project report No. 80: Sound propagation in building systems with elements of cross
laminated timber, was published. With the new acoustic laboratory facilities, several measurement
programs were carried out in the years from 2008 to 2012 for the transport authorities, The Norwegian
Defence Estates Agency and The Norwegian Environment Agency. The purpose was to update sound
reduction data for windows, exterior walls, roofs, vents in exterior walls and chimneys or fireplaces,
and air ducts above roof. The purpose was to improve the basis for calculating of sound insulation
against external noise, primarily for existing buildings.
In the measurement series, the focus was on the basic constructions from different periods and
evaluating of effects of various improvement methods used. Earlier calculations were carried out only
from 100 Hz, but increased attention on poor compliance of noise experience with A-weighted sound
pressure levels now shows the need for such calculations. The program was updated to include
alternative calculation method for data for the extended frequency range down to 50 Hz. The
calculation method and data collection were published by SINTEF ICT in the calculation program
"Støybygg". In 2012 a Project Report No. 102: Laboratory measurements of sound insulation of
windows, exterior walls, roofs and vents in exterior walls, was published.
As mentioned earlier in this section, Byggforsk has focused from the very start to provide guidelines,
solutions and recommendations that encourage high quality in the planning, design and construction
for the building industry. SINTEF Building Research Design Guides (Byggforsk-series in Norwegian)
have had for several decades a major position in the field of acoustics in Norway with more than 60
Design Guides on acoustics, sound insulation, noise and vibration, and it is still so today. There have
been in total 15 acoustic specialists working in the Building Research Institute during the years from
1953 to 2014, usually 2-3 experts at time.
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Electroacoustics and room acoustics
Professor Emeritus Asbjørn Krokstad, NTNU, Honorary member of NAS
There is a reason why Norwegian Acoustical Society (NAS) was founded at the office of principal
engineer Christian Vibe in the Norwegian Broadcasting company (NRK). The circle around NRK was
important both in electroacoustics and room acoustics in Norway. Acoustic consultant Gunnar
Nesheim was the key person in room acoustics, with responsibility for acoustic design of the many
studios that were built in Norway.
Chief engineer Erik Julsrud was the head of the laboratory, technical development and parts of daily
operation of the radio. Norwegian Broadcasting Company designed and built their own electronic
equipment, sound control units, sound record players and tape recorders, still decades after the war. In
1970ies, the development was coordinated with laboratories in the other Nordic countries. Special
Nordic standards were published for technical equipment within radio operation. Production of sound
control units was eventually stopped, and moved firstly to Kongsberg Weapons Industry, and later to a
company called Tore Seem. Institute of Acoustics contributed to this Nordic cooperation by providing
teaching in seminars. These seminars were the precursor to the annual Nordic Sound Symposia that
were held on Bolkesjø in Norway.
Electroacoustics was a significant discipline in Norway until about 1980. Mainly, the radio factories
had the qualified people. The factory of Tandberg was the greatest in class of its own, not at least due
to the tape recorder they developed. Radionett was also significant. The factory was later acquired by
Tandberg factory after the war. At that time a dozen other radio factories existed.
Stentor was one of those who eventually went on to produce amplifiers and various types of
communication equipment (loudspeaker phones). The two loudspeaker factories that still were active,
started after the war. SEAS was a Danish-Norwegian factory, but it was separated later to its Danish
and Norwegian departments. The Norwegian Loudspeaker Factory (DNH) in a place called Kragerø,
was 100 % Norwegian. The family Edwardsen were sole owners and operators.
SEAS made loudspeakers, also for the international market. DNH produced units with direct radiation,
horn loudspeakers and loudspeaker columns. Both industries developed their own devices and
produced these by themselves down to the smallest details. The major telecom factories, Electric
Bureau (EB) and Standard Telephone and Cable Factory, developed and produced their own phones,
EB even self-developed telephone cases and microphones.
NAS was a little influenced by the electro-acousticians, of unknown reasons. It could be because these
people were mainly low voltage engineers. Academic Council of Radio Engineering and
Electroacoustics had annual meetings and chief engineer Vebjørn Tandberg never allowed a study
meeting pass-by.
From the 1950th century, there was a comprehensive acoustic circle in Oslo with good contact between
the Norwegian Broadcasting Company, University of Oslo, the National Hospital, (Rikshospitalet in
Norwegian) and the industry. Acoustic consultant Gunnar Nesheim from NRK, associate professor
Wilhelm Løchstøer from the University of Oslo and audio physicist Gordon Flottorp from the
University Hospital (Rikshospitalet) conducted a weekly colloquium with items from all acoustic
fields.
Both the Norwegian Broadcasting Company (NRK) and the Tandberg Factories participated actively
in the international standardization. From NRK Rickard Andersen became an important contributor,
and from Tandberg Factories L. Nødtvedt.
Electroacoustics was the basics also for the Institute of Acoustics at NTH. Until about 1970, mostly
electro-acousticians were educated. Electroacoustics lost a lot of its energy in the 1980ies and 1990ies.
The industry was not able to compete with Japan and many other low-cost countries. Digitization also
contributed to less activity in electroacoustics, and an increase in general computer science. There
were probably more people than ever that worked with audio engineering. There were recording
studios across the country, all theatre and music groups had associated audio engineers. There was a
little left of the equipment that was developed and produced in Norway.
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A significant number of acousticians in electrotechnics and acoustic consulting were engaged in the
planning of audio technical facilities in larger halls and buildings. This area offered major problems,
not only because of the use of electroacoustic amplification in almost all situations, but due to that the
bare expert knowledge increasingly faced the practical, engaged audio enthusiasts. It is to emphasize
the incredible fact that the two loudspeaker factories survived, and competed with their skills on a
broad international market.
Both professor Holtsmark and professor Reno Berg were interested in room acoustics. The great
interest on acoustic regulation approached due to the early stage of sound motion pictures in the
1930ies. Associate professor Gunnar Arnesen at the University of Oslo followed Holtsmark’s interests.
At NTH, in many ways the construction of special laboratories lead to the scientific interest. At
1960ies, plans for new concert venues appeared in the cities Oslo and Bergen. The author of this
section was due to his work as a musician particularly interested in concert halls. After listening to Leo
Beranek’s studies of the concert hall in Lincoln Centre NY, director Stenstadvold at SINTEF and the
present author took the step to send a letter to the project planning committees for both the Oslo
Concert Hall and the Grieg Hall. We highlighted the questionable that they had chosen fan-shaped
halls in both places.
The discussions speeded up a research project based on the use of computer model for room acoustic
project work. Researcher Svein Sørsdal was affiliated with the Institute of Acoustics, and he carried
out the early work on image source models that the present author had used for control of anechoic
chamber. Researcher Sørsdal had a background as a computer technologic "oracle". He became an
oracle in design and programming. Researcher Svein Strøm had at his master thesis at the University
of Oslo used computer simulation of room acoustics of the sound field in the reverberation room. He
was picked up to our project. In 1968, the project results were published in the Journal of Sound and
Vibration.
After retirement of professor Holtsmark and illness of associate professor Arnesen, there was little
activity left in room acoustics at the University of Oslo. Senior engineer Helmer Dahl from the
Institute of Christian Michelsen in Bergen had active interest in the Grieg Hall, and collaboration
between NTH and Institute of Christian Michelsen started for fulfilment of the acoustic planning and
control of building technical matters of the Grieg Hall. It was the second hall in the world that was
designed by using computer models. The first one was Hjertnes Cultural Center in Sandefjord city
where FASE meeting was held in 1984. Senior engineer Helmer Dahl often lifted up the computer to
be the only thing that an architect bowed to. There are reasons to argue that the Norwegian scientists
were for a long period internationally leading in taking advantage of computers in room acoustic
design.
Under the leadership of professor Tor Erik Vigran, the education in acoustics was gradually built up
also for students on building construction at NTH. Most of the national consulting companies got
room acoustic expertise, for example Multiconsult, IGP (later COWI), Kilde Acoustics, Grøner
Acoustics, Brekke and Strand Acoustics and many more. In addition, to secure good qualifications in
room acoustics in most major building projects, it of course led also to that room acoustics became an
important field for the annual meetings of NAS. The lectures in room acoustics are always well
visited, and the field is professionally interesting.
From NAS point of view it has perhaps been a problem that the Norwegian companies took seldom
part in international competitions of major building projects. Probably, the expertise in Norway was at
the level of larger foreign consultants, but promoting of the expertise may have failed either in Norway
or abroad. Norwegian scientists have certainly space for improvement on publishing papers. We need
to join forces for larger tasks.
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Audiological acoustics in Norway
Professor Einar Laukli, Department of Audiology, University Hospital of Northern Norway, Tromsø
Audiology is quite close to the acoustical field. The sense of hearing is dependent on several
acoustical parameters, and both noise level and reverberation time will influence the ability to hear e.g.
in a communicative situation.
Audiology in Norwegian started around the 1950ies with quite strong influence from the ENTdepartments at The National Hospital (Rikshospitalet) and The University Hospital of Oslo (Ullevål
Hospital). Several medical doctors at these hospitals worked actively in the field of audiology.
Another central person, audio physicist Gordon Flottorp contributed very much, being a physicist
trained in USA. He was also interested in other parts of acoustics. He was active in both noise
assessments as well as in the field of sound insulation and room acoustics.
In later years, the medical influence on audiology
has decreased and several audio physicists,
engineers and also the audiologists that are now
trained at a BSc-level (Audiografutdanningen),
have together with the hearing therapists become
the main professions taking care of Norwegian
audiology. The technical audiologists are mainly
recruited from candidates of Master of Science
(acousticians
educated
at
NTNU)
or
acousticians/physicists from other universities.
They have normally no formal training in
audiology, i.e. they are trained at work practise.
They have formed a separate interest society, The
Figure 17. Gordon Flottorp receives the Honorary
membership at NAS meeting in 1989, together with Truls Norwegian Technical Audiological Society,
NTAF.
Berge (right)
So far, six technical audiologists have taken PhD
in audiological acoustics or medical technology. In 1986, the University of Northern Norway, in
Tromsø, also established a professorship in audiology (occupied by an acoustician and the author of
this section), the only one in Norway so far. Standardization in audiology is also important, and
Norway has had responsible convenor for working groups in both ISO/TC 43/WG 1, Threshold of
Hearing, and IEC/TC 29/WG 10, Audiometric equipment.
Audiology can be divided into two main areas: diagnostic work, i.e. audiometric methods, and
habilitation/rehabilitation where the fitting of hearing aids is the basic task. New objective audiometric
methods have been developed such as electrophysiology and otoacoustic emissions that make early
detection of the hearing loss possible, and with a higher precision than previously. Hearing aids with
advanced digital technology that make these aids possible for use to new groups of hearing impaired
people, have been developed. The latest development of cochlear implants has helped the completely
deaf subjects. Surgeries at three of the university hospitals in Norway have resulted until now to the
total number of around 1600 subjects with implants.
We count on that around 10 % of the Norwegian population are hearing impaired, and that several of
these have great problems in their daily life. In 2012, a revised edition of the Norwegian Standard
NS 8175 on classification of acoustic conditions in buildings, was published with the main focus on
requirements for universal accessibility in buildings for e.g. the hearing impaired subjects. The
universal design criteria that are included in sound quality classification, will hopefully help many
hearing impaired to get a better daily situation as users of different buildings and public areas.
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Acoustics developments at the Acoustic Laboratory, later SINTEF ICT
Head of the department Odd Kr. Pettersen, SINTEF ICT
The Acoustic Laboratory at NTH in Trondheim was for many years a familiar term among Norwegian
acousticians, and still the term is used by some even if it is more than 20 years since the name the
Acoustic Laboratory was changed at NTNU (former NTH) and SINTEF. It was clarifying for the
specialist field and the measurement services that were performed in the special acoustic laboratories.
There were two units but these were more or less considered as one, unlike today.
This specialist environment at Trondheim has always been important for the work in the Norwegian
Acoustic Society, NAS, and the mailing address of NAS has always been synonymous with the
address to acoustics at SINTEF and NTNU. There has always been at least one member of the NAS
Board from the specialist environment in Trondheim.
As activities at the Acoustic Laboratory increased, it was necessary to clarify character of the two
institutes (NTNU and SINTEF) and their roles in relation to tasks the laboratory undertook. Earlier
employees of NTH focused naturally their efforts on teaching and basic research, while SINTEF took
care of research, studies and applied research for industry and civil services. Naturally, the name “the
Acoustic Laboratory” disappeared as a generic term. Acoustic Department of SINTEF appeared.
Another feature of the development was a distinct shift towards external tasks as studies and
development of computer methods and tools.
A large proportion of Norwegian acousticians, and of members of NAS, in the consulting companies,
industry and business life grew up to their professional life in this acoustic circle. It thus constitutes a
very important product of the activities in Trondheim. Creation of special laboratories on the initiative
of professor Reno Berg and later professor Asbjørn Krokstad is described in detail in the section
written by professor Vigran in this anniversary paper.
Professor Tor Erik Vigran developed the laboratories and established an education program aimed at
students in different institutes of NTH. Later Jens Trampe Broch became the head of acoustic
department of SINTEF. Delineation between NTNU and SINTEF became clearer, without affecting
the good cooperation. The activities changed substantially from classical building and room acoustics
towards fighting against noise at workplaces and in external environment in the hard 1970ies.

The golden age
A joint initiative of the Norwegian Confederation of Trade Unions (LO) and Norwegian Employer's
Confederation (NAF, now called NHO) resulted in noise research in the area of commitment at the
Council of Norwegian Science and Research (NTNF). When the prime minister Gro Harlem
Brundtland entered the speaker's platform at an LO Congress, whispered a minister to her "say
something about the noise". She actually did it. It resulted in tremendous focus on noise, and to the
Report No. 50 to the Stortinget (Norwegian Parliament), Measures against noise. Several research
programs were initiated by the Norwegian Research Council. We experienced a funding situation for
Norwegian acoustic research that we today can only dream about. These efforts resulted in that much
of the foundation for the current methods, standards, policies, guidelines and requirements for noise
pollution in external and internal environment, were established.
An important event took place at the late 1970ies that was to become significant for our activities until
today. Acoustician Mathias Ringheim took the initiative to buy the American aircraft noise
calculation program, INM (Integrated Noise Model). This was the start of an important development
and research field for SINTEF, and it is just as important today. Mathias Ringheim moved shortly after
and established a consulting company called Kilde Acoustics. Researcher Kåre Liasjø was employed
to take care of aircraft noise activities.
It was soon found that the American aircraft noise calculation program needed powerful
improvements, both in terms of computational speed, user interface, and not least, inclusion of the
Norwegian topography. Americans assumed flat ground conditions in their calculations which was not
completely the case here in Norway. This was the beginning of a development that led to the
calculation program NORTIM, a program used for all aircraft noise calculations in Norway. This
activity made us professionally recognized in this field at international level. Computer developer
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Herold Olsen became one of the very few non-Americans who participated in development of the next
generation of INM in the United States.
The expertise we gained through these efforts with NORTIM, resulted in development of other noise
calculation models. The program MILSTØY is another example. The program was especially
developed for the military for calculation of noise from military training activities. The basic idea
behind development of MILSTØY was that non-acoustic experts may be able to use the program,
experts from the activities that produce the noise. If we bring the noise calculations closer polluters,
consequences of different choices becomes clearer and ability to make low-noise choices easier, both
in planning and daily operations of the facilities.
The activities around sound propagation models and computational tools have always been one of the
academic pillars in acoustics in Trondheim. With senior scientist Svein Storeheier in the lead, the
Acoustic laboratory has on several occasions participated at Nordic cooperation on sound propagation
methodology. The latest result of this cooperation is the program NORD2000, a next generation
computational tool.
Another important subject at the late 1970ies was the effects of noise, how people react to different
types of noise in various situations. The Acoustic laboratory, primarily represented by senior scientist
Truls Gjestland, acquired a solid international, professional network and participated actively in the
field of International Commission on Biological Effects of Noise, ICBEN, and in standardization in
ISO/TC 43 and its subcommittees. Several large-scale surveys on aircraft noise were performed. The
results are used in present dose-response curves, including in EU Noise directives.

Years from 1990ies
All the gold ages gladly end. In the beginning of 1990th century, financial support from Norwegian
Research Council to noise research programs terminated. A new director at that time, Rolf Skår,
decided that all research programs should be user-driven on industrial premises and co-financing of
the research. For the Acoustic Laboratory that was involved in environmental research, this was bad
news since industrial actors did not queue for noise research projects. Noise at work was at best a
necessary evil for the industry, and thus a little priority.
The Acoustic Laboratory activities had to be reorganised. Research activities in building and room
acoustics suffered most and were stopped. Paradoxically, the most industrial measurement tasks for
the laboratory were on building acoustics, but no one was willing to support research in this field.
Repeated requests to authorities to maintain the basic competence, well supported by the Norwegian
acoustic circles, did not succeed. Measurement services were transferred to NEMKO, which was
better suited to serve the industry with measuring services. For later developments, see the section
written by senior scientist Sigurd Hveem.
About the same time, activities at underwater acoustics were minimised because most of the
researchers with professor Jens Hovem, moved to application oriented technology field. Professor Jens
Hovem built up solid activities around marine acoustics at NTNU. In few years, staff of the Acoustic
laboratory was reduced from more than 20 to 12 persons. New strategies for development and
existence of the laboratories were made.
The main activities were concentrated on two fields; environmental and communication acoustics. The
binding to acoustic specialists was reduced, but connection to ICT-research became stronger. The
classical building acoustics activities in the laboratories was considered after a while as an academic
artefact in old ELAB (former designations ELAB-RUNIT, DELAB, Telecom and Data of the present
SINTEF ICT).
Within communication acoustics, development of new digital hearing aids and intelligent hearing
protection stood strong. Parat (Personal Active Radio Audio Terminal) was developed. Senior
scientists Svein Sørsdal and George Ottesen were involved in the development from the concept to
launching of the commercial product. This has been an exciting, academically challenging and also
frustrating work. The financing has been just as challenging as the technical work. The intelligent
hearing protection, Parat, did fortunately reach to the commercial market, initially for the military
market. The company Nacre as (www.nacre.no) was established, 15 years after the start.
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Unfortunately, the hearing aid did not attain beyond the stage of a prototype. A successful clinical test
of 10 devices was made. The pilot users could confirm the validity of the ideas of professor Krokstad
that formed the basis for development. The project stopped due to lack of financing of the commercial
product. Nevertheless, some enthusiasts are still working on getting the product to the market, almost
10 years later. The projects mentioned here are typical examples of activities we want to work at
Department of Acoustics in SINTEF ICT. The products are sophisticated devices based on acoustics,
microelectronics and digital signal processing.

Cooperation between SINTEF and NTNU
Acoustics at SINTEF has always been closely linked to NTNU. This cooperation has recently been
strengthened through the creation of GEMINI centre at NTNU/SINTEF. It is named Acoustic
Research Center - ARC, and represents a strategic and mutual commitment in the fields of
environmental acoustics, acoustic communication and underwater acoustics. Formalizing the
collaboration by establishment of such a centre illustrates the desire to strengthen this academic field
nationally and internationally. Acoustic Research Centre may become the modern version of the
Acoustic Laboratory.
Noise Research in Norway has had a small growth in later years, mostly because of EU directive on
noise mapping. SINTEF now leads a program called Environmental noise, funded by the Norwegian
Research Council. Other institutes on noise research in Norway also participate.
In 2005, SINTEF ICT comprised of 17 scientists and engineers. Together with the scientific staff at
NTNU, the acoustic specialist circle represented around 30 people in that time. In Norwegian terms a
large and nice group that hopefully has many exciting years ahead.

Occupational noise on land and off-shore
Head of the company, Tønnes Ognedal, Sinus as

Importance of noise protection
Hearing loss is the most common occupational disease today despite a relative high focus on
occupational noise through several years. Petroleumstilsynet (the Norwegian Petroleum Safety
Authority) has during the last years ad noise as one of their major concerns. Arbeidstilsynet (the
Directorate of Labour Inspection) used the year 2012 to focus on occupational noise. Statens
Arbeidsmiljøinstitutt (the National Institute of Occupational Health) presented a large report in 2013
which concludes that further work with noise reduction is required. Norsk olje og gass (the Norwegian
Oil and Gas Association) in cooperation with Norwegian Industry and others, completed a two year
project on occupational noise in April 2014. Helpful tools for evaluation and calculation have been
developed in this project.

Brief history
Occupational noise was less in focus 60 years ago than it is today. At that time, the people working in
engine rooms regarded hearing loss as a natural effect of their though work in hot and noisy
environments. Better knowledge about the risk of hearing damage was developed in that time, and
during the 1970ies more precise regulations were formed. New and smaller instruments as well as
better measurement methods were developed. The focus on hearing damage and disturbance of work
increased through the 1980ies. In Norway, the oil industry developed leading specifications on how to
take care of the Health and Safety and Environment (HSE).
A small story from a Nordic meeting shows that the Nordic countries have in general been very
focused on noise in various situations. An acoustician from USA visited a Nordic Acoustic Meeting
(NAM) about 25 years ago (this was before the change of name to BNAM). He represented a group
that was working with development of noise regulations in USA. His presentation was about the
problems they met during their work. They had tried to look to the Nordic countries, but every time
they suggested similar regulations or requirements, there was a lawyer that brought them to the court.
They finally checked the density of lawyers and acousticians in USA and the Nordic countries, and
they found the following: in USA the density of lawyers relative to the population was ten times
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higher than in the Nordic countries. For acousticians the density in the Nordic countries was ten times
higher than in USA. Since then, we have probably got more lawyers and they have got more
acousticians.

Measurement standards
Around 15 years ago, there was an increasing demand for better measurement methods for
occupational noise. Norway took the initiative to develop new Nordtest Methods for measurement in
working environment. Two methods were issued in 2002; NT ACOU 114, Acoustics: Measurement of
occupational noise exposure of workers – Survey method, and NT ACOU 115, Acoustics:
Measurement of occupational noise exposure of workers – Engineering method. These were tested by
round robin tests in Nordic countries.
This Nordic engagement and cooperation continued when it was decided to revise ISO 9612. Several
countries participated and provided important contributions, and the revision work resulted in a
standard describing three different methods. The new version was quite different from the old one, and
it was therefore given a new name; ISO 9612:2009, Acoustics - Determination of occupational noise
exposure - Engineering method. Due to complex uncertainty calculations, it was also delivered with a
spreadsheet for calculation of noise exposure level, LEX, and the expanded uncertainty U. It is
recommended to calculate a value for the 95-percentile of LEX + U. According to Norwegian
regulations for occupational noise exposure, uncertainty shall be taken into account in the risk
assessment.

Acoustician’s work with occupational noise
Occupational noise exposure has often been taken care of by work hygienists and audiologists. As
more advanced tools and measurement methods have been developed, acousticians are increasingly
engaged in the work with occupational noise exposure. Occupational noise is now a more common
subject on international conferences than it used to be for 15 years ago. I hope that this development
will continue and that it will contribute to reduced loss of hearing among noise exposed personnel.

History of ship noise and vibration
Senior Principal Engineer Kai Abrahamsen, Det norske Veritas, DNV GL

Introduction
Ships' propulsion machinery - especially propellers, reciprocating steam engines and large diesels - has
over the years led to problems of noise and vibration. Almost from its beginning, DNV GL has sought
to combat noise and vibration on board and from ships. The Comfort Class and SILENT notations
from DNV are today trend-setters in such measures.
Not only crew and passenger comfort is affected by shipboard vibration: it can also lead to structural
damages. Around and after World War II with the introduction of large diesel-engine ships, vibration
of propeller shafts became a major problem, resulting in numerous shaft cracks, often with serious
consequences. Growing expertise in the balancing of rotating and oscillating machinery, however, led
to better control of the vibrations caused by large diesels. At the start of the 1960ies, it was not the
engine but the propeller that had become the principal source of vibration.
To evaluate noise and vibration problems and seek practical solutions, a noise and vibration
measurement group was established in DNV in the mid 1950ies. This group carried out noise and
vibration measurements, primarily during the sea trials of new ships, and data were systematically
recorded. Based on this knowledge and experience, the role of the group was extended to carry out
trouble-shooting on ships in service.
The continued demand for larger ships and higher-powered machinery, and a growing understanding
of noise and vibration, led to attention from maritime authorities keen to protect crew members against
risks to their health and wellbeing. In the early 1970ies, many maritime countries, including Germany,
the U.K., France, Holland, Denmark, Sweden and Norway, published regulations for allowable noise
limits on board the ships. The International Standardisation Organisation established a Ship vibration
working group with members from all the major classification societies.
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In turn, ship owners began to take action on control of vibration and noise. It became usual to include
requirements in a ship’s specifications. DNV took therefore steps to develop analysis methods to
predict vibration and noise behaviour of ships at an early design stage. The introduction of finiteelement methods (SESAM-69 and later SESAM-80) in the dynamic analysis of ship structures was a
considerable step forward in evaluating complex structures.

Propeller excitation
Experience gained through full-scale measurements soon revealed that as power to the propeller shafts
increased, propeller cavitation become a more important excitation source than the diesel engine itself.
Research into this led to a program to develop analysis methods for calculating cavitation on a
propeller blade, as well as pressure impulses from the propeller. This included the observation of
cavitation on the blades, and measurement of pressure impulses on the hull on several types of ship.
The work resulted in computer program NV570, based on the lifting surface method, and it is still
widely used for the analysis of propeller excitation forces. Recent advances in Computational Fluid
Dynamics (CFD) are promising and will likely take over as analysis tool as well as a substitute for
traditional tank testing.

Noise reduction
Reducing noise on board ships was seen as important as early as the 1950ies; various measures were
tried, not always successfully. Most noise control measures are costly and add weight, so it is essential
to apply them in the most cost effective way.
To meet this need, development of DNV's noise prediction program, NV590, started in the 1970ies.
Noise on board ships is characterised by structure-borne noise transmission from a variety of
excitation sources and through many paths to critical receiving locations. The waveguide transfer
matrix method used for assessing noise in aircraft structures which contain many of the same elements
as ships, was adopted for further development. Comprehensive measurements on board selected ships
and substantial programming work led to a validated noise prediction tool which was used
commercially for several years.

Cruise ship market
Cruise ships, ferries and other passenger vessels have always been particularly noise sensitive, and
have therefore constituted a large part of the tasks for DNV’s noise and vibration group. During the
1960ies and 1970ies the ships were relatively small and low-powered compared to those of today. One
exception was Cunard's QE2. This was at first powered by steam turbines, but in 1986 it was
converted to diesel engine power. The DNV noise and vibration group acted as consultant during
conversion of the engines, and the result was very low noise levels in the machinery area. At the same
time the propellers were changed and the power of the vessel somewhat increased, resulting in high
noise in the aft ship. DNV was asked to investigate this problem, too. Full-scale measurements and
theoretical investigations led to the design of new propellers which reduced the noise.

Comfort classes
A further aspect of shipboard noise control is that of insulating passenger accommodation from noise
from the public spaces, such as the theatre and dancing floor. On cruise ships, vibration and noise
levels should be as low as technically possible. The passengers pay high fares to receive a high degree
of comfort and are usually spending too short time on board to become acclimatised to the
environment. Also, from a safety viewpoint it is vital that they can hear and understand messages and
alarm signals. So in the early 1990ies DNV began to evaluate and establish criteria for all the factors
influencing crew and passenger comfort.
The outcome of this project was the issue of DNV's Comfort class notation in 1995, establishing
standards of noise, vibration and on-board climate. A comfort rating from 1 to 3 reflects “high” to
“acceptable” comfort standards. DNV was the first classification society to issue such standards and
today more than 800 ships carry this class notation.
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Both cruise ship and offshore service vessel operators have introduced comfort class standards. These
have been especially valuable for improving working conditions on offshore vessels, helping to raise
crew members' efficiency and reduce the risk of accidents due to fatigue.

Underwater noise
Underwater noise control is a specialist field where theoretical knowledge, as well as ability to
perform full-scale measurements, are equally necessary. DNV got involved in this field early in the
seventies to meet the market demands from the seismic industry. Substantial experience has been
acquired over the years, combined with the noise prediction tool and TVI method. DNV can now offer
a strong knowledge in this field. This has led to engagement of a number of low noise research vessel
projects in the recent years.
In the early 1990ies, seismic-exploration ship operators had a need to increase the power of their
research vessels as advanced computer technology allowed more streamers to be towed by each ship.
Propeller noise became a significant issue. Since DNV already was active in research in this field, the
DNV propeller noise calculation methods became the norm here, too.
Based on experience from measurement and prediction of underwater noise, DNV developed in 2010 a
new class notation for underwater noise radiation from ships, the SILENT notation. This is the first set
of requirements to underwater noise radiation from ships, a field that currently attracts a lot of
attention world-wide.

The future
DNV has recently been merged with a previous competitor, Germanishe Lloyds to DNV GL. DNV
can celebrate 150 years of operation now in 2014 and the Germanishe Lloyds is only a few years
younger. Both companies have been active in the field of noise and vibration for more than 60 years
and will continue to take challenges in this field with the combined experience and knowledge from
both companies.

Consultancy in acoustics, noise and vibration
Acoustic consultant Ingjerd Aaraas, Acoustic consultant Lars Strand and Dr.ing. Arild Brekke

Before World War II
There was little activity on consulting assignments in Norway before the World War II. Some large
buildings with special requirements for acoustics were built, such as the building of the Norwegian
Broadcasting Company (NRK) at Marienlyst in Oslo. The acoustics in this building has many
similarities with Radiohuset (house of the Danish Radio Company) from 1930ies. One of the architects
for the house of NRK worked in 1970ies for Danish Television house in Copenhagen. The acoustics of
the studios was improved in 1980ies by the acoustician Bjørn Strand who has been working with
acoustics in NRK until today.
Oslo Arbeidersamfunn (Downtown cinema/ Downtown stage) is one of the most recognized
functionalist style buildings in this country, planned by architect Ove Bang. The building has quite
advanced sound insulating structures, large halls designed as box in box. Sound insulation between
Samfunnssalen (the Community Hall) that is located on top of the cinema hall, is more than Rw =
80 dB.
There is some evidence in the form of tender documents on vibration-insulated rooms for movie
machinery. These were prepared at that time by the company a/s Akustikk (Ltd. Acoustics). It is not
known who was behind this company. The same company also did consultancy work for some of the
electrotechnical engineering installations in the building.

The first consultants
After the World War II, many of the most prominent and today familiar members of NAS worked as
active consultants. Many more constructions were built for the Norwegian Broadcasting Company
(NRK). Acoustic consultant Gunnar Nesheim worked as acoustician for them. He was also involved in
other large buildings such as cultural house Chateau Neuf in Oslo and auditorium maximum, Aud
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Max, at a small place called Ås, nearby Oslo. Associate professor Wilhelm Løchstøer worked also on
noise consulting. He was widely used in judgements of cases with road traffic noise, as expert in the
court, sometimes together with acoustic consultant Nesheim. Audio physicist Gordon Flottorp also did
some consulting on noise area.
Building Research Institute (today SINTEF Byggforsk) also worked with acoustic consulting. We like
to highlight acousticians Gunnar Jørgen and Sigmund Alvestad who were among the first ones to work
actively and systematically in the consulting area. Their work did also benefit later consultants in the
form of textbooks and handbooks that they prepared.

An evolving business
Around 1970ies, several engineering consulting companies started slowly to work with acoustics.
Companies Lund and Aass with acoustician Haakon Bing Jacobsen, Miljøplan as with acoustician
Rolf Mikkelsen and Multiconsult as with acoustician Helge Olsson were the first ones. There were
many small assignments during the first years, but eventually when the authorities came with several
requirements for noise conditions, the market opened for more consulting work. This applied to road
traffic noise, building acoustics and industrial noise, both indoors and outdoors.
The Acoustic Laboratory in Trondheim with acoustician Svein Strøm and associate professor Asbjørn
Krokstad at the Technical University of Norway (at that time NTH) also did consulting assignments at
that time. They were consultants for the concert hall named the Grieg Hall in Bergen, cultural house,
Ibsenhuset, in Skien and the musical centre, Bjergsted musikksenter, in Stavanger. The latter one was
the first project in Norway where electronic timbre variations.
Later in the 1980ies, the development of petroleum industry at the North Sea started and began to reach
settlements. Several noise requirements were established, especially for documentation in the form of
prediction and calculation before the construction work started. There were also requirements for
control measurements when the installations were completed.
The first major contract did Lund & Aass get on the oil platform project “Statfjord B”. This was the
beginning of a long series of assignments for new oil platforms. Eventually, several companies came
along and a significant amount of man-labour years were laid down in the petroleum industry. Claims
to the land-based oil facilities were also laid down. Major tasks were partially carried out by large
foreign engineering companies.
In parallel, more stringent requirements were established for all types of industry and a wide range of
noise mapping was conducted at work places, and for external noise. The Technological Institute was
especially active at work place noise. At several paper mills, a large number of Swedish consulting
companies were working.

Acoustics in all projects
It became more common to involve acousticians in major construction projects, for instance to
educational and office buildings, hospitals and cultural buildings. One of the first major buildings of
this nature was the new headquarters of the Norwegian Bank, as well as the head office for Det norske
Veritas (DNV) at Høvik, nearby Oslo city (see also the section written by Kai Abrahamsen). The first
acoustic drawings were prepared in the middle of 1980ies. These were later taken for granted, for
instance in cultural centres and schools.
Statsbygg, the state construction builder, has been a pioneer when it comes to acoustic planning and
engineering. The importance of senior engineer Tor Halmrast for the development of counselling role
has a unique position in Norway. Many other larger builders leaned on the specifications from
Statsbygg.
The present situation for acoustic consulting engineers is that the major consulting companies have
their own group of acousticians. There are also larger companies specialised in acoustcs. In total,
around 200 persons work with acoustic consultancy in Norway. Compared to the number of
inhabitants of Norway that is more than 5 million, the density of acousticians is relatively high.
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Development of measurement instrumentation
Senior scientist Ole-Herman Bjor, Norsonic as
Norsonic has since the company was founded in 1967 been a significant supplier of acoustic
instrumentation both for the Norwegian market and worldwide. In addition to development,
manufacturing and marketing of acoustic instrumentation the company also operates the only
accredited calibration laboratory in Norway for acoustical quantities.
The historical summary is written by Ole-Herman Bjor, who joined the company in 1971, mostly
based on the paper written by Asbjørn Nordby: From Nortronic to Norsonic – The story about a
company’s birth, growth and development during 25 years (1992).

The first years
The start of the company Norsonic goes back to 1965 when the Commission for aircraft noise
requested an instrument for the measurement of “Perceived Noise Level” or PNdB. The audio
physicist Gordon Flottorp was a member of this commission. An ISO recommendation described the
calculation procedure based on octave-band analysis. The request was put to Central institute for
industrial research (CIIR), at that time at the Council of Norwegian Science and Research (NTNF)institute, today a part of SINTEF. They developed an instrument based on analogue, and partly
nonlinear computation to replace the time consuming manual calculation. The PNdB-level was
presented directly on a meter in real time and a voltage output allowed the levels to be recorded by a
y/t recorder. The leader of the department doing the instrument development was Asbjorn Nordby,
who was later appointed the first CEO of Norsonic, my brother Håkon Bjor was one significant
member of the development staff.
After a successful development, the CIIR tried to find companies for the manufacture and marketing
of the developed unit, and similar units, since it was assumed that there was a market for such
instruments also other places than at Fornebu, at that time the main airport for Oslo.
No response was obtained from the industry, and after some time parts of the development team
headed by Asbjørn Nordby decided to start a new company for the purpose. In opposition to how
research institute today in general encourage the development of new companies, CIIR was sceptic but
accepted to transfer the knowledge since no other had showed interest. The company named Nortronic
was founded 1 March 1967 as a joint-stock company with a stock-capital of NOK 10.000, in the
beginning without any employees.
One main marketing activity was a full page announcement in “Flying Review” leading to a request to
demonstrate the PNdB calculator for British Aircraft Corporation (BAC) developing the supersonic
transport aircraft Concord. Asbjørn Nordby and Håkon Bjor went to Bristol for the demonstration on a
low fair travel budget. They received an order for NOK 70.000 the same evening and rumours tells
that they immediately changed to a better hotel that had just been opened by the queen of England.
The first employee was Ola Kjell Fønhus engaged from 1 July 1968, but Nordby joined him the next
year.
Although BAC was very satisfied and ordered an additional unit the next year, the marked did not
develop as hoped. This was partly due to two factors: a simpler frequency weighting method (Dweighting) was developed for general monitoring of aircraft noise, and for aircraft certification, the
octave-band analysis was replaced by one-third-octave analysis. The company therefore looked for
alternative products. A patent devolved by Håkon Bjor (still at CIIR) to control the frequency of active
filters over a broad frequency range, was developed for use in different products. It was a central part
of several instruments in the following years, such as in tracking oscillators and filters. The method
was usually called “sampling filters” and applied a switch in series with a resistor which allowed the
effective value of the resistor to be controlled by the duty-cycle of a high frequency control signal. In
this way, the frequency of a filter or an oscillator could be varied up to four decades with high
accuracy.
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Instrument type 811 – the door-opener
The first really international accepted instrument, next to the PNdB-instrument, was the instrument
type 811 for building acoustic measurements, such as airborne and impact sound insulation including
measurement of reverberation time. This single instrument replaced a number of heavy instruments
normally used for such measurements. In particular it was important to replace the level recorder
which alone weighted more than 20 kg. A postulate from the acoustic consultant Gunnar Nesheim was
in general accepted: All acousticians have a painful back!
Instrument type 811 included a band limited noise generator, a 1/3- or 1/1 octave analysing filter with
tracking basted on the sampling filter patent, a digital true RMS level detector developed during the
M.Sc. thesis of the present author (Ole-Herman Bjor) and an analogue reverberation time calculator
developed by Håkon Bjor and Hårek Hognestad (CIIR). This instrument was very well accepted in the
European marked, and was really a door-opener to the German market when it was demonstrated on
the Electronica exhibition in München in 1972. This instrument later received a gold medal at an
exhibition in Leipzig in 1974. The instrument was developed after discussing the performance
requested by early acousticians, such as Gordon Flottorp, Asbjørn Krokstad, Tor Erik Vigran and
Wilhelm Løchstøer.

Figure 18. Asbjørn Nordby. Guldmedalje i Leipzig for Norsonic 811, (1974)

Instrument type 811 had a digital level detector and was able to display the level and the reverberation
time on a digital display – quite modern at that time. Still the instrument needed to have an analogue
display due to that the standard for sound level meters only described analogue meters.
After introduction, it was requested by a German standard to step the octave filter in half-octave steps.
This was not foreseen by the construction and looked like a real obstacle for further sales. Due to the
application of the sampling filter, the problem was solved one late evening by a switch and a resistor
which shifted all frequencies by one half octave.

The reverberation decay could be shown graphically
The next important instrument was type 823 introduced in 1980, a replacement for type 811. This was
also a serial analyser mainly for building acoustic applications. The instrument was controlled by a
microprocessor and the sampling filters were replaced by digitally controlled analogue filters, and
most important: the results were presented on an integrated video monitor which allowed the
reverberation decay to be displayed graphically. The instrument had two measurement channels so the
level in the source and the receiving room could be measured simultaneously. The technology, except
the graphical screen, was mainly developed through the delivery of a four-channel instrument to
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NTH/Acoustic Laboratory in Trondheim in 1976. The application of the programmable 4-bit and 8-bit
microprocessors had started some year earlier in a control unit for type 811 and additional instruments
like a microphone multiplexer. The program development was demanding, the code was stored on
paper tapes and it was very time consuming to make even small changes in the low-level code.

The first dual channel, digital, one-third-octave real-time analyser in the world
Digital signal processing was introduced in the dual channel real time analyser RTA 830 and the
company received official research funding from Council of Norwegian Science and Research
(NTNF) for the development. The development started around 1980 and the first instrument was
delivered in 1984. At that time, no digital signal processor as such was available, and the instrument
was therefore based on use of ordinary logical components. Digital signal processing normally makes
use of additions and multiplications. Without a signal processor, multiplications were very demanding
and a table look-up involved a two-dimensional table. The solution was to use a logarithmic number
system with an additional sign-bit. Then multiplications were replaced by simple additions. However,
the addition of the logarithmic values was difficult, but was solved like an acoustician adds levels in
dB: Take the largest value and correct for the difference between the numbers. The application of the
logarithmic number system was very efficient and led to a very compact instrument compared to
instruments from our competitors.
The development project for type RTA 830 also included the development of a sound intensity
transducer to be used with the analyser. Sound intensity may be calculated from the observation of
sound pressure and sound particle velocity. The pressure was measured with an ordinary pressure
microphone and the particle velocity was measured from the transmission speed of an ultrasound
signal. The transducer system, named 216, was one of few transducers measuring the particle velocity
directly. It was introduced in 1985. The difficulty was that the particle velocity in a sound wave is very
low, and the noise floor corresponded to a modulation of the transmission time for the ultrasound in
the pico-second range. Although, the probe hardly was an economic success, it was technically
interesting and made a good job for promoting the dual channel analyser.
FFT-analysis was also introduced as an option in the RTA 830 instrument.
In cooperation with Volkswagen AG, the real time analyser was adapted to the measurement of noise
from vehicles in a system called VNA 836. Photo-detectors and a radar logged the position and speed
of the car.
The successor of 830 was named 840 and introduced in 1992, again a dual channel real time analyser
with a frequency resolution down to 1/12-octave and this time with a colour screen to display the
results. Our current distributor in Switzerland, M. Breckbühl, was at that time in Norway and played a
central role in the development. At this time digital signal processors was available, and the
logarithmic number system has never since been used by the company. The introduction of the
processors solved a lot of problems from the time of analogue instrumentation like squaring of a signal
with a wide dynamic range.
With TRA 840, the MLS-technique was introduced. A maximum-length-sequence (MLS) is a signal
appearing in the number theory which allowed the impulse response of a transmission system to be
obtained by processing the response of the noise-like MLS-signal by a very efficient algorithm: Fast
Hadamard transformation. The technique, although then not yet allowed by international standards,
improved the measurement accuracy of reverberation time and airborne sound insulation. Even
situations where the measurement signal was buried in noise could be measured.

The request for smaller instruments
In addition to the more sophisticated instruments, there were demands for smaller, hand-held sound
level meters. The first, Nor110, launched in 1988, was not really small, but battery operated and
powerful and could do frequency analysis. The instrument was our first to apply readymade digital
signal processors.
A further development was the dual channel instrument Nor121 launched in 1998. The instrument was
the first of our instruments with the ability to not only measure, but also to record the microphone
signal digitally. The user could then after the measurement listen to the noise event. The instrument
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was used for general noise measurement, for noise reporting with storing of the annoyance and for
building acoustic measurements. The instrument was the first to apply the swept-sine method. This
technique has mainly the same applications and features as the MLS-technique, but is more robust to
changes in the environment during the measurement like temperature and wind fluctuations and less
sensitive to distortion in the excitation signal. Experience from the development was used to create a
new ISO standard 18233: “Acoustics - Application of new measurement methods in building
acoustics” (2006) which describes both MLS and swept-sine methods.
This instrument was later developed to be an instrument for measuring noise during periodic test of
cars (EU-control), Nor117. It had the ability to measure the rotational speed of the engine by analysing
the sound from the car.
The next small instrument, Nor116, was a step back to microprocessor controlled analogue circuitry. It
measured simultaneous A-weighted equivalent SPL and C-weighted peak SPL and was therefore a
typical sound level meter. The company had then expanded the range from low-volume sophisticated
instruments to a higher volume market. The successor was an instrument with the same small size, but
applying digital signal processing, Nor 118. This allowed real time frequency analysis in 1/1-octave
and third-octave bands to be included together with additional functions such as measurement of
reverberation time. Except from being a one-channel instrument, the functionality of the real time
analysers Nor830 and Nor840, was achieved in a small hand-held, battery-operated instrument. The
technology was developed and brought to the next generation, Nor140 that was still a very successful
instrument. In these days, a new dual channel hand-held instrument, Nor150, was introduced.
Although modern instruments contain a lot of functions for processing the measurements results, we
have seen a growing need for computer-based programs for storing, handling and reporting the
measurement results. Software programs make an increasingly part of the turnover. Internet allows
noise to be monitored by companies at other parts of the world, and Norsonic also offers such
possibilities. The Nor850 system allows a number of separate instruments to operate simultaneously as
a multichannel instrument. The instrument may be placed in the same lab or placed widely distributed
but communicating through wireless LAN or internet.

Relying on the condenser microphone
During the history of Norsonic, the transducer for sound has mainly been the condenser measuring
microphone. It is impressing that this transducer has survived this long time-span without significant
changes. The production method has improved and electrets partly replaced the externally supplied
polarization voltage, but the specifications have not changed significantly. However, the electronic
system measuring and analysing the output voltage from the microphone has had an enormous
development as indicated above. Today, for most application, an analogue to digital converter
measures the signal from the microphone directly and all signal analysis is done by digital circuitry.

NCL - Norsonic Calibration Laboratory
Norsonic started to manufacture sound calibrators in 1995. This also raised the question on how to
secure the quality of the calibration. The work done to establish traceability to internationally
recognised references led to the creation of Norsonic Calibration Laboratory. The laboratory was
accredited by Norwegian accreditation first time in February 1999. Since Norwegian Accreditation is
one of the signatories to the EA Multilateral Agreement for mutual recognition of calibration
certificates (European Co-operation for Accreditation) calibrations done by the laboratory has a
worldwide acceptance. The laboratory is still the only accredited calibration laboratory for acoustical
quantities in Norway. The service is open for equipment from different manufacturers.

International standardization
It has always been important for Norsonic to design instruments fulfilling current international
standards. The history back to the PNdB-calculator showed how important it is to be prepared for
changes in the standards for instruments and measurement methods. Since the first part of 1980 the
company has participated in the development of National and International standards.
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OEM and cooperation
In addition to instruments developed by the company’s own staff, some products has been developed
by other companies and branded as a Norsonic product. One example of this is an acoustic camera
containing more hundred microphones developed by the Norwegian company Squarehead. Norsonic
also supply OEM instruments branded by other, as sound level meter, sound calibrator and tapping
machine.
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NAA 60 Years Anniversary 1954 - 2014

Acoustics in Iceland until 2014
Steindór Guðmundsson

Introduction, the early years
Acoustics activities in Iceland started much later than in the other Scandinavian countries, at least
considering building acoustics, sound insulation and room acoustics. The national broadcasting
service (útvarp) started in 1930, and some acoustic knowledge was needed there. In the fifties the
broadcasting service moved to a new location, and here some new studios were built, and some
music recordings were later made there.
The broadcasting service later developed into the national radio and television service (RÚV =
ríkisútvarp) when the national television was introduced in 1966. Technical assistance at that
time, including acoustics of the new studios etc., was mainly provided by the Swedish Television.

The first acoustic demands in building codes
At this time in 1966 and 1967, Icelandic communities got new and reformed building codes, and
for the first time in such codes they included demands on sound insulation between dwellings.
The demands were not very precise, and were mainly descriptive about the recommended width
of concrete walls and slabs etc., but minimum requirements were also given in dB.

The University Cinema
Also in the sixties, a new multi-purpose hall with about 1000 seats was built for the University of
Iceland (Háskólabíó = University cinema). It was the new home for the Icelandic Symphony
Orchestra, a cinema and a hall for large meetings of the University. Also all kinds of different
concerts and events took place there. The acoustics were variable by changing the surface of the
triangular shaped sidewalls, giving variable reverberation time.

Figure 1. Háskólabíó – The University Cinema
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The soft surface was used for cinema, meetings and pop/rock concerts, while the hard surface was
used for symphonic concerts. In spite of the variable reverberation time, the acoustics for
symphonic music was not found to be sufficiently good, and this was probably the first time that
acoustics really became a hot issue in Iceland.
The acoustics in the hall was gradually improved by screens above and behind the orchestra, but
it was probably the lack of horizontal reflections in the audience area, that resulted in the general
bad reputation of the hall for symphonic music. Also the volume was small, leading to relatively
short reverberation time, even with the hard surfaces.

Figure 2. Háskólabíó – The stage after improvements

Other large halls in Iceland for performing classical music were mainly churches, but also cinema
halls and the main hall of the National Theatre. The churches were often too reverberant and the
other halls were often too much damped.

The first acoustic consultants
In the sixties the first engineering acoustics consultant started to work in Iceland, and he did other
types of engineering consulting as well. His name is Gunnar H. Pálsson, still active in acoustic
consulting in 2014. Also another Icelandic engineer started to work as an acoustic consultant in
Sweden at Ingemansson. His name is Stefan Einarsson, and besides his work in Sweden he has
also done some acoustic consulting in Iceland. The third person who became active as an acoustic
consultant in Iceland is Stefán Guðjohnsen. He was also the importer of Brüel & Kjær acoustic
instruments to Iceland and he was probably the first one to make acoustic measurements in
Iceland. Both Stefáns are still active in acoustic consulting in Iceland in 2014.

Different authorities making acoustic measurements
Several authorities acquired sound level meters in the seventies, and they made different acoustic
measurements. These authorities included: “Administration of Occupational Safety and Health”
making measurements of noise levels and reverberation time at work places. “Icelandic Maritime
Administration” making measurements of sound and vibrations in ships. Also several municipal
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health authorities, making measurements at rock concerts and measuring sound levels in
dwellings from nearby industries and from neighbouring discotheques etc.

The Icelandic Building Research Institute
In 1974 The Icelandic Building Research Institute published a book called “Hljóðtæknifræði” or
Technical Acoustics. The author was Stefán Einarsson, who lived in Sweden, but stayed in
Iceland in the summer of 1974 to write this book. Stefán tried to find Icelandic words for the
different acoustic parameters and technical descriptors, as is customary in Iceland. Some of these
new or adapted words have gotten foothold in the language, while others have not. An example is
ómur for reverberation and ómtími for reverberation time. Stefán later published the book in
Swedish with the title: Akustik – grunder, tillämpning.
In 1979 a new building code was introduced in Iceland, and here the demands regarding acoustics
in dwellings were changed and harmonized with the demands in the other Nordic countries,
which at that time were almost identical. The author of the chapter for acoustics was Edgar
Guðmundsson, and he invented the Icelandic word hljóðvist for acoustic conditions or acoustic
climate – and this word has been widely used since.
After this the Icelandic Building
Research Institute started to make
some acoustic measurements, using
some
relatively
primitive
instruments, like a home-made
tapping machine and a power
amplifier with a home-made sinegenerator, but the sound level meter
was from Brüel & Kjær.
In 1984 Steindór Guðmundsson
moved back to Iceland after his
Ph.D. in building acoustics in LTH,
Sweden. He started to work at the
Icelandic
Building
Research
Institute in building acoustics.
Steindór managed to get new
acoustics measuring equipment at
the institute and after that much
more acoustic measurements were
made, and some acoustic consulting
was also made in connection with
the measurements.
In 1987 an acoustics laboratory was
built at the Building Research
Institute with 4 chambers for Figure 3. The Acoustic Laboratory at the Building Research
measurement of sound insulation, Institute
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sound absorption, sound power etc. After that acoustic laboratory measurements were made in
addition to field measurements and several research projects in acoustics were also conducted at
the new laboratories.

Nordtest, NKB and INSTA-B
Iceland was active in Nordtest, the expert group Sound and vibration, from 1980 until the group
was dismantled in 2002. Until 1986 Stefán Einarsson was the Icelandic member of the expert
group, but Steindór Guðmundsson replaced him in 1986 and he continued until 2002, and he was
the chairman of the expert group 1990-1995. Iceland participated actively in several Nordtest
projects, e.g. in round robin tests, both in the laboratory and in the field.
In 1994 it was evident that the Nordic countries no longer had identical or near identical building
code demands regarding acoustics. Also it was brought to the attention of Nordic acousticians that
the demands in the Nordic countries were falling behind the corresponding demands in some
European countries. Austria and Germany in particular had much stricter acoustic demands.
These observations led to the re-establishment of the Acoustic working group of NKB (The
Nordic Committee for Building Regulations). Steindór Guðmundsson was the Icelandic member
of the working group, which was active in the years 1993-1997. The group started by making a
study in all the Nordic countries regarding the acoustic demands and a consequence analysis for
the building industry if the demands would be made more strict. The working group initialized
several projects in acoustics, which were published by NKB. The most important project was
probably making a proposal for a Nordic classification standard for dwellings.
This standard work was later transferred to INSTA-B and the standard proposal was presented by
INSTA-B as and sent out for voting in all the Nordic countries. Sweden voted against, as they
already had a Swedish proposal for a corresponding national standard, and the limits between
different standards were different from the Nordic proposal.

The Icelandic standard for classification of dwellings
In 2003 the Nordic standard proposal was accepted as a national standard in Iceland. The name of
the standard was ÍST 45:2003 Acoustic Classification of dwellings. The standard was in English
and it was only indirectly coupled to the building code. The demands of Class C in the standard
were more or less identical to the “recommended” demands which were introduced in the
building code in 1998. The actual demands (which were somewhat less strict) were however the
same as they had been since 1979.
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The Icelandic Acoustical Society
The foundation
The Icelandic Acoustical Society (IAS) was established on September 11th 2006. At the beginning
the IAS was under the umbrella of the two engineering societies in Iceland (VFÍ and TFÍ), but it
was also open for all those interested in acoustics outside the two engineering societies. The
establishment of the Icelandic Society was partly initialized by Nordic Acousticians who wanted
Iceland to be a more formal part of NAA. Also the need for a national acoustical society had
become more and more evident in Iceland. There were increasing discussions in media about
different acoustic matters, noise abatement and acoustic design, and there was also an increasing
number of acousticians working as consultants, which made such a society feasible.
About 15-20 people attended the meeting when the IAS was established, and became the first
members of the society. A board of three people was elected with Steindór Guðmundsson as
chairman and the other two were Ólafur Hjálmarsson and Bergþóra Kristinsdóttir.

Membership of NAA
From the beginning a close cooperation with the other Nordic acoustic societies was on the
agenda, and the new board got the assignment to arrange the BNAM conference in 2008, less
than two years from the founding of IAS. The Norwegian acoustic society promised to help in the
planning of BNAM 2008, which would have been held in Norway if Iceland had not stepped in.
The BNAM in 2006 was held in Göteborg and the number of participants from Iceland was
unusually high. The board of NAA held a meeting during BNAM in Gotheburg and IAS was
welcomed into NAA as a new member, and it was agreed that BNAM 2008 was to be held in
Reykjavík.

The first conference
Among the first assignment of the new board of IAS was to arrange a conference about the
acoustic design of buildings. The conference was held in the name of IAS and the Administration
of Occupational Safety and Health with a financial support from a few of the largest consulting
companies. The conference was held on the 30th of November 2006 and it was successful in
getting many participants and creating discussions in media about acoustics.
On the conference there were many interesting domestic papers, and Svein Strøm was an invited
speaker and held an interesting speech about acoustic design in Norway.

Membership of EAA
As preparations began for the conference BNAM 2008, Ólafur Hjálmarsson was replaced by
Sigurður Karlsson in the board of IAS. The board itself formed a working group for the
preparations. In September 2007 the chairman attended the annual board meeting of EAA as an
invited guest. The annual meeting was held in Madrid and here IAS applied for a membership of
EAA, and was unanimously accepted.
In the year 2007 the two engineering societies VFÍ and TFÍ received the draft for a new regulation
concerning environmental noise. The two engineering societies forwarded the draft to IAS for
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comments on their behalf. The board of IAS collected comments from its members and sent it to
the ministry of environment, and the regulation was published in 2008.

BNAM 2008
Early in 2008 the preparations for BNAM 2008 continued. Two keynote speakers agreed to come
and abstracts, registrations and papers were collected. The conference was held in the middle of
August and it was very successful. Participants were about 120, including the 9 exhibition
representatives and the number of papers was 49, including the two keynotes. The shorter papers
were presented in two parallel sessions and there was one workshop. The conference was a great
take-off for IAS and for acoustics in Iceland in general. There were 13 Icelandic papers of the 47
short papers, and the number of members in IAS increased to 45. This has remained more or less
the same since then with about 20 active members and additional 20-25 less active members.

The Icelandic Classification Standard ÍST 45:2011
At the request of Icelandic Building Standards IAS was asked to participate in a working group
with the aim to propose a new acoustics classification standard. The board itself joined the
working group with weekly working meetings all the year 2009 and partly 2010. A proposal was
sent out on hearing in March 2010 and it was accepted as a standard in January 2011. The
standard builds on the standard ÍST 45 2003, which was in English and only included dwellings.
The new standard is in Icelandic and besides dwellings it also includes premises for work, such as
schools and kindergartens, hospitals health institutes, hotels, offices etc.

The new building code in 2012
At the request of the Icelandic Building Authorities, the same working group as had been working
on the standard ÍST 45:2011 was asked to continue the work and make a draft proposal for new
acoustic demands in the new building code. From the beginning the aim of the work was that the
chapter on acoustic demands would be replaced by referring to Class C in the standard ÍST
45:2011 as minimum requirements.
The draft was sent out on hearing and with minor changes regarding acoustics it became the new
Icelandic building code in January 2012.

A few Milestones in Acoustic Projects
Reykjavík City Theatre
The design of Reykjavik City Theatre started in the year 1975, and the construction began in
1976, but the construction was slow the next few years. The theatre opened formally on October
20th 1989, and in the beginning there were two stages, the Main Stage, and the Small Stage. In
October 2001 the third stage (the New Stage) was opened, which is a “black-box stage”.
The main hall was designed more or less like a traditional drama theatre with one sloping floor in
the audience area, without balconies. However there is an orchestra pit, and musicals are
occasionally performed in the theatre. The maximum capacity is 560 seats (with removable seats
on top of the orchestra pit).
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The theatre is relatively broad with concrete side walls, which are covered with thick wooden
panels. Also on the side walls there are mounted two different types of sound reflectors, made of
steel.

Figure 4. Reykjavík City Theatre - The Main Hall

In the ceiling there are several sound reflecting shields, and on top of them there are rolls of
sound absorbing cloth, which can be rolled out to increase the absorption of the hall. Below these
shields there is a sound transparent visual ceiling made of steel tube grids.
The back wall consists mainly of glass-panes, which are the windows to the control rooms. These
are tilted to avoid disturbing reflections back to the stage.
The theatre is mainly used as a traditional drama theatre, with occasional musicals and dance
shows, but it is also used for pop concerts, lectures, award ceremonies and even opera. When the
orchestra pit is used during musicals the seating capacity is decreased by 62 seats. The pit floor
can also be lifted up to stage level to make the stage larger.

The National Theatre (Renovation)
The National Theatre of Iceland was designed in the years 1920-1930, and the construction began
in 1928. The outside was completed in 1932, but then further construction was postponed for 12
years, and finally the theatre opened formally on April 20th 1950. The theatre was originally
designed more or less as a classical “baroque theatre” with two balconies at the back, and the

Figure 5. The National Theatre - The Main Hall
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stalls (main floor) only had a moderate slope. The capacity was 673 seats (with removable seats
on top of the orchestra pit).
In 1989 – 1991 a total renovation of the main hall was made, where the slope of the stalls (main
floor) was increased considerably, and the two balconies were replaced by one new balcony. This
resulted in a maximum capacity of 522 seats (with removable seats on top of the orchestra pit).
The theatre opened on March 21st 1991 after this total renovation.
Only marginal changes were accepted on the general look of the theatre, resulting in similar
wooden wall-panels as before on the parallel side walls. The centre of the ceiling is a reflecting
concrete surface, but around it is a diffusing “collar” which is an imitation of natural columnar
basalt, which can be found in several places in Iceland. Above the stage opening is a (new) sound
reflecting shield, and also below the (new) mobile light-bridge there is a sound reflecting shield.
The back walls are made highly absorbing with wooden grids in front of a thick mineral wool.
The theatre is mainly used as a traditional drama theatre, with an occasional musical and operas.
When the orchestra pit is used the seating capacity is decreased by 50 seats, and to make room for
the sound control during musicals a further 20 seats are taken away. The stage can also be made
larger by lifting the floor of the orchestra pit up to the stage level.

Salurinn (“The Hall”) concert Hall.
Salurinn is primarily designed as a chamber music hall. It was opened on January 2nd 1999. The
hall together with the music school are called the Musical House of Kópavogur community, and
they are part of the cultural centre of Kópavogur.
The hall has a maximum capacity of 300 seats, 200 in the stalls and 100 in the balcony.

Salurinn from the outside

Figure 6. Salurinn from the outside
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Figure 7. Salurinn – inside the hall

Hof - Cultural House in Akureyri
Hof Cultural House was opened in August 2010. It is a multi-purpose building - the home of the
Symphony orchestra of Northern-Iceland and also the home of the music school of Akureyri. In
the main hall (Hamraborg) there are theatre performances, musicals, conferences, operas,
acoustic concerts and amplified concerts. The acoustic design had as a first priority the
performance of classical music, but the acoustics in the hall is flexible and adaptable to the
different roles.

Figure 8. Hof Cultural House - On the outside

The main hall has a maximum capacity of 500 seats. It has an orchestra pit for 50 musicians and
the size of the stage is identical to the stages of the two main theatres in Reykjavik, which makes
guest plays from the Reykjavik theatres more easy. There is also a smaller hall (Hamrar) with a
horizontal floor for 200 seats and very flexible acoustics.
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Figure 9. Hof Cultural House - The balcony of the
main hall

Figure 10. Sound tests in the main hall of Hof Cultural
House. The acousticians listening to the first music
performance in the summer of 2010. On the right Stefán
Einarsson, and on the left Steindór Guðmundsson.

Figure 11. Hof Cultural House - The main hall
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Harpa – Concert and Conference House in Reykjavik
Harpa was opened in May 2011. It is the home of the Icelandic Symphony Orchestra, which
moved to Harpa from the University Cinema. There are 4 halls: Eldborg, the main hall with a
maximum capacity of 1800 seats. Norðurljós with 450 seats, mainly designed for chamber music
and as the rehearsal hall for the Icelandic Symphony Orchestra. Silfurberg mainly designed as a
conference hall with 750 seats, but also made for the performance of amplified music. Kaldalón
vith 195 seats designed for all typs of music and for conferences.

Figure 12. Harpa – from the outside

103

Figure 13. Harpa - The main hall Eldborg

photos courtesy of Reykjavik Concert Hall and Conference Centre © Bára Kristinsdóttir
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Acoustics in Estonia
Linda Madalik
The aim of this paper is to give overview of acoustics in Estonia from the period of 1920-ies
up to nowadays. Activities in different fields of acoustics and people involved are described.
Sources of information were official publications and personal communication. The author is
very thankful to people for the communication and apologizes for possible inaccuracy which
may happen by forwarding the information.
With greatest respect to all colleagues in acoustics,
Linda Madalik
Introduction
The history of acoustics in Estonia and its evolution is different from that in other Nordic
countries. The reasons are not just due to Estonia’s smaller population and inevitably smaller
resources, but history also played a significant role. If the USSR had not occupied Estonia in
1940-1941 and Estonia would have remained independent, then Estonian acoustics would
have taken the same direction as the other Nordic countries. Unfortunately, the annexation
into the USSR interrupted Estonian evolution in almost all aspects of life. In the second
Soviet occupation 1944-1991 Estonia was likewise not sovereign but subject to the USSR.
This also affected the development of acoustics in Estonia. Research areas in acoustics were
determined in Moscow and the most basic research was done in big research institutes, in
Moscow and Leningrad. The normally required acoustical technical documentation was also
worked out and dictated in Moscow. Much attention was given to branches of acoustics which
had military applications. All other areas of acoustics had less attention.
At the beginning of the Soviet occupation, there were only a few acousticians in Estonia, and
they worked primarily on radio technology in Estonian Radio. Estonian Radio also
collaborated scientifically with well-known acousticians in Moscow and Leningrad. The
communication was mostly personal, relating experiences among enthusiasts for a common
technical specialty. After Stalin’s death in 1953, the relations thawed and acoustical
collaboration between different institutions was accelerated. Estonians could also access
graduate education in the USSR. A new generation of students went to seek graduate
education in disciplines which were not offered in Estonia. Beginning at the end of the
1950’s, acoustical research commenced in Estonia; several research directions evolved, many
higher degrees were obtained. For fostering architectural acoustics, a measurement laboratory
was proposed, but this was shelved more due to disinterest by the local powers than by
opposition by Moscow.
Reestablishment of Estonian independence in 1991 brought about many changes, including
liquidation and/or reorganization of state-owned design institutes and enterprises. This meant
that acoustical activities were interrupted in many areas, which had previously been useful.
These decisions were made by politicians, often without thinking things through. Private
enterprises took their place, but many were not up to the challenges in a new economy.
Several foreign firms arrived in Estonia, forming their affiliates here. Nevertheless, several
sub-disciplines in acoustics successfully weathered the difficult times and are doing well
today thanks to international collaboration.
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To this date, there is no acoustical society in Estonia. Many acousticians are members of other
nations’ acoustical societies and are not interested in founding one in Estonia. Our current
government does not consider acoustics as a priority; we never had a national plan for
development of acoustics. In spite of these shortcomings, there have always been talented and
diligent workers, devoted to their scientific/technical specialty, for whom the following
writing is dedicated. As Estonia is small, all participants deserve to be mentioned.
Estonian Radio (Estonian Public Broadcasting from 2007)
It was May 11th 1924, when the first broadcast took part from Haapsalu. Singing of the local
choir was forwarded to several parts of Estonia and it was heard even in neighbour countries.
From 1926 regular program was broadcasted from Tallinn, this was the birth of Estonian
Radio. TV was first broadcasted in Estonia in 1955. Estonian Public Broadcasting was created
in 2007 to take over the functions separate Estonian Radio and Estonian Television.
Outstanding radio engineers and sound men at the Estonian Radio were Aleksander Sillart,
Heino Pedusaar, Vilhard Pilvisto and Hannes Valdma.
Aleksander Sillart (1906-1993) – Radio Engineer and Tutor
Aleksander Sillart was the first Estonian engineer who is known for his work on acoustics. As
Aleksander Sillart told, he was an autodidact from the countryside; his passion was to
construct radio apparatus. In 1934 he began correspondence studies at the British Institute of
Engineering Technology and was graduated with diploma in radio engineering in 1939. Some
years later, when Soviet period began in Estonia, he had problems legalizing his diploma in
Moscow. From 1938 Aleksander Sillart joined Estonian Radio where he worked until 1986
(from 1958 as chief engineer). He began as sound engineer but was active in design and
building radio equipment. In 1938 the building of house for Estonian Radio started. Before
1940 it was close to interior works but then the war began. In 1944 building process was
continued, the interior design was made at the Building Design Institute in Tallinn (Eesti
Projekt). Unfortunately we have no information about who made the acoustical design of the
studios; very likely acousticians from Moscow or Leningrad were involved. In more recent
years the recording studios were renovated repeatedly; the acoustics of the recording studios
were designed by Aleksander Sillart and Helmut Oruvee. Later renovations were by Hannes
Valdma and as a consultant, Linda Madalik.

Figure 1. Aleksander Sillart.
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Aleksander Sillart organized at the Estonian Radio a laboratory of experimental works and
measurements. This was the first acoustics laboratory in Estonia. With the help of this
laboratory, recording studios’ acoustics were tested, and measurements were taken in concert
places, theatres and churches. Over a long time, the measurement laboratory of the Estonian
Radio collaborated with specialists in acoustics in the Tallinn Technical University and in the
Building Design Institute, Eesti Projekt. Aleksander Sillart’s role in training sound engineers
and recording engineers at Estonian Broadcasting was noteworthy. Aleksander Sillart and
Ilmar Eiskop published a book Helitehnika (Sound Engineering). In 1998 they published a
book titled Akustika ja helitehnika (Acoustics and the Sound Engineering), which because of
its thoroughness and practical orientation is highly esteemed to this day.
Heino Pedusaar – sound man and journalist
Interested on radio-technology, Heino Pedusaar (born 1931) wrote his first textbook for
beginners in radio technology, which proved very popular, before entering a university. After
studying electronics at the Tallinn Polytechnic Institute, in 1952, he went to work at the
Estonian Radio as a recording engineer. Together with the engineer Vilhard Pilvisto, he
pioneered stereophonic broadcasts in Estonian Radio, beginning in 1961, making Estonia one
of the first to do so in the USSR. Heino Pedusaar is well known as a restorer of old Estonian
recordings (phonographs). On his own initiative, for close to 40 years Heino Pedusaar
travelled throughout Estonia, searching for old recordings, his searches also reached
Stockholm, Leningrad and Moscow. As a result of this extensive research, he published a
catalogue of musical recordings in Estonia during the years 1901-1939. Together with Vilhard
Pilvisto, Heino Pedusaar brought forth Estonian cultural heritage (Restoring the Cultural
Heritage of the Estonian Republic from the 1920s and the 1930s). Heino Pedusaar was also a
talented radio-engineer; in 1949-1950 he made the first magnetic tape recorders in Estonia.
He also built the first electronic (church) organ in Estonia, named Variola, which was for
many years the best organ in the USSR.
Heino Pedusaar is well known as a journalist, who contributed much to newspapers and
magazines, starting in 1948. As an author, a translator, a compiler or as an editor he published
more than 100 papers on acoustics, music and related technology. For his services Heino
Pedusaar received numerous prizes and awards.

Figure 2. Heino Pedusaar (left) with Vilhard Pilvisto (right) in anechoic chamber
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Hannes Valdma – radioman, physicist and musician
Hannes Valdma (1944-2008) is known as an important radio contributor, who was also a
noteworthy recording engineer and teacher. He is less well known as a talented musician and
composer. After graduating from Tartu University, majoring in physics, Hannes Valdma
worked at Estonian Broadcasting for 46 years. Hannes Valdma was one of the starters of
stereophonic broadcasts in the Estonian Radio; he also made quadrophonic recordings, which
unfortunately stayed on history’s shelves. Hannes Valdma contributed greatly to the transition
to digital sound in Estonian Broadcasting, and proved irreplaceable in the complicated
evolution of radio broadcasting in Estonia. He is remembered as a generator of occasionally
chancy ideas, and also as a steadfast bringer of them to fruition. Hannes Valdma was a
demanding and methodical teacher, teaching a new generation of recording engineers in both
Estonian Broadcasting, and on the faculty in the Estonian Academy of Theatre and Music.
Avo-Rein Tereping – electronics engineer and psychological acoustician
Avo-Rein Tereping (born 1945) graduated from Tallinn Technical University in 1970, in
electronics engineering. In 1976 he obtained a degree in psychology at Tartu University, and
defended his PhD thesis in 1983. In the interval 1962-1993 he worked at Estonian Radio (at
various times) as a radio operator, as an engineer, director of a laboratory and as technical
director. For his work in developing stereophonic and quadrophonic radio broadcasting, he
received an honorary award as an outstanding rationalizer in the Estonian SSR (1980). ArvoRein Tereping wrote many articles/papers on the science of sound, on radio engineering,
psychological acoustics and psychology. His book Kuulmispsühholoogia (Psychology of
Hearing, 1988) is to this day a significant work for readers interested in acoustics. Avo-Rein
Tereping is also known as a lecturer, and author of serial-programs in Estonian Radio. In the
media, Avo-Rein Tereping repeatedly raised the issue of sound amplification in concerts,
criticizing dilettantish amplification which spread in Estonia; according to Rein Tereping the
sound volume was excessive and thereby totally ruined enjoyment for the listeners. His
claims that the volume gains were higher than the preference of the listeners were verified in
experiments involving 150 participants in 2010 and 2012, in the Nokia Concert Hall in
Tallinn.
Outstanding sound engineers in Estonia
Hans Brümmel – a key person in sound amplification
Hans Brümmel (1928-2008) is one of the best known sound engineers in Estonia, who over
decades worked out adaptations to radio, and sound amplification in events connected with
national/historical dates. He also did the sound amplification at all-Estonian song festivals and
dance festivals. As a noteworthy sound engineer, his services were also in demand in
Moscow, from where he accompanied tours of well-known singers. Hans Brümmel’s results
in music halls were unique; he was one of the few sound engineers who tried to bring forth
the acoustics of the room, and used sound amplification mostly to enhance the room’s
acoustics. The resulting sound was so natural, that often it was doubted whether
amplification was even used. In his latest years Hans Brümmel worked on designing sound
amplification systems and installing them in churches. He tried to determine the acoustic
characteristics of every church, collaborating with Linda Madalik as acoustical consultant.
Enn Säde – on-site sound-operator and universal cinematographer
Enn Säde (born 1938) got his sound engineering degree in 1961, at the Leningrad Institute of
Cinema Engineers (now Saint Petersburg State University for Cinema and Televison). In this
institute most of his colleagues in the cinematography studio Tallinnfilm obtained their
education. At the same time, he also worked as sound-operator in Eesti Telefilm.
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Enn Säde is many-sided, having worked as on-site sound operator, as sound engineer, as
creator of documentary movies, preserver and archiver of sound and pictures, and was also
recognized as a journalist on movies. He was the sound man in 25 entertainment movies and
in 80 documental movies, and directed more than 20 documental movies. In 1990 Enn Säde
was recognized as the third best on-site sound-operator in all of the USSR. Enn Säde got an
award for being a worthy person in the arts by the Estonian SSR in 1988. More important, in
2013 he received the Estonian medal of honor, Valgetäht V for service, and also the life-work
premium from the Estonian Cultural Fund.
Jaanus Ling and Tõnu Presjärv – Sound Engineering and Design
Jaanus Ling and Tonu Presjarv are sound engineers who established ProMedia OU in 1996.
Both have master degrees in audio and acoustical engineering from Saint Petersburg State
University for Cinema and Television.
Their main activities are acoustical consulting, electro-acoustic design and system integration
for theatres, houses of worship, cinemas, concert halls, clubs, audio recording - post
production studios, radio and television studios.
They have made electro-acoustic design and system integration for Estonian National Opera
and Estonia Concert Hall, for numerous theatres, cinemas and assembly halls in Tallinn and
other cities of Estonia; Cathedral of St. Alexander Nevsky in Tallinn, Estonian Parliament
Hall, Estonian Parliament Conference Center, Estonian Government Office Press Center, Hall
of Tallinn City Council, control rooms and studios in Estonian National Television.
Many acoustic engineers are now active in Estonia. They design and install sound systems
and work as sound engineers, including in recording studios. Best known among them are
Alo Jaanivald, Kaupo Uibo, Mart Jallai and Paul Lõiv.
Alfred Vassilkov – internationally known designer of loudspeakers
Alfred Vassilkov (born 1958) got his degree in electro-acoustics from the Leningrad
Electrotechnical Institute and started work in 1984 in the electronics factory in Tallinn,
„Tallinn Punane RET Radio Works”, where he began to build loudspeakers. He has built
loudspeakers for more than 25 years. While in the „Punane RET”, Alfred Vassilkov
participated in working out the Estonia-10 radio-gramophone audio systems, which was one
of the top works in the USSR at that time. After the closing of this factory in the early 1990’s,
Alfred Vassilkov continued constructing loudspeakers in his own audio-laboratory, where he
developed the Audes speakers, which reached American and Asian markets. Alfred Vassilkov
was not satisfied: he wanted to design a radical high-end loudspeaker. Alfred Vassilkov
believes that new models must not be based just on electronics, but also on philosophy. The
loudspeaker engineer has to preserve the essence of sound and its quality. He developed an
entirely new design – massive, mounted on a marble-imitation composite-material base,
sculpturally formed to shape the loudspeaker. Development of the composite material took
several years. The first Estelon XA model first appeared in 2010, and it got an award at the
International Consumer Electronics Show (CES) meeting in Las Vegas, NV, USA. The 2011
version Estelon XB was honored with the International CES Innovations award. The 2012
model Estolon X Diamond got six awards in six different nations. Works designed by Alfred
Vassilkov have reached markets in Europe, America and Asia.
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Figure 3. Alfred Vassilkov with Estelon loudspeakers

The importance of Tallinn Technical University in developing acoustics in Estonia
The Tallinn Technical University (formerly Tallinn Polytechnical Institute, TPI) have taught
engineers for 78 years; before 1936 engineers were trained in „Tallinna Tehnikum” (Tallinn
Technical College). Several civil engineers who graduated from Tallinn Technical University
later specialized in architectural acoustics, such as Arvo Adamson, Helmut Oruvee, Malle
Jaaniso and Lauri Mikli. The engineering graduates Uno Nigul and Jaan Metsaveer went to
work in the 1960’s in the Estonian SSR Academy of Sciences, Cybernetics Institute, where
they performed broad researches on propagation of sound and on its diffraction. Modelling of
sound-wave propagation continues as a research project in the Mechanics Institute of the
Tallinn Technical University, led by Aleksander Klauson. In the Machine-Construction
Institute of Tallinn Technical University, study of noise from machines is being led by Jüri
Lavrentjev.
The following is a short summary of the more important works of these specialists.

110

Department of Civil Engineering
Architectural acoustics and acoustics of buildings
Helmut Oruvee (1923-2007) – professor and architectural scientist; he did the acoustical
design of the outdoor song stages in Tallinn and in Tartu.

Fig. 4. Helmut Oruvee.

Fig. 5. Tallinn Song Festival Stage.

Helmut Oruvee graduated from TPI in architecture in 1950, after which he specialized in
architectural acoustics at the Civil Engineering Institute in Leningrad. He was on the faculty
in the Department of Architecture and Building Construction at TPI until 1971. After that he
worked in the Department of Architecture in the Estonian Academy of the Arts as Department
Head and lecturer until 1994, later he continued there as professor emeritus. Helmut Oruvee
applied his knowledge of interior acoustics in designing many auditoriums. This includes
Tallinn City Auditorium, the theatre and concert hall at the Vanemuine Theatre in Tartu, the
Endla theatre in Pärnu, the Ugala theatre in Viljandi, the auditorium at TPI, cultural centres in
Jõhvi, Paide, Põlva, and the Methodist church Agape in Pärnu. Helmut Oruvee also did
acoustical projects outside of Estonia: the song-stage in Vilnius (1958), reconstructing
churches in Klaipeda and Visaginas, reconstructing the studio in the Leningrad Conservatory
(1964), and renovation of the Georgian Opera theatre (1974).
Foremost, Helmut Oruvee passed into history as an acoustician, with whose participation the
song festival stage in Tallinn was constructed. This was finished in 1960 and was built for the
all-Estonian song festivals. The stage has space for 15 000 singers and the audience area has
space for up to 300 000 listeners. The acoustic back shell has a hyperbolic paraboloid shape,
with dimensions 75x32 m. This unique idea for a singing-stage came from the architect Alar
Kott and the methods of construction were worked out at the Tallinn Technical University.
Design work was done at Eesti Projekt (Estonian Project). A 1/25 scale model was built for
research purposes, which professor Heinrich Laul together with his team at Tallinn Technical
University used to check on optimization suggestions. Helmut Oruvee also worked with the
same scale model. He used optical reflectance measurements to predict sound propagation.
After the song-stage was finished, he measured sound propagation into the listening area
together with the measurement laboratory of Estonian Radio. A copy of the Tallinn songstage was constructed in Vilnius, with participation by Helmut Oruvee. Helmut Oruvee also
participated in designing and constructing the song-stage in Tartu (finished in 1994). The
acoustic back shell has a height of 28 m, width 54 m and depth 42 m. It is also shaped as a
hyperbolic paraboloid, as in Tallinn.
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Helmut Oruvee’s doctoral thesis, 1965, treated problems of acoustical design of large
auditoriums and open-air stages. Helmut Oruvee has published 120 articles/papers and got
several awards. In 1969 he was awarded for being a worthy scientist in the Estonian SSR.
Malle Jaaniso – professor and designer in architectural acoustics
.
Malle Jaaniso (born 1933) graduated from TPI in construction of industrial and residential
buildings in 1957. Later, in 1962-1965, while a graduate student, she specialized in
architectural acoustics, and defended her thesis „Application of the method of physical
modeling to address the issues of architectural acoustics”. In 1969-2011 Malle Jaaniso
worked at the Estonian Academy of the Arts, first as a faculty member and later as Chair of
building acoustics. She teached primarily acoustics and lighting to architects and interior
architects, bringing together acoustical projects for auditoriums.
Malle Jaaniso collaborated with Helmut Oruvee in designing and building the Vanemuine
theatre concert-hall in Tartu. Malle Jaaniso was acoustic consultant at many construction
projects; most important were restoration of the Tartu University auditorium (1967), the
Culture House in Haapsalu (1970), the renovated auditoriums in the Valga Cultural House
(1999), Tallinn University’s building for learning and science (2004), Tallinn’s 21st Schools’
renovation and addition (2003), new modern high school in Viimsi, Tartu University’s
building for learning and science CHEMICUM (2006), the new library at the Tallinn
Technical University (2007).
Arvo Adamson – professor, compiler of the first noise-map of Tallinn
Arvao Adamson (born 1930) graduated from TPI in industrial and other construction in 1954.
In 1960-1963, Arvo Adamson specialized in the physics of buildings, his thesis in 1966 dealt
with noise levels in Tallinn. Tallinn was one of the first cities in the former Soviet Union,
which acquired a noise-map. Arvo Adamson describes colorfully, how he gathered data. He
did not have measuring instruments, but he was a skilled amateur radio operator and built his
own noise-generator and sound amplifier. The noise-measurement device was borrowed from
Helmut Oruvee. All this apparatus was voluminous, but Arvo had no car to haul it. In the
early morning, about 5-6 AM, Arvo Adamson loaded this apparatus on a wheelbarrow and
went about in the town with it, recording noise between buildings and in parks. He thus
proceeded from day to day, until he had all the needed data. Similarly, he composed noisemaps also for Tartu, Pärnu, and Tapa. In these cities, noise from Soviet military airplanes was
a serious problem, because the air bases were close at the city edge. Because the identification
and noise levels of military airplanes were kept secret, many field measurements of noise had
to be done. Arvo Adamson’s noise-maps fit the Estonian saying „kaua tehtud – kaunikene”
(took a long time – very pretty), because they were noteworthy as to their credibility and
accuracy. These noise-maps and methodical directions for noise calculations were used in
Estonian design institutes and government offices.
Arvo Adamson worked, starting in 1963, on the faculty in the Department of Architecture at
TPI, and starting in 1975, in the Department of Building Materials, and has since become
professor emeritus.
Lauri Mikli - Lecturer and Expert on Noise
Lauri Mikli (born 1939) was educated at Tallinn University of Technology 1957-1962. He
received his Doctor’s Degree in 1973 on research of building acoustic properties of autoclave
concrete structures. At present he is working as Associate Professor at Tallinn University of
Technology, Faculty of Civil Engineering, Department of Structural Design and Energy
Efficiency. He has supervised dissertations on sound insulation of brick apartment buildings
and of reinforced concrete apartment buildings. His creative work is connected with noise
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protection design and noise expertise. He is responsible person on measurements and noise
investigations at OÜ Jõgioja Ehitusfüüsika KB.
Acoustics research group in the Department of Mechanics,
Faculty of Civil Engineering
Jaan Metsaveer, Doctor's Degree, 1980, Echo-signals from elastic shells , Moscow State
University. Professor Emeritus.
Aleksander Klauson, Candidate of Sciences (PhD), defended his thesis Sound scattering by
cylindrical shell stiffened by stringers under supervision of Jaan Metsaveer in Tallinn
University of Technology (TUT) in 1987. Professor, Head of Department.
Madis Ratassepp, PhD, defended his thesis Wave Scattering at Discontinuities in Plates and
Pipes under supervision of Aleksander Klauson and Mike Lowe in Tallinn
University of Technology (TUT) in 2010. Senior Researcher.
The research topic of sound scattering from cylindrical shells started in TUT in the 1980’ies
and has been motivated by underwater acoustics sonar applications for target recognition.
Theoretical research in TUT (at that time Tallinn Polytechnic Institute) and Institute of
Cybernetics has been focused on detailed description of the acoustical response from the
cylindrical shells. In the cylindrical shell stiffened by internal stiffeners the sound scattering
mechanisms have been revealed and described. Theoretical research later on has been verified
experimentally in Laboratory of Ultrasound in Le Havre University, based on the
experimental method of identification of resonances.
Starting from early 2000’s the Non-Destructive Evaluation (NDE) research started in TUT.
Madis Ratassepp jointly with the scientists from the NDT-group in Imperial College, London
made his research on sound scattering from the pipe edge and from the longitudinal crack. It
was found out both theoretically and experimentally how the reflection of the shear wave
depends on the parameters of the crack. Actually, the new echo-signal treatment techniques to
improve mode separation are under development.
Since 2013 the acoustics research group is participating in the underwater ship noise
monitoring project BIAS Life+, whose goal is to calculate the soundscape and to determine
the anthropogenic noise trends in the Baltic Sea.
Department of Machinery, Faculty of Mechanical Engineering,
Noise studies began at Tallinn University of Technology (TUT), in the automotive
engineering department at the second half of 1980’ies. First they were associated with twostroke engines, the modelling and experimental investigations of intake and exhaust systems.
This period is characterized by close cooperation with motorcycle factories and research
institutes in USSR. It is worth to mention factories in Vladimir, Kovrov, Tuula and the
research institute in Serpuhhov. Later the investigations were dealing also with the other
vehicle noise and vibration problems, as well as industrial equipment vibration research and
testing. In 1990’ies the noise and vibration problems associated with heavy locomotives were
investigated.
At the beginning of 1990’ies the research activities were mostly focused on acoustic in ducts
and one-dimensional propagation of sound waves. The main objective was to develop
improved measurement methods. The research in this field has been led by prof. Jüri
Lavrentjev. TUT automotive engineering department established an acoustic laboratory with a
unique flow acoustic test stand. At the same time cooperation with the Royal University of
Technology in Stockholm started. By today three joint doctoral students have defended their
degrees in the field of technical acoustics.
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Jüri Lavrentjev – Lecturer and Researcher
Jüri Lavrentjev (born 1959) received diploma on automotive engineering at Tallinn Technical
University in 1983. He continued his studies at Moscow Road and Automotive Institute
(1987-1990) and at Royal Institute of Technology, Sweden (1991-1998), where he received
his Doctor’s Degree in 1998. At present Jüri Lavrentjev works as Assistent Professor at
Department of Machinery of Tallinn Technical University. He has been very active in
research work, supervision of dissertations, publishing research papers and carrying on
numerous administrative responsibilities.
Institute of Cybernetic at Tallinn Technical University
The Institute of Cybernetics is a research and development institution at the Tallinn Technical
University, conducting R&D in mechanics, control systems and computer science. The
Institute of Cybernetics (IoC) was founded in 1960 on the initiative of Nikolai Alumäe as a
research institute of the Estonian Academy of Sciences. In 1997 IoC was reorganized through
into an autonomous research and development institution at the Tallinn Technical Institute.
The research directions are: 1. Applied mathematics; 2. Mechanics (nonlinear dynamics,
acousto-diagnostics, acoustics of the piano, complex and nonlinear phenomena in wave
dynamics and coastal engineering, application of mathematical methods in wave research); 3.
Control systems; 4. Computer science; 5. Phonetic and speech technology (phonetics of the
Estonian language, models of speech, synthesis and analysis of speech, speech recognition,
speaker recognition). As of 2013 the staff of IoC is 124 persons.
In the 1970’s at the Institute of Cybernetics the fundamental studies began in the acoustical
field. At the Department of Mechanics, the main attention was on the theory of acoustical
wave propagation and diffraction. Several methods for the determination of acoustic echosignals from an elastic objects have been suggested, and the algorithms for corresponding
inverse problems have been elaborated by U. Nigul. J. Metsaveer, N. Veksler, M. Kutser, A.
Stulov [1, 2].
1. U. Nigul, J. Metsaveer, N. Veksler, M. Kutser, Echo-Signals from Elastic Objects II,
Tallinn, 1974, 345 p.
2. J. Metsaveer, N. Veksler, A. Stulov, Diffraction of Acoustic Pulses by Elastic Bodies,
Moscow, Nauka, 1979, 239 p. (in Russian). English translation by Wright -Patterson
AFB, Ohio, FTD-ED
Uno Nigul (1929-1990) received diploma in civil engineering at Tallinn Technical University
in 1953 and a Doctor’s Degree in 1956. In 1961 he joined the Institute of Cybernetics. His
main research field was theory of wave propagation and mathematic modelling of echosignals from elastic bodies. He has written 5 monographs and published about 130 research
papers.
Jaan Metsaveer (born 1933) received diploma of Naval Architect at Tallinn Technical
University in 1958. He has a Doctor’s Degree in Physics and Mathematics from Moscow
State University in 1980 on theory of echo-signals from an elastic shell. He has supervised
doctor’s degrees of Urmas Ross and Aleksander Klauson on the theory of sound scattering
from cylindrical shells. Jaan Metsaveer has published numerous research papers on theory of
acoustical wave propagation.
Anatoli Stulov (born 1947) was educated at Moscow Institute of Physics and Technology
where he received diploma in Physics in 1971. He has a Doctor’s Degree on theory of
diffraction of waves by elastic bodies from Leningrad Polytechnic Institute in 1979. Anatoli
Stulov works at the Institute of Cybernetics by Tallinn Technical University from 1971. He
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has made research work in University of Bergen (1997) and University of Oslo (2008). His
current projects are related with nonlinear dynamics and complex systems. He is supervisor of
Doctor’s Degree of Dmitri Kartofelev on piano string vibration.
Anatoli Stulov and Grand Piano Study
The earliest data about piano makers in Estonia go back to 1779. In a Tallinn weekly
Nädalaleht advertisement, Johann Friedrich Gräbner, wrote that he made pianos
(clavichords), harpsichords (cembalos), fortepianos (hammer claviers), upright pianos,
positives (small and portable organs), harps, and lutes.
In September 6, 1950, the Tallinn Piano Factory was established, and in April 6, 1951, the
first grand piano named Estonia was presented.
In the 1990’s a collaboration between the Institute of Cybernetics of the Estonian Academy of
Sciences and the Tallinn Piano Factory starts. The research group from the Institute of
Cybernetics was provided the theoretical investigation of the acoustical features of the grand
pianos. In 1995, the team consisting of N. Veksler and A. Stulov from the Institute of
Cybernetics, and M. Kokla and A. Laurik from the Tallinn Piano Factory were developing a
mini-sized Estonia-Minion piano (163 cm in length). To accomplish this, much effort was
made to design a small-sized soundboard, and the advanced mensurable set of piano strings.
A new hysteretic model of the piano hammer was proposed, and the special piano hammer
testing device was designed and built.

Figure 6. Piano hammer testing device.
In beginning of 2000’s the individual and unique sample of the grand piano, which was
specially prepared for experimental measurements and tests of various parts of the piano was
produced at the Tallinn Piano Factory and presented to the Institute of Cybernetics at Tallinn
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University of Technology. In 2005 in the frame of the French-Estonian programme PARROT,
this instrument was used for experimental studies of piano strings and soundboard vibrations.
In 2013, in the collaboration project of piano study between the Institute of Cybernetics at
TUT and the Department of Signal Processing and Acoustics at the Aalto University in
Espoo, Finland, the new and novel high accuracy experimental equipment for detection and
measurements of the string vibration was designed and built. This setup gives the possibility
to measure the fine nonlinear effects caused by the influence of the rigid surface of the capo
bar on the piano strings vibrations.
Laboratory of Phonetics and Speech Technology at Institute of Cybernetics
Research fields at the laboratory are connected with Estonian phonetics and speech
technology: phonetics of the Estonian language, models of speech, synthesis and analysis of
speech, speech recognition, speaker recognition. Current projects (2011-2017) deal with
National Programme for Estonian Language Technology: Speech recognition; Speech and
Multimodal Corpora; Prototype of Audiovisual speech synthesis. Earlier projects: Speech
analysis and speech variability modelling; Speech resources and databases; Research and
development of methods for Estonian speech recognition; Dialogue interface to a theater in
formation database; SpeechDat-like Estonian speech corpus; Estonian text-to-Speech
synthesizer for the Blind.
Head of the Laboratory Einar Meister (born 1957) defended his Doctor’s Degree Promoting
Estonian Speech Technology: From Resources to Prototypes in Tartu University in 2003. He
has supervised doctor’s degree of Tanel Alumäe (2006) and Meelis Mihkla (2008) and
master’s degrees of Ervin Veber (2007) and Rainer Metsvahi (2012). Einar Meister has
published two monographs and more than 100 journal and conference papers. He teaches
master level courses at Tallinn Institute of Technology and Tartu University.
Phonetics Laboratory at the University of Tartu
Phonetic science at the University of Tartu has very long traditions; as a separate subject, it
was taught from 1920. Phonetics laboratory was established in 1925 by professor Lauri
Kettunen. From 1933 Estonian linguist Paul Ariste (1905-1990) worked at the University of
Tartu, he was the head of the Finno-Ugrian Department.
Research and teaching work in phonetics gained new life at the end of the 1990’s. In 1997,
professor Ilse Lehiste at Ohio State University bestowed as a gift, the speech-analyzer Kay
Elemetric CSL 4300, and lectured a special course on Estonian phonetics. Beginning in 2009,
Jaan Kross began to give seminars on phonetics in general. Phonetics at the University of
Tartu was reestablished in 2009. The main research fields are the prosody of Estonian and
minor Finno-Ugric languages. In 2012 Nordic Prosody XI Conference was held in Tartu.
Phonetics Laboratory is involved in the following projects: Phonetic corpus of Estonian
spontaneous speech; The archives of Estonian and kindred languages; Prosodic structure and
language contact in the Finno-Ugric languages.
Hille Pajupuu – Estonian Language Scientist
Hille Pajupuu (born 1956) is Senior Researcher and Associate Scientific Secretary at the
Institute of the Estonian Language, where she has working from 1979. Her field of research is
Philology and Linguistics: speech acoustics (intonation, emotional speech), speech
communication (temporal characteristics of conversation), applied linguistic (language
testing). She defended her Doctor’s Degree Acoustics of the Estonian Diphthongs under
supervision of professor Paul Ariste in 1984 at the University of Tartu. She has written 63
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research papers, 3 monographs and 19 textbooks, supervised 9 dissertations (3 under
supervision). Her current projects are Modelling intermodual phenomena in Estonian;
Modelling and Assessment of Writing Naturalness. Hille Pajupuu is Visiting Lecturer at
Tallinn University, the Estonian Institute of Humanities and the Estonian Information
Technology College. Hille Pajupuu has numerous administrative responsibilities in Estonia,
she is a member of the International Associations EALTE (European Association for
Language Testing and Assessment), AESLA (Asociacion Espanola de Lingüistica) and ISCA
(International Speech Communication Association).
Jaan Ross – Study of the relationship between language and music
Jaan Ross (born 1957) is scientist on music and psychology, Research Professor of the
Estonian Academy of Music and Theatre and Tartu University, Member of the Estonian
Academy of Science. He has defended his Doctor’s Degree Studies of pitch, timbre and
timing complex auditory events in 1992 at Åbo Academy, Turku.
Directions of research by Jaan Ross are problems with musical-listening feeling connecting
with objective descriptions of musical sounds. Jaan Ross has written three monographs and
close to 150 scientific papers; they also include works analyzing Baltic-Finnish folk melodies,
primarily oldest Estonian folk melodies, using the methods of acoustic phonetics: A study of
timing in an Estonian runic song, JASA 1989, Format frequencies in Estonian folk singing,
JASA 1992. The most voluminous work here is the monograph Temporal Structure of
Estonian Runic Songs. A Study of the Relationship between Language and Music, 2001,
written together with the famous Estonian-American linguist Ilse Lehiste. This book sums up
the collaboration of its two authors during more than ten years.
Jaan Ross directed 9 master’s thesis and 7 doctoral thesis, was a challenger in doctoral-thesis
defenses in other nations. He is a member of several scientific societies in Estonia and around
the world, and also serves on editorial boards of several international scientific journals. For
his services he received many awards, including the Estonian „Valgetäht IV class” award in
2001.

Eesti Projekt (Estonian Project) – restorer and designer of buildings of cultural value
The institute „Eesti Projekt” was sponsored by the occupying USSR, and it was active under
several names after 1944. This was the biggest design institute in Estonia, in which during the
1960-1970’s, a total of about 700 people worked. After the war, Eesti Projekt made
noteworthy contributions to restoring sites of cultural value. The general city and village
plans were worked out in Eesti Projekt, at which almost all bigger community buildings were
designed in the interval 1994-2006.
As acoustic designers and consultants, in the works of Eesti Projekt, Helmut Oruvee, Malle
Jaaniso and Arvo Adamson were employed. Beginning in 1972 Eesti Projekt hired the
acoustician Linda Madalik to a full-time position; she designed sound amplification, interior
acoustics, isolation of sound, and designed countermeasures to noise in cities and villages,
and in the design of buildings.
The design of buildings in previous Soviet Union was established by the system of building
norms (SNIP). The requirements also applied to design of acoustical buildings. In addition to
the norms were methods of computation, which were developed and updated regularly.
Because fulfilling the requirements was mandatory, this ate up too much time. This compelled
Linda Madalik together with the computer-expert Pia Egel, to write necessary algorithms and
to program the computer with the whole methods of computation. Altogether, in the years
1977-1982, six programs were written. Eesti Projekt was the first design institute under in the
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USSR, in which building acoustics scientific calculation methods were systematically
programmed and used.
At the restart of Estonian independence in 1991, state-sponsored institutes were reorganized;
one of the results was that Eesti Projekt became the joint-stock company AS Eesti Projekt. In
the reorganization and shortly afterward, most architects and engineers left, and some formed
their own companies; the acoustic designer Linda Madalik also left. In 2006 AS Eesti Projekt
became Sweco Projekt AS, which does mostly engineering design.
Linda Madalik, designer of building acoustics
Linda Madalik (born 1944) is a consultant and a lecturer within building acoustics. She
received diploma on sound engineering at St. Petersburg State University for Cinema and
Television in 1968. She continued post-graduate studies in St. Petersburg during 1969-1971
on room acoustics.
From 1972-1999 Linda Madalik was working at the Design Institute Eesti Projekt in the field
of acoustics design and noise control. She has contributed to creating a base for acoustical
design in Estonia, publishing papers and giving lectures, translating Finnish Building Norms
and European Standards into Estonian language. She has worked out draft of the Estonian
Building Norms EPN 16.1: Sound Insulation Requirements in Buildings. Protection against
Noise (1999), and later, on the basis of EPN 16.1, the Estonian Standard EVS 842:2003.
From 1999-2002 Linda Madalik was director of Physics Laboratory at the Estonian Health
Protection Inspectorate, creating Estonian national regulations on noise and vibration. Since
2002 she works as a self-employed consultant and visiting lecturer at Estonian Academy of
Arts, Tallinn University of Applied Sciences and Tallinn University of Technology. During
her working period she has been acoustical consultant for numerous building projects of
music schools, auditoriums, cinemas, theatres and concert halls in Estonia. Her most
important works are St. John‘s Church in St. Petersburg (reconstruction, 2011), Nokia
Concert Hall (2009), Estonian Opera Theatre renovation (2008), Estonian Traditional Music
Center (2008), Jewish Synagogue (2006), Jõhvi Concert Hall (2005), Pärnu Concert Hall
(2002), Multiplex cinemas in Tallinn (2001) and Tartu (2006); the United Methodist Church
in Estonia (2000), Building of the Estonian Music Academy (1999). Linda Madalik is an
honourable member of the Estonian Theatre and Music Academy since 1999.
Akukon in Estonia
Finland-based Akukon Oy was established in 1993 in Helsinki. Akukon had its first projects
in Estonia in the end of 1990’s – first project was Seaside recording studio in Tallinn, then
followed consultant work for cinema operator Finnkino Oy in the first modern multiplex
cinema in Tallinn (Coca-Cola Plaza completed in 2001). Soon after that Akukon was helping
Finnish architect Pekka Vapaavuori in the design of Estonian New Art Museum KUMU
(opened 2006).
Akukon Oy Estonian branch was established in 2001, but the contract with first employee was
signed in 2003. The company started in Estonia with one employee, but at the beginning of
2014 there are five consultants working. Currently the manager of Akukon Oy Estonian
branch is Marko Ründva.
At first the main focus was on building acoustics and environmental noise projects, but
currently the scope covers the whole building and room acoustics of simplest buildings to
concert halls, studios; small and large-scale noise and vibration control projects and all related
acoustical measurements.
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In addition to projects in Estonia, local consultants have been involved in projects in Latvia,
Lithuania, Russia, Ukraine and in Scandinavian countries, thus gaining experience from
foreign countries as well.
Concerning building and room acoustics references, the following projects shall be
mentioned: Estonian Art Museum KUMU; Tallinna Kultuurikatel; Estonian Broadcasting
Company’s ERR new building; Various university facilities for University of Tallinn, Tallinn
University of Technology and University of Tartu, Estonian Art Academy; Pauluse church in
Tartu; Siemens Arena in Vilnius, Lithuania; ;Arena Riga, Latvia; Forum Cinemas multiplex
cinemas in Baltic states; Renovation of Estonian Broadcasting Company’s ERR radio
building.
References of large-scale noise surveys: Noise action plan for Tallinn 2009, Strategic noise
map for Tallinn 2012; Tallinn Ringroad; Pärnu Bypass; Tallinn Old Harbour; Muuga
Industrial Port; Many military noise assessment all around Estonia including measurements
and noise mapping.
Ramboll Eesti AS
Ramboll Eesti AS was founded in 2006 as a part of international Ramboll Group A/S. Among
their consulting engineering activities are environmental studies and noise investigations. In
2011 Ramboll made noise investigations for test site of Nursipalu (Estonia). Military noise
sources were modelled and noise propagation was studied on the living areas nearby. Noise
mitigation measures are proposed by using noise barriers around the test site.
Estonian, Latvian & Lithuanian Environment OÜ (ELLE)
Estonian, Latvian & Lithuanian Environment OÜ (ELLE) was established in 1998-2000 by
specialists on environment of the Baltic States. ELLE is active on environmental impact
assessment. From the period of its foundation in 2000 ELLE has made numerous noise
investigations of roads, noisy factories and strip mines. In 2008, in the framework of the
European Directive 2002-49-EU and on the basis of strategic noise maps of Tallinn, ELLE
worked out relevant action plans, that define main strategies to reduce expose of residents.
Hendrikson & Ko
Hendrikson & Ko was established in 1997 on the basis of consulting bureau AS Quercus,
among their consulting activities the environmental impact assessment takes important part.
Their clients are international government institutions and organizations, local government
and enterprises.
Health Board
The Health Board is the successor to the Soviet sanitary-epidemiological service, with which
it shares many similarities, particularly in terms of its organization and main areas of
responsibility. In 1945, the Soviet government established the Sanitary and Epidemiological
Station, which in 1991 was renamed the Centre for health Protection, and again in 1997 the
Health Protection Inspectorate, from 2010 the Health Board.
The Health Board consists of a central authority and regional services. The Health Board
manages three laboratories: Central laboratory, Tartu laboratory and Kohtla-Järve laboratory.
The core functions of the laboratories are bacteriological, virological, chemical and physical
testing. The Central Laboratory of Physics is specialized on noise and vibration control and
control of electromagnetic fields. The key person in this field is Vernold Kallasmaa (19302006), who was educated on radio engineering at St. Petersburg. Vernold Kallasmaa worked
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at the service form 1958-2000, as an engineer, chief specialist and head of the physics
laboratory. He was active in testing, monitoring and controlling noise, vibration and
electromagnetic fields. Vernold Kallasmaa organized regularly seminars and workshops and
trained numerous people who carried out physical measurements in living and working
environment in different regions of Estonia. For many years he tested noise characteristics of
excavators at Tallinn factory of excavators. His ability to work was amazing: besides of
everyday duties at physics laboratory he worked out numerous drafts of legislations on
control of physical factors of environment, published papers, constructed and overhauled
electronic apparatus and arranged noise investigations on territory of Estonia. He has trained
many specialists on noise and vibration control, among these professionals Hans Kuusiku,
Sergei Shvydkov and Sergei Rushai.
Estonian acousticians in exile
The occupation of Estonia by the USSR in 1940-41, and subsequently after 1944, forced
many Estonians to leave Estonia. After vicissitudes in unhealthy refugee camps, many
obtained good education and the most noteworthy were recognized in their specialties.
Among these are the acousticians Ilse Lehiste, Rein Pirn, Andres Peekna and Pearu Terts.
Ilse Lehiste (1922-2010) was an Estonian-born American linguist, author of many studies in
phonetics. In 1942 she began studies at the University of Tartu, but in 1944 escaped to
Germany. She has two doctoral theses – one about linguistics at the University of Michigan,
USA. She has done valuable research work on Estonian phonetics. She was also interested in
Estonian runic songs and, in collaboration with Jaan Ross, published several books on this
topic. During the Soviet occupation of Estonia, she helped to mediate research papers
between Estonia and the free world. It was also thanks to Ilse Lehiste that the 11th
International Congress of Phonetic Sciences (ICPhS) in 1987 was arranged in Tallinn. More
than 700 phoneticians from 35 countries participated in the conference.
Rein Pirn (b. 1932) was born in Estonia, he escaped with parents to Germany in 1944.
Trained as an architect in University of Natali (South Africa) and Harvard Graduate School of
Design, he turned to acoustics in the 1960s. Rein Pirn worked as consultant on Architectural
Acoustics at Bolt, Beranek and Newman Inc, later Acentech Inc. He was also visiting
assistant professor at Notre Dame University (Indiana). Rein Pirn has made acoustical design
for more than 100 rooms, among them Barrus Concert Hall in Rexburg, Idaho, and Spivey
Hall in Morrow, Georgia. His latest concert hall, Sala Sinfonica Pablo Casals in San Juan,
Puerto Rico, was opened in 2009. To complement his work in acoustics, Rein Pirn was almost
two decades a violinist in the Indian Hill Symphony Orchestra. His research work is devoted
to room acoustics of concert halls and theatres and open-planned offices. He has written
research papers and chapters in books Acoustical Insulation and Materials // Encyclopedia of
Architectural design, 1988, New York; Acoustical Materials and Methods// Principles and
Practice, 1999, New York; Room Acoustics (co-author Roland Lewcock// The New Grove
Dictionary of Music and Musicians, 2nd edition, 2001, London and New York.
Andres Peekna was born in Tallinn, 1937. He fled to Germany in 1944 and arrived in the
USA in 1950, and has lived there ever since. Andres Peekna has Bachelor’s degree in
mechanical engineering and Ph.D. in physics. He was active in several specialties and made
original contributions to five different subfields, including acoustics of musical instruments.
Andres Peekna made research work on acoustics of carved Baltic psalteries in collaboration
with Thomas D. Rossing, publishing paper The acoustics of carved Baltic psalteries (A.
Peekna, T.D.Rossing, Acta Acoustica united with Acustica 91, 2005). He has written the 7th
chapter Psalteries and Zithers of the book The Science of String Instruments, Thomas D.
Rossing, Springer, 2010.
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Figure 7. Andres Peekna playing on a self-made ‘kannel’ (Estonian version of the Baltic
psaltery) patterned after one made in Vändra in 1804.
To complement his work in physics, Andres Peekna leads the ensemble Tuuletargad, which is
the Estonian Instrumental Folk Music Ensemble of Chicago.
In 2013 Andres Peekna and Ain Haas, professor of Social Sciences at Indianapolis, USA,
organized the 7th International Baltic Psaltery Conference in Estonia. This was a great
opportunity for 20 Estonian psaltery masters and specialists from other countries to listen to
presentations, to participate in workshop and play music together with Andres Peekna and
Ain Haas.
Pearu Terts was in the age of preschool when he escaped with parents from occupied
Tallinn. Under bomb attack, their boat successfully reached Sweden, later he moved to
Australia. For many years Pearu Terts has worked as specialist professional noise and
acoustics services in Tasmania. He has published research papers and the book Contour Lines
as Noise Descriptors, Pearu Terts, University of Tasmania, 1995, Industrial noise.
At present two young acousticians from Estonia, Kaupo Kõrven and Tarmo Saar, work
aboard. Kaupo Kõrven has a masters degree (MSc) in acoustics from Chalmers University of
Technology, Sweden, and is engaged with Environmental Noise and Room Acoustic
Modelling. He is now based in Dubai as a Senior Consultant with SM&W.
Tarmo Saar has a master degree in acoustics from Denmark. He works in Australia in the
field of Building Acoustics, Environmental Noise, Noise Control and Abatement.
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