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I am happy that with this book I am able %o give
the Premler, the Hight Honoursble J.J.Cahill and the
Opera House Committee a project which realises in a
practical form the vislon of the competition.

After interesting and intense work with the various
apegialiste, we are convineced that the far seeing aspl-
rations and efforts of the Committee, sponsors and other
supporters of the scheme can be erystallised in a building
which, in a funotiomal, festive and inspiring manner will
ahelter the activities and the 1ife lived within i1t, and
in doing so enhance the face of Sydney.

(o Vi,

Jdorn Ttzon
march 1958
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EPTRUCTURES

The whole of the sub-structure consists mainly
of large herizontal slabs resting on concrete walla. The
walls are those which are required for actual arshitectu-
ral reasons and very few extra columns have been provided.
This has resulted in very large spans for the alabs, For
architegtural and structural reasons these very large
floor spans have besn designed as folded slaba, the folds
beaing arranged in such a2 way that a2t mid-span where mo-
ments are positive (i.e. compression on top, tension at
the bottom) most of the horizontal portion of the alab ias
sltuated at the top, whereas over the supports where the
momenta are negative (in case of continuity), most of the
horizontal portion of the alab is at the bottom to take
the compression. The transition from the one croass=geeti=
on to the other is gradual, and in between the two extrems
positiona the slab is of through section.

This results in a comparatively light structurs
gince the material is placed in & way which is most advan-
tagecus structurally. It also provides an interesting ar-—
ohitectural effect seen from below,

The slaba are pre-streased by cables of high ten-
slon wires, The folds of the slab form channels through
which the rain-water whieh aeeps in between the joints of
the stone paving slabs can be led away. In different parts

of the structure these large span slabs are supported in
different wayas because of intervening etair openings, and
differences 1ln the supporting walls atec. and theae diffe-
rences are directly reflected in the corrugations of the
celling so that 1t 1s posaslble to see exactly where the
positive or negative moments ocgacur in each portion of the
corrugated slab,

The super-=structure conslasts partly of walls and
cellings to the Concert Halla; the shape of which is de-
termined by acoustical considerations, and secondly by a
aeries of large shells covering the whole of the bulld-=
lnge.

The strustural design of the latter is obviously
guite a problem and has only just been touched upon. The
firet task waa to define the shape of the ghells geometrli-
gally. This has been done, at least as far as the mein
shella are concerned.

Each of the main shells consiste of two symmetri-
cal halves meeting in a ridge in the vertical plane golng
through the longitudinal axis of the Hall. This ridge is
part of a parabola, The two symmetrical surfaces meeting
in this ridge are roughly triangular in shape and descend
on each glde to & point which forms a support for the
shells, These surfaces are formed by a series of coaxial
parabolas with a common axie in the line between the two
supporting points at ground level. All these parabolas
therefore meet at the point of suppoert and at thie point
are perpendlcular to the horisontal axis,

By thus defining the surfaces of the shells gec-
metrically each point of the surfaces can be given aspatial
coordinates and & basis has been created for the caloula=
tion of the forees acting on the shelle and the stresses
created in the shells,

From & preliminary caleulation 1t is obvious that
the bending moments in the shells will be considerable
owilng to the heavy wind loads and i1t has been decided to
provide the main shells on the inside with a series of
ribe fanning out from the two supporting pointe and mest=

ing in the ridge at the top.

It has also been decided to make use of the
louvre plane, i.&, the surface closing the opening of the
shell, as a stiff membrane supporting the shell. It may
&ven be necessary to connect the shells in some way to
the internal sfructure of the Halls, but no decision has
been reached yet. Extensive model tests will be required
to arrive at a true distribution of stresses under varying
loads.
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1.

2.

§ 9.

Content:

The Site and the Outdoor Noise.
Un the Frineiples of Large Hall Acoustics,

dome Examples of Existing Large Halls and their
Asouatic Data,

The Major Hall of the Natlomal Opera Housa,
The Minor Hall = = - - -,
A Program for the Model Research of both Halls,

The Sound Insulation of the entire Bullding
againat Outdoor Noise.

The Sound Insulation ef the Interior.

The Acoustics of the Little Theatre and the
Several Smaller Hocoms.

§ 10. The Sound damping of Foyers, Stages, etc..

& 11,

§ 12,

Tha Fagillties for Sound Amplification.

Congclusions.
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f 1, The 8ite and the outdoor Hoise,

To the opinion of the author the site should be
very Tavourable with regard to outdcor noise. Iue to
the considerable distance to traffic lanes there will
only be little interference from city traffiec noise.

The main sources of open alr molase will

presumably be noise from the harbour traffic (englnes,
whistles, bells) and more important noise from airplanes.
It is very urgent that a preliminary nolse survey of

the site should take place with as little delay as pos-
aible since the noise figures actuaslly measured (or
anticipated from messurements) have a direct bearing onm
the caleulation of the sound insulation values which
muat be obtained from outer walla, shells, eic..
Egpecially wherever glass surfaces are part of the ex-
terior boundaries it is gquite ebvious that the

knmowledge of expected maximum noise levels 1s indispensa-
able.

§ 2, ©On the Principles of Large Hall Acoustica,

Although the acoustics of large halls are by no
means a new branch of science and even though a solid
foundation of quantitative caleulation methods exists,
there are still problems in this connection which muast
be solved in the individual cases more in accordance
with general experience than by the use of mathemati-
eal formulae, We shall first consider the main cri-
terium, i.e. the reverberation time (E.T.) and then
proceed to the other principal features of large hall
aconastics,

Reverperation Time. It is generally agreed upon that
a definite range exists within which the R.T. of the

completed hall should lay. Depending upon size and no.
of seats & value within this range may beforehand be
agresd upon and by appropriate calculations of the ab-
sorption of the seats; of the surfaces and of the air,
this value may ultimately be obtained in the hall. The
uncertainty of the calculation should be compensated by
allowing a certain area of the walls (upperpart of side
walls and back wall) to be fitted with easily inter-
changeable or alterable panels, thus securing the possi-
bility of a final adjustment of the HR.T.

It is, however, not only a question of obtaining
a definite value of the R.T. at a aingle freguency, it
is most important that the EK.T. of the hall should be
caleulated and fixed for a large frequency Trange corres-
ponding to the musical range of orcheatral and organ
musie. It is commonly agreed that no very great
variation of E.T. should be allowed within this range.
A 8light increase towards the low frequencies is per-
misaible and a slight decrease towards the highest
frequenciea is unavoidable due to the increase of the
sound absorption of the air at these frequencie=z. It
is, in the opinion of the aunthor, very important to
kesp this decrease of the R.T. towards the high
frequencies within narrow limits and deliberately to
counteract the influence of the sound absorption of the
alr by giving to most interlor surfaces of the hall a
finish, which will make them reflect as muech of the
sound energy of the high freguencies as possible.

The Sound Ddstribution in & large hall does not lend it-

gelf readily to exact calculation, but preliminary con=-—
clusions may be obtained from detalled studies of the
geometrical aspects of the hall, eapecially from the
main longitudinal section. In a more general way con-
clusions may be obtained by the use of model research.

ek
e ;_:1::\1==ﬁ-|':':,.‘-.

Actually it is not only the statlionary sound dlsiri-
bution which may be studied in this way, but it is the
transient behaviour of the hall to asound pulses. The
"direct sound" from sound source to observer together
with the first reflections, i.e, thosze which arrive
within g time interval of 35 to 50 msec, after the ar-
rival of the direct sound, are related to a certain
acoustical quality, sometimes called "the definition",
and which is important for the true reproduction of
rapld passages in music,

The Sound Diffusion, too, is not a quantitative notion
although certain attempts of defining it quantitatively
have been tried, We know that a breaking-up of the sur-
faces in sectioms of the same order of magnitude as the
different wavelengths of sound has an equalizing effect
upon the gound field,; which ls important for the
blending of musical sounds, HNo simple and convineing
method of measuring sound diffusion exist so far, and
there is alsc no generally recognized correlation
between attempited definltlons or measurementa and the
extent to which the surfaces are broken up, so that
this feature, too, must be deecided upon according to
general experience.

The Overall Dimensions and the proportions between them
have no exact relation tc the acoustical quality of a
haell, but 1t is agreed that tos great deviations from
"harmonie® proportions such gs f.1i. 2:3:5 (height:
widths: depth), shoud be avoided. Excessive width
compared to depth is always dangerousz because it makes
efficient blending difficult especially in the front of
the hall. Too little height compared to width and depth
is alao suspect, because it tends to reduce the reverbe-




ration of the hall unduly, Excessive depth should be

avoided because too large a proportion of the audience
gata too far from the sound sourace,

The General Shape of a large hall is a much disputed
question,

Ho definite judgement in preference of either rectangu-
lar or fan shape ought to be pronounced, since there
exist good halls (and bad halls) of both kinds. A too
openn fan shape, however, should be avoided, because

the tendency to direct the scund towarda the rear will
be too great and thus will deprive the orchestra of

too much sound and make it diffieult for the muslcians
to hear each other playing.

On The Volume of & large hall 1t may be said; that
there is & general agreement, that a certain relation-
ship to the total number of seats should be maintained,
an ideal being that the volume per seat is around 350
ebft (10 m3], but deviations amounting to 30 % or more
are in some cases permissible, if the effect upon the

reverberation is matched by the control of the absorp-—
tion.

Another Feature which, to the opinion of the author

has been more or less neglected in many cases, but

which according to his experience is gquite important,

iz the transient behaviour of the stage and the immedi-
ate stage surroundings to sound pulses of different
length, This behaviour is intimately connected with-how
the musicians hear themselves and each other when
playing, how the various groups hear each other and how

the conductor hears the various groups. There is some

indication from experiments, that this gquality may

have a numerical value, which may be expressed

éither by the rapidity with which a sound pulse "builts
up" at the stage, or, even more exactly probably, by
the "first slope” of the reverberation process as
meagured upon the stage, Actually, it shows, that in
varioua halls the reverberation procesa from pulsas,
when registered at, or near the atage, has a tendency
to be "double sloping", having an initial steep slope
and continuing with a more flat slope which more or leas
exactly corresponds to the reverberation time as measu-
red ordinarily. Theoretically this may be explained by
considering the hall as actually consisting of two

coupled enclosures, one being the stage and the immediate

stage surroundings, the other being the seating area of
the hall, It is obvious, that if too much of the sound
energy stays at the stage (as f.i, when the stage is
more or leass closed off from the audience as in a
theatra) there will be a deficiency in the performance
of the hall, but it is also a matter of experience, that
if too much of the sound energy is distributed towarda
the audience immediately, there will be a lack of ras-
ponge upon the stage itmelf, which gives difficulties
for the musicians. Between these two extremes (corres-
ponding to a very small coefficient of coupling and a
very large one) there apparently must be an optimum,
which it must be possiblie to decide upon quantitatively.

§ 3, Some Examples of Existing Large Halls and their
Agoustic Data,

The following halls are mentioned:
a, Gothenburg Concert Hall
b. 5t, Andrews Hall, Glasgow
¢, Usher Hall, Edinburgh

{(with the exception of (e)).

d, Royal Featival Hall, Iondon
e, Concertgebouw, Amsterdam

f. Aalborghallen

£« Tivoli Conecert Hall, Copenhagen.

This choice obviously is arbitrary; they are mostly
halls of whiech the author has some personal experience

They are sll in the sasat-

ing range of 1400 to 3400, the smallest being (a) and

the largest (d).

The table (1) below gives volume,
number of seats, volume per seat and R.T.

Table 1,
R.T. (mean)
year of Volume Mo, of Vol,par ampty with audience
comple—= Hall chit. seats geat measured caleulated = ¢
tion ebft, measured = W
1935 Gothenburg 420,000 1.3T1 o8 1.8 1.6 [
1877 &t.Andrews 5T0,000 2,700 211 2.6 1.8 m
1914 Usher Hall 550,000 2,750 200 2.4 1.5 m
1951 Royal
Festival Hall 775,000 3,400 228 1.8 1,5 m
1887 Concertgebouw T30.000 2.275 jz2 2.8 2.2 7
19531 Aalborghallem 880,000 1.800 490 3.0 1.9 m
1955 Tiwvoll Concert
Hall 450.000 1.780 253 2.2 1e3 m




g2. Gotheaburg Concert Hall,

The R.T. is in the proper range for the size of
the hall, and the RT wa, freaquency curve iz fairly smooth
and level till about 3000 eps (with the exception of a
pronounced peak at 200 ecps, which may cause some colou-
rations to low fraguency sounds).

The shape favours the sound reflections di-
rected towards the audience, Measurements of the sta-
tionary sound level (due to a sound source with a
static noise spectrum for higher frequencies) show that
the level is about 5 db higher at the rear of the hall
than at the astage for frequencies between 1500 and TOOO
CPB .

Diffusion la provided by the side wells but mot by
the celling.

bs S%. Andrews Hall.

The E.T. is in the proper range for the size of
the hall, The R,.T. vz, freguency curve is alightly
dropping off from 300 cps and upwards (from 2,0 sec.
by 300 eps till 1,5 sec. by 4000 cpa.).

The shape is rectangular and no projecting surfa-
ceg are applied, Measurements of the stationary sound
level (from the sound source mentioned above) show,
that the level at the rear of the hall, for frequencies
around 1000 epa, is the same as at the stage, but at
the higher frequencies the level drops off at the rear,
(About 5 db by S000 ¢ps., and about 10 db by 8000 Cp8. ).

Diffusion is provided by columms and by the deep
recassing of the ceiling,

The stage and stage surroundings may provide a
good "building up process" of the socund.

The volume per seat ia 211 cbft., which is
somewhat lowar than the figures for most of the halla
which have been built recently.

¢. Usher Hall,

The R.T. 18 in the normal range, maybe a bit low
when the hall has capacity audience.

The E.T. vs. freguency curve is dropping off from
140 cps and upwards (1,95 sec at 140 epa and 1,2 sec at
4000 opa,)

The shape la horseshce llike & theatre but with a
large and nearly rectangular stage., Measurements of the
stationary sound level (from noise source) show a dropp-
ing off from the stage to the rear of the hall of about
5 db and independent of frequenecy (in the range 1000 -
8000 ecps. )

Diffusion is provided from the balconies, columns
and from some recessing in the ceiling., The volume per
geat is about the same as in 51t. Andrews.

The satage provides a good building-up process,

d. Royal Festival Hall,

The R.T. is somewhat below the normal range. The
E.T. v&, frequency curve 1is about level 1in the range
from 200 eps to 1000 cps and then dropa off slightly
(1,5 sec. at 1000 cps., 1,2 sec, at 4000 cps.).

The main shape 1ls rectangular in plan, but the side
walle are broken up by the boxes., The large canopy
reflects the sound towards the orchestra and towards
the rear of the hell. HMeasurements of the stationary
sound level show that the level is dropping from the
stage to the rear abeut 5 — 10 db especially at the
highest frequencies (5 db at 1000 eps., 10 db at 8000
eps.)s The dropping off of the level is less pronounced
on the Grand Tier.

Tiffusion is provided from the boxes and from the
corrugated ceiling.

The volume per seat ia rather low,

P

¢. Concertgabouw,

The R.T. is in the proper range and rather high,
Nothing is kmown about the E.T. vs. frequency curve.

The shape is rectangular and no projecting surfaces
are applied.

Diffusion should be ample from cofferings etc.

The volume per seat is 322 ¢bft. which 18 high for an
o0ld hall.

£, Aalborghallen,

The E.T. is in the proper range and rather high.
The R.T. ve. frequency curve is level with a slight
rise below L0 cps, and above 1000 cpa. The curve is
dropping off above 4000 cps.

The shape is rectangular with a large canopy over
the atage., The celling 1s broken up and the reflections
from the ceiling are directed towards the seats.

Diffusion is provided from the ceiling and from
the broken-up side walls,

The volume per seat ias 490 c¢bft. which is high.

£. The Tiveli Cencert Hall,

The R.T. 1s rather low for the hall with a capa=-
city audience. The R.T. va. freguency curve is fairly
uniform and level from 100 ecpa. to 5000 cps. with a
alight rise at 3000 cps.
The shape of the hall is slightly diverging in
the plan and with horizontal ceiling, which 1s broken
up, #¢ that the sound is reflected towards the audience.
The sidewalls are also broken up in such a way that =
Blde=-to=side reflections are posaible for the higher ;
frequencies. |




Iiffusion is provided from the broken-up ceiling,
the broken-up side walls and the balcony.

Measurements of the atationary sound level zhow a
dropping off of the sound level from the atage to the
rear of about 3=5 db. The reduction is less at the
highest frequencies (5 db at 2000 cps., 1 db at 8000
CpE. ).

The stage contracts towardas the orchestra so that

the building-up proceass of the sound on the stage is very
rapid.

5§ 4. The Major Hall of the Hational Opera House.

The main purposes are (1) symphony concerts with
an audience of about 2800 and (2) grand opera with an
audience of about 1800,

By placing the orchestra and some of the seatas
upon the floor of the theatre stage some practical and
also acoustiecal advantages are secured. The acoustical
advantages are (1) that a large volume and a ¢corres-
pondingly large volume per seat is obtained when the
hall is uszed for symphony concerts, (2) that the seat-
ing area close to the orchestra is horizontal, so that
the direct sound is propagated freely towards the rear
of the hall (3) by screening off the upper part of the
hell near the stage, the volume and correspondingly
the volume per seat is lowered when the hall is used
for grand opera, which requires less reverberation and
more articulation than symphony concerts.

The R.P. is envisaged to be 1,8 to 2,0 sec. for
symphony soncerts and 1,6 to 1,8 sec. for grand opera.

The R.T. ws. frequency curve is caleulated to be
substantially flat maybe with & slight increase at the
low fregquenecies and also a slight increase at frequen-
cles around 2-3000 cps. (at lemasat it is attempted fo
keep the R.T., from falling off in this region).

The upper part of the side walls and the back
wall should be covered with panels, which can be changed
in their absorption characteristic, so that they can be
uged for the tuning-in of the hall. An area of about
TO00 sqft. iz appropriate for this purpose.

The main shape of the hall is a "double fan" having
the largest width and the largeat seating area in the
middle, The aide walls are broken up in sections which
have surfaces parallel to the longitudinal axis of the
hall. This make side-to-side reflections posaible in
the high frequency range. In the medium frequency range
the aide walls will provide diffusion. The main shape
of the ceiling with the two slopes approximate to a
large extent a shape which gives a good sound distri-
bution, but furthermore the ceiling is broken up in
sections whose surfaces are inelined, so that the sound
reflections are spacad equally over the audience, For
low fregquencies this shape will provide diffusion.

The volume is for symphony concerts app. 1,100,000
ebft. corresponding to a volume per seat of about 390
cbft. For grand opera the volume is reduced to app.
650,000 ebft. corresponding to & volume per seat of
about 360 ebft.

The proportions of the concert hall are: (mean)
height: (mean) width: length = 2:2,4:4,7, which is
rather near to the harmonic proportions.

The curvature of the rows and the back wall is a
bit too pronounced, the centre of curvature being at
the back wall of the stage house, This must be corrected
by appropriate corrugation of the back wall (sectiona
with surfaces perpendicular to the main axis of aymmetry}
and of the steps between successive rows (same corru-
gation).

The stage for aymphony concerts is approximately an
enclosure with one wall missing, thus a rapid "building-up"
process 1s ensured. The canopy may be moved vertically so

L,

e
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that the stage volume may be adopted to the musical
purpose,

The organ is placed on the back wall of the atage
elevated about 10 ft. over the stage level and closed
off when not in usae,

The finish of the interior panelling (preferably
wood) should be hard, smooth and polished, so that a
maximum of high frequeney reflection is obtained.

Between the stage and the seating area a relatively large
distance of free floor apace (marble or polished wood)
should be allowed, so that a good rellection of the sound
from here is ensured.

The back wall is vertical but reflecting shields
of wood direct the sound down towards the audience,

The side walls are practically vertieal, their {
inward slope being less than 5 o/oo. ﬁ

The curvature of the ceiling in the cross-section :
is only slight {(eurvature radius app. 360 s ] i

The proper shape of the orchestra pitfor grand
aopera iz analogoua to the shape of the orcheatra atage
for symphony concertsi.e. a chamber with one boundary
missing, in this case the ceiling. Appropriate measures
to ensure reflections from the walls of the plt in all
horizontal directions therefore are taken.

g At e L

& 5. The Minor Hall of the National Opera House,

The main purposes are (1) Dramatic performances
and (?) Intimate Opera in both cases with an audience
of about 1000 = 1100.

The R.T; in this case should not exceed the range
of 1,3 to 1,6 sec because definition and articulation
are veary important for these purposes,

The H.T. vs. fregquency curve should be substan=
tially flat in the whole range of musical frequencies,
and care should be taken to ensure only a slight fall-
ing off at the higheat freguencies,
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Areas of panels for tuning-in purpose should be
provided for on the upper part of the side walls and on
the back wall.

What has been sajid already about the sound distri-
bution and diffusion of the Major Hall equally applies
to this hall but with even more stresa upon an equal
gpacing of the first reflections over the audisnca,

The wvolume 1a about 280,000 cbft. corresponding to
a volume per seat of about 265 chbft., which is consider-
ably lower than in the major hall. This is due to the
geEaller ceiling height appropriate for the purposesa of
this hall.

The proportions of the hall are: 2:6:7 (mean
height: mean width: depth), which is appropriate for a
typical theatre hall, where the stiress is laid more
upon definition than upon reverbaration.

The curvatore of the rows and of the back wall
algo in this case is aomewhat more proncunced than would
be permissible, but this is compensated by breaking the
curved surfaces up in flat sections perpendicular to
the main axis of the hall,

The erchestra pit is shaped so that first reflec-
tions for the musicians themselves are obtained.

For theatrical performances the orchestra lift may
be placed level with the floor thus making it possible
to have some extra rows in the hall.

The finish of the interior panelling (also in this
hall preferably wood) should be hard, smooth and po-
lisghed.

§ 6, A Program for the Model
Regearch of both Halls,

The model researcvh has the following definite pur-
posea: (1) Controlling the sound distribution of a sta-
tionary -sound field, (2) Controlling the reverberation
process especially the first slope of the process in pe-

gltions at or near the stage, (3) studying the "building-
up"” processz of short sound pulses, {4] listening tests,

ad, 1. It iz obvious that by measuring the
distribution of a stationary sound field, minor correc-—
tions in unequal distribution may be corrected by ad-
Justing the reflecting surfaces.

ad, 2. The shaps of the stage and the lmmediste stage
aurroundings may be evaluated by measurements of the
first slope of the reverberation process thereby making
it possible to adjust the coupling between stage and
audlence area.

ad, 3, The minute study of the "bullding-up" proceas
of short sound pulses make possible a further detailed
study of the acoustical conditiona at the stage. The
influence of the helght from stage floor to canopy may
thus be investigated with the purpose of ensuring opti-
mal conditions in the actuasl situation in the hall it-
self.

ad. 4. A tape recording of muslic reproduced in the
model with a speed which is as much larger in proportion
to the normel speed Az the model is smaller than the

hell and rerecorded from a microphone in the model, makes
it possible, when the tape affterwards 1a played with
normal speed on & loudapeaker, to get an impression of
how music sounds in the hall.

A atudy of the similarity demands of the modal
ghows, that 1t is not advisable to use a smaller ascale
than 1:10, the limiting faotor being the increase in
the sound absorption of the alr at high frequencies.
Special attention must bea given to the application of

suitable model loudaspesakers and medel microphones which
ahould be able to reproduce frequencies up till at least
40,000 cps.

§ 7. The Sound Insulation of the Entire.
Building against Outdoor NHoise,

The sound insulation against cutdoor nolse must be
decided upon according to the results of the noise survey
{(as mentioned in § 1) together with the permissible
noise level in the halls, The criterion for psrmiasible
noise in a concert hall is roughly a level of 20 to 30
db. though somewhat higher wvalues could be allowed at
low frequencies,

At least two complete structursl layers must be
envisaged, one being the shells and the glasas surfaces
behind the shell opening, the other being the conorete
walls of the halls., In case it is necessary the insu-
lation figure of these walls may be increased by an ﬁ
appropriate additional layer of some kind of light :
building boards. Some gain in insulstion slso may hbe
obtained by reducing the reverberation time of the space
between ghells and interior ceiling.

f B, The Sound Insulation of the Interior.

The two main halls must be wvwery thoroughly insu-
lated against nolse from each other. This is accomp-
lished by: (1) complete structural independence, (2)
two complete structural layers between the two halls,

ad. 1. VYibrations and structure-borne sound are effec-
tively damped, if the two structures not only are se-
parated on all points above ground but also are founded
upon separate foundations, so that the vibrations have

¢ pags through the ground itaself and thus vill be
reduced in atrength,




ad, 2. The sound level in a concert hall may at leaat
momentarily (by fortissimo) reach values of, say, 100 db.
This indicates that the sound insulation of airborne
gound by order of magnitude should be not less than

70 db.

To obtain such high figures of sound insulation,
complete structural independence as mentioned above, but
also with regard to all piping, wiring, ducts etc. is
egzential, The two concrete walls and roofs of the
halls then should provide the necessary two layers,
whose insulation figures may be increased by additional
layers of building board.

The little theatre 1s a building whose structure also

is gompletely independent of the structure of the minor
hall and which hes ite own roof below the concrete floor
of the hall,

Iue to the more lsolated posltion of the chamber
music studio, it is not necessary to build this studio
up 83 & complete independent unit, but care should hbe
taken that the two sections of the atudio, which occa-
sionally shall be divided by a movable partitiom, shall
be thoroughly insulated from each other,

The several rehearsal rooms for conductors,
soloists, musieians, ete, must be very well insulated
from each other by using concrete floors riding on
cork bricks and having walls and ceilings built upon
these floors,

Hoise from all technical services such as venti-=
lating fans, lifta, water pipes ete. must be carefully
damped by suitable insulation measures.

The neise level in the major and minor halls dus
to ventilation must not exceed a figure of 20 - 25 db.

§ 9, Agoustics of the little Theatre and the Several

Cmaller Rooms.

The R.T. of the 1little theatre preferably should
ba around 1 aeac. and the freguency curve should be flat,
Prom an asathetic point of view & large celling height
is wanted and therafore a heavy acousatical treatment
of celling and upper walls must be enviaaged.

The chamber music astudio also requires an R.T. of
about 1 sec, and a flat frequency curve., It ought to
have some diffusing elements both upon walls and upon
the ceiling.

The rehearsal rooms require values of R.T, in the
range between 0,5 to 0,8 seg, according to thelr reapec-
tive size and use, This may be cbtained by appropriate
acoustical treatment of ceilings and walls. Some
diffusing elements also ought to be applied.

& 10, The Sound Damping of Foyers, Stages, etc.

For acoustical convenience a great deal of all
the rooms im the Opera House ghould be traated
acoustically., This esapecially applies to the large
foyer, restaurants, corriders etec., but also to
restaurant kitchens and other larger service rooma,

A gound damping of the stage towers may be useful
especially if they &re only occasionally used Tor
theatre decorations.

% 11, The Facilitiesa for Sound Amplification,

A sound amplification system for the entires
bullding muat be regarded as indispensable. A
thorough planning of this asystem should be part of the
whole project, Some of the features for such a system
will be exposed in the following.

Major Hall,

For symphony concerts no sound amplification
ghould be allowed. Only for pure entertainment concerts
with microphone singers is sound amplification needed
in the major hall:. In a large hall like this,; 1t may
be neceszary to use the delayed speech system, which in
recent years have been introduced in several places,
and which, when properly installed, is very successful
in giving 2 natural sounding reinforcement of the human
voice, In fact the impression from & correct system is,
that only the spesker or singer himself is producing
audible sound,

For uge in operas it may be necessary to have &
sound system upon the stage which sends out sound effectas
towardas the audience.

Minor Hall,

A sound system for microphone talkers and singers
ghould be planned but no delay aystem should be necessary
in & hall of this aize.

Another sound system for use during theatrical
performances 18 NAcessary.

Overall System.

For communicating messages to the publie, for
emergency calla etc., an overall loudspeaker system in
all public areas and also in all service areas should
be planned. A.central booth where all amplifiers, gram-—
ophones, tape-recorders, wirelese receivers etc. are
installed should preferably be placed close to the major
hall, Probably it will prove convenient to have
individual booths for all the halls.

i




ﬂ 12. Conelusions,

A noize survey of the site should be undertaken
with as litile delay asz posaible, bescause noise figures
have influence upon the calculation of the sound insu-
lation of outer walls, shells, glaszs partitions etec..

It is emphasized that a model research of major
and minor hall is particularly valuable for inveatigat-
ing sound distribution, reverberation process (first
slope) and the "building-up-process" of sound pulses.

Complete structural independence of the buildings
of major and minor hall and of all interconnecting
piping, wiring, ducts etc, is a condition, which should
be fulfilled to ensure proper sound insulation between
the two halla. Alao the little theatre should have seé-
parate foundations, wallas and roof.

Noizsa froem all technical services should not
axcesd a background noise level of more than 20-=25 4b
in any of the halls.

A sound amplification aystem for the entire
building is indispensable and a thorough planning of
this system should be part of the whole project.

Cith,

Vilh.Jordan




MECHANICAL SERVYICES

1t is proposed to provide heating and full air condition-
ing throughout the bullding.

in the layout and detailed deglegn of all plant and ducts
emphaslis will he made on noise abatement from mechanical
apparatus and elimination of fire hazards, as well as
gound transmissicen from space to space, FPurthermore, the
wind conditions particular to the site and thelr reaction
on the internal pressures will receive gareful considera=
tion.

A tentative layout of plant rooms is shown diagrammatical-
ly on the plan of the basement.

The fresh air intake 1s pleced in a plt as remote from

the building as is practically possible. The inlet %o

the fresh air duct is covered with 8 verticsl wire mesh
to eliminate insect peats.

The fresh air (blue) passes through inlet dsmpers into

the mixing chamber, where recirculated air is added. The
inlet fans (five are ahpwn] then draw the air Through the
ollfilter banks, eocoling batteries; heating batteries and,
if required air washers, intoc the inlet main duets (red).

Alr extracted from the Halls ( grey ) is partly recirculat-
ed and partly thrown away through the exhausi ducts and
grilles (yellow).

A11 dinlet and extract main ducts are structural and placed
below ground floor level. They are accessible and lined
with acoustic absorbing material to such an extent that

noise penetrating from the plant room ls adeguately redu-—
ced,

Axial flow fans will be preferred to centrifugal fana.
They do admittedly produce nolse of an appreciably higher
intensity, but the piteh iz much higher too (600 - 1000
Hertz as againast 50 — 100 Herts) which iz a considerable
adventage, as sound of high frequency is more readibly
abaorbed than that of low freguenaoy.

The plant is divided into 5 main groups serving the follo=
wing localities:

1. HMajor Hall and appropriate public apace,

2. Minor Hall snd ditto ditto,

3« Hehearsal rooms, offices and staff quarters adjacent
¢ Major Hall,

4. Ditto adjacent to MHinor Hall,

5. Hestaurant,

A closer investigation into the cccupation periods of the
different parts of the building may indieate that a fur-
ther subdivision is required.

From the longitudinal section will be seen that the inlet
air is blown into the major hall through the ceiling over
the permanent seats and through openings at high level in
the wallas at both sldes of the stage. These latter ope—

nings are only required when additional seating has been

placed on the stage.

The extract takes place through grilles under the perma-—
nent seats and st floor level in the well at the back of
tha stagea,

The farrs have two-apeed motors.

The amount of alr bandled at low speed corresponds to that
required for an audience of 1325 paraons, whersas the fana
are to be on full speed when addlitliomal seating haa been
provided on the stage,

The air inlets and extracts to the stage are closed by au-
tomatically operated dampers controlled by the awlitech gear
for the inlet and extract fan motors wheanever the hall is
being used for operas or other purposes which will require
B Btage.

A gpecipl extract system is provided in the upper part of
the astage to creats an alr movement towards the stage away
from the audisnaos,

This plant, whieh has not been shown on the ssction, will
only be started when the curtain has been raised.

We can give the following information about the proposed
air gonditicning system.

Both Hells can be gonsidered as separate and independent
buildings placed inaside m system of concrete shells., This
is a great advantage from the air conditioning point of
view, in particular when cooling is required, as walls and
ceilings of the halls are shielded againat the direct heat

Ifrom the sun. The concrete shells act as enormous para-—
s0lE.

The solar energy tranamitted through the zhells can be
eliminated therefore before it enters the auditorium. This
can be done, elther by natural or mechanical ventilation
of the roof space or by placing cooling units above the
auditorium, The most sconomical way of achieving this
heat barrier can be determined only after & cloae exami-




nation of prevalling wind in connection with the solar ra- ghall propose electronic control for this purpose,
diation on the different parte of the structure.

The detailed design of the plant will be based on the in-

Our preliminary caleulations have been based on the follo- formation given in the publications issued by the Common-
wing conditions: wealth Experimental Building Station in Sydney in con-
junction with the London County Couneil regulations con=-

External design conditions, summer: gﬂﬂF 42% R.H. cerning Flaces of Public Entertalmment.

Internal conditions required, summer: ?9“? 50% R,H.

External design conditions, winter: 50°F 70% R.H.

Internal conditions required, winter: 70°F 50% R.H. Jpgf .

A e -ﬁiiﬂbiﬂﬁiwﬁt:jzj

Inlet air 2000 cuble feet of alr per person per hour, or a J.Varming .

total of 100.000 ¢.,f.m. for Major Hall, corresponding to a
rate of alr change of five times per hour approximately.

The cooling necessary for the alr conditioning is effected
by & refrigeration plant consisting of a number of compres—
sors, condensera and evaporatora.

IHrect-expansion should not be used, but chilled water
poils will be suitable, The refrigerant could be Freom,
and sea water should be used for removing the heat from
the condensers.

wWe do not consider it feamsible to install a boiller plant
inside the Opera building, and the possibility of utili-
zing the refrigeration plant on the heat pump principle
to provide heating as well as cooling should be examined
in detail. Should this prove uneconomical then we should
recommend that & separate boiler house be erscted in the

vieinity of the existing warehouses,.
The air conditioning system will be controlled automati-

eally in order that the desired inside conditions can be
maintained irrespective of the outside conditions. We

State Records N§ &:




W
e ———

s e R




LONGITUDINAL SECTION THROUGH MAJOR HALL E'F*Siélfe F%’é*fﬁ:rd'sws‘u :




ELECTRICAL INSTALLATIONS.

The electrical services are closely related to the archl-

tectural treatment of the building and the detailed la}out
of the mechanical eguipment. Consegquently only brief out-
lines of the main dispositions can be glven at this stage

of the design.

Furthermore, & study of a number of electrical installati-
ona, such as 1lifta,; clocks, %elephones, facllitles Tor ra-—
dic and television transmissions, call and signal systems,
fire detection and other items of wvital importance, will
have to be postponed until more detalls are avallable.

The total maximum load for power, lighting, etc. is es-
timated to be of the order 2000 kW. The electricael con-
nection to the building should be a high-tenslion supply
Tfrom the public electricity system.

Twe high-tenzion eables, each with a capacity of approx,
2500 kW, szhould be provided. To reduce furthermore the
poasiblility of power failure, these connectlons should, if
at all possible, be taken off two separate sections of the
supply grid.

The high-tenslon cables terminate inside the building in
two high-tanszsion circult-breakers and the necessary meter-
ing system. The transformer room should be big enough for
four transformers, each with a capacity of approx. 800 kVA,
but not more than three transformers would have to be in-

stalled initially.

We recommend in accordance with present day practice for
bulldings of thie character, the lnstallation of a stand-
by genarator to maintain a reduced power supply in case of
g break=down in the publie supply system. We estlmate That
the stand-by generator should be of the order 500 kVA.

The transformers together with the high- and low-tension
gwitch gear as well as the stand-by generator would have

to be located in the basement, preferably adjacent to the
COMPressor TOOM,

A securdity lighting system supplied from a battery will
have to be provided in accordance with the Bullding Regu-—
lationas. We estimate that a battery of the order 200 Ah
at 220 volte will be required.

The supply cables for the different electric motors ln the
bagement should be run in cable trays at high level,

The vertical supply systems for power and lighting should
preferably consiast of prefabricated buss-bars from which
panels for the outgoing feeds can be built wup.

The lighting in partlowlar forms an integral part of the
architecture and muat be atudied as such.

It is,; however, as & rule recommended to use lncandescent
lighting for all rooms; Indirect lighting may have to be
employed in a number of placges,

It should be mentioned that the optical communication
batween the conductor of the orchestra and a chorus or
other performers behind the stage will have to be the sub-
ject of a special study. This communication ought to be
eatablished by & olosed circult televialon system,

The dispositicn of the building near the water's edge,
will give & striking enhancement to the exterior lighting
which will spread out into the darkness in ever changing
refleations from the water, as from a bright-1it liner
gliding scftly into port frem the deptha of the night.

M.Balalew
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THEATRE TECHNIQUE

In all theatre countries of importance a feverish ex-
perimentation is going on right now with new formas of the
theatre and new devices for the purpose and employment of
the play stage. The work on this is going hand in hand
with the experiments on new dramatics and new expression
forms for the sctor's art. One result of this work can al-
ready now be sstablished. Henceforth, we will have to play
theatre in many & greater varlety of forma than hitherto.

Tntil the last few decades, the work=shop of the
theatre, the stage, had, in principle, not been subject to
any change for 200 years or more - aApart from development
of the technical auxiliary equipment. The views concerning
what sort of architectonic atage house one ought to play
theatre in had stagnated. Now it is no longer so. The ex-
pression forma of the theatre art have grown richer. Wea
have broken out of the snail=ghell of the barogque=theatre
and have dissovered so many more ways 1ln which to play
theatre. That is why it seems the only right and natural
thing to the theatre's artistic leaders, to atage managers
gnd producers, that a theatre that is bullt nowadays must
be so conatructed that it 1s not tled down firmly 1o one
playhouse form, but that it is a theatre house that lives
gnd that can change form and architectonic atmosphere ac—
cording to the changing theatrical forms whose development
it mekes possible, The forms in which the theatre can mani-
fest itself are infinitely rich and this house must be able
to serve these forms and permit them to develop freely. The
play stages housed within the Sidney Upera and Theatre
House ahould £ill most of the demands that can be made for
this purpose. From dramatiec and lyric theatre of varying
size and style to intimate chamber play- and studio-theatre
- from theatre performed on an intimate central arena, with
the audience placed in & cirele around the play stage, to
the show-play of the large arena. For the purpose of edu-
ecating the new generations to the right understanding of
the theatre's art, the studio-stage slze might prove %o be

of particularly great importance.

The stage machinery system as worked out for the
Sidney Opera and Theatrs House is no doubt the only con-—
ceivable one under the given site premises and the compo-
altion of the theatre houss in general; end one whioh at
the same time provideas the greatest number of variation
possibilities with regard to the shifting of wings and sst
pieces and the technical arrangement in connectlion here-
with, and offera the richest possibllities for aclving, in

a supply way, any teghnical or artistic problems that might
ariae,

The play plane; 1.e., the stage floor, can,; in reality,
be said to be alive through its division into platform
lifts, planes that can be ralsed and lowered, and atage con—
veyor movements in combination with the 1lifts, 3tage scene-
ry, or parte of stage scenery, can be set up in any size
wanted and be mutually shifted., At the same time, the
stage 1s large enough to sccommodate largesized statlonary
soenary, thus reducing or eliminating the use of techmical
machinery. FParticularly in the clasasical dramatice we have
many examples of plays wlth a great deal of scene shifting,
but where the producer demande that the scens shifting

takes place while the play is om, and without mechanical
aaslistanee.

It is possible, for instance, with a conaiderable ar-
tistio advantage, to present a great Shakespeare performen-
ca, as, Tor example, "Hamlet" or "Macbeth", where the text
calls for between 20 and 25 shifte of scenery, without any
use at a8ll of conveyers or platform lifts - merely through
the composition of a seulptural scenery, that is, an irre-
gular plane comatructlon with horisontal and vertical forms
that through a many-alded faceting lend themselves to the
ghifting scenes of the drama, In itself; such a plaatic
gpace scenery is what is c¢alled a neutral play stage, none
of its formationa representing anything recognizable or
eévident = when, however, the actors give life to the stage
in the shifting ecenes of the plot, these abstract forms-—
ticns change, in the imagination of the audlence, into

banquet halls, battle fields, entrance halls, cellars,
landscapes, ramparts, ete,

The proposed stage machinery may alsc be used when it
is a question of partially changing such a sculpture scene-
ry, set up to remain on stage through the whole performance,
Bigger or smaller parts of such set pleces may be lowered
on platform lifts and replaced by new components pushed in
on stage conveyors.

It is not necessary, of course, that such a disappear-
ing or new-added part of a stage construetion 1a of the
gpme sige as the stage 1ift's total surface area, One is
not bound to the maximum capacity of the lifts or the con-
veyors but can, ascording to requirementa, reduce the ax-
tent and volume of the set details that have to be released
from the sceneary in its entirety.

In principle, there 1ls hardly any limit to ths number
of settings that, with the system here adapted, it is poa-
sgible to compose and present successlvely. HMeraly by
applying the eiroular motion of the five blg stage conveyors
over the stage liftes the system funotions as a sort of per-
patuum mobile, The stage setting ls made ready on its con-
veyor down in the stage basement, is pushed onto the plat-
form 1ift in the background of the stage, raised to stage
floor level, rolled forward on its rails to the stage open-
ing, lowered on the forestage 1lift to the basement, demount-
ed, and rolled bagk to the original position for a new set
mounting .

The platform 1ifts funetion individually or coupled
together = two and two, f.inet. 0On such 8 couple, operated
together, a setting ia bullt up, for example, the bangquet
hall in "HamletM, When this is lowerad intc the basement
the ramparts of the castle of Eronborg are ralsed simul-
taneously on the platform 1ift farther back, This simul-
taneous soft shifting of two settings can, of course, be
utilized slac for an artistic and dramatic effect, and not
only as a supple technical arrangement.

e
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The available stage area has not been large enough to
permit, to advantage, the installation of a revolving atage
of the size reguired to malke it really effective. A tTheatre
that as technical equipment has only a revolving atage is
alwaya faced with the problem that sets built up on the re-
volving atege are orowding each other and obscuring the
free perspective of each other toward the horizon. From
this point of view, the system of individually independent
settings on conveyors or platforms is highly preferable.

We can imagine how, for axample, "Peer Gynt" by Ibsen
gan be solved essentially by applying the stage technlique
which the dramatie stage will have at its disposal - that
ig, if it ie not preferred to perform a play of that slze
on the opera stage. "Peer Gynt" coneiats of about 26
sattings, The 10 scenes of the First Aot depict mostly the
flight of Peer through the Norweglan mountain world. The
landscaps ia changing all the tims as Peer walka along.

First of all; we are working with magic lantern pro-
jeotors on the eyelorama., The fantastic mountaln world
looms bluish in the unattainable distance. On the stage
1ifts, plastic mountain and platesu formations have been
built up and combined with the lantern slides of the
eyclorama, so that the illusion is created that we are on
the highest tops of the mountaine., The plastic mountain
formetions are distributed over the different platforms, mso
that these, to a certaln extent, may be lowered or ralsed
independent of one another. Feer Gynt wanders in the moun-
tains - he walke up a slope on the foremost platform 1ift -
at the same time a platform behind it rises with new
mountain formations, namely, the new landscape whieéh .he
sees when reaching the top of the hill. Also the movements
of these 1ifts may adequately be combined with & simult-
ansous changing in the nature of the lantern slides of the
cyelorams.,

By means of placing the stage platforms on individu-
ally different lavels Fhu feeling of the atage floor as a
stationary level is eliminated, In the same way in which
the modern theatre has worked to treat the theatre atage as

& room with horizontal depth effect - with the third dimen-
gion = the platform syatem permits us to work also with the
poaaibility of The stage for vertloal depth effect. The
acenery world of the drama continues alao below what we
galled previocusly "the boards that reprasent the world".

It is salf-=eavident what extracrdinarily gratifyving af-
fects may be obtained through opening part of the stage,
and from the depth below upward to the stage-area arranging
entrance schemes for amctors and extras = whether it now be
the glant stalrs of the Capitol in "Juliues CEmsar®™ or tha
forest scenery of "A Midsummer-night's Dream". By mesans of
8 limited number of cleverly placed sxtras it ia possible
to obtain the full 1illusion of an interminable crowd of
people that continue downward to the foot of the Capitol
gtairs, or below the palace of Dedipus and Agamemmon, And
in the Midsummer-night's Dream the field may open and from
the underworld below allow an interminable procession of
elvea, fairies, goblins and wood nymphs to float mistily
up inte the human world.

The Midsummer-night's Iream has one problem often
difficult to solve, i.e., the castle of Theseus that
appears only in the beginning and the end of the plot. On
a stage 1like the present one the problem is easily solved,
however. The entire big wood, the play's dominating loca-
lity, covers constantly the whole stage area, The castle
iz built up on the foremoest platform 1ift and emerges in
front of the wood whioch is hidden by the castle set,

Firat and foremost the technical construction of the large
stage allowe for excellent possibilities of acting for the
produger. It may be used as an "ordinary" theatrical
etage for the traditional opers repertolre and for large
musicals and shows, i.e. when the stage is separated from
the auditorium by the proscenium wall with its curtain and
by using the cyclorama and the stage conveyors.

It may moreover be transformed to a gigant arena when the
progscenium with ite lighting tower etc, disappear at the
sides, thereby eliminating the entire boundary between the
gtage and the auditorium, On such ogcasions the stage

floor 1s lowered hydraullically to the horizontal level of
the auditorium fleor - and not only the part of the stage
floor which comprises the satage 1lifts but alse the area
between these and the side walls of the stage.

On this arena large shows and revusas such as "Hound the

World in 80 Days" may be shown and with Just as great an
effect arens stage performances of dramatic a&nd lyrical

repartolire may be given,

It im possible to let the stage floor remain sunk &t one
level, and one may also utilize the 1ifts and as required
"out the arena stage short" 1lnte various levels and

heights, all easily changed while the performance is going
on. Consequently nothing will prevent suddenly leiting a
large plestic decorative conatruction appear from the under-
world, or wherever one wiahes, onto the opéen arena stage,
thua producing in show-revuea a most dazzling effect.

Iuring the above mentioned alternative the public are as-
pumed to remain in the ordinary auditorium - i.e, only on
the one salde of the arena. It would, howsver, also be
quite easy to utilize half of the former stage area as an
arena atage, and to arrange amphi-theatrical pit atallas.
In this way a stage space is created in the form of an
arena which lies in the middle betwesen two audience pit
stalls, -

In point of fact this latter form of a play-stage is
greatly developing as a new form of theatre, and every-
where such experiments have proved artistically to bes a
very popular feature,

It iz obviously not necessary to point out how an arena
stage with the above mentioned possibilities of wvariation,
also may be used with great advantage as an arena for
various kinds of celebrations, meatings and gatharings
putside of the sphere of the professiomnal theatre.

‘ﬁifhdhfir‘11f #ﬂ;qﬂ,j?f
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The available stage area has not been large anough to
permit, to advantage, the installation of & revolving stage
of the sizge required to make it really effective. A theatre
that as technical equipment has only a revolving stage is
always faced with the problem that sets built up on the re-
volving stage are crowding each other and obscuring the
free perspective of each other toward the horizon. From
this point of wview, the system of individually independent
settings on conveyors or platforms is highly preferable.

We can imagine how, for example, "Feer Gynt" by Ibsen
can be solved espentially by applying the stage technigue
whioch the dramatic stage will have at its disposal - that
iz, if it is not preferred to perform'a play of that size
on the copera stage, "FPeer Gynt"™ consists of about 26
gsettlnga. The 10 ascenes of the First Act depict mostly the
flight of Peer through the Norwegian mountain world. The
landscape 1s changing all the time Bs Peer walks along.

First of all, we are working with magic lantern pro-
jectors on the cyclorama. The fantastic mountaln world
looms bluish in the unattainable distance., On the stage
1lifts; plastic mountain and plateau formations have been
built up and combined with the lantern slides of the
gyelorama, a0 that the illusion is created that we are on
the highest tops of the mountains, The plastic mountain
formations are distributed over the different platforms; =0
that these, to & certain extent, may be lowered or ralmsed
independent of one another. FPeer Gynt wanders in the moun-
tains - he walkes up a slope on the foremest platform lift -
&t the same time g platform behind it riees with new
mountain formations, nmamely, the new landscape whlch  he
seea when reaching the top of the hill. Alsc the movements
of thesge 1lifts may adegquately be combined with a simult-
aneous changing in the nature of the lantern slidea of the
oyolorama.

By means of placing the stage platforms on individu-
ally different levels the feeling of the stage floor as a
atationary level i= eliminated. In the same way in which
the modern theatre has worked to treat the theatre st=zge as

8 room with horizontal depth effect - with the third dimen-
glon = the platform ayatem permits us to work also with the
possibility of the stage for vertical depth effect. The
gcenery world of the drama continuea also below what we
called previocusly "the boards that represent the world®.

It is self-evident what extraordinarily gratifying ef-
fects may be obtained through opening part of the stage,
gnd from the depth below upward to the stage-area arranging
entrance schemes for actors and extras — whether it now be
the glant atalra of the Capitel in "Julius Czsar" or the
forast seenery of "A Midsummer-night's Iream", By means of
a limited number of cleverly placed extras it ia posalble
to obtain the full illusion of an interminable crowd of
people that continue downward to the foot of the Capitol
steirs; or below the palace of Oedipus and Agamemnon. And
in the Midsummer-night's Dream the field may open and from
the underworld below allow an interminable procession of
elves, fairies, goblins and wood nymphs to float mistily
up into the human world.

The Midsummer-night's Dream has one problem often
difficult to solve, i.e,, the castle of Thaseus that
appears only in the beginning and the end of the plot. (m
a stage llike the present one the problem is easily solved,
however, The entire big wood, the play's dominating loca-
1lity; covers constantly the whole stage Brea. The castls
is built up on the foremost platform 1ift and emerges in
front of the wood which 1s hidden by the castle asst.

Firast and foremost the technical construction of the large
stage allows for excellent posaibilities of acting for the
producer. It may be used as an "ordinary® theatriecal
stage for the traditional opera repertoire and for large
musicals and shows, i.e. when the stage 1s separated from
the auditorium by the proscenivm wall with its curtsin and
by using the cyclorama and the stage conveyors,

It may moreover be transformed to a gigant arena when the
proscenium with ite lighting tower eto. disappear &t the
sides, thereby eliminating the entire boundary between the
stage and the auditorium. On such ocoasions the stage

floor is lowered hydraulically te the horizomtal laval of
the auditorium floor — and not only the part of the atage
floor which comprises the stage 1lifts but also the area
batween these and the side walls of the atage,

On this arena large shows and revues such as "Hound the
World in 80 Days" may be shown and with just as great an

effect arena stage performances of drametic and lyrical
repertoire may be given.

It is possible to let the stage floor remain sunk at one
level, and one may also utilize the 1ifte and as required
"eut the arena stage short" into wvardious levels and

heights, all easlly changed while the performance is going
on., Consegquently nothing will prevent suddenly letting a
large plastic decorative sonstruection appear from the under-—
world, or wherever one wishes, onto the open arens stage,
thus producing in show=-revues a most dagzling effect.

During the above mentionsd alternative the public are as—
gumed to remain in the ordinery asuditorium - i.e. only on
the one side of the arena. It would, however, alsc be
quite eaay to wtilise half of the former stage area as an
arena stage, and %o arrange amphi-theatrical pit astalls.
In this way a stages apace is oreated in the form of an

arena which lies in the middle between two audience pit
stalls,

In point of fact this latter form of a play-stage is
greatly developing ae a new form of theatre, and every-
where sauch experiments have proved artistically to te a
very popular fesaturs.

It ie obviously not necessary to point out how an arema
atage with the above mentioned possibilities of variation,
algo may be used with great advantage as an arena for
various kinds of gelebrations, meetinga and gatherings
outaide of the sphere of the professional theatrs.

Faan
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