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THEATRE ACOUSTICS 
By WALLACE C. SABINE, Harvarp Universrry 

ITRUVIUS, De Architectura, Liber 
V. Cap. VIII. (De locis consonan- 
tibus ad theatra eligendis). ‘All this 
being arranged, we must see with 

even greater care that a position has been 
taken where the voice falls softly and is 
not so reflected as to produce a confused 
effect on the ear. There are some positions 
offering natural obstructions to the projec- 
tion of the voice, as for instance the dis- 

his paper, which follows a number of papers printed in THE AMERI- 
CAN ARCHITECT and elsewhere during the past fifteen years on the gen- 
eral problem of architectural acoustics, is the beginning of a series of 
articles dealing with the application of the principles and the data 
thus produced to a number of classified problems. 

lhe preceding papers were published in the Proceedings of the Ameri- 
can Institute of Architects, 1898, the Dictionary of Architecture, THE 
AMERICAN ARcHITEcT, 1900, the Engineering Record, 1900 and 1910, 
the Proceedings of the American Academy of Arts and Sciences, 1906, 

sonant,which in Greek are termed xatnyobvtes; 
the circumsonant, which with them are 
named xegiyyolvtes; and again the resonant, 
which are termed a&yyoivce¢. The conson- 
ant positions are called by them cuvnyobvtes.”” 

“The dissonant are those places in which 
the sound first uttered is carried up, 
strikes against solid bodies above, and, 
reflected, checks as it falls the rise of the 
succeeding sound.” 
and in the Harvard Architectural Quarterly, 1912. These references are 
given because of frequent inquiries for reprints the supply of which 
is exhasted. Material for three other general papers dealing with 
‘Coefficients of Absorption,”’ “‘Loudness,”’ ‘Interference and Resonance’”’ 
has already been gathered, and should shortly appear. 

Other articles to follow this will deal separately with the modern 
opera house, music halls for choral and orchestral concerts, private 
music rooms, large municipal auditoriums, and, perhaps the most 
difficult and veried of all, the church auditorium. 

Copyright, 1913, by The American Architect 
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“The circumsonant are those in which 
the voice spreading in all directions is 
reflected into the middle, where it dissolves, 
confusing the case endings, and dies away 
in sounds of indistinct meaning.” 

“The resonant are those in which the 
voice comes in contact with some solid 
substance and is reflected, producing an 
echo and making the case terminations 
double.” 

“The consonant are those in which 
the voice is supported and strengthened, 
and reaches the ear in words which are clear 
and distinct.” 

This is an admirable analysis of the 
problem of theatre acoustics. But to adapt 
it to modern nomenclature, we must sub- 
stitute for the word dissonance, inter- 
ference; for the word circumsonance, rever- 
beration; for the word resonance, echo. 
For consonance, we have unfortunately 
no single term, but the conception is one 
which is fundamental. 

It is possible that in the above translation 
and in the following interpretation I have 
read into the text of Vitruvius a definite- 
ness of conception and an accord with 
modern science which his language only 
fortuitously permits. If so, it is erring 
on the better side, and is but a reasonable 
latitude to take under the circumstances. 
The only passage whose interpretation is 
open to serious question is that relating to 
dissonant places. If Vitruvius knew that 
the superposition of two sounds could 
produce silence, and the expression “op- 
primit insequentis vocis elationem’’ permits 
of such interpretation, it must stand as an 
observation isolated by many centuries 
from the modern knowledge of the now 
familiar phenomenon of interference. 

INTERFERENCE 

Interference is a phenomenon common 
to all types of wave motion. The best 
introduction to its discussion is by refer- 
ence to water waves and in particular 
to an interesting example of tidal inter- 
ference on the Tongking Peninsula. The 
tide of the Pacific Ocean enters the Chi- 
nese Sea through two channels, one to 
the north of the Philippine Islands, be- 
tween Luzon and Formosa, and the other 
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through the Sulu Archipelago between 
Mindanao and Borneo. The northern 
channel is short and deep; and the tide 
enters with very little retardation. The 
other channel, although broad, is shallow, 
tortuous, and broken by many small islands; 
and the tide in passing through is much 
retarded. The two tides thus entering 
the Chinese Sea produce an effect which 
varies from point to point. At one port 
on the Tongking Peninsula, these tides 
are so retarded relatively to each other 
as to be six hours apart. It is high tide 
by one when it is low tide by the other. 
It also so happens that at this point the 
two tides are equal. Being equal and 
exactly opposite in phase, they neutralize 
each other. 

Because tidal waves are long in com- 
parison with the bodies of water in which 
they are propagated, their interference 
phenomena are obscure except to careful 
analysis. When, however, the waves are 

smaller than the space in which they are 
being propagated, the interference system 
becomes more marked, more complicated, 
and more interesting. Under such cir- 
cumstances, there may be regions of per- 
fect quiet near regions of violent disturb- 
ance. 

Subjecting the parallel to a more exact 
statement, whenever two water waves come 

together the resulting disturbance at any 
instant is equal to the algebraic sum of the 
disturbances which each would produce 
separately. If their crests coincide, the 
joint effect is equal to the sum of their sep- 
arate effect. If crest and trough coincide, 
their joint effect is the difference between 
them. If their relative retardation is inter- 
mediate, a wave results which is intermedi- 
ate between their sum and their difference 
and whose time of maximum does not occur 
simultaneously with the maximum of either 
of the components. 

The phenomenon is one which may be 
produced accurately on any scale and with 
any type of wave motion. Thus sound 
consists of waves of alternate condensation 
and rarifaction in the air. If two trains of 
sound waves cross each other so that at a 
given point condensation in the two trains 
arrive simultaneously, the rarifactions will 
also arrive simultaneously, and the total 
disturbance is a train of waves of conden- 
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sation and rarifaction equal to the sum 
of the two components. If one train is 
retarded so that its condensations coincide 
with the other’s rarifactions, the disturb- 
ance produced is the difference between 
that which would be produced by the 
trains of waves separately. Just as a tidal 
wave, a storm wave, or a ripple may be 
made to separate and recross by some 
obstacle round which it diffracts or from 
which it is reflected, and recombining 
produce regions of violent and regions 
of minimum disturbances, so sound waves 
may be diffracted or reflected, and _ re- 
combining after travelling different paths, 
produce regions of great loudness and 
regions of almost complete silence. In 
general, in an auditorium the phenomenon 
of interference is produced not by the 
crossing of two trains of waves only, but 
by the crossing of many, reflected from 
the various walls, from the ceiling, from 
the floor, from any obstacle whatever in 
the room, while still other trains of waves 
are produced by the diffraction of the 
sound around columns and pilasters. 

A source of sound on whose steadiness 
one can rely is all that is necessary in 
order to make the phenomenon of inter- 
ference obvious. A low note on a pure 
toned stop of a church organ will serve the 
purpose admirably. The observer can sat- 
isfy himself that the note is sounding 
steadily by remaining in a fixed posi- 
tion. As soon, however, as he _ begins 
to move from this position by walking 
up and down the aisle he will observe 
a great change in loudness. Indeed, he 
may find a position for one ear which, 
if he closes the other, will give almost 
absolute silence, and this not far from 
positions whe e the sound is loud to the 
extent of being disagreeable. The observer 
in walking about the church will find 
that the phenomenon is complicated. It 
is, however, by no means random in 
its character, but definite, permanent, and 
accurate in its recurrence, note for note. 
The phenomenon while difficult is by 
no means impossible of experimental in- 
vestigation or of theoretical solution. In- 
deed this has been done with great care 
in connection with the study of another 
problem—that of the Central Criminal 
Court Room in London known as Old 

Bailey. The full primary explanation of the 
methods and results of this general investiga- 
tionwould be inappropriately longin an article 
dealing with the acoustics of theatres; for 
while interference is a factor in every audi- 
torium, it is on the whole not the most 
seriously disturbing factor in theatre design. 

The subject of interference would not 
have been given even so extended a dis- 
cussion as this in a paper dealing with the- 
atres were it not that recently there has 
been proposed in Germany a form of stage 
setting known as the Kuppel-horizont for 
sky and horizon effects, to accompany the 
Fortuny system of stage lighting, in which 
interference may be a not inconsiderable 
factor unless guarded against. The For- 
tuny system, which in the opinion of some 
competent judges is an_ effective form 
of stage lighting, consists primarily in 
the use of indirect illumination, softened 
and colored by reflection from screens 
of silk. As an adjunct to the system, 
and in an endeavor to secure a considerable 
depth to the stage without either great 
height or an excessive use of sky and wing 
flies, a cupola is recommended to go with 
the Fortuny lighting as shown in the accom- 
panying figures taken from the publica- 
tions of the Berliner Allegemeine Electrici- 
tats Gesellschaft. In Figures 3 and 4, the 
cupola is shown in section and in plan. 
Lights A and B illuminate the interior of 
the cupola; C and E light the area of 
the stage on which the principal action 
occurs. Cloud effects, either stationary or 
moving, are projected on the surface of 
the cupola by a stereopticon. The great 
advantage claimed for this form of stage 
setting is the more natural arrangement of 
stage properties which it makes possible, 
and the elimination of numerous flies. On 
the other hand there is some criticism 
that this lighting results in an unnatural 
silhouetting. 

So detailed an explanation of the dia- 
grams and the purpose of the several parts 
is necessitated by the fact that it is as yet 
an unfamiliar device in this country. It 
has been introduced recently in a number 
of theatres in Germany, although I believe 
not elsewhere, unless possibly in one theatre 
in England. It has been called to my 
attention by Professor Baker as a possible 
equipment of the theatre which is proposed 
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for the dramatic department of Harvard 
University, and it is reasonable to regard 
it as a probable factor in theatre design 
in other countries than Germany. 

In Figure 5 is plotted the interference 
system established in this space, on a stand- 
ing head level of five feet from the floor 
of the stage, by a sustained note tenor C 
in pitch. The intensity of the sound is 
indicated by contour lines very much as 
land elevation is indicated on the maps 
of the Geodetic Survey. In this plot, ac- 
count has been taken of the sound re- 
flected from the cu- 
pola and from the 
floor. No account 
has been taken of 
the reflection from 
the walls of the main 
auditorium since this 
would be a factor 
only for sounds pro- 
longed beyond the 
length of any single 
element in articulate 
speech. Even in the 
case of a very pro- 
longed sound the 
modification of the 
interference system 
of the stage and cu- 
pola by the rest of 

FIG. 5. 

Mf hd REPRESENTED BY CONTOUR LINES, THE MAXIMUM 

t h e auditorium VARIATION BEING FORTY-SEVEN FOLD. 
would be very slight. 
The interference 

system on the stage in question being 
determined wholly by the floor and 
cupola, it may be computed, and in 
the preparation of the chart was com- 
puted, by the so-called method of 
images. The sound reflected from the 
floor comes as from a virtual image as far 
beneath the floor as the mouth of the 
speaker is above it. Each of these produce 
real images by reflection from the interior 
of the cupola. Bearing in mind that these 
real images show the phenomenon of diffrac- 
tion and some astigmatism, and taking 
into account the phase of the sound as 
determined by reflection and by distance, 
the calculation is laborious but not diffi- 
cult. It involves but the most familiar 
processes of geometrical optics. 

The disturbing effect of this interference 
system is not so great when the speaker 

INTERFERENCE SYSTEM FOR TENOR C IN THE 
KUPPEL-HORIZONT, HAVING A THIRTY-SIX FOOT PROS- 
CENIUM OPENING. THE INTENSITY OF SOUND IS 

is well in front of the center of curvature 
of the cupola, and of course it is almost 
always more or less broken by the stage 
properties, as indicated in Figures 3 and 
4. Nevertheless, it is well to bear in 
mind that the quarter sphere form, as in- 
dicated in the diagrams, is neither neces- 
sary from the standpoint of illumination 
nor desirable from the standpoint of ac- 
oustics. Acoustically a flatter back with 
sharper curvature above and at the sides 
is preferable. 

It should be repeated that the inter- 
ference system is es- 
tablished only when 
the tones are sus- 
tained, in this case 
over one-tenth of a 
second, and is more 
of an annoyance to 
the actor on the 
stage than to the 
audience. With 
shorter tones it be- 
comes an echo, and 
in this form is quite 
as annoying to the 
audience as to the 
actor. It should be 
added that the inter- 
ference changes with 
change of pitch, but 
preserves extreme 
maxima and minima 

; for a central posi- 
tion in a spherical or partly spherical 
surface. Finally in music, since sustained 
tones occur more than in speech, the inter- 
ference is more disturbing. The effect of 
such spherical stage recesses on music is 
shown by those otherwise unusually ex- 
cellent auditoriums, Orchestra Hall in Chi- 
cago, and the Concert Hall at Willow 
Grove Park near Philadelphia. 

REVERBERATION 

“Circumsonant places’ were rare and 
almost wholly negligible difficulties in Greek 
and Roman theatres. However, they were 
common in the temples, and were even 
more pronounced in some of the older 
Roman palaces. It must have been in the 
experience of such conditions, wholly 
foreign to the theatre of which he was 
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writing, that Vitruvius made this portion 
of his analysis of the acoustical problem. 
Given the fundamental form of the Greek 
theatre it required no special consideration 
and little or no skill to avoid such difficul- 
ties. However, this is not true of the modern 
theatre, in which excessive reverberation is 
more often the defect than any other factor. 

If a sound be produced briefly in a wholly 
empty, wholly closed room, having per- 
fectly rigid walls, it will be reflected at 
each incidence with undiminished inten- 
sity, and, travelling to and fro across 
the room, will continue audible almost 
indefinitely. Of course no theatre, ancient 
or modern, satisfies these conditions and 
the sound loses at each reflection, dimin- 
ishing in intensity, until in the course 
of time it crosses what the experimental 
psychologist calls the “threshold of audi- 
bility.” In the Greek theatres the duration 
of audibility of the residual sound after 
the cessation of a source of ordinary loud- 
ness was never more than a few tenths of a 
second; in a modern theatre it may be sev- 
eral seconds. The rapidity with which 
the sound dies away depends on the size 
of the theatre, on its shape, on the mate- 
rials used for its walls, ceiling, and fur- 
nishings, and on the size and distribution 
of the audience. The size and shape of 
the theatre determines the distance trav- 
elled by the sound between reflections, 
while the materials determine the loss at 
each reflection. No actual wall can be 
perfectly rigid. Wood sheathing, plaster 
on wood lath, plaster on wire lath, plaster 
applied directly to the solid wall, yield 
under the vibrating pressure of sound 
and dissipate its energy. Even a wall 
of solid marble yields slightly, transmit- 
ting the energy to external space or absorb- 
ing it by its own internal viscosity. 

Absorption by the walls and other ob- 
jects in the process of reflection, including 
in this transmission. through all openings 
into outer space as equivalent to total 
absorption, boundary condition in other 
words, are practically alone to be credited 
with the dissolution of the residual sound. 
But Vitruvius’ statement that the sound 
“is reflected into the middle, where it 
dissolves” challenges completeness and at 
least the mention of another factor, which, 
because of its almost infinitesimal import- 
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ance, would otherwise be passed without 
comment. 

Assuming, what is of course impossible, 
a closed room of absolutely rigid and per- 
fectly reflecting walls, a sound once started 
would not continue forever, for where the 
air is condensed by the passing of the wave 
of sound, it is heated, and where it is rari- 
fied, it is cooled. Between these unequally 
heated regions and between them and the 
walls, there is a continual radiation of 
heat, with a resulting dissipation of avail- 
able energy. In the course of time, but 
only in the course of a very long time, 
the sound would even thus cease to be of 
audible intensity. This form of dissipa- 
tion might well be called in the language 
of Vitruvius “solvens in medio; but, in- 
stead of being an important factor, it is 
an entirely negligible factor in any actual 
auditorium. 

Practically the rapidity with which the 
sound is absorbed is dependent solely on the 
nature of the reflecting surfaces and the 
length of the path which the sound must 
traverse between reflections, the latter de- 
pending on the shape and size of the audi- 
torium. It was shown in a series of papers 
published in THe AMERICAN ARCHITECT 
in 1900, and in another paper pub- 
lished in the Proceedings of the American 
Academy of Arts and Sciences in 1906, 
that given the plans of an auditorium 
and the material of which it is composed, 
it is possible to calculate with a very high 
degree of accuracy the rate of decay of 
a sound in the room and the duration of 
its audibility. In the first of the above 
papers there was given the complete theory 
of the subject, together with tables of ex- 
perimentally determined coefficients of 
absorption of sound for practically all 
the materials that enter into auditorium 
construction, for sounds having a pitch 
one octave above middle c (vibration fre- 
quency 512). In the second of the above 
papers there were given the coefficients 
of absorption of building materials for the 
whole range of the musical scale. 

In the careful design of a room for 
musical purposes, the problem obviously 
must include the whole range of the musi- 
cal scale, at least seven octaves. It is not 
so obvious that the study must cover so 
great a range when the primary use is to 
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be with the spoken voice. The nearest 
study to architectural acoustics is the 
highly developed science of telephony, 
and in this it js apparently sufficient for 
much of the work to adapt the theory 
and design to the single frequency of 800, 
approximately a in the second octave 
above middle c. But forsome problems 
the investigation must be extended over 
a considerable range of pitch. Similarly 
experience in the architectural problem 
shows that with some of the materials en- 
tering into building construction there 
occurs a sharp resonance within a_ not 
great range of pitch. It is therefore neces- 
sary to determine the reverberation even 
for the speaking voice, not for a single pitch 
but for a considerable range and the qual- 
ity of a theatre with respect to reverbera- 
tion will be represented by a curve in which 
the reverberation is plotted against the 
pitch. 

Without undertaking to give again a 
complete discussion of the theory of rever- 
beration, and referring the reader to the 
earlier (1900) numbers of THe AMERICAN 
ARCHITECT, it will suffice to give a single 
illustration. For this I have selected Mr. 
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Winthrop Ames’ “Little Theatre” in New 
York, designed by Messrs. Ingalls and 
Hoffman, because the purpose and _ use 
of this auditorium was defined from the 
beginning with unusual precision. The 
purpose was the production of plays 
which could be adequately rendered only 
by the most delicate shades of expres- 
sion, which would be lost in considerable 
measure if the conditions were such as 
to necessitate exaggeration of feature or 
of voice. The definition of its use was 
that it should seat just less than 300, and 
that all the seats were to be as nearly as 
possible of equal excellence, with the impor- 
tant assurance that every seat would be 
occupied at every performance. 

The final plans and elevations of the 
Little Theatre are shown in Figures 7 
and 8. The initial pencil sketch was of 
an auditorium differing in many architec- 
tural details, acoustical considerations shar- 
ing in, but by no means alone dictating, 
the steps leading to the final solution of 
the problem. The first calculations, based on 
the general lines of the initial sketch, 
and assuming probable materials and plaus- 
ible details of construction (plaster on tile 
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FIG. 8 

PLAN AND SECTION OF THE LITTLE THEATRE, NEW YORK 

MESSRS. HOFFMAN AND INGALLS, ARCHITECTS Pays WS PE 
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walls, plaster on wire lath ceiling, solid 
plaster cornices and moulding), gave a re- 
verberation as shown in Curve 1 in Figure 9. 
This would not have been in excess of 
that in many theatres whose acoustical 
qualities are not especially questioned. 
But the unusual requirements of the plays 
to be presented in this theatre, and the 
tendency of the 
public to criticize 

and one eight feet by seven feet, on the rear 
wall. The resulting reverberation is shown 
by Curve 3 in the diagram. Throughout, 
consideration was had for the actual path 
of the sound in its successive reflections, 
but the discussion of this phase of the gen- 
eral problem comes in the next section 
and will be illustrated by other theatres. 

It should be said, 
parenthetically but 

‘ 10 
whatever Is uncon- 

ventional in de- 
sign, led both Mr. 9 

none the less em- 
phatically, that 
throughout this 

Ames and the ar- 
chitects to insist on 

paper by theatre is 
meant an auditor- 

exceptional qual- 8 
ity. The floor was 
therefore lowered 

ium for the spoken 
drama. 

at the front, the 7 
ceiling was lowered, 
and the walls near 

EcHuo 

When a_ source 
of sound is main- 
tained constant for 
a sufficiently long 
time, a few seconds 
will ordinarily suf- 

the stage brought : 
in and reduced in A 
curvature, with, of 5 
course, correspond- 
ing changes in the 
architectural treat- 4 
ment. The rear 

wall, following the 

fice, the sound be- 
comes steady at 
every point in the 

line of the rear room. The distri- 
bution of the in- seats, remained 

unchanged in curv- 2 
ature. The side 
walls near the stage Pl 

TW 
ig 

~~ tensity of sound 
r2 _— under these condi- 
ie es tions, is called the 
— 

were curved. 1 
The net effect of 
these changes was 
to give an auditor- 
ium twenty-eight c, °: Os 
feet high in front, FIG. 9. REVERBERATION 
twenty-three _ feet 
high at the rear, 
forty-eight feet slices 
long and forty-nine 
feet bread, with a stage opening eighteen by 
thirty-one, and having a_ reverberation 
as shown by Curve 2. In order to reduce 
still further the reverberation, as_ well 
as to break acoustically the curvature 
of the side and rear walls, “‘acoustic felt” 
was applied in panels. There were three 
panels, six feet by thirteen feet, on each of 
the side walls, and seven panels, two four 
feet five inches by thirteen feet, two five 
feet by ten feet, two two feet by four feet, 

interference sys - 
tem, for that par- 
ticular note, of the aera 

Cc, C, C, C, 

IN SECONDS OF THE LITILE 

THEATRE, FOR NOTES OF DIFFERENT PITCH, C3 BEING 

MIDDLE C, CURVE 1 FOR THE FIRST DESIGN, CURVE 2 

FOR THE SECOND, AND CURVE 3 FOR THE THIRD AND 

room or space in 
question. If the 
source of sound is 
suddenly stopped, 
it requires some 
time for the sound 
in the room to be 

absorbed. This prolongation of sound after 
the source has ceased is called reverberation. 
If the source of sound, instead of being 
maintained, is short and sharp, it travels as 
a discreet wave or group of waves about 
the room, reflected from wall to wall, 
producing echoes. In the Greek theatre 
there was ordinarily but one echo, “doub- 
ling the case ending,” while in the modern 
theatre there are many, generally arriving 
at a less interval of time after the direct 
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FIG. 10. THE NEW THEATRE, NEW YORK 

MESSRS. CARRERE AND HASTINGS, ARCHITECTS 

sound and therefore less distinguishable, 
but stronger and therefore more disturbing. 

This phase of the acoustical problem 
will be illustrated by two examples, the 
New Theatre, the most important structure 
of the kind in New York, and the plans of 
the theatre now building for the Scollay 
Square Realty Company in Boston. 

Notwithstanding the fact that there was 
at one time criticism of the acoustical 
quality of the New Theatre, the memory of 
which still lingers and still colors the casual 
comment, it was not worse in proportion 
to its size than several other theatres in the 
city. It is therefore not taken as an 
example because it showed acoustical de- 
fects in remarkable degree, but rather 
because there is much that can be learned 
from the conditions under which it was 
built, because such defects as existed have 
been corrected in large measure, and above 
all in the hope of aiding in some small 
way in the restoration of a magnifi- 
cent building to a dignified use for which 
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it is in so many ways eminently suited. 
The generous purpose of its founders, 
the high ideals of its manager in regard to 
the plays to be produced, and the per- 
fection otherwise of the building directed 
an exaggerated and morbid attention to 
this feature. Aside from the close scrutiny 
which always centers on a_semi-public 
undertaking, the architects, Messrs. Car- 
rere and Hastings, suffered from that which 
probably every architect can appreciate 
from some similar experience of his own, 
an impossible program. They were 
called on to make a large “‘little theatre,” 
as a particular type of institution is called 
in England; and, through a division of 
purpose on the part of the founders and 
advisers, for the Director of the Metro- 
politan Opera was a powerful factor, they 
were called on to make a building adapted 
to both the opera and the drama. There 
were also financial difficulties, although 
very different from those usually encoun- 
tered, a plethora of riches. This necessi- 



~~ Se  aorites. vs 

> | Ae ae nn 

A near cr este 

THE AMERICAN ARCHITECT 

= 

: 

= 994+ 

t 2 rere 
‘ t 

i 
| -— 

TS FRE ees e--*E 

FIG. 13 
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tated the provision of two rows of boxes, 
forty-eight originally, equally commodious, 
and none so near the stage as to thereby 
suffer in comparison with the others. Fin- 
ally there was a change of program. when 
the building was almost complete. The 
upper row of boxes was abandoned and the 
shallow balcony thus created was devoted 
to foyer chairs which were reserved for 
the annual subscribers. As will be shown 
later these seats were acoustically the poor- 
est in the house. 

Encircling boxes are a familiar arrange- 
ment, but most of the precedents, especially 
those in 
good repute, 
are opera 
houses and 
not theatres, 
the opera and 
the drama be- 
ing different 
in their 
acoustical re- 
quirem en ts. 
In the New 
Theatre this 
arrangeme n t 

exerteda 
three - fold 
pressure on 
the design. 
It raised the 
baleony and 
gallery 
twelve feet. 
It increased 
both the 
breadth and STAGE, 
the depth of 
the house. And, together with the 
requirement that these boxes should 
not extend near the stage, it led to 
side walls whose most natural architec- 
tural treatment was such as to create sources 
of not.inconsiderable echo. 

The immediate problem is the discussion 
of the reflections from the ceiling, from 
the side walls near the stage, from the screen 
and parapet in front of the first row of boxes 
and from the wall at the rear of these boxes. 
To illustrate this I have taken photographs 
of the actual sound and its echoes passing 
through a model of the theatre by a modi- 
fication of what may be called the Toeppler- 
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FIG. 14. PHOTOGRAPH OF A SOUND WAVE, W W, ENTERING A MODEL OF THE 
NEW THEATRE, AND OF THE ECHOES 4@:, PRODUCED BY THE ORCHES.- 
TRA SCREEN,@: FROM THE MAIN FLOOR, @3,FROM THE FLOOR OF THE 
ORCHESTRA PIT, ads, THE REFLECTION FROM THE ORCHESTRA SCREEN 
OF THE WAVE 4;, ds; THE WAVE ORIGINATING AT THE EDGE OF THE 
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Boys-Foley method of photographing air 
disturbances. The details of the adapta- 
tion of the method to the present investi- 
gation will be explained in another paper. 
It is sufficient here to say that the method 
consists essentially of taking off the sides 
of the model, and, as the sound is passing 
through it, illuminating it instantaneously 
by the light from a very fine and somewhat 
distant electric spark. After passing 
through the model the light falls on a pho- 
tographic plate placed at a little distance 
on the other side. The light is refracted 
by the sound waves, which thus act prac- 

tically as 
their own lens 
in produc- 
ing the pho- 
tograph. 

In the ac- 
company ing 
illustratio n s 
reduced from 
the photo- 
graphs the 
enframing 
silhouettes 
are shadows 
cast by the 
model, and all 
within are 
direct photo- 
graphs of the 
actual sound 
wave and its 
echoes. For 
example, Fig- 
ure 14 shows 
in silhouette 
the principal 

longitudinal section of the main audi- 
torlum of the New Theatre. WW 
is a photograph of a sound wave which 
has entered the main auditorium from 
a point on the stage at an ordinary 
distance back of the proscenium arch: 
a, is the reflection from the solid 
rail in front of the orchestra pit, 
and a, the reflection from the floor of the 
sound which has passed over the top of 
the rail; az is the reflection from the floor of 
the pit, and a, the reflection of this reflected 
wave from the rail; while a; originated at the 
edge of the stage. None of these reflec- 
tions are important factors in determining 
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FIG. 18 
FIG, 15 

FIG. 16 FIG. 19 
~~ 

: 
d FIG. 17 FIG. 20 

; rWO SERIES OF PHOTOGRAPHS OF THE SOUND AND ITS REFLECTIONS IN THE NEW THEATRE—15 TO 17 BEFORE, 18 TO 20 
AFTER THE INSTALLATION OF THE CANOPY IN THE CEILING. THE EFFECT OF THE CANOPY IN PROTECTING THE BAL- 

CONY, FOYER CHAIRS, BOXES, AND THE ORCHESTRA CHAIRS BACK OF ROW L IS SHOWN BY COMPARING FIGURES 19 

AND 20 WITH FIGURES 16 AND 17. 
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the acoustical quality of the theatre, but 
the photograph affords excellent oppor- 
tunity for showing the manner in which 
reflections are formed, and to introduce 
the series of more significant photographs 
on the preceeding page. 

Figures 15, 16 and 17 show the advance 
of the sound through the auditorium at 
07, .10 and .14 second intervals after its 
departure from the source. In Figure 15, the 
waves which originated at the orchestra 
pit can be readily distinguished, as well 
as the nascent waves where the primary 
sound is striking the ceiling cornice imme- 
diately over 
the proscen- 
ium arch. 
The _ proscen- 
ium arch it- 
self was very 
well de- 
signed, for 
the sound 
passed paral- 
lel to its sur- 
face. Other- 
wise reflec- 
tions from 
the proscen- 
ium arch 
would also 
have shown in 
the _ photo- 
graph. These 
would have 
been directed 
toward the 
audience and 
might have 
been very 
perceptible 
factors in determining the ultimate acous- 
tical quality. 

The system of reflected waves in the 
succeeding photograph in the series is 
so complicated that it is difficult to identify 
the several reflections by verbal descrip- 
tion. The photograph is therefore repro- 
duced in Figure 21, lettered and with 
accompanying legends. It is interesting 
to observe that all the reflected waves 
which originated at the orchestra pit 
have disappeared with the exception of 
waves a, and a3. These have combined 
to form practically a single wave. Even 
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FIG.21. PHOTOGRAPH OF THE DIRECT SOUND, W W, AND OF THE ECHOES 
FROM THE VARIOUS SURFACES; @2,;, A WAVE, OR ECHO, DUE TO THE 
COMBINATION OF TWO WAVES WHICH ORIGINATED AT THE ORCHESTRA 
PIT; c:. FROM THE OVAL PANEL IN THE CEILING; ¢2 AND ¢;, FROM THE 
CEILING MOULDINGS AND CORNICE OVER THE PROSCENIUM ARCH; 
cs, AGROUP FROM THE MOULDING SURROUNDING THE PANEL; ¢;, FROM 
THE PROSCENIUM ARCH; J,, b:, bs FROM THE SCREENS IN FRONT, AND 
THE WALLS IN THE REAR OF THE BOXES, BALCONY AND GALLERY. 
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this combined wave is almost negligible 
The acoustically important reflections 

in the vertical section are the waves c¢,, 
c, and c,. The waves b, and b, from the 
screen in front of the boxes and from the 
back of the boxes are also of great import- 
ance, but the peculiarities of these waves 
are better shown by photographs taken 
vertically through a horizontal section. 
The waves c, ¢., c; and 6, and 6b. show 

in a striking manner the fallacy of the not 
uncommon representation of the propaga- 
tion of sound by straight lines. For ex- 
ample, the wave ¢, is a reflection from the 

oval panel in 
the ceiling. 
The curva- 
ture of this 
panel is such 
that the ray 
construc- 

tion would 
give practic- 
ally parallel 
rays after 
reflection. 
Were the 
geometri ¢ a | 
representa- 

tion by rays 
an adequate 
one the _ re- 
flected wave 
would thus be 
a flat disc 
equal in area 
to the oblique 
projection of 
the panel. As 
a matter of 
fact, however, 

the wave spreads far into the geometrical 
shadow, as is shown by the curved portion 
reaching well out toward the proscenium 
arch. Again, waves c, and c, are reflec- 
tions from a cornice whose irregularities 
are not so oriented as to suggest by the sim- 
ple geometrical representation of rays the 
formation of such waves as are here clearly 
shown. But each small cornice moulding 
originates an almost hemispherical wave, 
and the mouldings are in two groups, the 
position of each being such that the spheri- 
cal waves conspire to form these two master 
waves. The inadequacy of the discussion 
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FIG, 25 

FIG. 23 FIG. 26 

FIG. 24 FIG. 27 

PHOTOGRAPHS SHOWING ‘THE REFLECTIONS, IN A VERTICAL PLANE, FROM THE SIDES OF THE PROSCENIUM ARCH, THE 
PLANE WALL BELOW THE ACTORS’ BOX, AND THE RAIL OR SCREEN IN FRONT OF THE BOXES. THE PHOTOGRAPH 
TAKEN IN NUMERICAL SEQUENCE SHOW THE PROGRESS OF A SINGLE SOUND WAVE AND ITS REFLECTIONS. 
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of the subject of architectural acoustics 
by the construction of straight lines is 
still further shown by the waves reflected 
from the screens in front of the boxes, 
of the balcony, and of the gallery. These 
reflecting surfaces are narrow, but give, 
as is clearly seen in the photograph, highly 
divergent waves. This spreading of the 
wave beyond the geometrical projection 
is more pronounced the smaller the opening 
or the reflecting obstacle and the greater 
the length of the wave. The phenomenon 
is called diffraction and is of course one of 
the well known phenomena of physics. 
It is more pronounced in the long waves 
of sound than in the 
short waves of light, 
and on the small 
areas of an audi- 
torium than in the 
large dimensions of 
out of door space. 
It cannot be ignor- 
ed, as it has been 
heretofore ignored 
in all discussion of 
this phase of the 
problem of archi- 
tectural acoustics, 
with impunity. The 
method of rays, al- 
though a fairly 
correct approxima- 
tion with large 
areas, is misleading 
under most condi- 
tions. Forexample, 
in the present case 
it would have predicted almost perfect 
acoustics in the boxes and on the main floor. 

The third photograph in the series shows 
the condition in the room when the main 
sound wave has reached the last seat in 
the top gallery. The wave c, has advanced 
and is reaching the front row of seats 
in the gallery, producing the effect of an 
echo. A little later it will enter the 
balcony, producing there an echo greater 
in intensity, more delayed, and affecting 
more than half the seats in the balcony, 
for it will curve under the gallery, in the 
manner just explained, and disturb seats 
which geometrically would be protected. 
Still later it will enter the foyer seats 
and the boxes. But the main disturbance 
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FIG. 28. A PHOTOGRAPH, ONE OF MANY TAKEN, SHOWING 
IN VERTICAL SECTION ONE STAGE OF THE REFLEC- 
TION be, FIG. 21. THESE REFLECTIONS WERE ELIMINAT- 
ED BY THE ARCHITECTS IN THE SUMMER FOLLOWING 
THE OPENING OF THE THEATRE, BUT HAVE BEEN IN 
PART RESTORED BY SUBSEQUENT CHANGES. 

in these seats and the boxes, as is wel! 
shown by the photograph, arises from the 
wave ¢c,, and in the orchestra seats on the 
floor from the wave c¢3. 

In the summer following the opening of 
the theatre, a canopy, oval in plan and 
slightly larger than the ceiling oval, was 
hung from the ceiling surrounding a central 
chandelier. The effect of this in prevent- 
ing these disturbing reflections is shown 
by a comparison, pair by pair, of the two 
series of photographs, Figures 15 to 17 and 
Figures 18 to 20. It is safe to say that 
there are few, possibly no modern theatres, 
or opera houses, equal in size and seating 

capacity, which are 
so free from this 
particular type of 
disturbance as the 
New Theatre at the 
present time. 

In the study of 
the New Theatre 
photographs were 
taken through 
several horizontal 
sections. It will be 
sufficient for the 
purposes of the 
present paper to 

illustrate the effect 
of curved surfaces 
in producing con- 
verging waves by a 
few photographs 
showing the _ pro- 
pagation of sound 
through a single 

section in a plane passing through the 
parapet in front of the boxes. The 
reflected waves shown in Figure 22 
originating from the edge of the prosce- 
nium arch and from the base of the column 
can be followed throughout all the succeed- 
ing photographs. In Figure 23 are shown 
waves originating from the plain wall be- 
neath the actor’s box and the beginning 
of some small waves from the curved para- 
pet. It is easily possible, as it is also 
interesting and instructive, to follow these 
waves through the succeeding photographs. 
In Figure 25 the sound has been reflected 
from the rear of the parapet; while in Figure 
26 it has advanced further down the main 
floor of the auditorium, narrowing as it 
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REAR WALL 
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FIG. 29. SECTION IN PENCIL SKETCH OF SCOLILAY SQUARE THEATRE, IN BOSTON 

MR. C. H. BLACKALL, ARCHITECT 
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FIG. 30. FINISHED SECTION OF SCOLLAY SQUARE THEATRE BOSTON 

MR. C. H. BLACKALL, ARCHITECT 
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proceeds and gaining in intensity. The 
waves reflected from the parapet outside 
of the aisles are here shown approaching 
each other behind the wave which has 
been reflected from the parapet between the 
aisles. Waves are also shown in Figure 
26 emerging from the passages between the 
boxes. Indeed, it is possible to trace the 
waves arising from a second reflection from 
the proscenium arch of the sound which, 
first reflected from the corresponding sur- 
faces on the other side, has crossed directly 
in front of the stage. With a little 
care, it is possible also to identify these 
waves in the last photograph. 

Although many were taken, it will suffice 
to show a single photograph, Figure 28, 
of the reflections in the plane passing 
through the back of the boxes. These 
disturbing reflections were almost entirely 
eliminated in the revision of the theatre 
by the removal of the boxes from the first 
to the second row and by utilizing the 
space vacated together with the anterooms 
as a single balcony filled with seats. 

An excellent illustration of the use of 
such photographs in planning, before con- 
struction and while all the forms are still 
fluid, is to be found in one of the theatres 
now being built in Boston by Mr. C. H. 
Blackall, who has had an_ exception- 
ally large and successful experience in 
theatre design. The initial pencil sketch, 
Figure 29, gave in the model test the 
waves shown in the progressive series of 
photographs, Figures 31 to 33. The 
ceiling of interpenetrating cylinders was 
then changed to the form shown in finished 
section in Figure 30, with the results strik- 
ingly indicated in the parallel series of photo- 
graphs, Figures 34 to 36. It is of course 
easy to identify all the reflections in each 
of these photographs—the reflections from 
the ceiling and the balcony front in the 
first; from the ceiling and from both the 
balcony and gallery front in the second; and 
in the third photograph of the series, the 
reflections of the ceiling reflection from the 
balcony and gallery fronts and from the 
floor. But the essential point to be 
observed in comparing the two series pair 
by pair, is the almost total absence in the 
second series of the ceiling echo and the 
relatively clear condition ba‘k of the ad- 
vancing sound wave. 

274 

_ good acoustics. 

AMERICAN ARCHITECT 

CONSONANCE 

Consonance is the process whereby, due 
to suitably placed reflecting walls, “‘the 
voice is supported and strengthened.” It 
is the one acoustical virtue that is positive. 
It is also the characteristic virtue of the 
modern theatre, and that through which 
this complicated auditorium surmounts the 
attendant evils of interference, reverbera- 
tion and echo. Yet such is our modern 
analysis of the problem that we do not even 
have for it a name. On the other hand, it is 
the virtue which the Greek theatre has in 
least degree. It is therefore all the more 
interesting that it should have been in- 
cluded in the analysis of Vitruvius, and 
should have received a name so accurately 
descriptive. Indeed, one can hardly make 
explanation of the phenomenon better than 
through the very type of theatre in which 
its lack is the one admitted defect. 

The Greek theatre enjoys a not wholly 
wel) founded reputation for extremely 

In most respects it is 
deserved; but the careful classical scholar, 
however gratified he may be by this praise 
of a notable Greek invention, regards him- 
self as barred by contemporaneous evidence 
from accepting for the theatre unqualified 
praise. Every traveller has heard of the 
remarkable quality of these theatres, and 
makes a trial wherever opportunity permits, 
be it at beautiful Taormina, in the steep 
sloped theatre at Pompeii, the great theatre 
at Ephesus, or the “little theatre’ on the 
top of Tusculum—always with gratifying 
results and the satisfaction of having 
confirmed a well known fact. Perhaps 
it is useless to try to traverse such a 
test. But there is not a theatre in Italy or 
Greece which is not in so ruined a condi- 
tion today that it in no way whatever re- 
sembles acoustically its original form. If 
its acoustics are perfect today, they cer- 
tainly were not originally. Complete 
“scaena” and enclosing walls distinctly 
altered the acoustical conditions. The 
traveller has in general tested what is 
little more than a depression in the ground, 
or a hollow in a quiet country hillside. 
As a matter of fact, the theatre in its 
original form was better than in its ruined 
state. Still, with all its excellencies it 
was not wholly good. Its acoustical 
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FIG. 31 FIG. 34 

FIG, 32 FIG. 35 

FIG. 33 FIG. 36 

!'WO SERIES OF PHOTOGRAPHS SHOWING, FIGURES 31 TO 33, THE REFLECTIONS WHICH WOULD HAVE RESULTED FROM 

THE EXECUTION OF THE FIRST PENCIL SKETCH OF THE SCOLLAY SQUARE THEATER (FIGURE 29), AND, FIGURES 34 TO 36, 

FROM THE EXECUTION OF THE SECOND SKETCH BY MR. BLACKALL (SHOWN IN FINISHED SECTION IN FIGURE 30) 
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qualities were not wholly acceptable to 
its contemporaries, and would be _ less 
acceptable in a modern theatre, and for 
modern drama. 

The difficulty with such casual evidence 
is that it is gathered under wholly abnor- 
mal conditions. Not only are the ruins 
but scant reminders of the original struc- 
ture, but the absence of a large audience 
vitiates the test, as it would vitiate a test 
of any modern theatre. But while in a 
modern auditorium the presence of an 
audience almost always, though not in- 
variably, improves the acoustics, in the 
classical theatre the presence of an audience, 
in so far as it has any effect, is disadvan- 
tageous. The effect of an audience is 
always twofold—it diminishes the rever- 
beration, and it diminishes the loudness 
or intensity of the voice. In general, the 
one effect is advantageous, the other dis- 
advantageous. But in the Greek theatre, 
occupied or unoccupied, ruined or in its 
original form, there was very little rever- 
beration. In fact, this was its merit. 
On the other hand, the very fact that 
there was little reverberation is significant 
that there was very slight architectural 
reénforcement of the voice. One might 
well be unconvinced by such a _ priori 
considerations were there not excellent 
evidence that these theatres were not wholly 
acceptable acoustically even in their day, 
and for drama written for and more or 
less adapted to them. Excellent evidence 
that there was insufficient consonance is 
to be found in the megaphone mouth- 
pieces used at times in both the tragic and 
the comic masks, and in the proposal by 
Vitruvius to use resonant vases to strength- 
en the voice. 

The doubt is not as to whether a speaker, 
turned directly toward the audience and 
speaking in a sustained voice, could make 
himself heard in remote parts of a crowded 
Greek theatre. It is almost certain that 
he could do so, even in the very large and 
more nearly level theatres, such as the one 
at Ephesus. Better evidence of this than 
can be found in the casual test of a lonely 
ruin is the annual performance by the staff 
of the Comédie Francaise in the theatre 
at Orange. But even this, the best pre- 
served of either Greek or Roman theatres, 
is but a ruin, and its temporary adaptation 
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for the annual performance is more modern 
than classical. A much better test is in 
the exercises regularly held in the Greek 
Theatre of the University of California, de- 
signed by Mr. John Galen Howard, of 
which President Wheeler speaks in most ap- 
proving terms. The drama, especially mod- 
ern drama, differs from sustained speech and 
formal address in its range of utterance, 
in modulation, and above all in the require- 
ment that at times it reach the audience 
with great dynamic quality but without 
strain in enunciation. Mere distinctness 
is not sufficient. It was through a reali- 
zation of this that the megaphone mouth- 
piece was invented—awkward in use and 
necessarily destructive of many of the finer 
shades of enunciation. That it was only 
occasionally used proves that it was not a 
wholly satisfactory device, but does not 
detract its evidence of weakness in the 
acoustics of the theatre. 

The megaphone mouthpiece bears to the 
acoustics of the Greek theatre the same 
evidence, only in a reciprocal form, that 
the mask itself bears to the theatre’s illumi- 
nation. It was not possible to see in bright 
daylight, particularly in the bright sunlight 
of the Mediterranean atmosphere, with 
anything like the accuracy and detail 
possible in a darkened theatre with illumi- 
nated stage. The pupil of the eye was con- 
tracted, and the sensitiveness of the retina 
exhausted by the brilliancy of the general 
glare. Add to this that the distance from 
the stage was very much greater in the 
Greek than in the modern theatre, audience 
for audience, and one can realize the reason 
for the utter impossibility of facial expres- 
sion in Greek dramatization except by 
artificial exaggeration. The heaviness and 
inflexibility of these devices, and _ there- 
fore their significance as proof of some 
inherent difficulty in dramatic presenta- 
tion, is emphasized by the delicacy of 
line and fine appreciation of the human 
form shown in other contemporaneous art. 

Not less significant in regard to the acous- 
tics of the Greek theatre are the directions 
given by Vitruvius for the re?nforcement 
of the voice by the use of resonant vases: 

“Accordingly bronze vessels should be 
made, proportional in size to the size of 
the theatre, and so fashioned that when 
sounded they produce with one another 
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the notes of the fourth, the fifth, and so 
on to the double octave. These vessels 
should be placed in accordance with musi- 
cal laws in niches between the seats of the 
theatre in such position that they nowhere 
touch the wall, but have a clear space on 
all sides and above them. They should be 
set upside down and supported on the side 
facing the stage by wedges not less than 
half a foot high. . . . With this arrange- 
ment, the voice, spreading from the stage 
as a center and striking against the cavities 
of the different vessels, will be increased 
in volume and will wake an harmonious 
note in unison with itself.” 

There is good reason for believing that 
this device was but very rarely tried. 
This, and the fact that it could not possibly 
have accomplished the purpose as outlined 
by Vitruvius, is not germane. The im- 
portant point is that its mere proposal 
is evidence that the contemporaries of 
the Greek theatres were not wholly satis- 
fied, and that the defect was in lack of 
consonance. 

It would be inappropriately elaborate 
and beyond the possible length of this 
paper to give in detail the method of 
‘alculating the loudness of sound in different 
parts of an auditorium. That subject is 
reserved for another paper in preparation 
in which will be given not merely the 
method of calculation but the necessary 
tables for its simplification. It is, how- 
ever, possible and proper to give a general 
statement of the principles and processes 
involved. 

In this discussion I shall leave out as 
already adequately discussed the phenom- 
enon of interference, or rather shall dismiss 
the subject with a statement that when 
two sounds of the same pitch are superposed 
in exact agreement of phase, the intensity 
of the sound is the square of the sum of 
the square roots of their separate intensi- 
ties; when they are in opposite phases, 
it is the square of the difference of the 
square roots of their intensities; but when 
several sounds of the same pitch arrive 
at any point in the room with a random 
difference of phase their probable intensity 
is the simple numerical sum of their 
separate intensities. It is on the assump- 
tion of a random difference of phase and 
an average probable loudness that I shall 
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here consider the question. This has the 
advantage of being the simpler and also a 
first approximation in an auditorium de- 
signed for articulate speech. 

When sound spreads from a spherically 
symmetrical source it diminishes as_ the 
square of the distance. When the sound is 
being propagated, still in space unrestricted 
by walls or ceiling, but over the heads of 
a closely seated audience, the law of the 
diminution of the sound is more rapid than 
the law of the inverse square. This more 
rapid diminution of the sound is due to 
the absorption of the sound by the audi- 
ence. It is a function of the elevation of 
the speaker and the angle of inclination 
of the floor—in other words, the angle 
between the sight lines. The diminution 
of the intensity of the sound due to distance 
is less the greater this angle. 

If the auditorium be enclosed by not 
too remote walls, the voice coming directly 
from the speaker is reénforced by the re- 
flection from the retaining walls. However, 
it is obvious that the sounds reflected 
from the walls and ceilings have traversed 
greater paths than the sound of the voice 
which has come directly. If this difference 
of path length is great, the sounds will 
not arrive simultaneously. If, however, 
the path differences are not great, the 
reflected sounds will arrive in time to 
reénforce the voice which has come directly, 
each syllable by itself, or, indeed, in time 
for the self support of the sub-syllabic 
components. It is to this mutual strength- 
ening of concurrent sounds within each 
element of articulate speech that Vitruvius 
has given the name “‘consonance.” 

Thus in the computation of the intensity 
of the voice which has come directly 
from the speaker across the auditorium 
it is necessary to take into consideration 
not merely the diminution of intensity 
according to the law of the inverse square 
of the distance and the diminution of the 
intensity due to the absorption by the cloth- 
ing of the audience, but also, as a com- 
pensating factor for the latter, the diffrac- 
tion of the sound from above which is 
ever supplying the loss due to absorption, 
while in computing the intensity of the 
sound reflected from any wall or other 
surface one must take into consideration 
all this, and also the coefficient of reflection 

rhs) 77 
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FIG. 37. THE 
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of the wall and the diffraction due to the 
restricted area of the reflecting element. 

Abstract principles are sometimes tedious 
to follow even when not difficult. In 
Figure 38 is shown a photograph taken in 
an investigation for the architects, Messrs. 
Chapman and Magney, of the Harris 
Theatre, to be 
erected in Muin- 
neapolis, which af- 
ords an excellent 
example of both 
favorable and un- 
favorable condi- 
tions in respect to 
consonance. The 
initial sketch for 
this theatre offered 
no problems either 
of interference or 
reverberation, and pig 33. sHOWING THE 
of echo only in the OF THE HARRIS THEATRE. 
horizontal section. 
The only very con- 
siderable question presented by the plans 
was in respect to consonance and there 
in regard only to the more remote parts 
of the floor and of the balcony. The 
particular photograph here reproduced re- 
cords the condition of the sound in the 
room at such an instant as to bring out this 
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HARRIS THEATRE, 

& MAGNEY, 

CONSONANCE IN 

MINNEAPOLIS, FIRST DESIGN. 
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aspect of the problem in marked degree. 
The forward third of the balcony in this 

theatre affords an excellent example of 
consonance, for the reflection from the 
ceiling arrives so nearly simultaneously 
with the sound which has come directly 
from the stage as to “strengthen and 

support” it and 
yet “leave the 
words clear and 
distinct.” The in- 
terval between the 
two, the direct and 
the reflected voice, 
varies from .01 
seconds to .03 
seconds. Back ot 
the first third, 
however, the con- 
sonance from the 
ceiling erg 
diminishes and i 
practically sie 
ceptible beyond the 

middle of the gallery. Back of that point 
the direct voice diminishes rapidly since 
it is passing in a confined space over the 
highly absorbent clothing of the audience. 
The loss of intensity at the rear of the gal- 
lery is increased by the carrying of the 
horizontal portion of the ceiling so far rear- 

THE 
THIS RELATES ONLY 

CONSONANCE IN THE VERTICAL SECTION. 

BALCONY 

TO 
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While the effect of this is to throttle ward. 
the rear of the gallery it obviously strength- 
ens the voice in the forward third. Al- 
though there is thus some compensation, 
on the whole the forward part of the 
gallery does not need this service so much 
as the rear seats. The photograph shows 
this process clearly: the main sound wave 
can be seen advancing after having passed 
the angle in the ceiling. The wave re- 
flected from the ceiling can be seen just 
striking the gallery seats. It is evident 
that at the instant at which the photo- 
graph was taken the sound wave was 
receiving the last of this support by the 
sound reflected from the ceiling. 

The photograph also shows how the 
sound after passing the ceiling angle spreads 
into the space above, thus losing for the 
moment thirty per cent. of its intensity, 
a loss, however, to be regained in consid- 
erable part later. 

On the main floor the reflection from 
the ceiling strengthens the direct voice 
only for the long syllabic components. 
Nevertheless, in comparison with other 
theatres the forward part of the floor of 
this theatre will be excellent. There will 
be just a trace of echo immediately under 
the front of the balcony, but this will be 
imperceptible beyond the first four rows 
of seats under the balcony. It is obvious 
from the photograph that there is no con- 
sonance in the rear of the main floor of 
the auditorium under the balcony. 

A not unnatural, certainly a not uncom- 
mon, inquiry is for some statement of the 

best height, the best breadth, and the best 
depth for a theatre, for a list of commended 
and a list of prohibited forms and dimen- 
sions. A little consideration, however, will 
show that this is neither a possible nor 
the most desirable result of such an inves- 
tigation. 

For a simple rectangular auditorium of 
determined horizontal dimensions there 
is a best height. When, however, the hori- 
zontal dimensions are changed the desir- 
able height changes, although by no means 
proportionally. When the floor is inclined, 
when the walls are curved, when there 
are galleries and connecting corridors, when 
the material of construction is varied in 
character, the problem becomes somewhat 
more intricate, the value of each element 
being dependent on the others. Moreover 
it is futile to attempt to formulate a 
standard form even of a single type of 
auditorium. How greatly the design must 
vary is well illustrated in the four theatres 
which have been taken as examples—the 
Little Theatre with all the seats on the 
main floor, the Harris Theatre, very long, 
very broad, and with but a single gallery, 
the Scollay Theatre with two galleries, 
and the New Theatre with two rows of 
boxes and two galleries. The fundamental 
conditions of the problem, not the entirely 
free choice of the architect, determined 
the general solution in each case. Acous- 
tical quality is never the sole considera- 
tion; at best it is but a factor, introduced 
sometimes early, sometimes late, into the 
design. 
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By ROBERT GRAU 

N 1870 there were less than 
ten theatres in New York 
City, but these were prac- 
tically all of one class 
where the scale of prices 
ranged from twenty-five 
cents to $1.50. The lead- 
ing theatre at this period 
was located at the corner 
of Fourteenth Street and 

Sixth Avenue and was called the T'héatre 
Francais. The theatre stands today very 
little changed, save that it is devoted to 
moving pictures. 

The only theatres above Fourteenth Street 
were the Brougham Theatre on West 
Twenty-fourth Street, adjoining the Fifth 
Avenue Hotel, and Wood’s Museum where 
Daly’s Theatre now stands. It will be 
news to many to know that Daly’s Theatre, 
save for decorations and minor alterations, 
is practically the same as the famous old 
playhouse where two generations ago two 
performances were given daily by a superb 
stock company, while in the lobbies various 
freaks were wont to hold sway to the 
amazement of the theatre-goers of that day. 
In the stock company were such players 
as Louis Aldrich, Thomas W. Keene, 
McKee Rankin and Henry Lee. 

Wallack’s was at Thirteenth Street and 
Broadway, while around the corner, prac- 
tically the same house, too, as it stands 
today, was the Union Square Theatre, 
where “Bob” Butler presented variety shows 
that would put to shame the best seen on 
Broadway today, save for spectacular fea- 
tures. The Union Square was the leading 
variety theatre up to the time when Sheridan 
Shook and A. M. Palmer installed in the 
house the famous stock company which 
included among others, Clara Morris, Rose 
Eytinge, Kate Claxton, Sarah Jewett, Jef- 
freys Lewis, Charles R. Thorne, John 
Parselle, McKee Rankin and F. F. Mackay. 
Wallack’s became the Star Theatre, when 
Lester Wallack moved with his model 
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company to the house that still bears his 
name at Thirtieth Street and Broadway. 

Fourteenth Street was quite as prominent 
four decades ago as it is today, for besides 
the Théatre Francais, where Ristori ap- 
peared and where French opera bouffe 
was first revealed, there was the Academy 
of Music, the same house in every way as 
it is today, and here grand opera passed 
through enough vicissitudes to merit a 
special article, but its glories are not likely 
to be lessened in the memory of “old- 
timers” by the fact that this grand old 
structure, too, became a moving picture 

theatre for a time. 
Steinway Hall, whose exterior still stands 

as it did in the ’70’s, was the one concert 
auditorium, and a grand place of the kind 
it was! Here were heard the great Rubin- 
stein, the ponderous Wieniawski and the 
two Pattis, Adelina and Carlotta. 

I recall the advent of Adelina when she 
came hither under her own management, 
because no impresario would pay her $4,000 
a night. The diva made the error of 
charging $10 a seat and faced a beggarly 
array of empty seats at her opening concert, 
though she was then in her prime, in fact, 
only on this visit was she heard at her 
best. The tournée was threatened with 
disaster, but an intrepid American show- 
man, Henry E. Abbey, who had made a 
fortune with Sarah Bernhardt on her first 
tour here, arranged terms with Patti, re- 
duced the seat scale of prices by one-half, 
paid the diva $4,000 a night and made 
another fortune for himself. 

Steinway Hall was also the scene of the 
triumphs of the younger sister of Patti's. 
Carlotta, who had a voice scarcely less 
marvelous than her more celebrated sister. 
She was handicapped, however, by her 
lameness, which necessitated her confining 
her ——— to the concert platform, 
though she did appear once in grand opera, 
in Mozart’s “The Magic Flute.” The 
memory of this event at the Academy 
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of Music will last forever for all of those 
who were privileged to be entertained by 
the exquisite art of the diva will always 
refer to the occasion in a discussion of 
similar events. 
Among others who dignified Steinway 

Hall were Christine Nilsson, who came 
in the early *70’s and created a furore, 
and with her were heard Teresa Careno 
and Emile Sauret, both of whom are still 
potent attractions, with no indication that 
four decades of activity suggest the end of 
their extraordinary careers. 

Charles Dickens came to Steinway Hall 
in readings, so did Charlotte Cushman, 
while Mrs. Scott Siddons was the distin- 
guishing feature of two consecutive seasons 
in the same concert room. 
Around the corner from Steinway Hall, 

where the “‘Deutsches Theater’’ now stands, 
was Irving Hall, where famous balls were 
given. It was here that the late King 
Edward, then the Prince of 
Wales, was given a grand 
welcome in a ball and recep- 
tion which was at the time the 
most colossal event of the 
year, or of many years for 
that matter. Irving Hall was 
famous for its “‘pop” con- 
certs, given under the direction 
of Lafayette Harrison, an old- 

time impresario, who once 
remarked that the ultimate 
destination of his kind was 
either the county jail or the 
mad house, and it would seem 
that he was indeed a prophet, 
though in recent years a few 
of his successors have died, 
leaving enough for their fun- 
eral expenses, their lives being 
sacrificed prematurely in the 
effort to avoid the fate of their 
predecessors. 
New Yorkers of today may 

observe a vacant site just 
below Astor Place, on the east 
side of Broadway, and a truly 
historic location it is! For 
years this property has lain 
dormant, and only in the last 
few years have the owners, 
the Astor Estate, seen fit to 
tear down the old building, 
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which had stood there vacant for more than 
a decade. Its last use was for fistic events 
and before that it was known as “Ye 
London Streete,”’ but for forty years this 
site was occupied by theatres of every sort. 
It was originally a church and became 
famous as the New York Theatre, where 
the renowned Worrell Sisters had their 
home, and here they were wont to appear 
in such burlesques as “‘Ixion,” “The Forty 
Thieves,” and “The Field of the Cloth of 
Gold.” ‘This theatre had perhaps the most 
checkered career of any in New York’s 
history—at some time or other every man- 
ager had his try at it, until it came to be 
called “The Morgue.” 

At 720 Broadway was Lina Edwin’s 
Theatre, a bijou house, which afterwards 
housed the famous Kelly and Leon Min- 
strels. A little further down was the Olym- 
pic Theatre, where George L. Fox made 
his memorable 500-night-run as ‘‘Humpty- 
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> Dumpty.” Poor Fox !—when 
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he died, pantomime went with 
him to the grave. He was 
truly a great actor who took 
a serious view of his art. His 
aspiration to a_ tragedian’s 
career tended to shorten his 
day and he could not reconcile 
himself to the fact that only 
as a clown was he acceptable 
to the public. 

The old Metropolitan 
Theatre was at 585 Broadway. 
Here the famous San Fran- 
cisco Minstrels had their per- 
manent abode, until they 

moved up to ‘l'wenty-eighth 
Street and Broadway. ‘They 
were succeeded at “585” by 
Tony Pastor who for years 
innumerable presented “‘pol- 
ite variety there. 

Across the street was Niblo’s 
Garden, a theatre with more 
historic worth attached to it 
than any that can be recalled. 
Niblo’s will always be best 
known for the great spectacles 
which Jarrett and Palmer pre- 
sented there, the first of which 
“The Black Crook,” ran for 
two years and was often re- 
vived afterwards. It was in 
this production that the peer- 
less Morlachi and the dainty 
Bonfanti set old New York 
literally crazy with their re- 
markable tee dancing. 

Bonfanti still lives and is now presiding 
over a studio where dancers of another 
generation are benefiting from her consum- 
mate art and knowledge. Bonfanti in the 
height of her career was married to a young 
banker of the Hoffmann family, but he did 
not long survive the wedding. Morlachi 
was married to the world-renowned scout, 
W. H. Omnohundro (Texas Jack), and the 
two lived happily together for many 
years. 

Niblo’s was the scene of the many great 
achievements of the Kiralfy family. There 
were three brothers and three sisters, and 
they were the first to introduce their pe- 

? * 

culiar type of Hungarian dances. Of the 
brothers the eldest was Imre, who after- 
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wards became a great managerial figure 
_and is now a millionaire magnet in London, 
“where he provides the great pageantry 
“for the Earls Court exhibitions. Arnold, 
the youngest, and considered the best 
dancer of the three, died in 1908 in desti- 
tute circumstances. 

The Kiralfy Sisters had short public 
careers, all having married and _ retired 
many years ago. One married Al. Parkes, 
a well known newspaper man, who was 
dramatic editor of the New York Mercury, 
a periodical which cut a wide swath in New 
York forty years ago. Another sister mar- 
ried Edmund Gerson, an impresario. Mad- 
ame Gerson is now in a sanitarium at Stam- 

(Continued an page 284) 
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“THEATRE ACOUSTICS” 

T is arare privilege to be able to present 
I an exhaustive article from an authori- 

tative pen on a subject as important, 
yet so little understood as theatre acoustics. 
In this issue, Professor Sabine discusses the 
subject, not merely from the standpoint of 
the scholar—an attitude which men of af- 
fairs are so inclined to deprecate—but also 
from the experience of one whose practical 
knowledge has been sought when practical 
results were needed. 

Our increasing scientific understanding of 
acoustics, due largely to the researches of 
Professor Sabine, is but one phase of the 
ever-increasing complexity in architectural 
practice. As the searchlight of investiga- 
tion is directed upon each of the elements 
and properties of building construction, the 
more fully we realize that no one man can 
be a specialist in every one of them. 
Rather, the architect is coming more and 
more to be a director of other men’s services 
in producing the design which he had con- 
ceived as a whole. The director, however— 
as well as the small practitioner who “does 
his own work”—should have an accurate 
general knowledge of the methods em- 
ployed by experts and it is to this end that 
we present Professor Sabine’s article. 

AMERICAN ARCHITECT 

THE FUNCTION OF A BUILDING 
CODE 

N nearly every American city the build- 
ing code is a subject of ever-recurring 
discussion with a view to its possible 

revision and improvement. The fact that 
this phantom is never permanently ap- 
peased is due in part to the generally prevail- 
ing methods of framing legislation whereby 
laws that should embody scientific knowl- 
edge of technical matters are oftener than 
not devised by more or less educated poli- 
ticians with many suggestions from inter- 
ested commercial bodies. 

It is but natural and proper that a 
merchant should protect his legitimate in- 
terests before the law, but there is some- 
times an unfortunate tendency to take ad- 
vantage of code revision in order to gain, or 
attempt to gain, a monopoly or special 
privilege and thus exclude possible compe- 
tition. What is the public’s concern regard- 
ing the building code? Obviously it cares 
nothing for the rivalry of commercial in- 
terests, per se, but demands that the ma- 
terial and construction of buildings may be 
such as insure both safety and economy. 

The criterion of building-safety is not a 
matter of specific methods and materials, 
but rather a compliance with the require- 
ments of adequate physical tests. Economy 
is generally assured by the possibility of 
competition, but this condition cannot be 
realized if the products of any given com- 
mercial interest are favored to the exclusion 
of all others. When, through lack of tech- 
nical knowledge or the importunities of self- 
seekers the lawmakers specify exclusive 
methods and materials, it is but fair to 
assume that their object is the assurance of 
public safety, regardless of that economy to 
the owner, which results from the possi- 
bility of selection from among a number of 
suitable products. The results of this 
method of law-making are obviously illogi- 
cal and detrimental to the public welfare. 

The building law should be elastic. Just 
as in the past we have altered our methods 
of construction in the interests of greater 
safety, so in the future other and better 
ways may suggest themselves under any 
circumstances. It is unfair to the inventor 
and detrimental to the advance of the build- 
ing art to forbid the use of any new method 
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or material, provided it is able to withstand 
a reasonable physical test. 

We predict that in the future the law will 
devote itself to requiring results rather than 
to specifying methods and materials. It is 
for the law to fix standards of safety and at 
the same time to permit competition—a 
dual condition which can be most intelli- 
gently obtained through the recommenda- 

AMERICAN ARCHITECT 

tions of scientific and practical men rather 
than through the legislation of a non- 
technical body. The law should give to 
builders and those planning their structures 
the widest latitude consistent with safety; 
it is the prerogative of the architect to 
specify the definite materials and methods 
of construction best adapted to the require- 
ment of each individual building. 

NEW YORK THEATRES 
YEARS AGO 

(Continued from page 282) 
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ford, Conn., where she was obliged to take 
up her residence several years ago. 

Whenever I happen to hie my yself to the 
lower part of the now Greater City, I have 
always been impressed with the changes 
which time has rung, and nowhere has this 
seemed so significant as on the block be- 
tween Spring and Broome Streets on Broad- 
way, with its vast array of mercantile 
buildings and warehouses. There is noth- 
ing about this local today to remind one 
of the glories of the old Théatre Comique, 
where Harrigan and Hart reigned supreme, 
and where the famous “Mulligan Guards” 
came into being. Here was indeed a typical 
spot, and it is enough to make one who 
has gazed upon the spectacle of other days 
shudder to find himself in the gloom and 
desertion which prevails here after dark— 
where—and it does not seem so long ago— 
once was the most brilliantly lighted and 
the gayest spot to be found in the big city— 
a veritable “Rialto”—as I recall it! 

GREEK REFINEMENTS ACCEPTED 
BY SALOMON REINACH 

N a review of Professor W. H. Good- 
year’s recent book on “Greek Refine- 
ments,” Salomon Reinach, who is 
known as one of the most able art 

historians and archeologists in Europe, 
gives expression to the following which 
has been translated from the French: 

“Intentional departures from true ver- 
tical and horizontal lines were first estab- 
lished in 1837, as the result of a minute 
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study of the Partheuon. Some archeolo- 
gists and critics denied that these varia- 
tions were intended, others endeavored 
to justify them by optical explanations. 
In reality the purpose was quite a different 
one. The question at stake for ancient 
architects was to avoid monotony and 
coldness which are inherent in geometric 
perfection. To this end they sometimes 
made their lines in convex curves and some- 
times made them concave. If optical cor- 
rections have been purposed we _ should 
always find the lines convex. It is the great 
distinction of Mr. Goodyear to have estab- 
lished the existence of these ‘refinements’ 
in a number of ancient and medizval 
buildings; no one before him had suspected 
that the medieval builders had followed 
the principles of the Greek artists. It is 
quite true that he has been treated as a 
visionary. The attempt has been made to 
explain everything (as the Germans say 
wegerkliren) by the magical word ‘settle- 
ment’; but today it is clear that Mr. 
Goodyear has won his case. When we think 
about it these ‘refinements’ are not more 
surprising than the methods of good sculp- 
tors in giving a slight asymmetry to their 
figures: those who have modelled rigor- 
ously symmetrical heads, like Canova, 
have been cold and tiresome artists. 

“The present book, as its title indicates, 
is especially concerned with the Greek 
monuments. Mr. Goodyear shows absolute 
loyalty in realizing that his explanations 
have been foreshadowed by Hoffer and 
Bontmy, as the facts which he emphasizes, 
were first established in 1837-38 by Hoffer, 
Penrose and Pennethorne; but his own 
accomplishment is such that he is able 
to add to it without fear by recognizing 
that of his predecessors.”’ 
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MINNEAPOLIS TO TRY ZONE SYSTEM 

Minneapolis is the first city in the United 
States to try the system of “districting,” 
which is not uncommon in Europe, par- 
ticularly in Germany. A law enacted by 
the legislature of Minnesota at its last 
session permits cities with a population 
in excess of 50,000 to establish exclusive 
districts. 
When petitioned by fifty per cent. of 

the property owners in a neighborhood 
a city council may, by a two-thirds vote, 
designate such neighborhood, either as a 
residential or as an industrial district. 
The city council of Minneapolis February 
28th passed its first resolution under this 
act, and has now designated several dis- 
tricts, which, however, comprise only a 
small part of the city. 

MEMBERSHIP TRANSFER SYSTEM 

In our issue of July 9th, 1913, was pub- 
lished a letter from the San Francisco 
Architectural Club to the Architectural 
Club of America, asking for their co-opera- 
tion in the organization of a Membership 
Transfer System. 

In answer to this letter the following 
clubs have responded favorably: 

Cincinnati Architectural Club, Detroit 
Architectural Club, Cleveland Architec- 
tural Club, Boston Architectural Club, 
Chicago Architectural Club, St. Louis 
Architectural Club, Washington Architec- 
tural Club. 

The San Francisco Architectural Club 
have made the following amendment to 
their Constitution and are forwarding same 
to the aforesaid clubs for similar action: 
_ “Former members of Clubs registered 
in the Architectural Club Transfer System, 
upon presenting their applications, accom- 
panied by their first quarterly (or as re- 
quired by various club laws) dues and a 
certificate from the Secretary of said Club, 
Stating their initiation fee and that appli- 
cant is in good standing, may be admitted 

CURRENT NEWS AND COMMENT 

to this Club without payment of the 
initiation fee; provided, that should the 
initiation fee of said Club be less than 
that of this Club, he shall pay the differ- 
ence.” 

A list of the clubs registered in the Sys- 
tem will be published in this magazine 
from time to time, including any other 
matters of interest. 

The Membership Transfer Committee 
will be pleased to hear from any Clubs 
desiring to affiliate with the System. 

Address all communications to Member- 
ship Transfer Committee, care of San 
Francisco Architectural Club, 126 Post 
Street, San Francisco, Cal. 

SURETIES ON BUILDING CONTRACTS 

Editor, THe AMERICAN ARCHITECT, 

Sir: I have read with great interest Mr. Simpson’s 
article, in one of your recent issues, on the liability 
of sureties on building contracts. I am satisfied 
that these articles by Mr. Simpson will have the 
effect of opening the eyes of owners and architects 
to the advisability of investigating before investing 
in the so-called guarantee contained, in accordance 
with popular belief, in a surety company’s bond. 

A frank and open discussion of the legal position 
which surety companies generally assume will 
undoubtedly have beneficial results in one respect 
at least, and that is, in making owners realize 
the fact (which has been known to many for some 
time) that a surety company bond is a matter of 
certain expense, but not always of certain protec- 
tion. 

As an attorney I have been familiar for some time 
with the pitfalls of the surety bond and have, of 
course, known how many are the defenses that 
the companies can, when so minded, set up to even 
the just claims of owners, and to what extent the 
courts have been obliged, by reason of the hard 
and fast technicalities of law, to unwillingly aid 
the companies. 

Mr. Simpson is unquestionably right when he 
states that the tendency of the courts to construe 
contracts of the surety companies most strongly 
against them and not against the insured, is in- 
creasing each year. 

It is most puzzling to understand why people 
whose necessities compel them to secure surety 
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company bonds have been willing to continue 
accepting them indiscriminately in spite of the fact 
that there is a strong tendency on the part of some 
surety companies when called upon to furnish the 
protection to which an owner believes himself en- 
titled, to look not to see how they can carry out the 
putative obligations of their bonds, but first and 
foremost how any financial loss to themselves can be 
avoided. As conditions are at present, there seems 
to be only one simple and invariably effective way 
for an owner to protect himself against the con- 
tractor, and that is by withholding enough money 
from successive payments earned, to complete the 
contract at any time, if the contractor fails to carry 
out his obligation or becomes incapacitated to an 
extent that renders him incapable of doing so. 

I am prepared to admit that cases have come un- 
der my own observation where the surety company 
has been willing to assume all obligations of the 
contractor, on the contractor’s default, but in each 
one of these, if I mistake not, the amount due from 
the owner, or the security exacted from the con- 
tractor when bond was written, was so large that 
the surety company stood no possible risk or chance 
of loss by carrying out the work and thereby ful- 
filling its own contract. However, I do not wish to 
be considered unjust or even biased in my attitude, 
and if my experience in this regard is exceptional, I 

shall be only too glad to hear of authenticated cases 
in which the above course has not been followed, 
and will be the first to give credit where it is due. 
My experience in cases where a loss threatens, is that 
the surety company regularly denies liability; such 
denial is general and given without explanation. 
Whentsuit is brought the owner is confronted with 
the numerous defenses, which are suggested and 
pointed out in Mr. Simpson’s article, in actual cases. 
The company usually hires an attorney on an annual 
retainer, and presumably has found it less expensive 
where there is possibility of material loss to simply 
deny liability and take a chance in a lawsuit. 

Now what is the remedy? It seems to be in pub- 
licity. Owners and architects should take some 
affirmative action to compel a change in the form 
of surety company bonds. They should make it 
their business to make known individual cases 
where the surety companies deny liability and hide 
behind the technicalities of their policies. A pub- 
lication such as yours should be freely resorted 
to by architects and owners in airing their griev- 
ances. They should make it plain that if no remedy 
is offered by the surety companies a different system 
will be adopted in making contracts by which larger 
percentages will be withheld from the contractor 
until completion of his work, in return for which the 
contractor will receive the whole or part of the pre- 
mium that would have been paid to the surety com- 
pany under the old system. 

I am sure that you are in thorough sympathy with 
any movement which looks to making it easier and 

+ 

more inviting for an owner to build and to receive 
protection against loss through the contractor, per- 
ticularly if he pays for it. 

Yours very truly, C. A. RrecEtman. 

BALL OF THE S.B.A.A. 

The Society of Beaux-Arts Architects, 
New York City, will give a Ball of the Fine 
Arts at the Hotel Astor on Friday, Feb- 
ruary 20, 1914. The costumes worn will 
be Venetian of the XV century period. 

PERSONAL 

In a competition for the new Y. W. C. A. 
building at Washington, D. C., Messrs. 
Donn and Deming, of that city, were the 
successful competitors. 

Wasmansdorff & Eastman, architects, 
Lewistown, Mont., announce the opening 
of an office at Great Falls, Mont., and desire 
manufacturers’ catalogues and samples. 

Arthur T. Remick, Architect, 103 Park 
Avenue, New York, desires to announce 
that after December 15th he became asso- 
ciated with Henry Wilhelm Wilkinson, 
Architect. The new address is 15 West 38th 
Street, New York City. 

The partnership heretofore existing be- 
tween S. R. Badgley and W. H. Nicklas, 
under the title of Badgley & Nicklas, Archi- 
tects, Cleveland, Ohio, has been dissolved 
by mutual consent. Current work of the 
firm will be completed under mutual ar- 
rangement between the former partners. 

Mr. Badgley will continue in the practice 
of Architecture at 6408 Euclid Avenue, and 
Mr. Nicklas at 1900 Euclid Avenue, Cleve- 
land, Ohio. 

Mr. Nicklas will be pleased to receive 
manufacturers’ samples and catalogs. 

OBITUARY 

We have recently been informed of the 
death of Mr. Alfred Ziicher, formerly a 
practicing architect of Buenos Aires, Ar- 
gentina. 
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Cabot’s “Quilt” 
The Scientific Sound-deadener and Heat Insulator 

Sound-proof Heat-proof Rot-proof 
An efficient fire-retardent 

Quilt has every quality that can be required for 
the best work because it is made that way 

SAMPLES AND CATALOG ON REQUEST 

SAMUEL CABOT, INC., cu4iS1s, Boston, Mass. 
1133 Broadway, NEW YORK 24 West Kinzie St., CHICAGO 

Cabot’s Creosote Shingle Stains, Waterproof Cement and Brick 
Residence of Arthur Curtis James, Newport, R. I. tains, Conservo Wood Preservative, Dampproofing 

Howells & Stokes, Arch’ts, N. Y. . : y ’ 
Deadened with’ Cabot’s Quilt Waterproofing. Agents all over the country. 

Keep theCold-Water 
Pipes from Freezing! 

J-M Zero Pipe Covering, when properly applied and 
of sufficient thickness, positively protects cold-water 
pipes from freezing, no matter how low the temperature. 
Thawing out frozen pipes in frozen ground, in dark 
cellars and in other hard-to-get-at places is annoying 
and often expensive. It is cheaper to cover the pipes before they freeze than to thaw 
them out after they are frozen. By covering the water-pipes with 

Zero Pipe Covering 
all this trouble and expense can be prevented, because frost cannot penetrate the com 
bination of hair and wool insulating felts, of which this covering is made. 

Write our nearest branch for booklet. 

H. W. JOHNS-MANVILLE CO. 
Manufacturers of Asbestos Sicahess Roofings; Stucco;Pipe Coverings; Cold Storage Insulation; Waterproof- 

ing; Sanitary Specialties; Acoustical Correction; CorkTiling; Fireproof Doors; etc. 

Akron Charlotte Denver 4 Milwaukee Pittsburgh Seattle 
Albany Chicago Detroit ASBESTOS: Minneapolis Portland, Ore. Syracuse 
Atianta Cincinnati Duluth Newark, N. J. Rochester Toledo 
Baltimore Cleveland Galveston New Orleans St. Louis Washington 
Birmingham Columbus Houghton Kansas City Louisville New York St. Paul Wilkes-Barre 
Boston Dallas Houston Los Angeles Memphis Omaha Salt Lake City Youngstown 
Buffalo Dayton Indianapolis Philadelphia San Francisco 1305 

THE CANADIAN H. W. JOHNS-MANVILLE CO., LTD., Toronto, Montreal, Winnipeg, Vancouver. 

EFFECTIVE VENTILATION is demanded— 
and is assured by the use of 

‘“‘“GLOBE” VENTILATORS 
which have been the standard for over thirty years. Strongly con- 
structed—absolutely storm proof—for dependable operation under 

all conditions they have no equal. 

GLOBE VENTILATOR COMPANY, TROY, N. Y. 



INDUSTRIAL INFORMATION 
N this section will be found information concerning late catalogues issued by manufacturers of building materials, fixtures or equipment « 
Also under this head will be printed, from time to time, certain data relative to new devices or methods of construction considered to be of 
interest to architects. Architects are invited to make use of Tue AMERICAN ARCHITECT'S Catalogue Files and Information Department 

whenever they can do so to advantage. Any assistance we can render or information we can furnish in this connection will be freely given. 

CHAIRS FOR OFFICE AND PUBLIC 
BUILDINGS 

Attractively prepared pamphlets have 
been received describing the products of 
the Milwaukee Chair Co., whose general 
sales office is in Chicago, and Eastern office 
at 425 West 28th Street, New York City. 
For more than forty years, it is stated, 
the company has specialized in producing 
seating equipment of superior quality and 
great variety of design for office and kin- 
dred commercial uses. Chairs bearing the 
trademark of the company are sold only 
through authorized dealers who can sup- 
ply all designs ranging from the inex- 
pensive all-wood to the more costly full 
upholstered leather chairs. The company 
is prepared to execute special orders ac- 
cording to architects’ drawings and speci- 
fications. Prompt service is promised on 
all orders of this character for banks, 
court houses, hotels, clubs, libraries and 
government buildings. 

The literature of the company is mailed 
to architects upon request. 

WIRE GLASS 

Fire protectionists of national standing 
are quoted as estimating that twenty-five 
per cent. of the fire loss in America is due 
to lack of adequate window protection. 
Those who are interested in reducing 
the $250,000,000 fire loss which this country 
suffers annually, and who have to pay 
their pro rata proportion in advance in 
surance rates due to lack of proper con 
struction for the prevention of fire, will 
doubtless be interested in the pamphlet 
entitled “Exemplars,”’ issued for free dis- 
tribution by the Mississippi Wire Glass 
Company, with main offices at 220 Fifth 
Avenue, New York City. 

The text contains chapters on “Historical 
Points on Wire Glass,” “Information on 
Glazing,” and extracts from a paper read 
before the Insurance Society of New York, 
entitled “Efficiency of Wire Glass Win- 
dows.” ae? 

Photographs of many prominent build- 
ings throughout the country from New York 

~ to San Francisco, in which the products 
of this company have been used, aré well 
reproduced. In: addition, are many half- 
tones picturing the many forms of polished, 
rough and figured wire glass, with direc- 
tions for their proper specification. 

The company recommends the use of 
wire glass not only for window openings, 
but for elevator fronts and openings in 
corridor walls and partition walls between 
offices. Detail drawings are given which 
show the proper methods of installing such 
partitions. 

TRADEMARKED ROOFING SLATE 

Indication of the increased tendency 
toward trademarking manufactured build- 
ing material is seen in the products of the 
Bangor Slate Association, Bangor, Pa. 

This company has recently adopted the 
practice of marking each piece of No. 1 
Genuine Bangor Slate in order to protect 
their customers against substitution of’ 
other materials. The use of this slate is 
said to insure a perfect, long wearing and 
non-fading roof. A folder giving the names 
of the various brands will be mailed to 
architects upon request. 

THE PARKER DOWNFLOW BOILER 

The Parker Downflow Boiler is designed 
in accord with the scientific principles 
which should be followed in evaporating 
water into steam, according to a booklet 
published for free distribution by the 
Parker Boiler Company, Philadelphia, Pa. 

It is stated that the combination of 
boiler and economizer in one setting, with 
the downward course of the water and steam 
in tubes, increases the efficiency of the heat- 
ing surface by bringing the coolest water 
next to the coolest gases. Dry steam, 
under all conditions, is said to be assured 
by the formation of the drum which has 
separate chambers for water and steam, 
with anti-priming valve between. 

Another advantage claimed is the strong 
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A. Schrader’s Son Co., Inc. 

Clermont and Atlantic Aves. 
Brooklyn, N.Y. 

Fenestra Solid Steel 
Windows used 

throughout 
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TURNER CONSTRUCTION COMPANY, NEW YORK CITY, BUILDERS. 

—_ °° | Famous in Six nae 

Fenestra 
Joint from 
the front 

Fenestra 

Foreign Countries | Ses. 
| the rear 

Fenestra has a unique history. Possibly 
not all architects are familiar with the fact 
that there are Fenestra factories in Austria, 

Belgium, Canada, England, Germany and 
Italy; besides those of the Detroit Steel 
Products Company, who manufacture ex- 
clusively for the United States and its posses- 
sions. In other words, Fenestra has “made 
good” in thousands of buildings outside of the 
United States, in addition to its universal use 

A prominent Architect The handsome _ /7-story 

building. shown here is b : : | ° 
. y the American builder. | of the Middle West 

‘ the I a- : ° ‘. | 
mat of Mesaye: A. Schra This guarantee of time behind Fenestra means 

der’s Son Company, Inc., . . ih. Sookiy =e much from the standpoint of mechanical con- : 
o rooklyn, New York. . F buildi a recently compared Fenes- 
Architect, Howard Chap- struction. enestrate your next building an ; : 

ian. Reinforced Cionerets avail yourself of the standardization in sizes tra with ordinary wood | 
was used throughout the which means to your client low initial cost windows and found that | 
building, and with the and the utmost artistic beauty of his building. by the use of the former | 
addition of Fenestra Solid We have taken the fundamental ideas of Fen- aie: ‘eal alae a 
Steel Windows for the estra and Americanized them in the interests of | Be ee eneers “See 
lighting equipment, the the best building service. This accounts for our creased light, 14%  in- 
oe net = eee adjustable, removable ventilators; heavy sill sec- creased ventilation, ana 

, Sanitary, well-light- 5 ans : : ; wells o. tion; our improved stay operator; our cam latch; S8 decreased cost. 
a , and the extreme simplicity of Fenestra glazing. 

proof against fire and Th f lusive in F These are facts of Fenes-_ | 
time. This building is ese features are @XCLUSIV@ in ‘enestra and | 

typical of the possibili- recommend themselves to the discriminating tration which do _ not 
ties for attractive appear- architect. __ They are fully explained in our Cata- need comment to make 
ance and maximum day- logue ““V,"" which has 25 blueprint pages and Sed) eee ae nbn 
lighting claimed for Fe- numerous illustrations of the Fenestration of ‘ ; 
nestra. modern buildings. consideration. 

an ‘ Write for this book and other litera- 
ture covering the entire line. Address 

DETROIT STEEL PRODUCTS COMPANY 
, Makers of Fenestra Solid Steel Windows, Detroit Springs, ° 

Dept. 129 Harvey Friction Spring Gears, Drop Forgings, etc. Detroit 
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non-reversible flow through continuous ele- 
ments, as distinguished from the uncer- 
tain circulation in separate tubes. The 
utmost safety and ease of cleaning are 
further features claimed by the manufac- 
turers. 

GRADING RULES OF WESTERN LUMBER 
MILLS 

As a large part of the product of Western 
lumber mills is sold at a _ considerable 
distance from the point of manufacture, 
it is important that both buyer and seller 
shall be fully informed as to the meaning 
of grades and terms in use by the trade. 
To this end, a booklet has been prepared 
.by the West Coast Lumber Manufacturers’ 
Association, Tacoma, Wash., which gives 
their standard qualification, grading and 
dressing rules for Douglas fir, spruce, 
cedar and Western hemlock products. Many 
dimensioned cross sections of dressed floor- 
ing, ceiling, siding and roofing are illustrated 
and will doubtless prove of interest and 
value to architects in specifying the prod- 
ucts of Western lumber mills. 

DRAWING MATERIALS AND SUPPLIES 

Perfect tools do not insure perfect work- 
manship, but no one has any legitimate 
excuse for handicapping meritorious efforts 
with imperfect equipment. 

As an aid to the selection of all drafting 
room materials needed by the architect 
and engineer, the A. S. Aloe Company, 
St. Louis, Mo., have issued a linen bound 
‘ratalogue of 382 pages. Conscious of the 
standing which more than fifty years of 
reputed success and progress have given 
this firm, they claim to esteem it their 
foremost duty to maintain a reputation 
for absolute reliability of goods, as well as 
for good will, in their dealings with cus- 
tomers. 
Among the exhaustive list of equipment 

illustrated and described, may be mentioned 
—drawing papers and tracing cloth of all 
varieties, blue-printing equipment, engi- 
neers’ transits, architects’ levels, compasses, 
tapes, drawing instruments, inks, water 
colors, drafting tables, and filing cabinets. 

Prospective customers are invited to 
apply for this valuable reference work. 
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DECORATING SUGGESTIONS 

The Sherwin-Williams Co., 601 Canal 
Road, Cleveland, Ohio, are publishers of 
attractive literature of considerable sug- 
gestive value to architects. Among their 
booklets mailable to members of the pro- 
fession on request, may be mentioned 
The Spectrum, published as a monthly 
house organ, which contains articles on 
decorating suggestions and other matters 
of general interest. 

Their portfolio of suggestions for painting 
and decorating contains chapters entitled 
“What Coloring Shall I Use?’’, “Caring 
For the Home Exterior,” ““Decorating the 
Home Interior,” and “Getting the Job 
Done Right,’’—titles which are sufficiently 
suggestive of the character of the text. 

The portfolio of plans for home decora- 
tion contains several colored plates giving 
suggestions for color schemes in domestic 
work both exterior and interior. Descrip- 
tive text accompanies the plates. 

MECHANICAL REFRIGERATION 

The United Refrigerator and Ice Machine 
Co., Kenosha, Wis., are specialists in the 
manufacture of refrigerators and coolers 
for all purposes. They claim that their 
equipment embodies all the improvements 
of mechanical refrigeration, together with 
many special features. The fact that they 
manufacture and supply complete outfits 
from the ammonia compressor to the archi- 
tectural treatment of the cooler is claimed to 
be a great advantage over the buying of 

equipment in several different places, as it 
avoids delays, shifting of responsibility 
and frequent needless expense. United ice 
machines are said to be adapted especially 
for use in cold storage plants, creameries, 
hotels, public institutions, ice cream fac- 
tories, greenhouses, meat markets, gro- 
ceries, apartment houses, et cetera. 

One reason for the special efficiency 
claimed by this company is the method of 
insulating their refrigerators. The insu- 
lating material used is known under the 
trade name of “Fibercel,” which is said to 
be far superior to insulation that has a 
tendency to sag or disintegrate. 

Literature describing the wide range 
of this company’s manufacture wil! be 
mailed to architects upon request. 




