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ABSTRACT

The determination nf the position and size of reflective panels used in auditoria

to reinforce tle direct sound is investigated. Associated acoustical design

parameters like optimum direct to reverberant sound intensity ratio,

auditorium shape, r tion time, backg noise and their effect on

acoustical performance are also discussed on a qualitative basis.

An extensive survey of the ljteraturc on the subject was made, revealing the
total absence of any amalytical approach to the problem. Using the findings
of various rescarchers in the ficld an analytic approach to the problem is

developed.

The whole approach is centered on the use of a digital computer capable of
compiling Fortran IV programmes. Inorder tokeep the whole system as flexible
as possible a set of subroutine programmes is developed, covering a number

of design cases.
The design problem is reduced to defining a reflective surface in space and
locating any number of additional points un it to cover a specific area in the

audience.

Iwo wovked out examples are included to illustrate the use of the programumes.
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1.0 INTRODUCTION

The one generally accepted fact typifying acoustical design is that
for any solution presented to an acoustical problem, at least one
condenning opinion can be found. Essentially then, the success of a
solution is determined by the degree of accoptance it meets with.
The design method can be reduced to the determination of what the
majority regards as desirable and translating the_c requirements into

physical terms.

Regardless of wnat these desirable properties turn out to be, their
physical equivalents inevitably lead to contradictions calling for a
compromise. At this stage of the design the designer cannot return

to the majority opinion, because more often than not they are not in

a position to judge due to lack of understanding and knowledge.
Translating desirable properties into physical requirements poses

‘tha biggests single problem, as the physiological and psychological
mechanisws invalved are not fully understood at «ll. With the behavioural
sciences themselves in their infancy it is quite clear that an enormous
amount of research is stall to be done before exact solutions canbe
obtained. Progress in the field of acoustical technology has been

slow compared to other tochnologies and is mostly the result oi rescarch
done by acoustic consultanis, universities and a fev goverrment institu-
tions. Considering the limited funds available however, the developmont

gained has been substantial.

1.1 Important parometers in acoustical design of auditoria:

There are several physically measureable parameters which can be
Actermined in the design stage to fall within cortain limits. An
excellont reference is a book® by Heranck giving an overall picture
of whal is involved. In tho follawing an atiempt is made to give

a goneval view of theso porameters concerning the vital issues in
the acoustical design of auditoria. This is donc with the specific
object in mind of giving a fair definition of the relevant parameters

involving the design of reflective paneks.

1.3.1 Reverberation/.....
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Reverberation time

This is most probably the best known and most important single

parametor in acoustic design. The calculation and defirition

of reverberation time was determined from statistical reverberation
4
3 56,7+ 14 1958

Kuttruff predicted the characteristic bending of these curves in

thoory by Jigor,?  Sabing,’ Norris" and others.

a theoretical analysis. As for the calculation of reverberation
times in actunl auditoria, Beranek showed” that caleulations based
on an area basis rather than a per person basis yield a closer ;

approximation to measured values.

In measuring reverberation times the usual method empioyed is to

use random noisc in conjunction with one third octave band filters

and « logarithmic recorder. The exact form of the delay curves

depend on the initial amplitudes and phasa angles of the signals

exciting the various normal resonant modee of the auditorium,

Due to their mutual beating a different curve will ba obtained ¢
for cach trial hecause of she randemness of the exitatien signal.

This leads to a lete masking of multiple decay i

rates in most cases. i

Schrocder'® proposed a mothod to obtain the ensemble average of an
infinite member of mensurements in a single measurement. Kubtruff ot al*l;
using the same principle, proposed a simple experimental method

giving the same rosults. Using this method accurate repeatable

rosults are obtained revealing the exact nature of decdy curves.

1t has long buen agreed amongst weitors 7120 ghat the first

ten to twenty docibels of the decay curve is oxtremely important :

in detormining the acoustical charncter of auditoria. For recom~

mended design values of reverberaiion times ren (1) ana {13)
should be consulted. In general any activity requiring high ;
definition requires a shorter reverberation time, e.g. speech ang \

chamber music. Longer reverberation times are required to create
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a blended lingering sound - such as needed for Romantic music.
Another important fact is that the reverbersnt sound characterises
the tonal balance iv an auditorium. Studics by Watters and

Sehlts'?

deficiency in low freguency sound passing at or near grazing

confirmed by Sessler and W(:st’16 indicate a serious

incidenco over an auwlience. IFrom tests performed by Deranekl®

it is ovident ihat the missing 1.f. component is furnished by the
reverberant sound field. A strong low frequency component in the
reverbevant sound Tield can auly be obtained with a long low
froquency reverboration time. Ifrich bass is desired, care should

be taken to emsurc little absorption at low frequencies.

Early sound

The icrm ‘early sound' as used here refers to the direct sound
plus any reflections arriving within the £irst 40 m.s. or so. The
exact limit varies from one person to the next due to individual

differences. The limit of 40 m.s. is however, a conservative one.

It i geverally agroed that a listener relies on early sound for
clarity and dofinition, obtaining this information from the middle
and higher registers as hua been shown hy Beranek and Schultz' s
The ratio bebween reverberart and direct sound should be carefully
adjusted for optimum blend as dictated by the type of activity.
For speach applications maximum clarity is desired requiring as
much early sound as possible. Husic would require something in-

between, depending on the typo.

Obviously there are limits to whal can be achleved with a

reverboration time. For example, reasonable definition could be
obtained with a leng reverboration time (two seconds) by using
overhead reflectors. These would strengthen the carly sound

while at the sawe time ‘starving' the reverbevant sound field.

Dosirable ratios of reverberant to early sound energy are given

infeeans
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in refereice 14, p.312, From the resulls of tests performed
and roported in the same paper, it seems that Lhis energy
ratio is rather critical in determining the amount of 'running
livencss' as defined in reference 1, p.23.

Magleing

In a paper’’ Marshall determined carly reflection masking by
using data Trom Schubert'®, Watters ot 1> and Bolt et al.

The results obtained clearly indicate that in a wide hall,
overhead reflections procede lateral oncs and consequently

mask them completely. In a long rectangular hall the lateral
reflections precede the overhead ones and none of the principal
vofloctions ave masked. Data from Schubert!® indicates that the
masking threshold for lateral reflections normal to the pringipal
sound is approximately ten decibels lower than that for sound
erriving from the same direction as the direct sound. Combining
these facts, Marshall draws the conciusion that these phenomena
are rosponsible for the superb accustics of long rectangular
halls.

The rich bass found in these halls is then explained as follows:
The incident angle of the lateral reflections on the audience
is so large that the low froquency attenuation™*38 by the

audience is neplipible. This combined with lower masking levels

for lateral normal sound is taken to account for the strong low
frequency componunt. From the work of Beranck and Schultzl® it

is eclear that spectral balance is judged from the reverberant

sound and not from carly sound. In an attempt to clarify the
rengons ror the superb acoustics of long narrow halls, the following

can be observed.
(i) The skelotal reflections in the narrew hall are unmasked

and reach the ‘istener within 20 to 40 ms. after the direct

sound. In the wide hall, most of the reflections are masked

and/vuees




and those that are not, reach the listener within &0 fo
60 ms. after the direct sound. The early sound would
trerefore be much louder in the narrow hall, giving a
brtrer balance of the early sound to revesberant sound
encroy tatic already mentionad. In the narrow hall there
would alse be short time-delay early refloctions esseatisl
for good definition as shown by Boranek’.
(13} As shown by von BékésyZ® Lackward inhibition ocours when
a reflsction ronches the listener about 60 ms. after the
direct sound. The nett effect is a reduced perceived
loudness and an increase in the size of the sound image
produced by the divect sound. The likelyhood for such
reflections to occur in the wide hall is a lot greter

than in the narrow hall.

4.1.4 Negative attributes

One of the basic requirements for good acoustics is the total
absance of ¢chaes, sound focussing, umanted noise, ete. If
those are present they can enly impair the acoustical perfor-

mance of a hull.

2.0 DEVELOPING/. ..«




2.0 DEVELOPING AN APPROACH TO THE DESIGN OF REFLECTIVE SURFACES

Considering tho ever incressing audience numbers and diversity ef
uses an  auditorium is put to, it has become a necessity tc provide
some means of adjusting the acoustics of a proposed auditorium. As
the optimum conditions for say music concerts, differ considerably
from those for a play, the best that can be achieved without adjustabi-

1ity is a bad compromi- .

One of the basic requiraments for any type of activity is a proper
stage enclosurc. For example, during concert performances a rigid
enclosure and overhead roflectors would be required to reflect a well
balanced sound into the hall. This enclosure also aids the various
sections of the orchestrs in hearing each other better resulting in
a better ensemble. General details for suitable enclosures can be
found in references 18 and 19.

In the past most of the effort in providing adjustability went into
reverberation control. In onc case, that of the Oberlin consevvatory
for mssic, wse is made of 6 000 square feet of adjustable curtain,
resulting in a reverberation time adjustment range of 1,2 t¢ 2,3 seconds.
In the recent past however, a new method has been proposed by Beranck and
Sehudts . The wethod comsista of varying the ratio botwesn reverberant and
early sound cnergy by changos in an arvay of overhead panels. As the
effcctive range over which this ratio has to be varied te obtain the
desired effoct is very narrow, it offers an interesting possibility.

By rolatively small changes of this ratlo, arge aceompanying changes

in sound quality ave obtaincd.”

By chenn'ng the nunber of overhead panols, two parameters are affected.
(i) .. poriion of the mound emergy vadiated by the source, which would
normally excite tho veverberan. scund field is changed. Not only

cau the reverberant sound fic~ld be "starved" but the raverberation

curves can be made 1o exhibic a dual slope. A fast indtial drop

pointing/..n.




2.1

pointing to short reverberatiou time and a lower slope indicating
the normal reverberation of the hall. As already discussed the
reverberation impression is largely conveyed by the first 10 to

15 decibels of the decay.

ii) The carly sound energy is changed. Because both parametars

featuring in tho energy ratio are affected, the ratio would be

very senstive to changes in the mumber of panels.

Design objnct:

Any design process involving overhead reflactors has been mostly
empirical, and is usually completed by cut and try. The "tuning"

of Boston Symphony halll can be cited as an excellent example - in
this case use was made of highly directiona? loudspeakers to eliminate
dead spols. Anothar fact emerging from the available literature is
that most workers in the tield are somewhat secrotive as to the exact

methods employed.

By using a systematic approach involving a digital computer, the
positions and dimensions of a series of panels can be determ. .d
which will cover any section of the audience as desired. There are
such & vast numbor of possibilities that only general guidelines
will be given.

Dogion Considerations:

A numbor of important factors involved in the dosign of reflective
panels aro considered in an attempt {3 give the desipner some back~

ground and idens for hir particular design.

2.1 $ino af pancls

The reflected soundreachiny the listener need not contain low

£, equoncy components as they are not nacossary for good definition”

The/veaes
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8.

The listenor relies on the roverberant Sound for spestral
balance judgewent, the reflected sound serving the purpose of
reinforeing the carly sound and providing short time-delay
reflections if these are absent in the normal hall. These
assumptione limil ihe size of the pancls to that required for

reflecting the lowest frequency of interest satisfactorily.

If five hundred hertz is taken as the lower limit, the shortest
Aimension i3 about four feet. Studies by Wiener®> show that the
smallest dimension should not he less than 10/K where K = 2M/A .
These limits are not absolute wnd the transitions involved are

by no means abcupt in naturo.

By placing the pancls closc to the source thelr area will be
smatler for the same audience area coverage as they reflect

a Larger selid angle of the radiated sound. The size is however
also deperdant on the time-delay required. In some cases the
positions of the panels may be limited by practical considerations

such s feesible positions in an exisiing hall.

The wumber of panels roguired will depond on ihe balance between
carly and roverborant sound energys which will {n turn be deter-
mined by the type of application. For detatls Beromekl and
Boranek ot a1'% stould be consulted. Prodictions of those ratios
f£all beyond the scopo of this wouk, but they could be mosured and
changed without major roconstiuctions if changes ore anticipated at
tha donign stage.

In all but the simplest casos the nudience area will hava to be
sunqivided intn smaller arcas which can be approximated as flat
surfaces.’ Hoving made this division the designer can proceed by
caleulating the position «.d size of aach correspouding reflector,

taking into account all relevant factors.

Aslaaiss
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As the delay time can vary over a reasonable range without any
appreciable change in acoustical effect, the designer need not
e too concerned about approximating a curved audience area

with a number of flat surfaces.
Choice of subroutine

In the next section a number of subroutines for use with a digital
computer pr-ovamme are derived, differing only in the parameters
which are aiken to be fixed for a specific design case. From the
explanations accompanying the derivation, the different cases

are clearly defined.

Basically the approach consists of defining the reflective surface
as a plane in space by fixing its angle and calculatiny one point
on it. Once the plane has heen defined any number of points on it,
corresponding to points in the audience can be calculated. The
points obtained in this way will then automatically determine the
size of the reflentor.

3.0 DERIVATION/.....
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3.0 DERIVATION OF ANALYTIC RELATIONS

3.1 Assumptions:

In order to simplify the problem > workable proportions, the

following assunptions are made:

(i) The sound source is a point source emitting spherical sound

waves.

{ii) The dimensions of the reflector are such that the sound
of interest is reflected like an ordinary light beam off

an optical reflector.

(iii) The time difference between direct and reflected sound should

stay as constant as possible for the best results.

3.2 Requirements:

For a given source and & given target point in +he audience area,

all possible rerlecting points must satisfy the follawing conditions:

(i) The tangent to the reflective surface at the point of reflec-
tion is such that the angle of incidence is equal to the exit

angle.

(ii) To yield & constant time delay between reflected and direct

sound, the path difference must be a constant.

(iii) To obtain a continuous curve of reflecting points for succes-
sive target points, each reflective point must be on a curve
that is tangent to the locus of all possible roflecting poinmts

for each target point.

The first two conditions are met when all possible reflection points

lie on an ellipsei. with the source and target points as the focal

points/v.eu..
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point. * third condition ir met whon the locus for possible
refles . 1ts for successive target points lie on the enveloping
curv.  r the family of ellipsoids obtained for successive target
points.

3.3 Practical considerations

The third requirement mentioned above results in a curved reflector

which is not considered desirable for the following reasons:

(1) Although the form and position of the reflector can be deter-

wined accurately, it would be costly to make and install.

{i1) If the time difference between direct and reflected sound

varies within certain specified limits there is no appreciable dif-

ference in quality.

{iii) Adjustment of the direct to reverberant sound energy ratio

would become impossible due to the camplexity of the reflectors.

By allowing the time difference to vary within limits for any one speci-
fic reflector, the third requirement can be changed. The reflective
points for successive target points can be forced to lie on a flat
surface if desired. It was decided to adopt the flat surface approach

in view of the tremendous simplification.

The resulling reflective surface can be tilted in two directions, but
it was decided to tilt it in only one direction as this leads to more
gimplification and any point in the audience area can be reached via

such a reflector.

3.4 Derivation of nquations:
3.4.1 General considerations

Tt was decided to use cartesian co~ordinates with the centre of

the/vese
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the stage as the origin as they are casy to measure and convenient
to employ. The usual symbols x, y and z were chosen as shown ir

Figure 1. The angle of tilt was restricted to the x-z plane.

SIDE ELEVATION

AUDIENCE A

PLAN

FIGURE I

3.b.2 Definition/.....

R
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3.k.2 Definition of symbols

The following symbols were used in the derivatisn:

14 - Path length difference between direct and reflected
sound to ohservation point.

td - Time difference between arrival of direct and reflected
sound at observation point.

us -~ Propagation velocity of sound in air.

P - Subscript to denotc a point in the audience area.

s - Subscript to denote a point on tha reflector.

m - Angle at which reflector is tilted.

Constant time difference approach

The defining equations for this approach are included only for
the sake of completeness, but as mentioned earlier this approach
was not employed.

By tuking focal points of the ellipsoid on which all possible
reflective points lie at the origin and as the 'target' point

in the audience area, we have

S 13
st aystanst B o ((xamxp)® o (yamyp)t s (smzp)® Fm Lds (xp® sz oyp? 1

The possible target points lic in the audience are on a curve

defined by the shape of the auditorium floor.
£(xp,yp,zp) = O T

Bquations (1) and (2) define a whole family of ellipsoids on which
all possgible reflective points lie. The desired reflective
surfrce is however tangent to cach member of the family. It can be
shownZ® that the enclosing curve of such a family as:

£0x,y,2, % p) - with = oad § the variale parameters, is found

fron/eee..
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From these equations it is possible to dorive the equation describing

the required ret” stor.
Yariable time delay approach
The relevant equations for this case are:

%
(x5®+ys®eas® )® o4 ((xs~yp)z+(ys-yp)ﬂ+(zs-zp)z%: 1d+ (xp* 42

This equation defines the ellipsoid on which all possihle reflective

points lie.

By taking

328

%5

in (b}, we have:

(s il st F 2(xpem.rs)
(s

(1x8-xp)° + (yn=yp)® + (zswzp? £ (xs-xp)om(zs-zp)

This equation fixes the angle of the tangent at the peint of
refloction on the ¢llipsoid. As montioned carlier the reflective

surfuce is tilted only in onc direction, therefore we teke:

%8

ays

=0 in (h):

[ ¢ -

Equations/ss...




-15-

Equations (&), (5} and (6) defines a point on the ellipsoid which
conforms to all the requirements for reflection. It is interesting
to note that the third derivative (-:-;f-‘z) becomes infinite as it
defines the slope of an infinitly small point in the x-y plane.

The simultancous solution of the abovementioned equations yields
the co-ordinates of the first point on the plane. At this stage

it bocomes necessary to distinguish between three possibilities:
(i} m and td given.
{ii) =zs and td given.

(3ii) xs and ta given.

3.k.bod With m and td specified

Solving (4), (5) and (6) with ld > 0, the following is found:

p
— { Cxpamzp) (08 oy ) G )= (epem p)® o (2 oy )}
Copam ezp)® (1€ -y )

where k = 1d«(xg® +yp® +20°

K - (xp?aypt )

x5 = &
20008 ~ypt ) (12 ) - (k2. zpesp))
. (1omate2 P (xp® +ur® )~ (19k2® ) Cxpame 2p)*
(14533 { (xprup K2) (1om. k)= (xpsm.zp) (44 )
where k2 = 22 .. grom (7)

vs = {x}z(hm.lcﬂ)

2,
pim e } va = (1c2? +1) } ypxs

¢ yp®
Equations {7}, (8) and (9) represent the solution for this

case, but the validity of the solution for all values of

the given parametors has to bo cxamined.

By/voren
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Since (a) gives a solution with the reflector above

the audience, this solution is chosen.

As xp must be zero if R and m are, the solution for ys will
become invalid if R = m = O. This leads to the second special
case:

(i) R=0,m=0, xp= O

x4 = 0

¥s =

\
2 v .5 (ape (8 -y )

These different solutions were used in the writing of a
subroutine named 'FIPAM' for the calculation of the first
point on a reflector with m and td specified.

With #s_and td spocified

By taking zs = zv in (&), (5) and (6}, we obtain:

IE XEAReAY e Ceeverausesss {10)
yp  xmim.p

L)t xle . cveeveennee {10)
P ¥’
(xs? 42v® Myp© -2 ypoys)mys® (wif +xp5 ~2(zv.aprxs xp)) peeere (12)

Solving/.ee-»
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Solving (10), (11) and (12) simultancously for ys, xs
and ms

. ¥
s = Mot (O8 Py e b 08 P e @

208 - (yp* +xp* )

where ki = I1¢ ~(xp v21f +yp? }+2. zpe 2y

cesenrenaeess (14

m ceeraasencias (15

YSeup TRV

Equations (13}, (14) and {(15) represent a number of solutions
under certain conditions. Further investigation shows which

of thom are applicable under vhat conditions:

(1) I£D = (€ -y ) (ki he® 8 - (yP +x” )) 20, a real

solution for xs exists. It can be shown ¥ that D20, if

5 ap- (o 41 42100srF o33 r2r® Fisaw

2 2 4
5{zp+ (ap® + 16 s20a (xp? 4 y© 420" )) J2av

This simply means that the height (zv) chosen for
the reflector must touch or intersoct the cllipsoid

the chosen time delay (td).

(4i) Furthermore, the megative sign in (13) is applicable
to a rotleating point closest to the source, yielding
n positive m. This possibility was chosen for use
in the subroutine ns the negative sign yiclds a reflector
far trom the source at a negative angle which could

lead to unnhecessary constructional problems.

% Proof is given in Appendix II.




3.4.4.3 With xs and td s
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(i1i) In (43, Q = K¥-(yf*+xp®) can only be zerc if 14 and

2P are zero.

(iv) he positive sign in (14) is chosen as it yields a
ys of the same sign as yp which is the casa of interest
here.

(¢) If s = ys.upess.yp = O in (15), the reflective point
lies on the line from the source to the target point
(p}, which is an impossibility.

(vi) If yp = O, the problem reduces to the two-dimensional

case:

¥s

~2n( Gov-xp)® Ad sz ~xv? ) ek ( (ovmsp)® -1 4p® on® )2
S0t f

us = —
20¢ 25" )

ot f

xvic-xplzed st f

fied

This case is mathematically identical to the previous one,
as xs and 28 arc intorchangeable. Therefore only the solution

is given with comments where necessary.
Taking xs-xv in (4), (3) and (6} the solution follows:

K (0 mysf ) (63 clind® 08 gt -t N
208 wyp’ -zp® )

%8

where 13° =Kk® = (xp° +20" +yp° Ja2xpaxy

(P azs
U v P

+
y8 = -yp

LS00

(&3




¥S.mp ~ z5.9p

20~

(i} EBquation (16) yields a real solulion only if:

(i)

(1i1)

(iv.

(v)

(vi)

S50 ap- (rf +1¢* +21d 0 ygt ez’ i )Z PER
’e
S({xpsdn 1 +21d(xp® 4y ot FED 2w

the positive sign is chosen in {16) because this

corresponds to a reflector above the audience level.
The positive sign is chosen in (17).

In (18) T = K -yp® -2y’ can only be zero if 1d and

Zp are zero.
If G = ys.zp-zs.yp = O in (18) the reflective point
lies on the line from the source to the target point (p)

which iz an impossibility.

If yp = O, the problem reduces to the two-dimensional

case:

s = 0O

—xp( {av-zp)? -1 xp® ~2v* D)4 (( (av-2p)® =" exp’ -2v*

)
-4 (0 -xp ) I
xs =

20 ~xp* )

2o’ sz

am = -
avic-zp (s +av F

3.hhh Additional/.eses

ceeuenanen (28
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Additienal points on the reflector

Dy using one of the previous methods, one point on and the
angle of the reflector are defined, thereby fixing the position
of a plane in space. Decause the planc slopes in only one
airection, it is defirable only in the z-x plane, The equation
desnrribing this plane is then

28 = AHiexs J T &1

By using the results from the caleulation of the first point,

the constants A and m are defined.

The other throe applicable equations are:

s
@ 2 (20
¢
from (11) where =
12 = 1ate{xpt+yp° +2p° ) equals the new constant for the
ollipsoid defined by:
¥ o
(xs® ays? szst T o ((xxp)® + (ys=yp)® ¢ (25-20)° S
1ate(xp? ayrt 4zt ) = KB
Provided the hew target point in the audience is not
too far from the firet one, the new difference in path
Jongth 141 will not diffor significantly from id.
(1) ys  zawm ¥S e (21

yp  Xpim ap

from (10).

(341)/vanne
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{iii}

<62 1pa®
(x6® 42 Yyp® -2ys.yp)ays?® (xg +2p’ ~2(xs.xp +28.2p)) .. (22
from (11). !

By solving these equations we obtain solutions for xs, ys, zs
and ld:

x5 =~ o
2p-Bl. Xp w4 M. xp-zpe2A

xpim.
Pz g creeeneens (237

28 = A+muxs (24

yo = Sfetlyn o mayp B O

Xpé. zp Xpim.zp

VTR Gataastert B o et e nst

18 = (xfeat ey B o R eyBen® F eeeeeiieeeneee. (26
ys

The first possibility in (23) represents the intersection point
betwaen the reflective surface and the line from the origin

to the target point (p). The second represents the 'true'
reflective point which is used in the calculations. Three

interesting cases can be considered:

(i) Zarget yoint below the reflective surface

The first solution represents the reflective path

from the origin to the point of intersection with

the reflective surface behind and below the origin.

As this path coincides with the axis of the ellipsoid
©,0,0 to xp, yp, zp) for this case, the incident angle
35 90 ° and the ray passes straight through to intersect
with the reslective surface. From these considerations }
it is clear that this solution, although satisfying

the original equations, is useless. The second solution
giving the normal reflective path is therefore used

in calculations.

{ii) Target/..
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(ii) Target point on the reflective surface

This is an invalid case as the time delay veduced to
zero. The two solutions coincide as the target and

reflective points ix the semec point.

Target point above the reflective surface

This is alse an invalid case as the reflective path passes

through the reflective surface.

To obtain useful solutions the target area should
therefore be restricted to below the reflective surface.
This restriction can be formulated as follows:

Zp 4 A+m.Xp D R

Inspection of the solutions show that no invalid solutions are

obtained if this restriction is observed.

4. COMPUTER/.....

(23a
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4. COMPUTER SUBROUTINES

4.1 Definition of Symbols:

In order to observe the normal Fortran IV rules the definition

of symbols are changed as listed below:

A = Reflective plame constant.

AM = Reflective planc angle.

P = Subscript denoting target point.

S = Subscript denoting reflective point.
US = Soeed of sound.

TD = Time delay in milliseconds.

6 = Code used to donote printer.
4.2 Subroutine FIPAM:

The mnemonic FLPAM is derived from the word 'fixed point' and the
angle of the reflector, AM. This subroutine caters for the case
where AM and ID are specified for 'fixing’ the first point on a

reflector. Refer appendix III,

4.2.1 Flow diagram

The flow diagrom is developed by making use of the normal symbols
and the eguations and restrictions as discussed previously. The
symbols and deseriptive clarificabion are self-explanatory which

renders furthor comments superfluous.

4£,2.2  Subroutine

The subroutine is developed from the flow diagram and can easily

be followed witl the use of the flow diagram.

k.3 Subroutine/.....
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4. COMPUTER SUBROUTINES

4.1 Defi on _of Symbols:
In order to cbServe the normal Portran IV rules the definition

of symbols are changed as listed below:

AA = Reflective plane constant.
AM = Reflective plane angle.
= Subscript denoling target point.
= Subseript denoting reflective point.

P

5

US = Speed of sound.

ID = Time delay in milliseconds.
6

= Code used fo denote printar.
4.2 Subroutine FIPAM:
The mnemonic FIPAM is derived from the word 'fixed point' and the
angle of the reflector, AM. This subroutine caters for the case
vwhere AM and TD are specified for 'fixing' the first point on a

reflector. Refer appendix III.

4.2.1 Flow diagram .

The flow diagram is developed by making use of the normal symbols
and the equations and restrictions as discussed previously. The
symools and descriptive clarification are self-explanabory which

renders further comments superfluous.

4.2.2 Subroutine

The subroutine is developed from the flow diagram and can easily

be follawed with the use of the flow diagram.

4.3 Subroutine/...-.
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Subroutine FIPZv:

The mnomonic is derived from 'fixed point' and the specified reflective
point co-ordinate 'ZV1. Tnis subroutine should be used to find the
first point on a reflector when its height and the time delay is
known. The subroutine returns the angle of the reflector, the plane
canstant (A4) and the remaining co-ordinates (XS, ¥S) of the first

point on the reflector. Refer appendix IV.

The flow diagram and subroutine programme is developed from the

appropriate equations and restrictions and is very straightforward.
Subroutine FIPKV:

This case is essentially similar to the previous one, except that the
distance of the first reflective point from the source is specified

in place of the height above the saurce. Refer appendix V.
Subroutine ANYPT:

The mnemonic is derived from 'any point'. This subroutine is applied
to find the co-ordinates of successive points on a reflector once

the reflecting planc is fixed in space by the use of one of the
previous subroutincs. The co-ordinatesof the reflective point are
returned together with the time delay for the specific reflective and
target points. The time delay is not directly controlled and the value
obtained is returncd, for inspection purposes to the designer. Refer

arpendix YI.

General con:

Whenever an invalid condition is encourrtered by any one of the sub-

routines, an explanatory print-out together with the input variables

is given on a new linc. At the same time the output values are set to

zero and the subroutine returns to the calling program. If the designer
wishes fo change this procedure it can be done without mich trouble by

modifying the program at the appropriate branch points.
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5. ILLUSTRATIVE EXAMPLES

5.1 General:

The purpose of this section is to indicate by way of two examples how
soma of the subroutines can be used in the design of reflective surfaces.
The one example concerns a lecture hall and the other a performing arts
theatre.

5.2 Design spproach:

5.2.1 In order to facilitate the use of the subroutines, the following
should be kept in mind:

(i)} Since the source is always at the origin the ca-ordinates used

in the calculations bave to be changed for a new source.

Let the new origin be on(xn, Yot zn), and P(x, y, z) be any

point. The new co-ordinates for P are then:

x' = x - X
n

Py -
yo=y - ¥,

2! =z -3
s n

(ii) 1If the plane has been defined relative to one origin, the plane
constant AA has to be changed for a new origin.

Tho new plane constent is: AA' = AA + AM.X n - Zn

5.2.2 The general procedure followed was as follows:

(i) A convenient height is chesen for the reflective point to the

clogest targat peint in the middle of the audience area.

(i1) Various time-gelays are then tried using the Subroutine FIPZV

4o got ¥s to a reasonable position.

(3iii) Once/..




26~
5. JLLUSTRATIVE EXAMPLES
5.1 General:

The purpose of this section is to indicate by vay of two examples how
some of the subroubines can be used in the design of reflective surfaces.
The one example concerns a lecture hall and the other a performing erts

theatre.

5.2 Design spproach:

5.2.1 In order to facilitate the use of the subroutines, the following

should be kept in mind:

(i} Since the source is always at the origin the co-ordinates used

in the calculations have t0 be changed for & new source.

Let the new oripin be cn{xn. Yy zn), and P(x, y, 2z) be any

point. The new co-ordinates for P are then:

1

x'ax - x
n

d -
Y=y -y,
Cag-z
% % - 7,

{4i) If the plane has been defined relative to one origin, the plane

constant AA has to Le changed for a new origin.

The now plane constant ist AA' = AA + AMX b - Zn

5.4,2 The general proceduse folloved was as follows:

(i) A convenient height is chosen for the reflective point to the

closest target point in the middle of the audience area.

(i) Various time-deleys are then tried using the subroutine FIPZV

to got xs to a reasonable position.

{3i1) Once/ueers
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(iii) Oncr the first reflective plane is fixed the size of the
reflector is calculated by using subroutine ANYPT and moving

the source if necessary for the application.

(iv) This procedure Ls then repeated for as many reflectors as
desired.

The various call g programmes used are listed in appendix VII.

5.3 Senate room: -

The origin was chesen at the lecturer position, and the resulting
co-ordinates rusembling the audience area are given in table I. Figure

I shows a top view of the audience avea, with points marked A to D.

These points were used as alternate sources to test the reflection off the
reflectors from various positions. Tbe results obtained are summarised

in Figures II to V.

fhe sizes chosen for the reflectors represent the best compromise thought

possible, and gives maximum overall coverage from the various points.

A sample of the output ubtained from the camputer is shown in table II.
These figures are those corresponding to the original origin and the 7. rai

refloctor

TABLE 1

Py P P

o 5 0,7
L1 2,4 -0,7
4,1 4 0,7
%1 2,5 0,7
0 -5 0.7
55 S 0.8

16 9 0.8

16 o 0,8
16 -9 0,8
5,5 thi5 0.8

TABLE II/vuees
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REFLECTOR NO. 2

REFLECTOR NO. 1

SIDE ELEVATION

REFLEGTOR NO. 3

SCALE 1 : 100
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L8161

#1458

N:ARE

856

,4e885

JEH96

B885

JBESE

© X8 YS‘
~1.33 2.28
.24 w91
.24 IR
“ba -.91
-1.33 ~2.28
91 6,11
2.81 2.56
2.81 a.
2,81 -2,56
,91 —6.11
Gwelo C:. = Theatro:

This case differs from the provious one in that there is a proper stage
and an orchestra pii. It was thought that the only two significant points
would be the centre of the stage and the orchestra pit.

only these {vo points wore considered as sound sources.

Very early in tle dosign process it became evident that it would not ve
possible +to design a practical reflector systew glving
the audience area from the cemtre of the stage, without

ir

8

XP

16.8¢
16,66

16,84

YP P
5.88 -,78
2.48 =78
5. -, 78
~2.a8 T 4
-5.80 - 78
14.58 58
9428 .88
2. .82
~9 .88 .80
-14.58 B2 L

In the design

good coverage of

using a rigid

stage /.eens
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stage enclosure. All practical reflectors extend to beyond the curtain
into the stage area for coverage of the front haif of the audience.

This is not allowable because decor handling and stage lighting has to
meke use of this area.

It was therefore decided to concentrate on getting good coverage from the

orchestra pit source point and rely on a stage eénclesure for the stage
itself.

he set of co-ordinates forihe centre stage origin are given inm Table III
and the results are summarised in figures VI to IX.

TABLE ITI

XP P zP
9,10 6,0 -1,9
9,10 -6,0 -1,9
13,10 7,30 -1,0
13,30 ~7,30 -1,0
22,8 7,30 1,4
22,8 ~7:30 1,1
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FIGURE VIIT
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FIGURE ix
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6.0 CONCLUSIONS

e subroutines developed have proven to be useful in the iterative process of
gesigning reflectors for auditoria because of the case vith which they can be

used.

One point which was immcdiately obvious was the many cowbinations in which tha
subroutines could bé used in the dosign process. It would seem that the most
useful combinations will enly become evident after a considerable amount of
axperience.

. : 4
1t was pointed out by Bevanek in an article 2* that flat reflectors give rise

to a "rasping" sound, vhereas morc diffused reflections give a more desirable
sound quality. Further research could possibly indicate how diffuse

reflectors can be married to the approach put forward in this paper.
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ATPENDIX T

This appecdix applies © the case wherc m and ta are specified.
(i) In equation 7) we have :
2 2 2

D= Ge -yB )0 4 35) = (xp 4 mozp)®
Expressing D as a function of m, the following is obtaineds

2(m) = 0f (€ -yiP o2’ ) - maxpap) + K gy gt
The discriminant of this equation is:

& = 08 -y YO8 - (x8 yif 4ap®)))

Inspection reveals thatA< 0 for 1a»0, i.e. the equution £{u) has no real
roots. Setting flm) = O, we fina:

xpzp 0 -y ) O - (x0® 52 +y3° )
me T and f(m)g B ————
1& - (yp® v ) ¥ - (ypteer®)
since f£{m), > O for 1a> 0; is always positive.

(ii) In equation 8) we have:
Q= (1 +me) (xprzpe)(d + mke) - (xp + mzp)(1 + ko))
The secoend term can be expressed as:
flee) = ke (~xp) + ke {m xp + 2p) - mep
The discriminant of this equation is:
A& = (mxp - zp)
This is always positive and the roots of f{ka} lie at:

ke = zp/xp orm

The solution for X5 becomes undefined Whenever Q= 0. This occurs when

W o= zp/xp) m ori

(@) k; = 2p/xp

48 = ZD/XPXE  eensres TrOM T)

; s

This is ruled out when 1d>0; because 7s and xs must lie on the line
from 0} to {P), in which case d = O.
) X =m

28 = TXS

A=0,1la%0

This case is also ruled out when 1d > ©




(e} ke =~
=
1
25 = - =3x8
w
A=0

suis is only possible when X5 = 75 = 03 in vhich cas

N L. e x5 ans zs lie o

Jine from (0) to (P}. This in turn leeds to 1a = 0. Thus th o
= U ws this condition can

pever OCCUr if 1d > O.

ot o,

R
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This applies to the case where zs = uv and td is specified. Since the

case where xvand tdare spocified is mathomati identi i i
3 cmaticall;
oo Abplies to that cume. ally identicel, the discussion

In equation 13) we have
D= (& oy ) Uiy t-bav? (k2 (v exp? )))

Substituting the value of k4 and simplifying, the Tollowing is found:
D = €~y )08 - (xp’ eyp’ 428" )) 0@ <haw (av-zp) - (ygf +xp 2P )

The first two terms will be larger than zero for ld > 0, therefore the
sign of D will be detcrmined by the last term.

Expressing to the last term as a function of zv:

flzv) = K ~bgv(zv-zp)~(yi +xpf +25° ) ¥
= —hov* +havzprld 21d (xp® +yp’sap® )

Setting £(zv) = 0, the codrdinates of the turning point are found:
av = - 2p/2, flzv)e = 28 + 1& + 21 (xpz+zpz+ypz};

Thus £{zv}e is always positive.
The roots of i(zv) lie at:

zv = Chzp & (o +1d 1214 (x5 +yp’+zp’f‘f‘5)/—8
1t v lies between these two limits £(zv) will be positive or zero; i.e., if
2p & .5z~ (2 +1e +21a(xp’ ryp* +up® ¥ )yz 3
)’
zZpe .5(zplzp’ 418 vatalxg ¢yt +an” ))5;5)

then £(zv) 2 0.
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;‘1.0 FLOW DIAGRAM FOR FIPAM

i

DEFINITION

RETURN
VALUES =

CALCULATE
CASE (ii)

CALCULATE

CASE (i}

[




2.0 SUBROUTINI

%
OR,GIVEN AR

L@ B W

E FIPAM
SUBROUTINE FOA CALCULATING A FIXEC POINT 0M THE AFFLECT

I"A'»( (XP,YR,ZP, A% 2U8,70,X8,Y8,25,AA)

&

WRITE(6, 21
FOALAT(/ T4, "
XPai
YP=i
Zp=d

[

GENGELESS BEIUEST,XPayp=i ")

ar=g
RETUAN
IF(TD)an,d?,55

GEST,TIVE DELAY= ,F&.4)

ALD2sUSHTD
CALT=RPF 24 YR¥ED L 2P 442
A=AL 57 \T(C/‘«L’\) '

Afm XD rAH*
.=4?*‘”~A”** #(txEazYPrE2)
qe42)

L EM)NTL A0, 6T
L2 ARRER LYPHE2

AKZ= (ARG IT{UAL AURE2 LT, J-ARFHII )+ 4USCAL2 ) /R
Xua(AV*“¢~LAL1)/(2 2 (SRAT{CALR® {1, +AK2##2 ) ) ~AK2*ZP=XP))
£%e AXRRAS
Y 3= YDEXBE( 4, +ANEAR2 ) /AR
2%

ALEKS
n»rulw
€3 IF{AU)7Y,74,75
70 qui= "HT(AK**? —ypEE2 )
XGm

2% 5% LP+CALS)

Y5=25%YR/CALS

Ab= 25

RETJM

GALZ= (RP#(1. A"

X+t

YE=YBROALZ / (2P +AURZR)
SaCALE /AL

A 25

AETURN

END

B2 )42 RAURLP ) /24
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) FLOW DIAcRaM FOR FIpzy
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DIAGNOSTIC
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v




AppaNTY IV

CALCULATE
UL AND LL

GATCULATE
VALUES

!

CALCULATE

65

CALCULATE
I8




2.0 SUBROUTINE FIPZV

TEDIT,UPDATE FIPZyP
tu

1 WSUBROUTINE FOR CALGULATING A POINT ON THE REFLECTOR,BIVEN Zv

F [ b 3

; Igj(gg;'i:,\; 21} 2V (XP,YP,ZP, At 18,0, XS, Y8, 2V, AA)

4 5: .

5 HF gus L' 2400 TvE

& 7;§R§T£(((‘,3’)<!£S,T P vpcszFFrHFNCE }

? SFORVATITIS, "Us% 125, 10" 1131, ke, Tag, "vp* 761, "2
/Twe,ps A,Tig:n...,Ub,Fn 61 TaTIFE ., T3y FE.4 Bleranet £, 173,

9 Y3=§

M AA=D

117 ANe=Z

12 AETURN

13 13ALE=TO*US

14 IF(XP)4,21,4

15 213F(YR)2r, 3t a¢

16 SUIF{2ZP)11,35,114

17 354RITE(6,36)

18 36FGRYAT(/T14, "THIB POINT LIES AT THE SOURCE *)

19 68 TO 7

23 ZECAL % S*(SOAT{ZPXA2LALDHZ 42, *ALD*GERT (XPAR2 4 YPR4Z4ZP%2) ))

21 CAL2=,5*2P

22 IF (ZV+CAL1+CALZ )40 ,45,45

23 AIUNITE(6,41

24 4AFDAVAT(/T1E, ' THE VALUE UF ZV MUST BE INCREASED TO DBTAIN A
SOLUTION”}

25 GO TG 7

25 45IF (CALT-CALZ~LY)53,55,55 .

27 SOWRITE (6,51

2k SAFORAT(/T12, " THE VALUE OF ZV MUST BE DECREASED TO OBTAIN A
SOLUTION )

29 50 TO 7

3z S5 CALSm KOREZLYPH#L 4 ZDERD

3 CAL4= (ALD4SURT(CAL3) ) *#2

32 CALS=DALACALS+2 , ¥ LVEZP

X8  AELCALS +SORT ( {GALA—YPRH2 ) % CALSH52wd L HZYF32% (CALA-YPH32-X
"“‘é))))/(d *(CALG%

YRR XPREL ) )
Jb TF(4V/ X8~ 1!1/AP)£W 164,65
LAEITE{G,61
3? (j'IFQFlA\/\s'()}])I) 'THE POINT OF REFLECTION LIE‘J 0N OR BELOW THE G

NE £ 2
3:0'” T”Sn{"m {6 (XP,2P) IN THE X-Z PLANE,INCREASE ZV TO OBTAIN A 80

LUTfON, 17119,% .
‘XGa  F )

23 gg\'ggvz*snm((xs**hZV**Z)/(DAL‘l-”’”z))

42 CALA=ZV/YS 2P/YP .

43 IF(CALE )74, 71,75 -

44 7RUAITE (6,71)%8,Y8 INT.OF REFLECTION LIES 1Y OR BELOW THE L

s 71FDRP’/\T(/T1L), Tue PO
e "ﬂD! THE SOURCE TO
T1d, " (2P, YP) "IN THE Y-7 PLANE.
CREASE v, /% e
42 715, TAp=" 0.4, T2, YE= TR0
a8 50 T 7

T0 OBTAIN A VALID SOLUTION IN




SUBROUTINE FIPZV {Contrd)

49 75 Athe ( YPRXEwy§aX Gz
b ForvapNanmi AP )/ (YS*2ZP-2yYP)
51 IF{AAYUL, B2, 05
52 SLWRITE (A,81)X8, v, A%, AL
3 BAFDREAT(fT1, " s
iné FROM msosncnég}i' THE ANGLE BETWEEN THE REFLECTING PLANE AND THE
T,
AN A SULUT;M:’/H‘;QP’ZP) IS NEGATIVE, THE RESULT 16 SENSELESS. TO 097
’ CREAS - 2. . - » - . ’
4,F3%4,T32,Fét’z?t“g VL TTAZ, XS, T26, AN, T34, AR /T, FB .4, T16,F8.4, T2
56 GO TO 7
57 85AETURN
53 11Y8=8
59 AK=ALD+BUAT(XPr22+Zp*42) ,
ALLa 5% (ZP-BORT (AK**2-XP#32) )
61 AUL= . S*(ZPBIRT (AK**2-XP¥*2 } )
62 IF{(ZV-ALLMT, 12,13 -
83 13IF (AUL-2V)5if,12,12
64 12AR=AKFFZ-AP *#2
65 CAL={ZV~ZP}%#2 - AR-ZV¥¥2 .
66 X5= { ~XPYCEL+AK*SURT (CAL¥42-4 , *AR¥ 2V*%2) ) /(2,%AR)
&7 CALI=SORT{XG#%2 4 Zyx2)
66
69
7€
FROY THE SUURCE % . .
71 TO0 (ZP,XP) IN THE Z.X PLANE, INCREASE 2V TO OBTAIN A SOLUTION
. kS=',F..4)
72 6o TO 7
73 15AY=—{ XGFAK=XPHGAL1 )/ (ZVFAK~ZP*CALI)
74 50 TO 76
75 END
t3
SRU‘SIT .8




APPENDEX v

4.0 FLOW DIAGRAM POR PIPXY

CALCULATE




APPENDIX V

CALCULATE

DECREASE
Xv




2.0 SUBROUTINE FIPXV

1 BUET0UTINE FOR CALOULATIAG A POINT ON THE PEFLECTOA FIVIH Xy

2 "L"f""UTINh FINAV (X,
z seen (XP,YP, 28 A, US, T, XV, Y8, 28, AA)
: s.w.:r - ’
) 4Fa ATU/TH, " THE TIug DIFFsfesze 16 ZERG O NEGATIVE ZHICH 1
S 7ARITE(S, 500, YR, 28, KY, U5, TD
7 vr TI3, X8, T2, fyp’ 2 T36,20° sTad, "XV, 161,087,773, 18"

FL e T B4, T8, R85, F9 .4, 171,75.4)

19 3GFIRUAT(/ TR, " THIS POINT LIES AT THE SOURGE')
as
ét P U XPR A2 $ALD 242  # AL DHORAT (AP A2 4YPHR242P %42 })

LEXP
SLA+DALS Y47 ,55,45

, TH QETAIN A SOLUTION THE VALUE OF XV ¥UST BE I

: 30 70 7
27 45 IF (BALI-CALE-XV)52,55,55
20 51w AITE(6,51)

7 EAFQAAT{/ T, " THE VALUE GF ‘XV "u5T BE DECREASED TO OSTAIN A
THUTIaN)Y

32 20 TO
31 55[‘P\L‘~=("\Ll‘+"“ﬂT(XP**2+YP**Z+/P¥*2))"‘*a
Ja CALE=CALS~ YPREZ-ZPRHD 42, KXPRXV
Y((CAL;—Y?**Z)*(LALE**E—».*XV**Z*(CALS ~YPRE2-Z

“”‘4))))/(em(uAL)=
~YPREZ_LPERD) )

3ﬁ 24-XP/ 2P )61 67 165

36 ALTE(6,03) 285 .

37 "'1Fl‘?‘-‘|AT(}T1ﬂ rHE BEFLECTIVE POINT LIES ON OR HELOW THE LINE
Fire THE sSUAGE TO' /% ~ .

3 e . (zp, ﬁp) IN THE Z-X PLANE. TU QETAIN A SOLUTION,DECAEASE

: '.Fn.d)

3 50 1O 7

& c,vz..wwnqu(xv«s*zws**z)/(CAJ-Yf #¥2)),

41 zr(xv/v,-xu/vp)z‘.,h,w
o 72WRITE(6,71) 49, ‘s gt OB BELOW THE LIie

Y8 o
43 SAFQRUAT{JT14,  THE REFLECTIVE POINT LIE
FapY ;
2‘ e /% N THE XY PLANE.L

¢ yae *,F8.4)

Ci 5€ THE VALUE OF
T12,°30URCE Ta {Xe,YP) I NCREAS
XOTO BBTAIN' /% o
43 15T SOLUTION.28= 4FS.4s
a6 60 70




SUBROUTINE FIFXV (Cont'd}

47 THAN= (YPRRV-YBEXP YS¥ZP.Z5% T
43 TEAASZS-AY XY Jvsxzp-z3ave)

49 IF(AA)SE, 00,08 : -
54 TE(6, ’I)A‘a YS,AY,AA

51 AT(/T1

RG A SENSELESS ';‘:

THE PLANE CORSTANT, I8 ZERO 0R NEGATIVE, YIELDI

QEQULT. DBECREASE XV TO GATAIN A SOLUTION®/T15,°28°,T25,°Y8’,T

‘\4 2739, A0 /T13%
53 SFULE,T21,F8 o,

T29,FE.4,T37,F0,4)

54 Go TO0 7

55 USRETURN

56 7 11Y5a0

57 AK=ALD+SAST(XP#**242p¥*2)

58 ALL=.5%{XP IT(Ag¥#2-2Pe¥2Y})
59 AUL=  S*(XP+5IRTARF*22pRaz) )
85 IF {XV-ALL}&Y , 12,13

&1 A3 IF{AUL-XV >t 12,12

&2 12 AR AK ¥ 42 ZP ¥ 52

63 CAL={AV-XP) 2 *2 AR~ Xy#x2

[1A ZS= (-~ L“*(‘AL+/\K'X5"FT(CAL**2_4 %Aq*xv**g))/(g *AR)
&5 CAL 1= 8GAT{Z5%*2 1 Xy#42)

66 :F(xv/zs-xp/zp)m,aa,15

87 18 SHITE(S,16) 48

68 167 ORMAT(/ T,
FROY THE GOUSCE /%

69 Ti¢, {ZP,XP) IN
oM, /Tu, z«e', F& 4)

80 O
71 15AM= —(XV*J'&K—XP
72 88 TO 76

73 END

“THE AEFLECTIVE POINT LIES ON OR GELOW THE LINE

THE 7-)( PLANE, INCREASE XV TO 0STAIN A SOLUTI

#CAL1)/ (2S#AK-ZP*CALY)




APPENDIX vI

1.0 FLOW DIAGRAM FOR ANYPT

SURFACE

40

CALCULATE
CAL1, CALZ




CALCULATE

Y5, X3

CALGULATE
XS, ¥§

CALCULATE

28, TD




2.0 SUBROUTINE ANYPT

1EDIT,UPDATE ANYPTP N
i,

1

[ERCIRY. U

%PHROGRAM FOR CALCULATING FUATHER PDINTS ON & DEFINED PLANE

I »
I;gf:'?;n E SANY?T(XP SYP,ZR, A1, US, TN, XS, Y8, 28, AA)

T IF(YP},,15 5 ,

15IF(ZP)5,24,5

unv‘ﬂITE(‘v,e’l)

2AFORYAT(/T10, " THIS POINT LIES AT THME SOURGE')
RAWRITE(6,R3}AP,YP, 2P, A, AA

Z;FDH‘MT(/YD,'KD ,714, YP*,T22,°ZP", T30, AN", T35, AR" /T3, 78 .4

ZTINL,FE,4,T19,08.4,%
4

T27,F5.4,T35,F8,4)

X'5=Z

RETUAN
SIF{AR)25,25,38

2HARITE(H,26)

26FORYAT{/T1¢, THE PLANE CONSTANT A IS NEGATIVE OR 2ER0,RESUL

AEFLECTION OFF THE £ACK OF THE REFLECTOR')

80 To 22

32IF(AA=ZPHALFXP) 35,35 ,48

3549XTE(6,36)

S6FOAYAT(/T18, ' THIS POINT LIES ON GR ABQVE THE AEFLECTIVE LA

GG TO 22

4 ECAL 1= KPHAYFLP
CALZ:AH**z—M .
IF (. —mwr(cAu*w))sz,sz 45
45Y5=
xs,(AA/C,\L?M(((*Au/(n-'*xp ~2P42 FARY)=AN)
GO TO 51
;.‘Xan(/\l\/(’ALz)*((CAL1/(A'\*X" ~ZF+2 (¥AR) ) ~AM}
Y52 YR (CAL2FXS+A#AA)/CALY
51Z5=AALANRKS

ALDOLGART ( K5##2+YG# 424 28%%2 ) $EART{ (X6~ ><P)"*~2+(‘fﬁ‘\"’)“**“‘(Z5 -z

*’)**é J-SRAT( XPEBZLYPRHL RLP*AZ )
35

36
37

TO=ALDD/US
RETUAN
END




N APPENDIX VI }

1.0 CALLING PROGRAMMES FOR SUBROUTINES

1.1 General

These progru-mes are illustrations of how the subroutines can be used
in programmes to define and constrain reflective surfaces. Since ihe basic
composition of the programmes is straightforward only the programmes

and the input format are given along with explanatory notes.

1.2 Programme using a combination of FIPXV and ANYPT:

1.,2.1 Composition

The programme name, COXVM, is a mnemonic composed fros combinatien
'FIPXV' and 'Main'. The plane is fixed in space by using FIPXV

and the remaining points are then calculated using ANYPT.

1.2.2 Input data and Format

The pr.sramme requires the following data in the format as shawn?
First data record

data ¢ K
format : 12

Whera K is the number of target points in the audience excepting
oflective surface
y a DIMENSION
hout changing this

the first one which is used to define the rt
in question. The value of K is limited to 10 b
statement; therefore K cannot be increased witl

value.

Second data/seers




Second data record:

data : XP, YP, 2P, US, 0, W

format : 3Fk.1, F3.0, F5.5, F4,1

This fixes the first point on the reflactor by specifying 10
and XV as well as the associated target point.

Third and further data records:

data : XP(1}, YP(1}, Zp(1}

format : 3F4.1

These can be any target points in the audience area.

1.2.2 Qutput data

1f both the plane constant and angle of inclination resulting from the

first subroutine are zero, the programme will print the word 'CRASH!

becanse this would be senseless data for the second half of the

programme .

When calculations take their normal course, the following data is

obtained:

(i) fThe results of the calculation using FIPXV together with the

input data

(ii) The results of the subsoquent calculations together with the

relevant input

data.

G ANYPT:

1.3 Programm. using a combination of FIPZV an:

1.3.4 Composition

The programme name COZVM,

IFIPZV' and 'Main'.

the remaining

points are then calculated usi

is a mnemonic com|

The plane is fixed in spa
: ng ANYPT.

1.3.2 Input/ .oeee

posed from ‘combination',
ce by using FIPZV and

i
1
|
|




1.3.2 Input data and Format

This prograume is identical to COXVM exe v cif:
. cept that ZV is specified i
’ ied instead :

1.3.3 Output data
The output data and format is identical to COKVM.

1.4 Programme using ANYPT for the calculation of points of reflection on a

known plane:

1.4.1 Conpos

The propramme name POINS is a mnemonic of the word 'points'. It uses
the programme ANYPT to calculate reflective points on a known

reflector.

1.4.2 Input data and Format
The following data in the format indicated is requireds
First data record:

data 1 K
format : 12

\Wnore K s again the number of target points with a limit of ten.
Secona data recerd:

data : AA, AM
format : F2.1, F3.2

These volues defina the reflective plane
Third and further records:

Qata : XP, YP, 7P
format : 3Fh.1 . f

nce arsae

i i
\here this can be any barget point in the audie




T —— —

CALLING PROGRAM COXVM

JEDIT,UPDATE COXVM

1L
4
D ANYPT

RYNUENVYS

,¥5,25,AR)
8

9

%PROBRAY FOA CALCULATING POINTS ON A REFLECTOR USING FIPXvV AM

DIMENSION FP(6,1),0P(6,12}

qEAD({1,1)K

TFORMAT(T2)

READ(4,2)FP

2FQRYAT(3F4.1,F3,2,F5,5,F6.1) .

CALL FIPXV(FP(1,1},FP{2,9),FP(3,1),A4,60(a,1),FP(5,1),6P(6,1)

WRITE(6,7)FP,25,YS,AM AR
FFOAYAT(/T18, 'XPa’ ,Fi.4," YP=",F8.4," ZP=",F8,4,' US«’,FB.4,"

Tou" B, /TIR, "XV FB .4, " 28=",FB.4," Y8=',F8.4," AM=',F12.4,' AA=',F

§.4)
1%

11 R
P,T22, 2P0/
12

22
1 T68,F6.2)
2

WAITE (6,2¢)
23F0MAT(/TI0, "TD" , T2, X8, T30, Y8, Tdy, 28,158, "XP",T62,"Y

IF{AM)3,4,3

SIF(AA)3,1¢,3

3READ(1,A)({0P{L, 1) ,L=1,3),4=1,K)

6FDBYAT(3F4.1)

o0 5 I=1,K

09 (4, I)=AY

09 (5,1)e335

gp (6, 1)=nA
CAéL’AstPT('JD(w,t),nﬁ(z,I).!JP(B.1),09(5,1),UP(5,I);TD,XS.YS,Z

SRRITE(H,N)TD,XS,Y5,25 ar( I),UP(Z,I),UP(B.I)‘
«sr‘om"n((/'ng,r:s,.-::nfi,Fé.z,T?.'ri,FAe,r}d,rﬁ.z,T4(>,F6.2.158,F6'2

50 T 11

14 AHITE(A,9)
SROAVAT(/T14, GRAH")
115708

END




CALLING PROGRAM COZVM

!EDIT UPDATE £OZVH

GPAOGAAY FUR CALCULATING POINTS ON A ‘IFFLECTDH USING FIPZV AN

0 ANVPT
2 DIMENSION FPR(6,1),0P(4,10)
3 READ(1,1)K
4 TFORVAT(IE)
5 HEAD(1,2)FP
8 2FDRN AT(:Fl 1,F5.02,F5,5,F4,1)
? CALL FIBZV(FRLTLH)FP{211) PR (3,10 80,70 4,10, FR(5,1), XS, Y85, F

P(6,1),AR)
8 WHITE(6,7)FP, XS, YS,AY, AR
9 FFUBNAT(/T1e, XP=",F8.4," YP=",£0,4," ZP="F8.4," us=',Fe.¢,”
T0="',F8.,6/T14, " 2v="’ Fd.c.,' x5= FP.A, YE‘»:',FL 4, A¥=' FR3.8,° AR=',F8,
4/7The, TD" T2, kst Tae  ve T Taw, 28, 152, Tt Tee YR ToE, 2P ))
1 IF(AY)3,4,3

11 ATF{AA)3,13,3

12 3READ(1,6) {{0P(L,™),L=1,3),4=1,K)

13 BFORLAT(3FA.1)

14 20 5 I=1,K

15 2044, T)mnl

16 oP(5,1)=335

17 0B (&, 1)=AA

13 CALL ARYST(G(1,1),00(2,1),0P(3,1),0P(4,1),0P(5,1),T0,X8,v5,2
qu"(é.i))

BHRITE(&,4) T, X5,Y8,28,00(1,1),0P(2,1),0P(3,1)
BEORYAT{/Td, !-h dy T‘lc Fh.2, TgJ,F() 2,T38,F6.2,T4E,F6.2,T50,F6. é

.TC ,F(x. )
B9 TD 19
22 14 KBITE(N,9)
23 GFOAYATL/TIS, "TCRASH ")
24 115T0P
25 END

S ——



GALLING PROGRAM POINS

IEDIT UPDATE POINS

[SESY- SURSEEY (N

P, T72,72P /]
s

$:0P(8,1))
%

17
yTEE,F6.2)
18

19

%PROGAAY FOR CALCULATING PUINTb ON A KNOW) 5
DIVENSION GP(6,14) NOWN PLANE,USTNG ANYPTP
READ(,1)K

1FQRBAT{IZ)

AEAD(1,2)AA, Al

2FONAT(F2,1,F3.2)

WALTE(6,24)
Jt;um‘m(/nd,'Tn',Tz:,’xs',Tac,'vs',mz,'25;-,T5E'~Xp-’me'.y
3READ(1,8}{{OP(L,¥),L=1,3),4=1,K)}

6FIRYAT{3FA,1)

D0 5 I=1,K

0F(4,I)eAl

opP(5,1)=335

0P (6,I}=AA

GALL ARYPT{OP{1,1),uP(2,1),0°(3,1),0P(4,1),0P(5,1),70,X5,Y8,2

SARITHE{G ) TD, XS, YS,26,02(1,1),00(2,1),0P(3,1)
GEORUAT(/TS,F5 .4, T168,F6,2,726,FC .1, T36,F6.2,T48 ,F6.2,758,F6,2

11870F
END

TR RS

T T
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