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Arrays of Discrete Sound Scurces and Continuous Radiators

Tomas Salava
Research Institute of Radiocommunications
Prague

- Adventageous properties of linear arrays as directional radiating
gystems are well kncwn and enough work end investigetion has
already been done in this field. / 1 = 6 / This coptribution
will therefore incline rather towards the economical sspects
in considering the basic properties of linear arrays and conti-

_nuous radiators.

1. Basic properties of linear arrays and continuous radiators.

The directivity function of a linear array consisting of point
sound sources the number of which is pn eand distance between any

*

two adjacent beeing a constant 4 can be written as equation @

Sin (;’/7 5(' 5/'n-0L ) |
S n sn (77 = Sin«)

The angle « is measured from the axis of symetry of the arrsy.
In the equation ( 1 ) we can introduce the total lenght £ instead
of d and then, as a limit case, for p going to infinity end
4 to zero , if ¢ is constant, the equation ( 1 ) can be rewrit-

ten as equation

s L "y )'
/?C(oc) = sin (7 I SR (2)
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Let us now investigete the differences between the first and
second equations. Both the first and the second equations are
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pericdic functions of the angle & and the functions are furthermore
depended on- the ratio of the total lenght of the system and the
wave lenght Y However, the esential difference is that the
second function can have only once the value one when (= @ ,
while the equation ( 1 ) obtains the value of one for a number

cf different angles & in general. The directivity function according
to the equation ( 1 ) has one main lobe if the wave lenght is
longer or meximally equal to the product of the distance 4 and
the number:-of rediators pn . If the wave lenght is Jjust equml

to the distance ¢ another two main side-lobes reach the value

of one Jjust for the angles Z 459, If the frequency increapis

then more and more energy is radiated by the side lobes and

the directivity does not increase. Basically, the utilisable

frequency range of the array is limited by the ﬁék ratio value
when these side lobes ocure,

Between each two main lobes that can reach the value of

one
g total number of n = 2

secondary maxima will ocure -~ secondary
lobes - the maximum value of which, however, can not reach the
maximum velue of main lcbes. The lewel of the gecondary lobes
depends on the position of the particular secondary lobe concerned
and on the number of the rediators in the array.

For the most importent first secondary lobe,that is just next
to the main lobe the lewel difference between the main and secon-
dery lobe mexima goes from 10,5 dB for a three element array
to only 13,2 éB for the continuous line radiator. / 9 / It is
evident that by increasing the number of separate sources in
the array the suppression of the secondary lobes just adjaceqt
to the main lobe does not icrease appreciably. The levels
of the following secondary lobes of course decrease with the posi-
tion end with increasing pn . With line radiators all lobes
lie within two lines running paralel -~ in the direcitivity patterns
- to the zero angle axis in the distance J%rﬂ » / 9/ This holds
well if {(\> 1. In this range the advantage of continuous radiators
sgainst the systems consisting of not a very high number of]discrete
radiators is obvious., However a different situation ocures |
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in the region where LAA< l. On the Fig. 1. we can see the course
of the directivity coeficient § of the array of point radistors
as it depends on the ratioc ¢/, and the number of elements in the
array. From this grapn it can be seen thet in the region of sppro-
ximately from 0,5 to 1,5 of é(L the directivity coeficient of
the three element array is on average nearly 1,4 - times higher
than thaet of continuous radiator of the same lenght. Looking at
this grsph we can say that while for high frequencies the use

of continuous line radiaters is advantageous, for low fregquency
region - on the contrary - systems with low number of radiators
can be expected to be more advantageous.

The seme conclusion can be made with all probability according
to the next graph - Fig. 2. On this graph is shown the dependance
of the main lobe width on the number of the point sources in the
array and on the ratio Zkl . It is evident e.g.that two loudspeaker
gystem can have better directivity then more-element systems;
this conclusion holds practically up to approximately 0,65 Yne 19l
As to the continuous line radiator,it would hsave to be almost
twice as long as the two-element radistor for the same directivity
agein approximately up to 0,65 Ql. However, in the high frequency
range, where the corresponding wave lenghts are very short,
the systems censisting of high number of elements or espacially
continuous radiators give better directivity patterns with good
suppression of spurious lobes.

2. Examples of design, based on previous congiderations.

On the basis of ithe simple considerations of basic properties
of linear arrays as have been mentioned briefly in the part l.
some ways of certain improoving directional loudspeaker systems
can be sugested,if considering both the performance and economy.
As the first example of a design where there was searching for
both performance and econcmy a simple columnar system can be shown
with non-constant distances between the loudspeakerjusing at the
same time the shortening of the efective lenght of thel coulumn
with the frequency by the simplest way ~ that is by th? peralel
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condensers connected to the external loudspeskers. On the Fig, 3.
there is an example of the sven speaker array connection with
the two steps of electrical shortening of the efective lenght

of the array. The second diagram on the Fige. 3. shows the
wireing possibility where only two condensers are necessary.

On Fig. 4, there is the frequency response of such columnar
system of the ower-all lenght of 1,3 m where seven loudspeskers
TESLA ARE 467 have been used., Cn Fig, 5. there are shown the
courses of the electrical input impedance of this column, as in
the first characteristics - with and without the compensating
condensers. On the Fig. 6. there are the corresponding directivity
patterns. The rated impedance of the individual loudspeakers

was 4 Ohm end the capacities has been 12 and 4 /uF. The rated
vertical directivity patterns width was to be approxlmately Z 25°
and the average directivity coeficient in the region of 250 Hz
to 4 kHz was 10. ‘

On the Fig. 7. there is shown a simplest solution of a continu-
ous radiator for the high frequency range. It is an ordinary
horn tweeter with the mouth of the horn slot shaped, The directi-
vity patterns of such horn can be furthermore modified wusing
insertable lenses. On the Fig. 7. there is a simple focusing
lens that can be used with the loudspeaker. On the Fig. 8 there
is the frequency response of the loudspeaker TESLA ART 581
shown on the Fig. 7. The frequency response is given both for
the loudspeaker without the lens and with the lens. On the Fig. 9.
there are the corresponding directivity patterns.

On the last Fig. 10. there is outlined an example of a more
complex three-way system of higher quality,that has been determined
for performing arts { a"polyekran"in this case)., For the lowest
octave two woofers has been used, for middle frequency range
the seven speaker compensated array and for the upper part
of the audio range the horn speaker with the lens,
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Fig. 3.

Seven speaker compensated system connection
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Fig. 6. Directivity patterns of the seven speaker column
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Directivity pattern
of the seven speaker
compensated column.,
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' Fig. 7. Loudspesker TESLA ART 581 eand tke focusing lens
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Fig. 8. Fregquency response of ART 581 without and with
the lens,
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Fig, 9. Directivity patterns of ART 581 without and with

the focusing lens.
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