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•
Acoustic sounding is likely to be one of the potential techniques in the near future for studies of the
lower atmosphere. Herein directional acou~t;c transducers are used for transmission and reception of acoustic
waves. Vanious kinds {If such transdl'cers like the square array, parabolic bowl and reflector horn, etc. are
available in the literature.
Some of these transducers have been assembled and studied for their directional
characteristics, gain and sensitivity. It has been found that reflector horn and square array acoustic transducers
are the systems which fulfil in pan the directional requirements of the acoustic antenna to be used for studies
of the lower atmosphere.

l.

Introduction

to studyl-S the turbulent velocity
fields and the fluctuations
in temperature
in the
lower atmosphere
by acoustic sounding technique.
The basic components required for this system are, a
transmitting
system to illuminate the turbulent
region with acoustic flux and a sensitive receiving
system to detect the scattered flux. In both the case!l,
the acoustic antenna is an important
component
of
the system since it serves as a collimator for transmitting power into a narrow beam in the transmit mode
and as a highly directional microphone in the receive
mode. The desirable featuie of the acoustic antenna
is the limitation of the side lobes, because of which
IT IS POSSIBLE

placed at its focus. The transducer which may be
a pressure unit wit h or without the horn, should have
essentially the characteristic
to transmit or receive
acoustic waves throu!!hout the surface of the reflector
dish, which is a rather difficult choice.
Another
method' to obtain a directional ream is to combine a
part of a paraboloid
surface with a cone whose apex
is the focus of the paraboloid surface.
The pressure
unit is placed at the apex of this cone. This horn-

.,

Degrees off axis

the acoustic power is ~ot directed
in any direction
except for the narrow central beam and also the noise
in the environments
surrounding
the sounder does
not affect the sounder performance.
This suggests
the use of a directional transducer
wherein the 90°
side-lobe attenuation factor relative to the main beam
is as high as is possible.
One of the arrangements is to connect together a
large number of loudspeakers
in a square array6'7
wherein the distance between any two consecutive
units is less than or equal to half the wavelength of
the sound beam to be radiated.
The columns can
either be fed in phase from an electrical source or
they can be tapered in strength from a maximum at
the centre to zero at the ends. The directional behaviour in such cases is represented diagrammaticalIy
in Fig. 1, wherein the directional
pattern7 is given
for a 3'35 m uniform intensity column (dashed lines)
and the same size tapered column at a frequency of
1000 Hz. A directional beam can also be obtained
using a paraboloid dish reflectorS with the transducer
so

LEGEND
••--

UNIFORM INTENSITY COLUMN

-TAPERED
Fig.

I-Directivity

COLUMN

of a 3'35m column at 1000 Hz (after
Parkin and Humphrey7)

I

•

SINGAL et 0/. : TROPOSPHERIC

Fig. 2 - Polar diagram of the gain pattern
of the hornreflector antenna at 100) Hz (after Simmons et 0/.'0)
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reflector antenna has been found to give a highly
directional
beam wherein the 5'0° side-lobe suppression. level relative to the main ream can be
of the same order as that of a square array.
The
typical directivity pattern of the radiated energy at a
frequency of 1000 Hz for this type of antenna of
aperture I'~ m is slown in Fig. 2.
Keeping in view the above mentioned
typical
characteristics,
various antenna
systems including
arrays of electrodynamic
speakers, parabolic dish and
reflector-horn type of acoustic transducers have been
designed and fabricated
at the National
Physical
Laboratory,
New Delhi (NPL).
In this paper we
describe the design and construction
details of these
transducers wherever necessary, technique of rr.easuremeru and studies conducted with salient features of
results obtained.
2.

Fig. 3 - Photorraph

of the parabolic bowl with microphone
at its focus

Fu; 4 - Photograph

of the cross-array

Fig. 5 - Photograph

of the square-array

of 9 horn loudspeakers

\

'T

of 64 cone speakers

Acoustic transducers
The antenna transducers designed and fabricated
at the NPL for studies of the lower atmosphere are
a metallic parabolic
dish with an aperture area of
2'5 m2, a cross array of nine commercial
horn loudspeakers of aperture area \'7 m2, fitted each with 30
W pressure units, a square array of aperture area \'4
m2 fitted with 64 cone speakers and an aluminium
reflector-horn
antenna transducer
of aperture
area
1'17 m2 fitted with a 30 W pressure unit.
The metallic parabolic dish was I m high from
the apex and 1'~5 m diameter aperture with its focus
at a distance of 20 ern above the apex (Fig. 3). It was
not possible to use this parabolic
dish as a transmitting transducer because of the lack of a suitable
pressure unit to be fitted at the focus. Its characteristics have been studied only as a receiving transducer
with omnidirectional
low impedance dynamic microphone fitted at its focus.
The cross-array
(Fig. 4) was assembled with 9
horns each fitted with 30 W, 16-ohm pressure units,
all connected in phase with a series a nd parallel combination, with a net impedance of 16 ohms while the
square array (Fig. 5) was made with 64 CO:1espeakers
fitted in 8 rows, with 8 speakers in each row and
with each speaker rated as 6 W, 5 ohms connected
in series in the same phase.
The horn-reflector
transducer (Fig. 6) was made
of a cone of height 1'5111 and diameter aperture
1'2 m with the mouth of the cone illuminating a
parabolic
reflecting surface.
The conical section
serves to isolate the rather omnidirectional
acoustic
transducer
at the throat of the cone from all sound
sources except those within the beam pattern of the
parabolic surface.
The antenna was formed by a
combination
of a conical horn with a sector of a
paraboloid of revolution (as shown in Fig. 7) such
Sl
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that the apex of the horn coincides with the focal
point of the paraboloid reflector.
In the front side
the horn is cut to provide an aperture for the transmission a nd reception
of pia ne pa rallel acoustic
waves. The principle of the action is depicted by
showing the path of the acoustic waves in a crosssection of the horn reflector antenna (Fig. 8). The
conical horn converts the acoustic waves radiated by
the pressure unit into a spherical wave front which
illuminates
the
paraboloidal
reflector and gets
changed to a plane or uniphase wave front. Therefore the radiated energy is concentrated
into a narrow
beam instead of being allowed to diverge in all
directions.
3.
Fig. 6- Photograph

of the reflector-horn acoustic transducer

Fig. 7- Pictorical representation
antenna

of the horn-reflector
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Design and Fabrication
of the Reflector-horn
Acoustic Transducer
For designing an effective transducer which could
collirr-ate the transmitted power into a narrow beam or
could receive a plane parallel acoustic wave like a
highly directional microphone, it is desirable that the
reflecting surfaces as also the aperture of the antenna
should be of an order higher than the highest wavelength it is supposed to transmit or receive and further, that its physical dimensions should still remain
reasonable.
Keeping these factors in view, it "as
planned to design a horn reflector antenna which has
a physical aperture of diameter of 1'2 m and a cone
of length \'5 m so as to be suitable for operation
at
acoustic frequencies of 1000 Hz and above.
On the basis of the above parameters, the various
design dimensions
pertaining
to the paraboloidal
reflecting surface of the antenna have been calculated
using the standard parabolic equation
y2
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Fig. 8-Cross-section

Fig. 9-Design
52

of the reflector-horn

antenna

parameters of the reflector-horn antenna

= 4ax

where a is the distance between the fJCUS and the
apex of the paraboloid,
x is the distance from the
apex to the reference point on the line joining the
focus and the apex and y is the distance between the
reference
point and the intersection
point of the
normal at the reference point with the paraboloid.
All these co-ordinates
are shown in Fig. 9. It is
clear from Fig. 9 that the complete antenna is a
combination
of the cone, cylinder and a part of the
paraboloid
surface.
Therefore, in order to fabricate
the antenna, the development
of the surfaces of all
the three components
are required which intersect
mutually at a well-defind boundary.
The development of the cylinder interpenetrating
the cone and the paraboloid
has been made by the
known
engineering
drawing
methods,
however,
the development of the interpenetration
of the cone
with the paraboloid surface was evolved by successive approximation
technique as no standard engi-

SINGAL et 01. : TROPOSPHERIC

STUDIES

neering drawing practice was in existence to .the
best knowledge
of the authors.
Based on these
developments, the cylinder and the cone were fabricated and rivetted together to find out the interpenetration line of the two with the paraboloid
surface as shown in Figs. 10 and 11.
The paraboloid surface was fabricated
separately
on a specially prepared jig. To prepare this jig, first
a wooden template of a section of the paraboloid surface was made, based on the calculations of 'y' for a
number
of reference points on the line joining the
apex with the focus of the parabola.
Based on the
fact that the horizontal
sections of the paraboloid
form a part of a circle, the ci rcula r arc lengths for
various values of 'yO for the part of 1 he paraboloid illuminated
by the cone were computed
and
aluminium
rods of I cm! cross-section were bent and
cut similar to these circular arcs.
1hese rods were
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then crossed and rivetted with parabolic rods bent as
per the length aIJd shape of the wooden template on a
wooden structure to prepai e the jig shown in Fig. 12.
It was not possible to fix a single plane sheet over
this jig and bend it to the proper shape and size.
Therefore,
arc lengths for the 4° azimuthal angle
pertaining
to a number of values of 'y' were computed and strips equal to the length of the wooden
template were cut and fixed one by one on the jig to
prepare a paraboloid surface of the desired shape and
size as shown in Fig. 13.
In fabricating the three components of the reflector-horn
antenna individually,
as also in rivetting
them together to form the complete antenna
system,
great care was taken to see that the contour of the
reflecting surface must be accurate to 1/15 of a
wavelength
or to about 2 em at a frequeny of 1000
Hz. Aluminium sheets of thickness
1'5 mm have
been used. The fabricated
antenna
is shown in
Fig. 14, wherein the view of the three rivetted constituent parts is seen.

I

/ II
/ If I}
f!

/
/I

I

/ II 1)
I

r

{

/
Fig. 10- View of the riveued conical and cylindrical
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Fig. lI--View of the inter-penetration
line of the cone,
cylinder and paraboloidal components of the reflectorhorn antenna

Fig. 12- View of the jig used for fabricating the paraboloid
component of the reflector-horn antenna

Fig. 13 - View of the fabricated
the reflector-horn
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antenna

component of
S3-

INDIAN

J. RADIO

SPACE

PHYS.,

VOL. 4, MARCH

1975

o

Fig. 14- View

of

the completely
antenna

rivetted

reflector-horn

4.

Technique of Measurement
To measure the strength of the side-lobe rejection
as also to determ ine t he wid th of t he cent ral collimated beam, the antenna-transducer
was used in the
transmission
mode radiating a PO" erful beam whose
90° side-lobe is of an order higher than the noise of
the surrounding
environments.
The receiving transducer
was an omni-directional
calibrated
Alteo
dynamic microphone of sensitivity I mY /p- bar whose
output was fed to a 'B & K microphone amplifier'
(type no. 2603) through a 'B & K band pass filter'
(type no. 1612). This microphone
was placed at a
distance of 7 m from the aperture of the transmitting
transducers either in the vertical plane or in the
horizontal plane and measurements
were taken at
successive 10° angles.
Care was taken to see that the
ground reflections and echoes from nearby Objects do
not affect the results to a marked degree.
Besides
the above, maximum
impulse acoustic output was
also measured for all the antenna systems.
A.O.R.
sound level meter (type no. 1551- B) in conjunction
with a O.R. impulse meter (type no. 1556-A) was
used for this purposes.
The receiving sensitivity of the antenna-transducer
was measured in the free field developed by a sound
source placed in the open at a large distance from the
antenna systems.
This field was made to be incident
normally on the face of the acoustic transducers as a
plane parallel field. Sound pressure near the receiv.ing antenna was measured with the calibrated sound
level meter while the open circuit received output of
the antenna transducer was measured 'With the B & K
microphone amplifier used in conjunction with the
band pass filler.
The accuracy of the measurement
depends upon the constancy of the sound pressure
across the aperture and the extent to which a plane
wave frontexists
there,
54
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Fig. IS-Polar
cross-array

5.

diagram of the radiated intensity for the
in a vertical plane passing through the axis

Results and Discussion
The characteristics
of the parabolic dish were
studied only as a receiving transducer with an omnidirectional
low impedance
dynamic microphone of
sensitivity 1 mY/p- bar fixed at its focus. It was found
out that the gain in the received signal due to the
paraboloid reflecting surface was of the orderof 20 db
and further that the received signal was reduced
by 10 db in case the sounding source was moved by
an angle of ± 20° on either side of the axial line
of the paraboloid surface. The 90~ side-lobe rejection
was of the order of 20 rib which increased by an-
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4.

Technique of Measurement
To measure the strength of the side-lore rejection
as also to determine 'the width of the central collimated beam, the antenna-transducer
\\as used in the
transmission mode radiating a po v. erfuI beam whose
90° side-lobe is of an order higher than the noise of
the surrounding
environments.
The receiving transducer
was an omni-directional
calibrated
Alteo
dynamic microphont" of sensitivity I mY IlL bar whose
output was fed to a 'B & K microphone amplifier'
(type no. 2603) through a 'B & K band pass filter'
(type no. 1612). This microphone
WllS placed at a
distance of 7 m from the aperture of the transmitting
transducers either in the vertical plane or in the
horizontal plane and measurements
were taken at
successive 10° angles. Care was taken to see that the
ground reflections and echoes from nearby objects do
not affect the results to a marked degree.
Besides
the above, maximum impulse acoustic output was
also measured for alii the antenna systems.
A,G.R.
soufJd level meter (type no. 1551-B)
in conjunction
with a G.R. impulse meter (type no. 1556 - A) was
used for this purposes.
The receiving sensitivity of the antenna-transducer
was measured in the free field developed by a sound
source placed in the open at a large distance from the
antenna systems.
This field was made to be incident
normally on the facl~ of the acoustic transducers as a
plane parallel field. Sound pressure near the receiving antenna was measured with the calibrated sound
level meter while the open circuit received output of
the antenna transducer was measured v,.ith the B & K
microphone amplifier used in conjunctiun with the
band pass filter. The accuracy of the measurement
depends upon the constancy of the sound pressure
across the aperture and the extent to which a plane
wave front exists there.
54
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5.

Results and Discussion
The characteristics
of the parabolic dish were
studied only as a receiving transducer with an omnidirectional
low impedance dynamic microphone of
sensitivity I mY II-'- bar fixed at its focus. It was found
out that the gain in the received signal due to the
paraboloid reflecting surface was of the orderof 20 db
and further that the received signal was reduced
by 10 db in case the sounding source was moved by
20° on either side of the axial line
an angle of
of the paraboloid surface. The 90° side-lobe rejection
was of the order of 20 db which increased by an-
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sensitivity of the system as a receiving transduGer has
not been determined since the directivity pattern as
indicated above, is not uniform all around the array.
For the square array the radiated intensity pattern

power efficiency of 29% to the horn-reflector antenna
transducer.
A similar calculation
for the square
array gives a transmitting
power efficiency of only

at frequencies
of 500; 1000 and 2000 Hz is
Shown in Fig. 16. The 90° side-lobe rejection has
been found out to be of the order of 20-30 db in the

The efficiency of the reflector-horn acoustic transducer can be further improved.
For this purpose,
it is desirable to cost the outer surface of the antenna

2

frequency range 500-2000 Hz. The central lobe is
of width ± 20° at 500 Hz becoming sharp at 2000 Hz.
The sensitivity as a receiver has been measured to be
9'0 mV/p. bar without ming any matching microphone transformer.
The maximum impulse output
available from this source is 125 db.
For the reflector-horn
intensity

pattern

acoustic

at frequencies

antenna,

with an acou~tica[ dampening material to limit the
reverberation time of the antenm
after the transmitting pulse has been turned off
[n this respect
15-20 coatings of Dunlop Rubber-seal
have been
found to be fairly satisfactory. The antenna should be
isolated from its frame by means of a rubber cushion

radiated

to further dampen the reverberations

of 500 Hz through

to allow the ground vibrations

2000 Hz is shown by the polar
diagrams given in
Fig. 17. It has been found on comparis on that this
directivity pattern is more or less similar to that
reported by Simmons et a/.1O•

The maximum impulse acoustic output has bet:n
measured to be 130 db for an electrical input of 40W
to the pressure unit.
It has been found that increasing input power be:yond this limit does not increase
the acoustic output.
It only helps to overloaci the
pressure unit.
Calculations have been made to determine the
receiving and transmitting power efficiencies for the
reflector-horn and square array transducers
as they
have been found to be very useful systems. The
receiving power efficiency of the antenna transducer
is determined as the ratio of the power delivered to
a load equivalent to that of the transducer
to the
power applied to it. [t has been seen that the po\\er
delivered for the 16-ohm load of the antenna transducer is 6'2 ",Wfor an input acoustic power of 29·2
p.W at a reference pressure of I microbar (2'5 X 10-3
P. W jcm2).
This gives a receiving power efficiency
of 21'3 % for the horn-reflector antenna.
A similar
calculation for the square array gives the receiving
power efficiency of only 02%.
The transmitting power efficiency of the antenna
transducer
can be calculated as the ratio of the
acoustic output power generated across the aperture
of the antenna to the applied electrical input power
to the transducer.
It is seen that the maximum
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and

also

not

to be picked up.

Side·lobe rejection can also be further improved
by decreasing the amplitude of the pressure fluctuations near the edge of the aperture.
This can be
achieved by giving a layer of acoustical
attenuator
internally in the horn near the edge of the aperture.
This treatment produces the effect ora tapered feed
as in the microwave case by reducing the energy to
be diffracted at the edges. Improvements in the sidelobe rejection are further possible in case the antenna
is surrounded with an absorbing screen.
From the above measurements conducted on the
various acoustic transducers fabricated or assembled
at NPL, it is observed that the reflector-horn acoustic
antenna and the square array ·offer tolerably good
directional response, sufficiently high acoustic output
power and a tolerably good receiving sensitivity as
compared to other antenna transducers.
Further,
the reflector horn is slightly-better
than the square
array as it gives more acoustic output power and
better efficiency both as transmitting
and receiving
transducer as compared to the square array.
[t can
also be made mobile easily. However, both of these
transducers either individually or in combination can
be used in acoustic sounding systems.
In the sodar experiments
conducted at NPL,
the square array has been used as the transmitting transducer
and reflector horn has been used
as the receiving transducer in the bistatic mode
with both the transducers
placed side by side and
facing vertically so as to commiSSIOn them to work
in the back-scattering mode.
In this operation,
the
thermal structure of the lower atmosphere
and the·
passage of any characteristic wave motion, turbulence
or disturbance in the boundary layer can be .tudied
at the site of observation
from the received back-

The receiving sensitivity of the reflector hornantenna transducer was found to be 20 mY I p. bar
with the university pressure unit SA 30 used as the
transducer.

acoustic output power is 130 db pertaining
to an
input of 40 W of electrical power to the antenna
transducer.
In ·terms of wattage, the acoustic output
from the antenna transducer above threshold (l0-16
W fcm2) will be 11'7 W, which gives a' transmitting

%.
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scattered signals which can be recorded either photographically from an oscilloscope display or directly
on a facsimile recorder.
The characteristic
features
of the NPL sounder have been as follows:
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the background
beyond a height of 200 m due
to the more or less uniform scattering of the sound
signals from the ~Illoke cloud.
This background
darkening is in addJlion tn the scattering froll' the
stratified J;1~ers of thermal structure
in the lower
atmosphere.
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It is seen that using the designed dIrectional transducers, studies could be conducted even during daytime when the ambient noise was sufficiently heavy
while with the cross-array
and paraboloid
bowl
sounder system used earlierll, studies could be conducted only during the comparatively
quiet hours
of the night.
The typical records obtained for the thermal
structure of the lower atmosphere
are shown in
Figs. 18-21 for different times of the day taken on
different days when the atmosphere
was clear, the
day had been bright and sunny and there was no
perceptable wind blowing near the sounder which
was placed in a presumably open fidd. Fig. 18 gives
the thermal plume structure of the connective wind
formed in the afternoon
of 19 Feb. 1974 a cold
winteT day-recorded with one second pulse repetition
rate. The maximum and minimum
temperatures
recorded on that day were 264 and 10'4°C respectively.
Figs. 19-21 give the well-known stratified
layer structure of the nocturnal
inversions formed
during the night cooling.
While Fig. 19 was taken
with a repetition rate of 1 see, Figs. 20 and 21 were
recorded with a repetition rate of 2 see which enabled
the structure of the lower atmosphere to be recorded
upto a hight of about 340 m. A smoke cloud was
seen to be passing over the sounder while facsimile
record for Fig. 20 was being taken and was evidenced on the recording paper as general darkening of
58

VOL. 4, MARCH

0330

Iyzer

Receiver Bandwiidth
Recorder

PHYS.,

The intensity modulation

scans on the oscilloscope

display bave shown thaI back scattered signals could
be received even upto a height range of 500 m of the
lower
atmosphere
under
favourable
conditions.
However, these signals could not be recorded on
the
facsimile
record because
of the inherent
limitations of the recorder. An acoustic screen around
the antennas can funher increase the height range of
interest of the lower atmosphere
to be probed by
using the acoustic technique.
Further work in this
direction is in progress.
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