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Different types of Indian musical instrument, vocal music and speech
programme have been analysed to obtain their peak amplitude frequency
distributions. The observations are presented graphically and discussed.

INTRODUCTION

It is essential that various characteristics of an Indian programme be
known for planning a satisfactory broadcast service. The present paper deals
only with one of the characteristics, i.e. frequency spectrum, which is useful,
firstly, in determination of the bandwidth of transmitters and, secondly, in
deciding the optimum value of pre-emphasis necessary in sound recordings as
well as F.M. broadcasting. ‘

Ser-oP

The block schematic of the experimental set-up is shown in the upper
half of Fig. 1. The sample programmes are initially recorded on a tape which
is played back on & recorder. Its output is fed to one-third octave band filters.
The filtered signal is passed on to a ‘peak storage unit’ and a d.c. vacuum
tube voltmeter is connected at its output to read the peak amplitude. The
overall frequency response of the set-up including tape recorder and repro-
ducer as well as the peak storage unit was adjusted to be flat within +2 dB
from 40 to 15,000 ¢/s so as to avoid any frequency discrimination.

In order to determine the maximum value of peak amplitude of the
complex wave, it is necessary that the circuit should not only instantane-

ut also retain the indication till a higher peak

ously respond to every peak, b
comes. The peak storage unit was developed in the laboratory to meet the

above requirements. Its circuit is shown in Fig. 1.
s the filtered signal to the triode amplifier

An input level control feed:
The cathode follower charges a capacitor ‘C’

followed by a cathode follower. .
in conjunction with & diode rectifier. A switch has been provided to select
either the positive or negative peaks of the programme. The readings of the

V.T.V.M. are calibrated in dB with respect to the readings in a Vu meter
conneoted at the output of the tape reproducer.
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A number of samples of Indian programme have been analysed as
explained above. Each programme was recorded on tape for a duration of
about 3 min. In order to ensure that every possible note is taken care of,
two samples of each programme (of 3 min duration) were selected, covering
all the octaves from low to high notes. (The musicians playing the instruments
were specifically instructed to select pieces in which all the notes occur). On
analysis of these samples, the maximum amplitude out of both the samples
on the same frequency band were plotted. The results thus obtained are
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shown in Figs. 2t0 5. Fig. 2 shows spectra of the tabla, sitar, sarangi and flute.
The tabla, a percussion instrument of Northern India, is comprised of two parts,
‘one low and the other high in frequency. The low frequency part gives
maximum amplitudes in the band 60 c/s to 200 ¢/s, as would be seen from the
full line graph in Fig. 2. This is the one which produces more sound level and
causes Vu meter to kick to zero Vu (zero dB in the ordinate corresponds to
zero Vu in Vu meter). The rest of the frequencies up to about 1,200 c/s are
contributed by the other part.
The dashed line shows spectrum of the sitar, a plucked instrument. The
amplitudes peak mainly from 300 c¢/s to 1,000 ¢/s and fall steadily thereafter.
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Fig. 2
The sarangi, a premier bowed instrument of India, seems to be a high frequency
instrument extending up to about 4 ke/s as seen from the dotted curve.

A note of a flute, which is a wind instrument, is usually not accompanied
by a large number of harmonics. This fact is clearly revealed by a very much
restricted range of about 500 c/s to 2,000 ¢/s. In this case the length of the
flute being quite small, most of the amplitudes appear round about 1,000 ¢/s.

Fig. 3 shows the veena, violin, shaknai and jaltarang, all high frequency
instruments. However, the veena is relatively rich in low frequencies and has
peak amplitudes between 200 cfs and 500 cfs. The violin, shown by a dashed
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line, ranges from 350 c/s to 4,000 ¢/s. The shahnai shows smaller amplitudes
between 200 c/s and 500 c/s, unlike the veena and violin. The jaliarang, a
struck instrument, is more rich in higher frequencies as seen from the dotted
curve. .
The spectra of an orchestra, pakhwaj, vichitra veena and kasthatarang are
plotted in Fig. 4. The orchestra, which includes a number of instruments,
has wide range from about 60 c/s to 6,000 c/s, while the pakhwaj being a
percussion instrument emits only low frequencies. The pakhwaj is very
gimilar to the fabla except that it is a single instrument comprising both the
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parts of tabla. The spectrum also is more or less the same. The wichitra
veena and kasthatarang can be characterized as high frequency instruments.
However, the vickitra veena has also appreciable low frequency energy, while
the kasthatarang seems to be a purely high frequency instrument.

The human voice as well as a few composite musjcal items was also
analysed and typical examples are shown in Fig. 5. The spectrum shown
by a full line is of a vocal musical item accompanied by a few instruments
such as a tabla, sitar, kasthatarang, etc. The dashed line shows a typical
voice of & man giving a frequency range from 100 ¢fs to about 1,500 cfs.
A woman’s voice, however, ranges from 150 cfs to 2,000 c¢/s. The dotted
curve indicates the spectrum of the goftuvadyam, another plucked instrument
similar to the vickitra veena.

The above results have been arranged in a tabular form (Table I) indi-
cating only the important data of interest. The last column in the table
shows the fraction of the total effective amplitude in the full audio range
that would be lost if the various programmes were cut off sharply after 5 ke/s.
This has been worked out in order to determine the minimum possible band-
width of the transmitter without affecting the tonal quality of the programmes.
It may be seen from above that some of the high frequency instruments
would be affected considerably if cut off after 5 ke/s.

Tantk I
. Effective ampli-
Frequency of f::xﬁgi . tude after 5 kefs
Type of maximum ——»i—-ﬁ Froquency Total o
programme amplitude, Amplitude mcn/ie’ offootive
efs at 5 kefs, amplitude,
dB o
Speech (Man) .. 315 31 100-1,800 0
Flute .. .. 1,600 28-5 475-2,100 0
Speech (Woman) .. 400 255 150-2,500 0-8
Veena .. .. 250 26-0 175-900 16
Shahnai .. .. 1,250 22+5 300-3,000 1.7
Musical Item .. 830 22.-8 80-3.000 1-9 )
Tabla .. . 110 27-8 65-1,200 2-01
Pakhwaj .. 100 30-7 65-1,500 2-03
Sitar . .. 315 20-5 250-2,000 2-18
Sarangi .. .. 315 11-5 200-4,000 . 9-8
Violin .. .. 500 14-2 350-4,000 109
Kasthatarang .. 1,600 » 9-5 700-5,000 120
Orchestra .. 100 11-0 65-5,000 12-2
Gottuvadyom 800 ’ 10-2 iggg.ggg i:g
. 8 : !
pleahind 1000 150-6,500 181

Vichitra Veena . 1,000 6
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CoNoLupiNnG REMARKS

The overall results show that the frequency spectrum varies in each case
between 40 c/s and 6,000 ¢/s. Further, quite a few high frequency instruments
such as the vichitra veena, jaltarang, etc., give out high amplitudes between
3,000 ¢/s and 6,000 c/s. It is therefore difficult to generalize the character-
istics of the various instruments. However, the amplitudes in every case show
a rapid downward trend after 5-6 kec/s. The amplitudes at 10 ke/s are thus
15-20 dB lower than those at mid-frequencies. This reveals further scope
of higher equalization above 5-6 ke/s in addition to that in current practice.
Further, in view of an appreciable energy content up to 5 to 6 kc/s in the case
of Indian programmes, it would be rather undesirable to reduoe the channel
separations of the transmitters below 10 ke/s.

ACKNOWLEDGEMENTS

The author wishes to thank Shri H. L. Chopra for his guidance and Shri
S. N. Mitra, F.N.I., Research Engineer, for his keen interest and helpful
suggestions in the work. Thanks are also due to engineers and artists in
Broadcasting House, A.LLR., New Delhi, for their co-operation in recording
the various musical items of programmes. The paper is published by permis-
sion of the Research Engineer.

APPENDIX
Circuit Comments and Discussion

The charging time constant of the circuit of peak storage unit was aimed
to be as low as possible. Due to practical limitations, however, it counld not
be reduced to less than 200 microsec. It may thus be seen that the circuit
would not respond to sharp peaks having durations lower than 200 microsec.
The error due to this limitation is not appreciable as the analysis of peak dura-
tions of Indian programmes carried out earlier indicates that the number of
such peaks at higher levels is too small to be significant.

It was also necessary to keep the discharge time sufficiently long enough
for the following reasons. Firstly, the V.T.V.M. pointer would remain practi-
cally stationary and, secondly, the charge on the ¢ondemser would not leak off
appreciably during the time taken by the pointer of the meter to register a
full value. The practical limitations such as input impedance of the voltmeter
and back resistance of the diode did not permit more than one minute of
time constant. This can be tolerated since only one filter would be used
at a time and measurements would be repeated a number of times for all
filters. The error due to this discharge rate (corresponding to a time constant
of 1 min) is not at all considerable, and the result would be affected only by
a fraction of a dB since the charge leaked by the capacitor during the time
taken by the pointer to indicate full value is of the same order.



