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How Costly was Raman’s Equipment for the Discovery
of Raman Effect?
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Abstract

In 1928 C V Raman and his students found out that when monochromatic light is scattered by a
transparent media, the scattered light contains not only the original colour, but also other colours; which
give information about the molecular structure of the scattering substance. For this work on light scattering,
known as Raman effect, Raman, the first Asian, received the Physics Nobel Prize in 1930. That the
discovery worth a Nobel Prize costs only a few hundred rupees is seen with awe and in circulation for
quite some time in the country. An analysis of the price of total number of instruments (including associated
components) required by Raman for this discovery has been made and presented in this paper. It shows
that the actual cost of the instrument is far more than that is commonly believed.
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1. INTRODUCTION

Scientific inventions and discoveries are
the result of hard work of many years; and can
not be measured by the amount of money spent,
especially for any path-breaking discovery like
winning a Nobel Prize. Same is true for Raman
and the discovery of the Raman effect.! C V
Raman?, who initially started research on acoustics
in the beginning of the 1920s, diverted his
attention to observe the scattering of light. In a
monograph ‘Molecular diffraction of light’, he
reviewed the work in this field (Raman, 1922).
From 1922 onwards, the hard work done by
Raman and his students from 1922 till 1928, led
to the discovery of the Raman effect. After India’s
independence in 1947, mythical stories regarding
the cost of instruments Raman used for the Nobel
winning discovery started appearing. For example,

according to ‘The National Herald’ of Nov. 14,
1948 issue, Raman’s instruments costed 400
Rupees. Just a week earlier, on Nov. 7, 1948, ‘The
Indian News Chronicle’ quoted the same price.
The newspaper ‘The Bharat Jyoti’ on Jan. 15,
1950, quoted Raman as follows: ‘The apparatus
costed me exactly 300 Rupees!’ In 1970, Raman
said: “‘When I got my Nobel Prize, I hardly spent
200 Rupees on my equipment’ (Bhavan Journal,
1970, pp. 73-75; Brand, 1989, pp. 1-25). This cost
exploration continued for quite some time mainly
by Raman’s students. For instance, A Jayaraman
wrote: ‘It is of particular significance that the
equipment which Raman employed for the
discovery was very simple and amounted to a total
cost of 500 Rupees at the time’ (Jayaraman, 1989a,
pp. xix-xxviii ). According to R S Krishnan and R
K Shankar: ‘..., the total cost did not exceed $ 25’
(Krishnan & Shankar, 1981, pp. 1-8).
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In the following we shall see that the price
given by Raman and his students is far from the
true cost when cost of all associated equipment
used for the discovery is taken into account.
Raman did not use just one spectroscope (Fig. 1)
for the discovery; but many more instruments to
take spectrum to determine the wavelength and
polarization of the scattered light (Fig. 2).

Fig. 1. Spectroscope used by C V Raman for the discovery
of the new effect. (Credit: Indian Association for the
Cultivation of Sciences, Calcutta.

To start with, we need to discuss, when
the discovery of the Raman effect began and when
it ended.
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2. INITIAL PAPERS ON THE DISCOVERY OF THE
RAMAN EFFECT AND INSTRUMENTS THEREIN

On Feb. 16, 1928, Raman and K S
Krishnan® sent a paper entitled: ‘A new type of
secondary radiation.” It was published on March
31, 1928, in the British journal Nature. Thereafter
the authors reported the observation of a new
effect, that is, a modified scattered radiation of
degraded frequency, in the case of dust free liquids
and gases (Raman & Krishnan, 1928a, pp. 501-
502). They argued that it is not fluorescence, which
is also an effect associated with change of
wavelength, because: (i) the effect is feeble. (i)
the polarisation of the scattered light is quite strong
and comparable with the polarisation of the
ordinary scattering.

This paper cannot be seen as discovery,
because Peter Pringsheim, Berlin; argued that: (i)
by lowering the concentration of a substance, the
intensity of the fluorescent can be made small,
(i1) from Raman’s own work and others, it is well
known that the radiation is very often depolarised
up to 50% in the direction of observation due to
anisotropy of the molecules, (iii) apart from that
under various other conditions, the fluorescence
light might be polarised (Pringsheim, 1928, pp.
597-606).

Fig. 2. All the individual parts (from left to right — constant deviation spectroscope, Nutting polarisation photometer, filter
and mercury arc lamp) are fixed on a heavy massive iron bench as they should be in a laboratory (Brode, 1943, pp. 165-

166)

3 For Krishnan’s description on the discovery, see, Mallik, 2000.
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The next paper, signed by Raman alone,
sent on March 8, 1928, was published in Nature
on April 21%, 1928. In it, Raman wrote:

The preliminary visual observations appear to
indicate that the position of the principal modified
lines is the same for all substances, though their
intensity and that of the continuous spectrum does
vary with their chemical nature (Raman, 1928a, p.
619).

Here we see, that Raman draw wrong conclusion
regarding the position of the modified lines. Other
paper, dated March 22, 1928, entitled ‘The optical
analogue of the Compton effect’” was sent by
Raman and Krishnan to Nature. It contains the
spectrogram of toluene with modified lines of
longer wavelength and the incident mercury
vapour lines (Raman & Krishnan, 1928b, p. 711).
This was the first spectrogram published by
Raman in a western journal. Therein Raman
corrected his results by stating ‘It is found that
the shift of wavelength is not quite the same for
different molecules, ...’(Raman & Krishnan,
1928b, p. 711).

In his lecture at the South Indian Science
Association, Bangalore, on March 16, 1928,
Raman presented Fig. 3. The lecture was published
in the Indian Journal of Physics (Raman, 1928b,
pp. 387-398).

In all the above stated articles, Raman
reported the observation of modified lines of
longer wavelength as in the case of Compton
effect.

From the theoretical work of the Austrian
scientist A Smekal (1925, pp. 241-244); and H A
Kramers and W Heisenberg (Kramers &
Heisenberg, 1925, pp. 681-708), Raman knew that
scattered light also has shorter wavelength than
that of the incident light. In their article of May 7,
1928, Raman and Krishnan reported for the first
time the observation of such lines (Raman &
Krishnan, 1928c, pp. 399-419).

Raman’s experimental results confirmed
the correctness of the theory. Obviously, Raman’s

INDIAN JOURNAL OF HISTORY OF SCIENCE

Fig. 3. Top: Polarisation of scattered light in toluene for
incident light (Fig. 1) and scattered light due to Raman effect
(Fig. 2). Middle-upper: Mercury arc light filtered through a
blue glass with transmission range from 350 to 440 Nano-
meter. Middle-lower: Scattered spectrum of benzene with
additional lines. Bottom-upper: Mercury arc incident light
filtered with potassium permanganate solution. Bottom-
lower: ‘Raman’ Scattered spectrum. Courtesy: IACS.

discovery was complete only after the qualitative
results were given.

What we see from the forgoing discussion
that neither the first nor the second paper can be
seen as ‘the discovery’, as wrong conclusions were
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Table 1. Various parts of apparatus mentioned in the first four articles on the discovery of the new effect.*

Article No.

Instruments/Apparatus used

1. ‘A new radiation’ (Raman, 1928b, pp.
387-398)

2. ‘A new type of ... radiation’ (Raman &
Krishnan, 1928a, pp. 501-502)

3. ‘A change of wavelength in the light
scattering’ (Raman, 1928a, p. 619)

4. ‘A new class of spectra ... Part I.” (Raman
& Krishnan, 1928c, pp. 399-419)

Sources of light: Sunlight, a quartz mercury arc lamp. Other instruments
— Heliostat, 7-inch telescope objective, and a lens of short focal length.
Direct vision spectroscope, a small Hilger quartz spectroscope.
Polarisers - A double image prism. 80 liquids/vapours/gases/crystals
either in ‘glass-bulbs’ or in ‘steel vessel.’ Filters: Corning glass G. 586,
blue, violet, green; solutions of potassium permanganate and quinine
sulphate.

Sunlight, a telescope objective of 18 cm aperture and 230 cm focal
length, a second lens of 5 cm focal length, 60 liquids, and filters: blue-
violet and green-yellow.

Sunlight, mercury arc lamp, filters, polariser, a steel vessel, (chemicals’)
vapours, and a direct vision spectroscope.

3000 C P (candle power) quartz mercury vapour lamp; 8-inch glass
condenser; glass bulb; chemical studied — benzene, toluene, pentane,
ether, methyl alcohol and water; glass filters; direct vision spectroscope;
constant deviation spectrometer; Adam Hilger E2 quartz spectrograph;
IlIford-Iso-Zenith photographic plates; Adam Hilger travelling

micrometer; Nutting photometer.

drawn; and also the observations were only visual,
which could hardly be verified by others. The third
article based on Raman’s lecture contains polaris-
ation as well as the new lines as written by Raman
in the first two papers; however, in the paper,
neither qualitative nor quantitative results, which
match with theory, were given. This was done in
a publication in the beginning of May 1928, as
the article by Raman and Krishnan indicates
(Raman & Krishnan, 1928c, pp. 399-419).

In Table 1 instruments mentioned by CVR
and KSK in the four ‘discovery’ publications are
given. The order of the articles is according to the
date of publication. The paper ‘The optical
analogue of the Compton effect’ has not been
considered in the table, because it did not give
new information regarding the instruments.

Details of the above mentioned instru-
ments, as well was instruments made by Raman
for the study of liquids; and vapours under normal
and high pressure are given elsewhere (Singh,
2018, pp. 17-46). In order to study the spectra of

the scattered light, spectroscopes were necessary.
Raman had different type of spectroscopes such
as direct vision spectroscope, constant deviation
spectroscope, small size spectroscope, Quartz
Spectrograph E2 and Quartz Spectrograph E1.

Raman’s publication from the year 1909
shows that the IACS had facilities for photography
and photometric measurements. In order to
photograph spectra Raman took Ilford Iso-Zenith
photographic plate of the type 700 HD (Singh,
2018, pp. 33-36). In order to determine the position
of the unknown lines in spectrum, comparator or
micrometer eyepiece were required. Fig. 3 shows
the first spectrogram with new lines taken by
Raman. For the quantitative results, it was
necessary to estimate the wavelength of the lines.
One of Raman’s students Sukumar Chandra Sirkar
recalled that Raman did not took iron arc
comparison spectrum on the spectrogram. He was
asked by Raman to evaluate the plates with the
Adam Hilger comparator which was available in
the laboratory (Sirkar, 1988, pp. 54-58). The
micro-photographic record of liquid benzene was

4 Table taken from Singh, 2018, p. 16.
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Table 2. Instruments and their price
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Instruments/Apparatus/Chemicals

Price £-s.-d. Approximate

price in Rs.

Direct vision spectroscope (Adam Hilger, 1921, unpaged) Minimum 2 20
Small quartz spectroscope (E6) (Adam Hilger, ibid). 48 480
Constant deviation spectroscope — Large model (D19) without Camera.’ 211-13-9 2110
Adam Hilger E2 spectroscope (Adam Hilger, 1921, “current price, June) 145-0-0 1450
Hilger-Nutting photometer (Adam Hilger, 1931, p. D2) (H56) + Stand for Tube (H57) +  77-0-0 + 5-7-6 860
2 Tubes for liquids (H58) +3-19-0
Microphotometer (Adam Hilger, 1921, pp. L1-L3) (“Photo measuring micrometer”) L1 115-0-0 1150
Heliostat (L7) (Adam Hilger, 1921, p. L7) 62-0-0 620
Thermopile, etc., and wavelength drum calibrated (Adam Hilger, 1931, p. D2) to 2.0p (F430) 57-0-0 570
Broca galvanometer (F91) (Adam Hilger, 1931, p. D2)+ Scale on stand (F93) 19+ 4 230
Combined spark holder and arc lamp (F449) (Adam Hilger, 1931, p. D2) 14-10-0 140
Total cost 7630

taken by Raman using Nutting photometer (Fig.
2). Raman also required spectroscope and
polarizer with a special mount, for the
determination of polarization (Fig. 3).

Table 2 shows the cost of some of the
instruments. Raman got Rs. 3000 to buy El
spectroscope, which cost 311 pounds. This would
suggest that one pound was equivalent to about
Rs. 10. In the Table 2, we take 1 pound equivalent
to only Rs. 10 to find out the cost of Raman’s
instruments (Singh, 2018, p. 46).

So, we see that the total amount is Rs.
7630. This does not contain the costs of Adam
Hilger comparator, condenser (lens from
telescope), 80 chemical probes and 80 cells, 36
double-bulbs (AR-IACS, 1925, pp. 126-127),
mercury arc lamp (Hewittic), cross-tubes for
gases/vapours, Ilford-Iso-Zenith photographic
plates®, chemicals used for photography and a set
of 7 monochromatic Wratten glass filters (which
cost about 20 US Dollars).’

Also, we have not considered the cost of
manpower. For instance, in 1927 in Raman’s
laboratory at the IACS, there were 36 research
workers. Out of them 23 were whole time workers
(AR-TACS, 1927, p. 291). In the year of discovery,
that is, 1928, there were 32 research workers. Out
of them 21 were full-time (AR-IACS, p. 435).

3. CONCLUSIONS

The fact is, Raman made a Nobel winning
discovery using instruments costing between 200
to 500 Rupees is not correct. Such an impression
was created because the complete experimental
set-up required by Raman for the discovery had
never been considered in the past. The statement
like: ‘The apparatus used by Raman for the
discovery consisted of a mirror for deflecting
sunlight, a condensing lens, a pair of complem-
entary glass filters, a flask containing benzene and
a pocket spectroscope, ...’(Krishnan & Shankar,
1981, pp. 1-8) is an understatement.

5

245-33-4. (Adam Hilger, 1921:unpaged).
July 21, 2017. (Private communication).

(Eastman Kodak Company, 1919).

The total cost in Pounds: spectrometer + levelling screw + mahogany case + camera = 211-13-9 + 3-11-9 + 9-7-6 + 22-0-0 =
The price of plates in October 1940 - The largest plates, 38cm x 30.5¢cm were £3 9s 9d for 12 plates. Fisher Maurice to Singh R.,

Mercury vapour lamp monochromatic filter - Set of 3 - yellow, green and violet. Price 4 Dollars. Single filter 1.35 Dollars.
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Any path-breaking discovery can not be
measured by the amount of money spent on the
programme and it is not the purpose of the paper
to belittle either Raman or his discovery. The
amount of money spent even when converted to
present valuation is awfully insignificant. It was
Raman’s deep knowledge in physics, innovative
mind and devotion to work that helped him to get
the Nobel using such an insignificant money.

ACKNOWLEDGEMENTS

I am thankful to Prof. S C Roy, Editor-in-
Chief, Science and Culture for correcting the early
version of this paper. Archivists, librarians and
curators of the following institutions are thanked
for helping me in collecting materials referred to
in this paper: Science Museum London; Adam
Hilger Archive London; University of Calcutta;
and Indian Association for the Cultivation of
Science, Kolkata. Last but not the least, I thank
Prof. Arnab Rai Choudhuri and Prof. Deepak
Kumar for editorial work.

BIBLIOGRAPHY
Adam Hilger Catalogue, Adam Hilger Ltd., London, 1921
&1931.

Annual Report — Indian Association for the Cultivation of
Sciences, Calcutta, 1925, 1927 & 1928.

Banerjee, S. C V Raman and colonial physics - Acoustics
and the quantum, Phys. Perspect. 16(2014):146-178.

Bhavan Journal 17(1970):73-75.

Biswas, A K. Raman, Krishnan and the IACS episodes of
the 1930s, Indian Journal of History of Science
48(2013):61-77.

Brand, J C D. The discovery of the Raman effect, Notes
Rec. R. Soc. Lond. 43(1989):1-23.

Brode, W R. Chemical spectroscopy, John Willey & Sons,
Inc., New York, 1943.

Eastman Kodak Company Trade Circular 21(1919):1-6.

Jayaraman, A. C V Raman - A memoir, Affiliated East-West
Private Ltd., New Delhi, 1989.

Jayaraman, A. CV Raman, the man and the scientist, Raman
spectroscopy - Sixty years on vibrational spectra and
structure 17A (1989a):xix-xxviii.

T73

Keswani, G H. Raman and his effect, National Book Trust
India, New Delhi, 1980.

Kramers, H A; Heisenberg, W. Uber die Streuung von
Strahlung durch Atome, Zeitschrift fiir Physik
31(1925):681-708.

Krishnan, R S and Shankar, R K. Raman effect - History of
the discovery, Journal of Raman Spectroscopy
10(1981):1-8.

Mallik, D C V. The Raman effect and Krishnan’s diary, Notes
Rec. R. Soc. Lond. 54(2000):67-83.

Parmeswaran, U. C V Raman — A Biography, Penguin Books
India, Delhi, 2011.

Pringsheim, P. Der Ramaneffekt, ein neuer von C.V. Raman
entdeckter Strahlungseffekt, Naturwissenschaften
31(1928): 597-606.

Raman, C V. The experimental study of Huygens’s
secondary waves, Phil. Mag. 17(1909):204-216.

Raman, C V. Molecular diffraction of light, Calcutta
University Press, Calcutta, 1922.

Raman, C V. A change of wavelength in light scattering,
Nature 121(1928a):619.

Raman, C V. A new radiation, Indian J. Phys. 2(1928b):
387-398.

Raman, C V and Krishnan, K S. A new type of secondary
radiation, Nature 121(1928a): 501-502.

Raman, C'V and Krishnan, K S. The optical analogue of the
Compton effect, Nature 121(1928b):711.

Raman, C V and Krishnan, K S. A new class of spectra due
to secondary radiation, Part I, Indian J. Phys. 2(1928c):
399-419.

Sen, S N. Prof. C V Raman - Scientific work at Calcutta,
Indian Association for the Cultivation of Science,
Calcutta, 1988.

Singh, R. Nobel Laureate C V Raman's work on light
scattering, Logos Verlag, Berlin, 2004.

Singh, R. C V Raman’s Laboratory and Discovery of the
Raman Effect, Shaker Publisher, Aachen, 2018.

Sirkar, S C. Reminiscences of my association with Prof.
C.V.Raman, (in: The Calcutta municipal gazette - C.V.
Raman birth centenary, special number, Basak, A.,
Basu J., et al. (Eds.)), The Calcutta Municipal
Corporation, Calcutta, 1988.

Smekal, A. Zur Quantentheorie der Streuung und Dispersion,
Zeitschrift fiir Physik 32(1925):241-244.

Venkataraman, G. Journey into light - Life and Science of
C.V. Raman, Penguin Books India (P) Ltd., New Delhi,
1994.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


