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A sound instrumentation base is absolutely necessary for healthy and competitive science. What ails the
instrumentation industry in India? Analyses, suggestions for a solution, and a review of a recent
publication on physics instrumentation in India.

Science often progresses by leaps and bounds
when new tools of investigation become
available. Cyclotrons, electron microscopes.
mass spectrometers, polarography and
ultracentrifuges are examples from the first
half of the century of the development of a
new lechnique or mstrument spawning sub-
stantial new knowledge. Chromatography,
computerized axial tomography (CAT),
atomic absorption spectrometers, bubbilc
chambers and superconducting quantum
interference devices (SQUIDS) are new-
generation technigues and instruments that
have opened up new vistas in science and
technology. In a different direction, one
may cite digital-display and automatic-control
equipment, which have made R&D and
industrial work less taxing and more accu-
rate. S0 many are such examples that it is
only stating the obvious to reilerate the
symbiotic rzlationship among scientific ideas,
scientiftc instruments and R&D activity.
[n any discussion regarding the future of
Indian science and technology, it 1s perti-
nent to lpok at this one link in the chain,
namely scienfific instrumenis. in some de-
tail. It will not help very much to recall
fondly the glorious tradition of Indian sci-
ence and technology in ancient or medieval
times. Indeed, the achievements of J.C.
Bose, who made world-class scientific in-
struments for the first time in India nearly a
century ago, only drive home the yawning
gap between the promise of potential and
actual acltievernent today. This weak link
has been noticed before. For example, more
than a decade ago, the Scientific Advisory
Committee to the Cabinet (SACC), Gov-
emment of India, heard a report by S.
Ramaseshan. About five years ago, the
Scientific Advisory Committee to the Prime

Minister (SAC-PM) heard an equally fer-
vent plea by G, Venkataraman [see the fol-
lowing article by G. Venkataraman|. Many
others have spoken at public forums and
have written in the public media. Scholarly
articles have been written in professional
journals. The Department of Science and
Technology (DST), the Department of
Electronics (DoE) and other agencies have
commitiees on instrumentation working for
them. Instrument manufacturers and in-
strument societies have organized sympo-
sia on the sad state of the instrumentation
scene,

Where does the blame lie?

Many reasons have been adduced for this
plight, somc direct and some indirect. One
group of persons charactenstically throws
the blame on the government. Qur indus-
trial labour laws and factory licencing poli-
cies have made it advantageous Lo be a
company agent or a representative rather
than be a manufacturer of instruments. The
producer is penalized by the Tabour laws
and taxation policies, but the middle-man s
not affected. The govemment imposes heavy
customs duties on the import of compo-
nents and materials while the duty on fin-
ished cquipment 1s much less, making 1t
cheaper to buy whole equipment rather than
build them. The Open General Licence has
allowed the betrer-funded mstitutions to
freely import instruments, killing whatever
was left of the precision-instruments indus-
try.

There are others who point the finger at
the present dismal position of the Indian
scientist as regards quality ahd innovative-
ness. No doubt the quantity of Indian sci-
ence and technology, the number of labora-
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tories, the number of persons employed,
and so on have ncreased manifold in the”
past four decades. But have we produced in
the post-Independence era a number of
persons like C.V. Raman, K.S. Krishnan,
S.N. Bose, B. Sahni, S. Ramanujan or J.C.
Bose. who, 1n the pre-Wa era, had world
stature as scientists? Have we contributed
any mnovative measurement or technique,
like J.C. Bose's crescograph or K.5. Krish-
nan's magnetic anisotropy cxperiments? Have
we written textbooks that are applauded all
over the world, like the books of Saha and
Snivastavaor Bhathagar and Mathur? With-
out the cutting edge of world-level compe-
tition, we have not made any significant in-
strument or instrumentation principle, like,
say, a scanning tunnelling microscope or a
radioimmunoassay, tocie two Nobel Prize-
winming innovations. Poor science has gone
hand 1n hand with poor instruments.

Yet others flog the hapless manufactur-
ers. They are accused as villains who worry
only about profits. It is conveniently for-
gotten that the entire nation pays heavily
when a public-sector company 1s making
loss. They are accused of taking the easy
option of making, say, plastic buckets and
selling them rather than undertaking pro-
fessionally challenging jobs of, say, high-
tensile - bolts. Indian manufacturers have
poor matntenance and service cells as well
as inadequate documentation of their prod-
ucts. Agents of foreign companies are said
10" corrupt scientists by offering foreign
visits in the guise of training when equip-
ment s imported; they are sometimes ac-
cused of other deeds of corruption, bribery
and winding-up charges.

All these statements have grains of truth.,
Yet we must take an objective, dispassion-
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ate view. The complaints and the criticisms
are about one segment of the nstrumenta-
tion industry, namely the precision, state-
of-the-art, high-technology scientific in-
struments, often serving research needs. If
one looks at lower-cost, high-sales-volume
products like, say, industrial Bourdon-type
pressure gauges, process control instruments,
or equipment needed in school and college
laboratories, the situation is indeed chang-
ing rapidly. Because of the large sales tumn-
over, instrument manufacturers are coming

forward to produce, say, reasonably good-.

quality pH meters or osctiloscopes. They
may not be of high accuracy or may not use
the latest possible techniques, but are good
enough 1o satisfy one class of users. People
may still complain that, say, the geometry
instrument boxes used in the tenth standard
class are nnot as good as the ones available in
Germany orthe USA. Therz is, however, no
denying the fact that mexpensive, general-
unlity instruments of various types are avail-
able today.

Hi-tech instruments

if one goes on to the availability of sophis-
ticated scientific instruments for R&D1abo-
ratories, there 1s clearly a near-vacuum in
the Indian scene. Even if this is only one
segment of the broad range of instruments
in use, two factors tend to highlight this
sector, The wvsers, namely R&D personnel
in the comparatively better-funded R&D
Institutions, are more vocal in their de-
mands, more vistble in the public gaze, and
are often the persons controlling the S&T
efforts in the country. Itis also possible that
they have also to  defend their perform-
ance, or non-performance, in the light of
their getting large shares of the S&T fund-
ing. Twenty years ago, they could offer a
convenient excuse, namely the inability to
import world-class equipment said 1o be
essential tor the R&D work. Today, per-
haps, other reasons have o be offered.
Irrespective of this factor, there is a more
tundamental second factor which should be
considered. Ther is a need for continuous
updating or evolutionary growth in almost
every activity. To survive, one should move
from bicycles to automobiles to aircraft in
the transport sector. In 2 similar way one
must maove 1o greater accuracy, resolution,
speed and range of instruments, almost like
the Olympic goal of 'faster, higher, stronger'.
One must change 1o newer materials, wood
to metal to plastics, in response to new
demands. Inevitably in the present-day
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context, this task is in the realm of high
technology. One must at least keep pace
with trends elsewhere even if it is a pipe-
dream for us to hope to set new trends.
Lagging behind is arr invitation to obsoles-
cence and disaster.

[t wouid not be correct to say that sugges-
tions for such modermisations or actual work
in such tasks have been absent. After atl for
over a decade various persons and commit-
tees have bgen drawing attention 1o this
problem. In various laboratories screntists
and engineers have made working models
of contemporary scientific instruments,
whether they be tiny scanning tunneiling
microscopes or large X-ray diffractome-
ters. Prototypes of scanning tunnelling
microsopes, Stirling-cycle Liqud-air plants,
4-MeV linear accelerator (LINAC)-based
X-ray machines for treatment of cancer,
UV/VIS spectrophotometers, and 50 on have
been made, most of the time with large-
scale funding from the instrumentation
committees of various government depart-
ments. Defence and nuclear energy labora-
tories have developed a whole range of
components, gadgets, equipment, matert-
als, devices, sensors and so on that belong
in {rontiine contemporary work. Alas, most
of them do not reach needy users in the rest
of the country. By contrast, in the USA, the
UK, Gemmany and other countries, when a
usefu] new tem 1s made in the laboratory,
it rapidly progresses to manufacture and
becomes available to restricted or general
user communities. One also notices that a
very large percentage of the well-known
manufacturing companies have growa to
their present position of size and eminence
from relatively small beginnings some yedrs
ago. There are only rare cases of companies
that started as large organizations. Most of
the companies have a constant exchange of
fresh ideas and inputs with R&D and uni-
versity laboratories, even when they have
their own R&D laborataries.

Herein lies one of the problems of the
sophisticated scientific instruments indus-
iry in the country: we have not developed
the mechanism to move items from labora-
tory cloisters to manufacturing faclories.
In this mechanism there are four identifi-
able partners: the laboratory workers, the
manufacturer, the product-development
group interfacing the two, and the govern-
ment, which controls and oversees the whole
scene in the present administrative set-up
of the country. The partners must function
in a2 coherent manner if the task is to suc-
ceed.

Steps towards a solution
Nurturing a culture

[t may appear at first sight that nothing need
be done on the side of the laboratory work-
ers, who generally stop with giving an idea
or making a first laboratory model of an
instrument. Un{ortunateiy the present value
system in the scientific community 1s driv-
ing such experimenter-scientists 10 extine-
tion. In many laboratories in the advanced
countries, the investigator builds or as-
sembles apparatus from readity available
subunits. In this process new modes of use
O NEW accessories or even new ideas are
generated to make a better product. Some
of these products, if needed by other inves-
tigators, are then manufactured. This cul-
ture of instrumentation 1s taken as a part and
parcel of scientific work, subject to the
same reward system for good work. In
India, for various historical reasons, the
most imporiant of which was the lack of
import facilities, such a culture of indige-
nous fabncation was present till the md-
seveniies. The item fabricated in the labora-
iory was probably inferior to the then world
standards of performance, yet so much in-
teresting and first-class invesiigations came
cut. Indeed, quise a few of the distinguished
scientists of today who are over fifty have
been through this experience, Unfortunately,
with the new wave of Open General Licence
policy of easy import and the associated
covert henefits of dealing with selling agents
of foreign manufacturers, this culture of
instrumentation has all but disappeared. It
has a precanous existence in a few atomic
energy, defence and space department in-
stitutions, where foreign-equipment sup-
pliers are not allowed to sell items directly.
If ever a nail in the coffin were needed, this
has been provided by the availability of
computing equipment, whereby persons can
sit 1p air-conditioned rooms without sweat-
g or seiling their hands, Good theory 1s as
hard as good experiments; but the soft op-
tion of second-class calculations and com-
puter simulations has lured persons away
from hardware-based work. The novelty of
the computing equipment and their physi-
cal environment have produced the unfor-
tunate value system that hardware-based
experiments are Inferior investigations. That
thts conclusion is not pure imagination but
18 based on facts can be verified easily by
counting the awards and appointments
announced in various branches of science
and technology where hardware experiment-
ers have to compete with others, A change

CURRENT SCIENCE, VOL. 59, NO. 16, 25 AUGUST 19%)



SPECIAL REPORT

in value system must come immediately
among leaders and managers of science and
engineering R&D n the country, with the
recogniiton that hardware experiments are
generally much harder and have less tan-
gible outputs or results. Indeed, such a
change ts perhaps necessary for the general
health and progress of science and technol-
ogy in the country, If this does not happen
in the near future, the hardware experi-
meniers may have to be put n the list of
endangered species requiring special envi-
ronmental laws of protection,

Creating competition

When it comes to manufacturers, one must
recogmze immediately that acompany must
naturaily make profit if it is to survive and
grow. Here, again, unfortunate value sys-
tems have developed. Almost all 1he labo-
ratories are govemment-subsidized. In the
guise of academic lreedom, the govern-
ment subsidy has in many cases become a
one-way dele without a reciprocal comnit-
ment and has killed the competitive ele-
ment so crucial 10 success in any walk of
life. If scientists and engineers make re-
marks on scientific instrument manufac-
ture, they run the nisk of an unconscious
attitude of permanent govemnment subsidy.
Govemnment support, especially at the early
stages and i various labour and taxation
policies, 1s definitely needed, but if the
competitive element and the drive towards
favourable cost-benefit ratio are not main-
tained the company will surely become a
white elephant draining the nation’s re-
sources, as 1s indeed happening in many
public-sector concerns, No one will will-
ingly buy a scientific instrument unless it is
competitive by way of price and initial
maintenance costs. The best test of com-
petitiveness 1s exportability or overall cost-
effectiveness by way of effective servicing
and maintenance in India. While many in-
strument manufacturers will fail by this
yardstick, a few companies come out suc-
cessful i the shightly less sophisticated
level of instruments,

Policy changes

Before discussing the interfacing of univer-
sities or R&D organizations with instru-
ment manufacturers, it may be advanta-
geous to discuss whether any government
policies should be restructured. It would
obviously not be proper here to discuss the
question of public sector versus private,
sector, which 1s to be determined by the
greater political wisdom of the country.

The taxation and labour laws. however, do
suffer from one hangover of British rule,
and reguire reconsideration. The Brittsh
government wanted the colonies to be sub-
servient (0 England, and that the fruits of
industriatization should remain primanly
in their hands. So it did not want the colo-
nies to start manufacture but wanted items
to be traded from England. Even raw mate-
rials and components were not 1o be freely
imported by the colonies, lest the colonies
convert the raw materials and components
into finished products competing withthose
made n England. Therefore the customs
duty on raw materials, components and
consumables was made higherthan the duty
on complete equipment. Secondly, the
commercial taxation and labour laws were
so framed as to encourage middieman-trad-
ing activities and to discourage industrial,
manufacturing activities. These two poli-
cies are unfortunately followed even now
by India. although a developing country
that wants to industriaiize and produce more
goods must have the exactly opposite phi-
losophy. This is an urgent task if progress
has to be made rapidly.

There 18 a second change of policy re-
quired, which can be done somewhat easily.
At present most R&D laboratories can get
customs-duty exemption for import of sci-
entific equipment. If a manufacturing com-
pany imports the subunits and makes some
equipment then the company has to pay the
full customs duty on the imported compo-
nents. Thus the same equipment assembled
in India becomes more expensive. This
situaiton 1s especially serious when a new
product is introduced, during which stage
the import component 1s high and indigeni-
zation 1§ incompiete. Thus the foreign vendor
1$ at an advantage in having no customs
duty while the Indian manufacturer has
paid customs duty on the subumts. The
scheme of customs-duty exemption on sci-
entific equipment applied to R&D labora-
tories should include exemption of duty on
the subunits/components/materials used by
an Indian manvfacturer suppplying the same
scientific equipment. Aliematively, the whole
scheme of customs-duty exemption can be
scrapped, charging the same duty to the
R&D laboratories and the manufacturer,
and assisting the laboratories with extra
grants, which anyway go back to the gov-
ernment through the channel of customs
duties.

These steps, important though they be,
are indirect supportive measures. To make
vistble progress in a reasonably short time
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and to get enough self-confidence to move
with vigour, more active measures are needed.
One such measure is the creation arid deve-
lopment of an interface between laborato-
ries and manufacturers. This could be a
crash programme for a five-year period,
after which the system will'reach a new
self-sustaining equilibrium, In the absence
of such an interface, the laboratory re-
searcher 18 content with doirig his or her
work and has no motivation to crusade for
the manufacture of an instrument devel-
oped in the laboratory. The manufacturer
can anyway make profit through the exist-
ing channels or through turnkey projects
imported from abroad and so has no moti-
vation to embark on a risky venture of
trusting a half-baked laboratory tabrication
as a model for manufacture.

What can be the motivating force? Un-
fortunately wrong decisions have been made
in this context, as peinted out in perceptive
analyses of the recent Indian scene by seve-
ral soctologists. The decision-makers are 1n
the age group of the over-fifty. They had the
good fortune of having, in their childhood,
persons like Mahatma Gandhi or Pandit
Nehru or Sardar Patel as their heroes or
models. These persons had visibly sacn-
ficed everything for their country. Uncon-
sciously the decision-makers are making
the mistake of assuming patriotism to be a
dominant driving force in the India of to-
day. As the sociologists pont out, the urge
to become an independent nation, which
mativated the entire country 10 hard work
and struggle, has ceased 1o be a source of
motivation for young people. These young
peopte have no models or heroes who have
sacrificed for the country. The only driving
force readily available in peacetime 1s
economic motivation, namely cash, which
can be converted to amenities/living condi-
tions. It is unrealistic to expect large num-
bers of people t0 work with an idealistic
vision of a great country, but getting large
numbers of people to work for extra money
is certainly feasible . ‘

Brideing lab and industry

A product-development group bridging the
laboratory model and the production model
of an item is a key element that is largely
missing in instrumentation activity in the
country. In chemical engineering, the need
for scaling up production from laboratory-
size activity to pilot-plant production and
finally 1o manufacture scale is clearly rec-
ognized and there are persons who are ac-
tively engaged in this task. In fact, -the
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relative success af the chemical industry in
India owes a large debt to this group of
people. Laboratory-scale activity in instru-
ment development is often the realization
of a goal with available resources and with-
out worries about the problems of manufac-
ture, reproducibility, serviceability, ease of
operation, reliability, long-term stability
and, above all, cost. Development-orented
personnel do exist in small numbers in a
few national laboratories and in a few n-

strument manufacturing organizations, but-

are largely absent in the university sector. [t
is true that they have not achieved con-
spicuous success. A major reason for this is
the lack of ‘'moving with the product’ on a
conveyer belt, to use & phrase comman
production engineering. Work on a produc-
tion shop-floor 1s efficient when the item
being produced 1s moved on a conveyer
belt, with each worker adding his or her part
to the item, a method made popular by
Henry Ford in his automobile factory. If 2
researcher who develops a new equipment
moves to the product-development area, all
the background information,—knowledge
of the 'whys', the 'dos and don'ts’ and the
'hows=—can be passed on easily, much bet-
ter than when these can be documented. In
a similar way, if a product-development
engineer moves with the equipment to the
manufacturing phase., the information trans-
fer takes place effectively. We have no
method of inducing this movement of people
which can catalyse instrument development.
In fact, all the present procedures of leave
rules, travel rules, daily allowances and
other reimbursement of expenses are uni-
formly agaimnst such movement. Why should
a researcher move from what 1s regarded as
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a more rewarding research work to what 1s
regarded as less rewarding development
work by the research community? The only
inducement to move'is a financial one and
can be readily implemented. Many univer-
sities, laboratories and organizations will,
without murmur, pay air travel and daily
out-of-station living expenses at up to Rs.
1500 per day for a technician to come and
install new equipment or repair equipment.
Yet these same authorities are shocked if a
suggestion is made that they pay their own
staff at this generous rate when the latter
move out for instrument development/
manufacture activity. The paf reply thatit1s
not sanctioned under any rule is also given.
Therefore we must have a formal schéme
under which a person moving from a uni-
versity/research laboratory to a product-de-
velopment organization or a person moving
from a development organizaiion 10 a manu-
facturing factory is paid very generous travel
and living-expenses allowances. Then a
few persons will move, and usher in manu-
facture of good scientific instruments, at
Jeast for financial rewards if not out of
patriotism. Such a scheme can be intro-
duced and monitored by the existing chan-
nels of instrument development commit-
tees of agencies like DST, DoE, CSIR, etc.
This, by providing a priceless resource,
namely persons with a mission, will pro-
vide a big impetus to the indigenous devel-
opment and production of high-guality sci-
entific instruments. It is certainly worth
trylng as a priority programme tnitially for
a five-year period.

Carving a market

All these steps, while promistng to maoti-

vate, do not answer one question of the
manufacturer. Normally, the specialized
scientific instruments have a limited mar-
ket of a few pieces in the country, at least in
the early stages. Manufacturers are reluc-
tant to set up production facilities for a
small number of units, especially since the
route of.system integration using readily
available subunits is not possible in India
because the subunits themselves are not
available locally, One can argue that, once
a good instrument is available in India, a
market for it develops rapidly, as has been
experienced in many cases. One can also
argue that, besides a domestic market, the
companies should be able to compete in the
market abroad, especially in the developing
countries. All the same, manufacturers are
reluctant to embark on the production of a
small number of units. At the moment the
only solution 1s that the product-develop-
ment groups 1o laboratories/organizations
themselves should make two or three units
for the use of various buyers. They should
assoclate a manufacturer with the work at
this stage itself so that the transfer of tech-
nology becomes casy at a later stage. This
will grve users confidence in the product,
enabling the market to be developed. A day
must come when an Indian instrument is the
first of its kind in the world and aims at a’
world market,
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The instrumentation imbroglio —Some suggestions for a

solution

G. Venkataraman

The health of science in this country is a
matter for frequent discussion. While many
aspects like funding, proper administrative
support, etc. are always analysed thread-
bare, one 1tem that receives scant attention
1s the absence of a proper instrumentation
base in the country. Perhaps there is a sense
of helplessness, considering the deaf ear
turned to the numerous suggestions made in
the past for improving matters in this re-
spect. What is more dangerous is the com-
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placency that has set in, thanks to the possi-
bility of easy import of instruments. The
obvious truth, that our science cannot be
strong unless our base in experimental sci-
ence 1s strong, and that, in turn, the latter is
not feasible without a proper instrumenta-
tion base, sems to be slowly slipping from
our minds.

The question of what ails our instrumen-
tation: has been studied by about half 2
dozen committees in the past. The present

writer was himself a member of an expert
group constituted in 1984 by the then Sci-
ence Advisory Commitiee to the Cabinet
(SACC); S. Ramaseshan was the chairman
of the group. Working with great enthusi-
asm, the group very quickly produced a
comprehenstve report. However, after a
cursory examination by the powers that be,
this report soon joined its predecessors in
the dusty filing cabinets of Delhi. Three
years [ater, under the promise of a new deal,
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