




Victoria University of Wellington Library




Science in New Zealand Supplement to Salient, Vol. 28, No. 7. 1965.


The NZETC epub Edition
This is an epub version of 
     
Science in New Zealand Supplement to Salient, Vol. 28, No. 7. 1965.
    by
     
    from the NZETC, licenced under the
     
Conditions of use 
     (http://nzetc.victoria.ac.nz/tm/scholarly/tei-NZETC-About-copyright.html).
 For more information on what this licence allows you to do with this work, please contact Library-TechnologyServices@vuw.ac.nz. 
The NZETC is a digital library based at Victoria University of Wellington, New Zealand. We publish texts of interest to a New Zealand and Pacific audience, and current strengths include historical New Zealand and Pacific Islands texts, texts in Maori and New Zealand literature. A full list of texts is available on our website (http://nzetc.victoria.ac.nz/).
Please report errors, including where you obtained this file, how you tried to access the file and details of the error. Errors, feedback and comments can be sent to Library-TechnologyServices@vuw.ac.nz.
About the electronic version


Science in New Zealand Supplement to Salient, Vol. 28, No. 7. 1965.

Editor: 
John Llewellyn

Editor: 
Heughan Rennie

Creation of machine-readable version: 
Keyboarded by Planman Technologies

Creation of digital images: 
Planman Technologies

Conversion to TEI-conformant markup: 
Planman Technologies

Victoria University of Wellington Library, 2012

Wellington


Publicly accessible


URL: http://nzetc.victoria.ac.nz/collections.html


copyright 2012, by the Victoria University of Wellington Library


Extent: ca. 288 kilobytes




About the print version




Science in New Zealand Supplement to Salient, Vol. 28, No. 7. 1965.

Editor: 
John Llewellyn

Editor: 
Heughan Rennie


Victoria University of Wellington Students' Association, June 15, 1965.

Wellington



Salient

28





Encoding

        
All unambiguous end-of-line hyphens have been removed and
          the trailing part of a word has been joined to the preceding
          line, except in the case of those words that break over a
          page.

        
Some keywords in the header are a local Electronic
          Text Collection scheme to aid in establishing analytical
          groupings.

      







Victoria University of Wellington Library




Science in New Zealand Supplement to Salient, Vol. 28, No. 7. 1965.

Contents


	
[title page] 

p. 1

	

	
[endorsement of supplement by prominent figures in science]

	
Science And Government — by 
B. E. Talboys 

p. 2

	
[advert]

	
A Many Splendoured Thing — by 
L. Hartman 

p. 3

	
[introduction] 

p. 3

	
The Scientific Method

	
Pure Versus Applied Science

	
Two Concepts Of Science



	
Chemistry Studies — by 
L. H. Briggs

	
[advert]

	
Forest To Factory — Science In The Timber Industry — by 
Tasman Pulp and Paper Co. Ltd

	
[introduction]

	
Quality Control



	
[advert]

	
Veterinary Science: Aims and Action — by 
I. J. Cunningham 

p. 5

	
[advert]

	
[advert] 

p. 6

	
Attitude Of A Physicist — by 
N. F. Barber, 
Peter Dickinson, 
N. F. Barber, 
Peter Dickinson 

p. 7

	
[introduction] 

p. 7

	
Do The Theories Of Physics Describe The World As It Really Is?

	
What Is It That A Physicist Aims To Do?

	
Where Are The Activities Of Scientists Leading Us? — by 
N. F. Barber, 
Peter Dickinson, 
N. F. Barber, 
Peter Dickinson 

p. 8



	
[advert]

	
Universities And Research — by 
F. J. Llewellyn 

p. 9

	
[advert] 

p. 9

	
N.Z. Students And The Royal Society — by 
C. A. Fleming 

p. 10

	
[introduction] 

p. 10

	
A Local Science Forum

	
Research Library

	
Awards For Research

	
Mutual Aid



	
Scientific Research N.Z. Priorities — by 
J. T. Andrews 

p. 11

	
[advert]

	
[advert] 

p. 12

	
Careers In Science — by 
Armour T. Mitchell 

p. 13

	
The Employment Of Science Graduates In New Zealand 

p. 13

	
Research:

	
Research or Administration?

	
Industrial Servicing and Technology:

	
Executive Training Schemes:

	
Specialisation:

	
Small Or Large Firm?

	
General Administration:

	
Opportunities For Women:

	
What Do You Know?



	
[advert]

	
Science In Democracy—The Conference Theme — by 
Sir Ernest Marsden 

p. 14

	
[advert]

	
Science In The Public Service 

p. 15

	
[introduction] 

p. 15

	
An Important Choice

	
[principal scientific activities of the Public Service]

	
Department Of Agriculture

	
Further Information

	
Forest Service

	
Meteorology

	
Navy

	
Marine Department

	
Wider Horizons



	
Some Myths Exploded — by 
Dr. R. M. Williams

	
Science And Our Language — by 
D. B. Carrad 

p. 16

	
Salaries, Prospects, And Conditions

	
[salaries]

	
Promotion



	
[advert]

	
At the End …










Victoria University of Wellington Library




Science in New Zealand Supplement to Salient, Vol. 28, No. 7. 1965.

[title page]











Science In New Zealand




Supplement to Salient



Vol. 28 No. 7, 15th June, 1965













Victoria University of Wellington Library




Science in New Zealand Supplement to Salient, Vol. 28, No. 7. 1965.



Contents


	
[endorsement of supplement by prominent figures in science]

	
Science And Government — by 
B. E. Talboys 

p. 2

	
[advert]

	
A Many Splendoured Thing — by 
L. Hartman 

p. 3

	
[introduction] 

p. 3

	
The Scientific Method

	
Pure Versus Applied Science

	
Two Concepts Of Science



	
Chemistry Studies — by 
L. H. Briggs

	
[advert]

	
Forest To Factory — Science In The Timber Industry — by 
Tasman Pulp and Paper Company

	
[introduction]

	
Quality Control



	
[advert]

	
Veterinary Science: Aims and Action — by 
Ira James Cunningham 

p. 5

	
[advert]

	
[advert] 

p. 6

	
Attitude Of A Physicist — by 
N. F. Barber, 
Peter Dickinson, 
N. F. Barber, 
Peter Dickinson 

p. 7

	
[introduction] 

p. 7

	
Do The Theories Of Physics Describe The World As It Really Is?

	
What Is It That A Physicist Aims To Do?

	
Where Are The Activities Of Scientists Leading Us? — by 
N. F. Barber, 
Peter Dickinson, 
N. F. Barber, 
Peter Dickinson 

p. 8



	
[advert]

	
Universities And Research — by 
F. J. Llewellyn 

p. 9

	
[advert] 

p. 9

	
N.Z. Students And The Royal Society — by 
Charles Alexander Fleming 

p. 10

	
[introduction] 

p. 10

	
A Local Science Forum

	
Research Library

	
Awards For Research

	
Mutual Aid



	
Scientific Research N.Z. Priorities — by 
J. T. Andrews 

p. 11

	
[advert]

	
[advert] 

p. 12

	
Careers In Science — by 
Armour Mitchell 

p. 13

	
The Employment Of Science Graduates In New Zealand 

p. 13

	
Research:

	
Research or Administration?

	
Industrial Servicing and Technology:

	
Executive Training Schemes:

	
Specialisation:

	
Small Or Large Firm?

	
General Administration:

	
Opportunities For Women:

	
What Do You Know?



	
[advert]

	
Science In Democracy—The Conference Theme — by 
Ernest Marsden 

p. 14

	
[advert]

	
Science In The Public Service 

p. 15

	
[introduction] 

p. 15

	
An Important Choice

	
[principal scientific activities of the Public Service]

	
Department Of Agriculture

	
Further Information

	
Forest Service

	
Meteorology

	
Navy

	
Marine Department

	
Wider Horizons



	
Some Myths Exploded — by 
Dr. R. M. Williams

	
Science And Our Language — by 
David Carrad 

p. 16

	
Salaries, Prospects, And Conditions

	
[salaries]

	
Promotion



	
[advert]

	
At the End …








Victoria University of Wellington Library




Science in New Zealand Supplement to Salient, Vol. 28, No. 7. 1965.

[endorsement of supplement by prominent figures in science]






[image: Barnes N. Wallis]


I am very glad to send a message of goodwill to all Science and Engineering Students in New Zealand.


The picture on the wall behind me represents the Rigid Airship R.9, the first rigid airship to fly in England; the design being done by the late H. B. Pratt and myself in 1913.




[image: Dr. Barnes N. Wallis, C.B.E., F.R.S.]
Dr. Barnes N. Wallis, C.B.E., F.R.S.




I have been pleased to learn that 
Salient is planning a feature issue on broad aspects of science, and I extend my best wishes to 
Salient and to the students of Victoria University, especially the science students.




[image: Linus Pauling.]
Linus Pauling.






[image: Linus Pauling]


I send every good wish to the students at New Zealand universities, and in particular to the science students of the Victoria University of Wellington.




[image: W. H. Pickering, Director, JetPropulsion Laboratory, Pasadena.]
W. H. Pickering, Director, Jet

Propulsion Laboratory, Pasadena.






[image: W. H. Pickering]


I think that the idea of 
Salient producing a supplement on the sciences is most interesting, and I am sure the students who read this will think so too. I send all New Zealand students my very best wishes.




[image: Lord Snow, C.B.E., Parliamentary Secretary, Ministry of Technology.]
Lord Snow, C.B.E., Parliamentary

 Secretary, Ministry of Technology.






[image: Lord Snow]










Victoria University of Wellington Library




Science in New Zealand Supplement to Salient, Vol. 28, No. 7. 1965.

Science And Government







Science And Government


It is just one hundred years since the birth of government science in New Zealand. Since that time scientists have contributed much to our prosperity. They have bred high yielding pasture plants and disease resistant crops, they have gained control of insect pests and animal disorders, so that the productivity of our agriculture is the highest in the world. F.A.O. figures show that in 1956-60 it was 59% above that of the United States, 3.8 times that of Denmark and 4 times that of the United Kingdom.


But this is not all, for they have still better plant varieties on the way, their knowledge of the chemistry of animal nutrition is advancing rapidly and they have demonstrated the practicability of still more intensive stocking on large areas of farmland.


On the industrial side, science has played a major role in the harnessing of geothermal energy, the discovery of natural gas, the ironsand investigations and the prevention of costly spontaneous fires in wool stores, to name but a few examples.


We are in the habit of applauding the pioneer, the farmer or the industrialist, but I believe we have too often been inclined to forget the scientists' contribution to their achievements. For this reason there has not always been sufficient attention paid to the future contributions that science can make to our welfare.


Of the £7 million a year that New Zealand now spends on scientific research and services, something like 85% is government financed. The government is thus heavily committed in science. By comparison, the United Kingdom and United States governments finance about 75% and 66% of the respective total research expenditure.


Discussing the government's attitude to science is therefore rather like discussing a man's attitude to his car. He will tell you that in the early days he managed passably well without one, relying on lifts from friends and neighbours. Nowadays he considers the car a necessity; he still uses other transport if it will take him where he wants to go, otherwise he uses his own.


So, in the early days this country relied heavily on overseas research; we still do this, as do all countries, whenever it is appropriate, but increasingly it is not; therefore we have to do our own. No government of today can neglect science, for science enters into so many of the decisions that have to be taken, whether it be finance for research laboratories, monitoring fallout, controlling agricultural chemicals or approving a steel industry.


Although it must have a positive attitude to science, a democratic government must at the same time bear in mind that it is there to serve the will of the people, and the people as a whole know little of science and often have a quite negative attitude towards it. The government, of course, takes the best scientific advice it can get; but, again, because this advice is scientific, it can seldom be explained to the people.


In this dilemma there is only one course open to us. That is, for government and people alike to be quite clear as to what they want from science, what it is worth and why, and then to see that they get it. Only the scientist can handle the details of its attainment.


To push the analogy of the car a little further — the owner will explain that he chose the model best suited to his needs and his pocket, and that he usually uses it to get somewhere, but sometimes merely to explore the country-side. So, the government believes that New Zealand's science must be suited to its needs and resources, and while most of it should be devoted to serving the community, some research should have no defined purpose other than the acquisition of new knowledge.


Exploring the countryside is a valuable experience — so is pure research — but it is only after we have developed our resources to the fullest extent that we can afford to roam more widely. It is right and proper that New Zealand should have experts in fields that have no immediate application here, but we cannot afford to train too many of our graduates in those fields, and then lose them overseas for lack of suitable openings here. Pure science may be highly revered in academic circles, and rightly so, for it is the basis of all other science. But the scientist doing pure research has only to follow his nose, without a great deal of thought for where it will lead him. It is the man in applied science who has the greater challenge, for he has a goal to reach; he must somehow find a route that will take him there, and no amount of aimless wandering will suffice.



The Hon. B. E. Talboys, M.P., Minister of Science, discusses the Government's attitude to Science in New Zealand.


There are abundant fields of study in this country that are not only scientifically interesting but economically important as well. The government intends that more attention should be paid to these. We are so very dependent on our agriculture and agricultural industries that a single unchecked insect pest, plant or animal disease, could be considerable damage to our whole economy. We must use our best scientific brains to protect it. Equally, any substantial improvements in our agriculture could be so very beneficial to our economy that we cannot neglect to strive for them. Diversification of the economy is desirable, and here, too, science can help us, but we must be on our guard to ensure that the real productivity of any such innovation is at least equal to that of our agriculture.


Having decided that the country's scientific work should be tied more closely to the needs of the community, we are faced with the problem of deciding just what the needs are, the relative priorities, the prospects of success and how it can best be achieved.


It was for this reason that the old Council of Scientific and Industrial Research was replaced last year by the National Research Advisory Council. The old Council's deliberations were practically confined to the work of D.S.I.R., whereas its successor is charged with advising the government on the promotion and development of scientific research in the country as a whole. It brings together government and university scientists, economists, industrialists and farmers, and reports to mo as Minister of Science.


One of the first acts of the new Council was to set up working parties to examine scientific research and services in various sectors of our economy, both as they exist today and as they might develop in the future. The working party reports are being co-ordinated and as soon as the Council has indicated relative priorities in its own report, the government intends to see to it that scientific effort is concentrated where it is most needed.




[image: B. E. Talboys]


It is government policy to encourage the growth of independent research wherever possible. The universities, the Cawthron Institute and private firms have all contributed to our agricultural research, and most of our agriculture-based industries are now served by research associations, jointly financed by government and industry. Those concerned with meat, wool, dairy products, leather and fertilisers are now autonomous, although most of them originated within the D.S.I.R. Those concerned with wheat, tobacco and hops remain integral parts of the Department.


Outside agriculture and its affiliated industries, however, there is scope for a great deal more research. This is the less efficient sector of the economy and the sector where science can probably effect the biggest improvement Transport and construction are two important fields now receiving more help from science than formerly, and some of the universities and technological institutes are active in industrial research and servicing. However, there are only two research associations, and the use made of advisory services is not as widespread as it should be.


A notable exception to this lack of interest is in mineral prospecting. For many years there has been close collaboration between government scientists and private prospecting parties. In view of the economic importance of developing our natural resources to the full, the government is already strengthening its scientific work in this field.


A further aspect of government policy is based on the belief that a great deal can be accomplished by better dissemination of existing knowledge, better advisory services, more expeditious publication and a greater willingness to study a problem from the consumer's standpoint. Many scientific establishments have shortcomings in this respect and much of the blame must fall on the universities which give it little attention. In this they do a disservice to science.


The scientist must learn not to be satisfied until his work is adopted. He must learn first to talk about it in terms that can be understood, to listen to users' comments and then modify his own work accordingly. He must learn not to despise considerations of profitability, for that is the prime interest of his client and only by appealing to that interest will ho generate sympathy for his own.


Finally, I suggest that if we follow this planned approach to science, we shall be working in the interest of the community and of the scientist as well. His goals will be clearer, their attainment more satisfying, his achievements will be better understood and appreciated. We shall be able to look forward to a time of success and prosperity for New Zealand science.
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A Many Splendoured Thing



By L. Hartman, Fats Research Division, Department of Scientific and Industrial Research, Wellington. The views expressed in this article are those of the author and not necessarily those of the Department.




During a recent meeting of the Wellington branch of the Royal Society some hard words were said about the failure of New Zealand Universities to make their science students aware of the country's industrial problems and thus assist the national economy. Apart from this agelong controversy centred around pure versus applied research, the above meeting and several others in the past have revealed so many differences of opinion on fundamental aspects of science amongst veteran professionals that a discussion on some of these aspects may be of benefit to a science student.








The Scientific Method


According to a classic description of the scientific method due to Karl Pearson this method is marked by careful and accurate classification of facts and observations of their correlation and sequence. In many instances — especially in Government sponsored research — emphasis is laid on meticulous planning of the work. Estimates of expenditure are often demanded before a new project is approved. On the other hand some scientists — and not only academic dons — recommend a philosophical approach. One of the favourite formulae runs as follows: A problem is recognised and a purpose stated. A literature search is carried out to collect pertinent information. A working hypothesis is formed. Deductions from the hypothesis are drawn. The deductions are tested by experiments.


These are certainly sound principles but the tortuous and fumbling way by which scientists have often arrived at seemingly obvious conclusions suggests that science is not as simple as that. The story of the rare gases may illustrate the point. Towards the end of the 18th century Cavendish reported that a residual constituent of air "stood its ground" against all attempts to combine it with oxygen. A century later an American chemist. Hillebrand, had a mixture of argon and helium in his hands. Adequate means of their detection were at his disposal, yet he failed to recognise these gases as new elements. Then during some 60 years after the discovery of these and other rare gases by Rayleigh and Ramsay they were regarded as chemically inert and their inertness attributed to the completed octet of outer shell electrons became one of the main features of the modern theory of atomic structure.


However, a few years ago it was found that at least some of them do combine with other elements and that the formation of such compounds is remarkably easy. What were the reasons for the delay in discovering rare gases and assessing correctly their chemical nature? Did the scientists concerned not follow the principles outlined above? If they did, maybe there was lack of intuition, creative imagination, critical ability or drive; or maybe too much reliance was placed on theory and too little on experiment. This list of aids to the scientific method is by no means exhaustive; in fact, each instance of breaking a new ground may require some special approach. One can almost risk the view that if there is such a thing as a revelational scientific method no one has yet been able to reveal it








Pure Versus Applied Science


The "confrontation" of pure and applied research coincided with the triumphant entry of science into various industries in the second half of the nineteenth century. It was probably due in the first place to the snobbery of some scholars who watched the engagement of science in profit making pursuits with disdain. This attitude is now rare but the argument still crops up in a modified form and is not readily resolved. The claim that scientific endeavour should be directed towards alleviation of want and raising of living standards cannot be lightly dismissed. But neither can one disregard the appeal against purely utilitarian tendencies like one contained in a recent address delivered by the President of the Royal Society of N.Z. to science graduates of Victoria University. In this address Dr. C. A. Fleming asserts that science fostered for its own sake and not for profit is part of the glory of man akin to the creative art of sculptor, poet and musician. Even a convinced utilitarian could hardly fail to respect this attitude.


However, the recent history of scientific discoveries has deprived the above arguments of much of their significance. Nowadays it is hardly a witticism to say that the only difference between pure and applied research is a matter of some twenty years. It was just before the second World War that Rutherford described his atom splitting experiments as a scientific pastime with no practical application. Despite differences in outlook and purpose, theory and practice, discoverer and inventor are inextricably bound together and interdependent. Only the mode of this interdependence may change. Before 1850 one could say that the steam engine did more for science than science did for the steam engine. Now it is the otherway round.








Two Concepts Of Science


No attempt will be made here to add another long winded definition of science to the many already in existence. Two opposing concepts of science will be discussed instead, without subscribing to either of them unconditionally. The first concept which may be described as static, regards science rather as a means of correlating facts than of accumulating new facts and knowledge. The ultimate aim of science so conceived is to obtain a harmonious and coherent system which would produce a key to the explanation of the universe. Once this is achieved there would be little need for maintaining laboratories, for experimentation, in other words for further scientific activity. This brings to mind Laplace's imaginary mathematician who succeeded in integrating the movements of atoms at a given time. By partial differentiation of the mathematical function thus obtained he could interpret most phenomena without any experimental work whatsoever.


The opponents of the static concept of science maintain that discontinuation of scientific activities would amount to the disappearance of science. The knowledge contained in textbooks would become fossilised. The human mind deprived of the spirit of inquiry would accept all statements on trust. Science would change into a set of dogmas.


According to the other, the dynamic concept of science, no problems except some very simple ones are ever solved definitely. The real importance of research lies in its leading towards further research. Experimental findings are valuable if they generate new experiments. This view of science as a self perpetuating activity is subscribed to consciously or subconsciously by a number of dedicated research workers; it would probably hold little appeal for an outsider. The layman, the politician and the taxpayer may be inclined to regard the urge to work in order to create more work as a kind of madness. This may explain the reluctance of some renowned scientists to heed the exhortations of well meaning politicians and to inform the public what they hope to achieve by their labours. They are probably too selfconscious to point out that the by-product of their madness is much of our present-day civilisation


The conflicting concepts of science, the tangle between pure and applied research, the absence of a mandatory scientific method may appear confusing to a science student who is looking for guidance. Moreover, the trend of modern science is not likely to increase his confidence. Not only have there been some fundamental scientific conceptions thrown overboard recently but the proliferation of these changes is bewildering. At the beginning of this century an atom was still an indivisible particle of matter. Now the number of diverse particles originating from an atom exceeds one hundred. Or to quote a more homely example: Not many years ago butter contained according to textbooks a dozen or so fatty acids all with straight chains and even carbon numbers. At present there are listed over 60 fatty-acid constituents of butter with all sorts of configurations. In either case the meaning of this diversity is obscure. In addition to these and numerous other developments there is at least one which touches on the very essence of science. It is Heisenberg's uncertainty principle — now widely accepted as one of the bases of modern physics — according to which either the velocity or the position of a particle but not both can be determined. This amounts to an admission that there are certain fundamental physical problems which no experiment is ever likely to resolve.


All these sceptical remarks are not meant to infer that science is threatened by anarchy so noticeable in some manifestations of contemporary art. The theory of relativity is not likely to displace Newton's laws of gravitation; the uncertainty principle has no significance outside the realm of minute particles such as electrons. One of the most important effects arising from the unexpected turn taken by science somewhere about 1900 is the drastic reduction of dogmas and superstititions. As a result the scientist has some reason to be proud that in a world in which restrictions imposed by various agencies are steadily mounting, he has achieved in the spiritual sphere of his profession a greater degree of freedom than ever before.
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The conflicting concepts of science, the tangle between pure and applied research, the absence of a mandatory scientific method may appear confusing to a science student who is looking for guidance. Moreover, the trend of modern science is not likely to increase his confidence. Not only have there been some fundamental scientific conceptions thrown overboard recently but the proliferation of these changes is bewildering. At the beginning of this century an atom was still an indivisible particle of matter. Now the number of diverse particles originating from an atom exceeds one hundred. Or to quote a more homely example: Not many years ago butter contained according to textbooks a dozen or so fatty acids all with straight chains and even carbon numbers. At present there are listed over 60 fatty-acid constituents of butter with all sorts of configurations. In either case the meaning of this diversity is obscure. In addition to these and numerous other developments there is at least one which touches on the very essence of science. It is Heisenberg's uncertainty principle — now widely accepted as one of the bases of modern physics — according to which either the velocity or the position of a particle but not both can be determined. This amounts to an admission that there are certain fundamental physical problems which no experiment is ever likely to resolve.


All these sceptical remarks are not meant to infer that science is threatened by anarchy so noticeable in some manifestations of contemporary art. The theory of relativity is not likely to displace Newton's laws of gravitation; the uncertainty principle has no significance outside the realm of minute particles such as electrons. One of the most important effects arising from the unexpected turn taken by science somewhere about 1900 is the drastic reduction of dogmas and superstititions. As a result the scientist has some reason to be proud that in a world in which restrictions imposed by various agencies are steadily mounting, he has achieved in the spiritual sphere of his profession a greater degree of freedom than ever before.
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By Professor L. H. Briggs, Professor of Chemistry at the University of Auckland.


Some years ago a retired solicitor came to enrol in Chemistry II, hoping to complete a science degree which he had started fifty years previously but had not completed owing to his change-over to law. He informed me that he had then passed Chemistry I and was therefore entitled to enrol in Chemistry II. He was rather taken back when I advised him that he should take Chemistry I again as the subject had advanced somewhat in the past fifty years. Perhaps he was not alone in thinking that the degree course had not greatly changed in this time. It is on this advance in Chemistry that I should like to comment


Perhaps the word advance is too mild a word and I really could be more correct in describing the explosion of chemistry, typical of other sciences as well, during the last few decades. When some sections of the community are clamouring for a reduction of the 40-hour week scientists of all description are complaining that the days are too short to do all the exciting experiments that come to their mind. The "back-room boys" still continue to burn the midnight oil but are quite happy in doing so.


There was a time when amateurs, including ministers of religion, could conduct chemical research but today the most important results are coming increasingly from the well equipped laboratories which only large institutions can afford to run. Gone are the days, when, to quote the experiments of Lord Rutherford, they could be done with "sealing-wax and string" and today expensive, sophisticated apparatus is a necessity and not a luxury. With the explosion of chemistry and the demand for trained chemists there is now a world shortage of chemists and other scientists which the ever-increasing output of universities and technical institutes still fail to fill.


To engage in research a scientist must firstly find out what has already been published on the experiments he wishes to make and then to check the literature continually to make sure the same experiments have not been carried out in the meantime. He must at least check through the titles of the current papers even if he cannot find time to read all the papers on the subject. But to illustrate the magnitude of the task, 
Chem Ical Abstracts last year reported on 160.000 papers published in chemistry while the last 
Decennial Index of work published in the period 1947-1956 alone composed 19 volumes! Although the Library of the Chemical Society, London, subscribes to nearly 700 periodicals there are some 2500-3000 scientific journals publishing some items of chemical interest, while a new journal in chemistry appears on the average every fortnight.


The output of chemical papers continues to increase at an alarming rate and has actually doubled in the last eight years. It is almost frightening to contemplate the mass of chemical facts still to be discovered and described and it is obvious that serious concern is now being given to the form in which chemical facts can be published, including some computing system. Already some physical properties of chemical compounds are being published on a punched-card system.


Parallel to this explosion in the world literature on chemistry there has been the advance in the techniques of chemistry. Although the test-tube and the distilling flask are still common tools of a chemist a large number of instruments have been invented and marketed for the more precise examination of chemical compounds. Such instruments as ultraviolet, infrared, atomic absorption and nuclear magnetic resonance spectrometers use only minute traces of materials but still give a clear insight into the nature and constitution of new chemicals. Some new techniques such as chromatography, the separation of compounds on filter-paper, are very simple and very cheap. The discovery of this technique, which can be used on such a micro-scale that only one-millionth part of a gram is required, earned for Drs. Martin and Synge the Nobel Prize.


Other techniques, however, which use very specialised electronic gear, are very expensive — a modern mass-spectrometer costing over £30,000. With this equipment comes also the need for technical assistance in running and maintaining it. New Zealand universities are generally poor in technical assistance compared with the provincial or "red-brick" universities in the United Kingdom. Where there the ratio of technical staff to academic staff is about 2:1 here in New Zealand the ratio is only about 1:2. Without at least some of these expensive pieces of equipment the modern chemist cannot hope to achieve much compared with his well-endowed colleagues overseas. It is not a question of "keeping up the Chemical Jones" but simply of using the measurements of these instruments to give him results that would take his months or even years to obtain by the old-fashioned methods.


Forty years ago the Professor of Chemistry at the Victoria University of Wellington was able to run the whole department, teaching and research, for under £100. Today, excluding the research apparatus provided by the Research Grants Committee and the Golden Kiwi, the running expenses alone would probably exceed £10,000 per annum. It is at these costs of establishing and maintaining a chemical library, the provision of research equipment and the maintenance of a chemistry department that the Government must examine before it can establish such departments in our new universities. It should also be pointed out that there would be few chemists seeking a university position today where, besides teaching which he accepts as a matter of course, he could not carry out original research with at least a reasonable amount of research equipment.


What is the affect of all this on the degree course where a bachelor degree in science can still be obtained in three years? A large part of previous courses in chemistry has always descriptive, the description of the preparation and properties of chemical compounds. This phase of chemistry, however, is being replaced by a more theoretical approach to the subject — how and why do chemicals react — leaving more of the facts to be gleaned from books of reference. New instruments require knowledge of new theories on how they work. In essence, reasoning and theory is taking the place of more descriptive facts.


The modern degree course, it must be admitted, is more designed to teach a student how to conduct research rather than to make him a practising chemist such as for a paint or fertiliser factory, but at least he is being trained to apply fundamental scientific principles to problems which confront him in industry. It is true, that he might not be conversant with the specific analytical procedure to be applied but knowledge of this could easily be obtained from books of references. This fundamental approach to the subject is not unique to the study of chemistry. Today a graduate from the famous Harvard Law School will have a fundamental knowledge of law but will not necessarily be equipped to take over a law practice. Engineers, too, are being trained more in the fundamentals of their subject than in the mere techniques of their profession.



Continued on next page.
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Continued from Page 3


The modern student of chemistry has certainly to learn considerably more than the student of some decades past but fortunately he is still able to achieve this in the space of three years and then to proceed to research work for his higher degree. How long the training degree will remain at three years remains to be seen but it is quite certain that soon a student will have to undergo four years of training before proceeding to research.


The science student at least learns something of the excitement of discovery, be it his or someone else's and perhaps it is this excitement that enables him to cope with the rapidly advancing front of science.
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Science In The Timber Industry



Contributed by the Tasman Pulp and Paper Co. Ltd., of Kawerau. We particularly wish to thank Mr. W. W. Olsen, the Mill Manager, for his assistance.




Conversion of wood to paper consists of two fundamental steps — reducing the wood to pulp, and then forming a sheet of paper from the pulp. In principle neither of these tasks is difficult, but the production of large quantities of good quality paper at low cost can only be accomplished with the aid of complicated engineering and control systems. To understand the role of science in papermaking a brief introduction to the processes involved is necessary. Two methods are used at Tasman to produce pulp from wood, one is mechanical, giving rise to so-called groundwood pulp, the other is chemical, yielding kraft pulp.


Kraft pulping consists of releasing the cellulose fibres by dissolving the matrix of lignin which binds them together. The essential processes of a Kraft mill are (a) digestion of wood chips with alkaline chemicals, (b) separation of the fibres from the extractive chemicals by water washing, (c) bleaching and/or drying the pulp, (d) recovery of the extractive chemicals.


Scientific methods are invaluable for gearing a mill to run at optimum conditions of quality and economy. For example, different types of pulp required for different end-uses, can be produced by adjusting digesting conditions. Temperature, pressure, reaction time, types of chemical, chemical concentrations, and finally wood species, can all be varied to give pulps of varying degrees of delignification, with different strength properties, in different yields. The effect of altering one variable may be well known but to achieve optimum conditions complicated adjustment of the parameters is necessary. Thus a knowledge of wood chemistry and of the basic reactions of the cooking chemicals with lignin and cellulose is required. The same type of knowledge is useful in the bleaching process. The choice of oxidising agent and method used to bleach kraft pulp depends on the brightness or whiteness of the end product.


Chlorine, calcium hypochlorite, chlorine dioxide and sodium peroxide are commonly used in various combinations. For example, a medium brightness pulp, such as that used in newsprint, could be bleached by a chlorination stage followed by caustic extraction, then one or two hypochlorite bleaching stages.


Chemical recovery is an integral part of any kraft pulp mill. The spent cooking liquor which contains dissolved organic matter along with the inorganic chemicals, is concentrated, and burnt in a "recovery" boiler, the heat so produced being used to generate steam for general mill use.


The molten inorganic chemicals are drained from the furnace, dissolved in water, and reconstituted by reaction with slaked lime, producing re-activated cooking liquor. Apart from the chemical reactions involved in the burning of the spent liquor at high temperatures, the process is well understood but careful control over the various steps is necessary to produce a uniform cooking liquor.


Groundwood pulp is produced by pressing barked wood billets, four feet long, against a revolving grindstone. The fibres are washed from the grinding zone by large quantities of water which also serves to dissipate the heat produced by the grinding process. The pulp is subjected to screening and refining operations before it is ready for use on the paper machines.


The pulp that is used by the paper machines to make newsprint consists of a mixture of one part of kraft, which is long fibred and thus imparts strength to the sheet, and four parts of groundwood which, apart from being cheaper, contains shorter fibres and "fines." necessary to produce a sheet of high opacity and smooth surface.


The sheet is formed by projecting a continuous jet of dilute pulp onto an endless wire mesh, moving at a high speed.


The wire is supported by revolving rolls, and water drains from the pulp, aided by the action of these rolls and suction boxes placed under the wire surface. The sheet is then squeezed between woollen felts by the press rolls, the water taken up by the felts being removed by sucking it through into the rolls which have a holed surface. The remaining water is removed by passing the sheet through a long series of steam-heated rolls. Finally a smooth finish is imparted to the surface of the sheet by passing it through a stack of heavy precision ground rolls placed one on top of the other.


The operator of a high speed paper machine is controlling a process in which 150 pounds of water are removed from one pound of pulp in less than one minute. A fragile sheet is handled at speeds around 30 miles per hour by a large and complex machine. As paper machine speeds rise operating tolerances are reduced, hence greater skills embracing an understanding of the scientific principles involved are required by operators for satisfactory machine performance.







Quality Control


While it can be said that a good quality paper is one that causes the printer a minimum of trouble in producing a good printed article, some means of expressing quality in terms of the physical properties of the paper must be available before paper quality can be evaluated.


Considering newsprint in particular, the printer is chiefly concerned with two characteristics — runability and printability. Runability may be defined as to how well the paper travels mechanically through the printing press, while printability may be defined as the faithfulness of reproduction of the image impressed on the paper by the ink covered form.


Printability is a complex combination of ink and paper properties and printing conditions, but provided ink and paper properties are constant or change only gradually, a good result can be consistently attained.


However, the printer cannot follow rapid fluctuations in paper properties without either losing considerable time or producing a substandard article. Hence the mill aims to produce paper with uniform printing characteristics, at as high a level as possible.


Runability is almost entirely controlled by paper strength and the presence or absence of defects. Quality control on paper machines aims to completely eliminate defects such as holes, wrinkles, checking edge tears etc., by continuous inspection, rejecting faulty paper and correcting operational faults. With a daily production of approximately 1300 miles of a twenty-two feet wide sheet of newsprint the enormity of this task can perhaps be visualised. However, the biggest problem in quality control is that most of the commonly used tests for measuring paper properties are arbitrary tests, dependent upon arbitrary instrument design and carefully defined procedures. These arbitrary tests generally measure a combination of several fundamental properties. Because of their complex nature, results based on these arbitrary tests are difficult to relate to both papermaking and printing operations without considerable experience.


With higher and higher demands being placed on paper by its users science must help the papermaker better to understand his product by developing instruments to measure the fundamental properties of paper, and to discover how these fundamental properties can be controlled to produce a uniform, high quality paper.


In the past the efforts of scientists in the New Zealand papermaking industry have been largely confined to improving the efficiency of the manufacturing processes. This will continue to be of major importance in a competitive industry.


Typical of this type of problem would be the current efforts to extend the life of the woollen felts on the paper machines. These become clogged with "pitch" (from the wood resins) and frequent changing of the felts means loss of valuable production time. Various additives are being evaluated with respect to their ability to remove this pitch.


The industry has now reached a stage where it is able and prepared to support more basic research. Taking the example above, this would involve obtaining a knowledge of the chemical and physical properties of pitch, and the mechanism which causes it to bind to the felts. When this is understood development of a more effective method of prevention would be possible.


Though New Zealand's forest reserves at present seem vast, in fact foreseeable expansions of the pulp, paper and sawmill industries will take up all available wood. Therefore research directed towards forest improvement, both with respect to wood yield and wood quality, is of increasing importance.


Thus the scientific problems facing the papermaking industry span a wide range of disciplines, with a wide variety of tasks but all with the ultimate aim of producing an inexpensive product of high quality.
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Conversion of wood to paper consists of two fundamental steps — reducing the wood to pulp, and then forming a sheet of paper from the pulp. In principle neither of these tasks is difficult, but the production of large quantities of good quality paper at low cost can only be accomplished with the aid of complicated engineering and control systems. To understand the role of science in papermaking a brief introduction to the processes involved is necessary. Two methods are used at Tasman to produce pulp from wood, one is mechanical, giving rise to so-called groundwood pulp, the other is chemical, yielding kraft pulp.


Kraft pulping consists of releasing the cellulose fibres by dissolving the matrix of lignin which binds them together. The essential processes of a Kraft mill are (a) digestion of wood chips with alkaline chemicals, (b) separation of the fibres from the extractive chemicals by water washing, (c) bleaching and/or drying the pulp, (d) recovery of the extractive chemicals.


Scientific methods are invaluable for gearing a mill to run at optimum conditions of quality and economy. For example, different types of pulp required for different end-uses, can be produced by adjusting digesting conditions. Temperature, pressure, reaction time, types of chemical, chemical concentrations, and finally wood species, can all be varied to give pulps of varying degrees of delignification, with different strength properties, in different yields. The effect of altering one variable may be well known but to achieve optimum conditions complicated adjustment of the parameters is necessary. Thus a knowledge of wood chemistry and of the basic reactions of the cooking chemicals with lignin and cellulose is required. The same type of knowledge is useful in the bleaching process. The choice of oxidising agent and method used to bleach kraft pulp depends on the brightness or whiteness of the end product.


Chlorine, calcium hypochlorite, chlorine dioxide and sodium peroxide are commonly used in various combinations. For example, a medium brightness pulp, such as that used in newsprint, could be bleached by a chlorination stage followed by caustic extraction, then one or two hypochlorite bleaching stages.


Chemical recovery is an integral part of any kraft pulp mill. The spent cooking liquor which contains dissolved organic matter along with the inorganic chemicals, is concentrated, and burnt in a "recovery" boiler, the heat so produced being used to generate steam for general mill use.


The molten inorganic chemicals are drained from the furnace, dissolved in water, and reconstituted by reaction with slaked lime, producing re-activated cooking liquor. Apart from the chemical reactions involved in the burning of the spent liquor at high temperatures, the process is well understood but careful control over the various steps is necessary to produce a uniform cooking liquor.


Groundwood pulp is produced by pressing barked wood billets, four feet long, against a revolving grindstone. The fibres are washed from the grinding zone by large quantities of water which also serves to dissipate the heat produced by the grinding process. The pulp is subjected to screening and refining operations before it is ready for use on the paper machines.


The pulp that is used by the paper machines to make newsprint consists of a mixture of one part of kraft, which is long fibred and thus imparts strength to the sheet, and four parts of groundwood which, apart from being cheaper, contains shorter fibres and "fines." necessary to produce a sheet of high opacity and smooth surface.


The sheet is formed by projecting a continuous jet of dilute pulp onto an endless wire mesh, moving at a high speed.


The wire is supported by revolving rolls, and water drains from the pulp, aided by the action of these rolls and suction boxes placed under the wire surface. The sheet is then squeezed between woollen felts by the press rolls, the water taken up by the felts being removed by sucking it through into the rolls which have a holed surface. The remaining water is removed by passing the sheet through a long series of steam-heated rolls. Finally a smooth finish is imparted to the surface of the sheet by passing it through a stack of heavy precision ground rolls placed one on top of the other.


The operator of a high speed paper machine is controlling a process in which 150 pounds of water are removed from one pound of pulp in less than one minute. A fragile sheet is handled at speeds around 30 miles per hour by a large and complex machine. As paper machine speeds rise operating tolerances are reduced, hence greater skills embracing an understanding of the scientific principles involved are required by operators for satisfactory machine performance.
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While it can be said that a good quality paper is one that causes the printer a minimum of trouble in producing a good printed article, some means of expressing quality in terms of the physical properties of the paper must be available before paper quality can be evaluated.


Considering newsprint in particular, the printer is chiefly concerned with two characteristics — runability and printability. Runability may be defined as to how well the paper travels mechanically through the printing press, while printability may be defined as the faithfulness of reproduction of the image impressed on the paper by the ink covered form.


Printability is a complex combination of ink and paper properties and printing conditions, but provided ink and paper properties are constant or change only gradually, a good result can be consistently attained.


However, the printer cannot follow rapid fluctuations in paper properties without either losing considerable time or producing a substandard article. Hence the mill aims to produce paper with uniform printing characteristics, at as high a level as possible.


Runability is almost entirely controlled by paper strength and the presence or absence of defects. Quality control on paper machines aims to completely eliminate defects such as holes, wrinkles, checking edge tears etc., by continuous inspection, rejecting faulty paper and correcting operational faults. With a daily production of approximately 1300 miles of a twenty-two feet wide sheet of newsprint the enormity of this task can perhaps be visualised. However, the biggest problem in quality control is that most of the commonly used tests for measuring paper properties are arbitrary tests, dependent upon arbitrary instrument design and carefully defined procedures. These arbitrary tests generally measure a combination of several fundamental properties. Because of their complex nature, results based on these arbitrary tests are difficult to relate to both papermaking and printing operations without considerable experience.


With higher and higher demands being placed on paper by its users science must help the papermaker better to understand his product by developing instruments to measure the fundamental properties of paper, and to discover how these fundamental properties can be controlled to produce a uniform, high quality paper.


In the past the efforts of scientists in the New Zealand papermaking industry have been largely confined to improving the efficiency of the manufacturing processes. This will continue to be of major importance in a competitive industry.


Typical of this type of problem would be the current efforts to extend the life of the woollen felts on the paper machines. These become clogged with "pitch" (from the wood resins) and frequent changing of the felts means loss of valuable production time. Various additives are being evaluated with respect to their ability to remove this pitch.


The industry has now reached a stage where it is able and prepared to support more basic research. Taking the example above, this would involve obtaining a knowledge of the chemical and physical properties of pitch, and the mechanism which causes it to bind to the felts. When this is understood development of a more effective method of prevention would be possible.


Though New Zealand's forest reserves at present seem vast, in fact foreseeable expansions of the pulp, paper and sawmill industries will take up all available wood. Therefore research directed towards forest improvement, both with respect to wood yield and wood quality, is of increasing importance.


Thus the scientific problems facing the papermaking industry span a wide range of disciplines, with a wide variety of tasks but all with the ultimate aim of producing an inexpensive product of high quality.
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Veterinary Science: Aims and Action



By Professor I. J. Cunningham, Dean of the Faculty of Veterinary Science at Massey University of the Manawatu.


New Zealand has a highly developed animal industry based on some 50 million sheep, 5 million cattle and much smaller numbers of pigs and poultry, and on the land and climate with which the country is endowed. The exports from this industry earn over 93 per cent of our overseas income and thus provide most of the support for the high standard of living and the way of life we have come to enjoy. Continuing health of farm animals and thus their commercial value is dependent upon the service of a veterinary profession of adequate size. And the economic animals are not the only ones which require such services; to these must be added the horses, dogs and domestic pets which contribute enormously to the pleasure of living for many people.


The care of animals involves protection against the entry of so called exotic disease, the control of diseases that are already within the country and that affect groups of animals, and the treatment of day by day ailments or accidents that occur in individual animals.


The importance of exotic diseases to our animal industry and to man is illustrated by a consideration of foot and mouth disease of cattle and other species, and of rabies of dogs. The entry and establishment of foot and mouth disease could disrupt the nation's economy through loss of markets for meat; the entry of rabies could bring the risk of much human pain and misery. Continued freedom of this country from such diseases requires an alert veterinary service of suitable size which is kept aware of the appearance of these diseases in other countries, which maintains effective barriers to their entry into New Zealand, but which also has the capacity and knowledge to detect, contain and eliminate any focus of disease resulting from evasion of these barriers. Air transport and the free and rapid movement of numbers of people and large quantities of goods greatly add to the risks.


Diseases which affect groups of animals within New Zealand are due to infection with micro-organisms, to deficiency in the soil on which fodder is grown, and to many other causes. Control of these diseases may be effected by their eradication through detection and slaughter of infected animals, as is the case in Tuberculosis of cattle; by immunisation, as in the protection of dogs against distemper, by correction of soil deficiency, as in the prevention of cobalt deficiency disease. If these diseases are not controlled there may be serious risk to human health and heavy losses may occur in the income from farm animals.


Treatment of individual animals involves dealing with a range of ailments not greatly dissimilar to those met in humans. There are digestive disorders, lameness, difficulty in reproduction, accidents and so on. The care and treatment of these requires the sophisticated methods of diagnosis and treatment with which we are familiar in the human field.


The responsibilities of veterinary surgeons do not end with control of animal disease. They have many others. These include meat hygiene, teaching and research. Correct hygiene must be ensured of animals and of processing so that meat products destined for human consumption carry no threat to the consumer. Teaching may involve health-education amongst owners of stock, or may be carried out within institutions of higher learning. There is a constant and urgent need for research into factors of all kinds which affect the health of animals.


To carry out this work there are at present about 420 veterinary surgeons in New Zealand. Some 2/3 of these are engaged in clinical practice, 1/5 in disease control, meat hygiene and research, and the remainder in university teaching and other occupations. All of these men and women have been trained overseas — about 2/3 of them in Australian universities, ¼ in British universities and the remainder in some 15 countries of Europe, North America and South Africa. The majority of graduates from Australian universities are New Zealanders who were awarded bursaries to take them for study in Sydney or Brisbane universities.


This is the positional as the Veterinary Faculty of Massey University of Manawatu enters the second year of veterinary teaching. The Faculty has certain clear responsibilities to meet. These are the supply of veterinary graduates from 1968 onwards, the fostering of post graduate vocational training and refresher courses, and the development of post graduate research.


The supply of graduates is directly related to the intake of students for under-graduate training. This intake is at present 32 each year, and these commence in the second year of the five year course. When permanent buildings are completed, about the year 1969, the intake will be 48, which is regarded as the most suitable number for efficient teaching, especially in the later years when access to clinical material is needed. The graduates from these intakes will, after due allowance is made for normal losses by retirement, etc., raise the total number of veterinarians in New Zealand to 600 by 1976, 800 by 1986 and 1000 by the year 2000 A.D.


Post graduate vocational training is needed to meet two different requirements. The first is to provide advanced training in specialised fields for those who wish to work in these fields. Examples of these fields are veterinary public health or x-radiology. Post graduate diploma courses within the university meet such requirements. The second need is to help practising veterinarians to keep pace with the very rapid advances that are being made in all the sciences with which they are associated. Specially devised refresher courses are needed for this, and some of these may be needed at points away from the university. The present resources of the university are unlikely to be able to meet all those that are needed.


Scientific research in the Veterinary Faculty provides the opportunity for students who wish to train for a career in research, it helps to meet the urge of most university members to add to knowledge, and it may contribute to the solution of problems of the animal industry. There is a constant need for research and investigation in all fields of animal production. The veterinary faculty will contribute new findings that will help towards the solution of problems of disease or of other aspects of animal management. These contributions may assist the economy of the country and may also add to the food supplies of a hungry world.


This new Faculty then forms the academic centre for veterinary science in New Zealand. It will train the rapidly growing number of graduates who will treat or control disease of animals; it will provide for the safety of animal foods for human consumption; it will help in the continuing education of veterinary graduates; it will form a centre for training graduates in scientific research; and it will provide the environment for carrying research related to the animal in health and disease.
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Attitude Of A Physicist



By Professor N. F. Barber, D.Sc. (Leeds), Professor of Theoretical Physics at Victoria University of Wellington. This article is the text of Prof. Barber's Inaugural Address and formed the basis for his address to the May Science Students' Conference.




My predicament in entering University life recalls a situation in one of the Kai Lung stores. The young man Win was about to set out on a dangerous journey for which his education had been intended to prepare him. In a ceremony to mark his departure, the guests took tea while the principles of Yin's education were reviewed. Then followed a, banquet of forty-four courses. As the guests tasted each one they were told its ingredients and its manner of preparation. Finally, as Yin's name was uttered repeatedly by those present, the young man modestly stood forward and set forth his manner of thinking concerning all subjects with which he was acquainted.


I cannot promise you forty-four courses, but in compensation I will try to be more brief than Yin.


I am leaving the straightforward practice of physics in order to attempt to teach this art to younger men and women. For me, at least, it is a very appropriate exercise to ask why physics in pursued. So I propose three questions:


First, do the theories of physics describe the world as it really is? My examples may suggest that they do not.


Second, what is it that the physicist aims to do? Professor Hughes has warned me that a person's aims as judged from his actions do not always accord with the description that he might quite sincerely give of his aims, when asked. So we must examine the way in which a physicist works.


And last, where is scientific enquiry leading us?


Rather than depend entirely on my own opinions I have been conducting a small enquiry among my friends. One woman with a secretarial background, the wife of a fellow physicist, viewed the sciences with admiration and even with some awe since they were proving so powerful in revealing the structure of the world. Three other people, graduates in English. Education and Psychology, showed no admiration for physics at all; I hasten to explain that they were not of this University. They showed considerable irritation, and fear of such outcomes as nuclear weapons of war; they classed physicists as uncouth people unacquainted with the higher things of life. My fellow physicists, however, who were with me in Government employ, found the pursuit of physics interesting, particularly when their apparatus worked, or when they had applied their skill successfully to some real-life situation, or when they had hit on some promising theory. These different attitudes suggest that an enquiry is worth while.







Do The Theories Of Physics Describe The World As It Really Is?


Physics is an attempt to view the processes of the world as mechanics. Newton had striking success in devising good laws of mechanics and in lighting on the universal law of gravitation. This lead other people to suggest further ideas in the same vein. But I am asking whether physical theories are true. So Newton, is he right, or the man who believes in a flat Earth, is he right?


G. K. Chesterton remarked how difficult it was to refute the ideas of a man who believed that the Earth was flat. I think he must have tried it. I have not, and so am not skilled in flat-Earth arguments, but one may imagine oneself pointing out to the flat-Earth advocate that the Earth has no edge. He agrees; he remarks perhaps that it must be an infinite plane You then ask how it comes that the Earth has a limited area. He explains: objects increase in size as they become more remote from the Earth's true centre, which may be Wellington, with the result that the area seems to be finite though actually it is not. How then, you ask, can the Sun been seen to sink behind the bulge of the Earth? This is easy; it is, he says, an optical illusion. One does not realise it, but beams of light are repelled by the Earth and curve away from it. In consequence, when the Sun passing overhead, has reached a certain distance its beams when they reach you are travelling horizontally, and you imagine that you see the Sun just above the horizon. A little later and you are left in darkness; you have experienced the illusion of a setting Sun. At this you perhaps retire defeated.


Of course, the physics that is developed by the flat-Earth advocate in very complicated. The bending beams of light are perhaps the least complication. We treasure a useful principle that is conventionally attributed to William of Occam. For physicists it amounts to this, that if you have two alternative theories that account for the observations you should prefer the simpler one even though it may contain some unprecedented concepts. The laws of physics offered by the advocate of a flat-Earth are so very complicated that we prefer the simpler picture given by Newton. We prefer it even though the earth appears as a globe, resting on nothing But if we offer this judgement to the flat-Earth advocate he rebukes us. Scientific enquiry, he says is not a matter of convenience but of truth. He at least refuses to be misled and starting from the obvious fact that the Earth is flat, he delights indeed, in the 
[
unclear: intrieactes] of the physics that follows So is it he that is right or Newton?


But let us put these doubts aside and be orthodox The followers of Newton met a difficulty that is sometimes called the Laplacian illusion. It is this that we most suppose that the molecules of matter, as well as the planets obey the laws of dynamics. Of course the forces acting on them may be other than gravitational. They may be electrical, but the laws will have the same inevitable character. The positions and velocities of the molecules at this present instant determine their entire future. Then does it not follow that the future is written. If yon are matter then your hopes, fears, loves, hates, indecisions and resolutions are illusionary. They happen to you true, but any notion you may have that you can influence what happens to you is quite mistaken. What is one to make of this argument? My comment is that this theory seems to give a very inadequate description of the process of living. I do not propose to suggest where the theory may have cone astray but if a theory does not adequately describe the events then so much the worse for the theory.


Physicists use numbers a great deal; they count. Kronecker said of mathematics, "God made the integers all else is the work of man." I have my suspicions about the integers. I think we invented them, too. Their very usefulness is a bad sign. The noble savage walking through the woods does not find a bow and arrow, nor a canoe, growing on a tree. He must both conceive and fabricate these useful things. Again, you will agree that counting is useful only in so far as the things that one is counting are alike. But objects or events are never quite alike though we may reckon them so for our practical purposes. When seven folk are coming for coffee one puts out seven cups. The cups may be odd; the people will certainly be odd too, in the sense that they are not alike, yet you count seven cups. Or imagine a situation in which pound notes had different values depending on their ages; one might need to purchase an article with say, three pound notes of a 1960 vintage or four notes from 1950, with a sliding scale for the years between. We think this inconvenient. We legislate that they shall all have the same exchange value. To help this way of thinking, we print them as alike as possible But different pound notes are in fact different.


One probably acquires some feeling for number at an early age. I move a muscle and find a hand. Another muscle and up comes another hand. Another muscle and up comes a foot; but perhaps I find that feet and hands are put to different uses. I clasp the hands. Each hand touches only one other and no hands are left over. This is the quality of "evenness." I disengage one hand. No pairs are left, and this is the quality of "two-ness." I say I have two hands. Yet the hands are not alike. This thumb is on the wrong side; I see the palm of one hand but the back of the other: os if I succeed in getting the thumbs right and the palms right, the fingers point in opposite directions. Indeed either hand is like the image of the other seen in a mirror, and this is a radical difference as chemists very well know. Yet I say I have two hands.


One transfers this idea of number to other things. Holding an apple in each hand I have two apples. But what if one were an orange? Could I say I had two of anything? Yes, provided that I enlarge the concept and overlook still greater differences. I can say I have two "fruit." Or suppose both were apples, but one was very small and green. Then how many apples do I have? A botanist would say "two." because each is a fertilised compound fruit of an apple tree. But a cook would deny this. He would say that the small green fruit was of no use in making an apple turnover and that for his purposes it did not count as an apple. He would say "one."


I am suggesting, you see, that there is a real world whose events we experience and that out of these experiences we make concepts, mental images, that we use in planning our actions. I am suggesting that integers belong to this world of concepts, not to the real world Perhaps in the real world there is no two of anything.


But I must return to physics. The conclusions of modern physics can seem very strange Fifty years ago physicists had to admit that a beam of light could in some circumstances behave like a train of waves and in other circumstances behave like a hail-storm of small particles. Light travelling by two slightly different paths can reunite to give darkness if the paths differ in length by the right amount. One ingeniously explains this by saying that the light waves travelling by the two paths come together "out of phase" and cancel. On the other hand, a beam of light falling on a clean metal surface causes electrons to jump out of the surface. It is difficult to see how the energy of the light can be delivered to the very small region from which each electron comes unless one can think of light as a hail of small "photons." This ambiguous behaviour had to be accepted. Forty years ago, a young physicist, Prince Louis de Broglie, suggested that the primary particles of matter would also behave in this ambiguous way. Is was soon shown that they in fact did. The fact was soon put to use. An optical microscope uses beams of light; it proved possible to make a microscope using beams of electrons; and because electron waves are so much finer than waves of visible light an electron microscope can distinguish structures one hundred times smaller in diameter. This is a tremendous technical advance, and one feels that de Broglie's picture must be right. The ambiguous behaviour has been extended in this way, that the waves occur in groups. The groups of waves is what we think of as a particle, but its structure is essentially wavelike.


This concept is very interesting, and you perhaps ask a physicist if it is right to think of light, and of the primary particles and indeed, of all matter as complicated wavelike motions. He agrees that it is "Then," you may rely, "it only remains to know something of the medium that carries all these wavelike motions. I can see that this medium must pervade all space through which light can pass and must be the foundation of all matter. Do you know any more about it?" You may expect him to say regretfully that he does not. Or the incredible fellow may even have some more suggestions His reply is disconcerting. He says he cannot concur in the idea of such a medium. You protest He is able to explain his position, for like the flat-Earth advocate he always has very good reasons. If a person were to travel at 18 miles a second in the same direction as a beam of light, its velocity ought, of course, to appear to be less by that amount. He has tried this, and there is no change in velocity, so the idea of waves in a medium must be wrong. He attempts to soften the blow by saying that the waves he is thinking of are evidently quite hypothetical, for he finds he must measure their amplitudes not with ordinary numbers but with "complex" numbers that involve that curious idea, the square root of minus one. You ask him if he seriously suggests that light, matter, living things, people are really hypothetical waves in a medium that does not exist. If he is not cautious he says "yes." Is not this an absurb situation? This physicist is inviting you to consider yourself a mathematical fiction. Do not believe him. If anyone has felt disturbed by having collided with the theories of physics in some such way as this, my recommendation is that he make a firm return to reality by engaging in music, singing, dancing, the visual arts and the plastic arts. These deal with real things.


Indeed the physicist's answer seems so absurb one could think he was jesting. Or perhaps the original question was not well put; doubtful questions invite dusty answers. Let us pass on to the next:







What Is It That A Physicist Aims To Do?


To answer this we must consider how a physicist works. Suppose that he is faced by some new "animal." It may be a living thing or it may be some inanimate system such as a thunderstorm. He first watches what it does. He compares it in his mind with other things he has met. He adopts those useful inventions the integers and makes numerical comparisons. After a while he may venture some theories, predicting what it will do next, perhaps, or guessing what it may look like from the other side, or from the inside. Certain studies, notably astronomy, restrict one to this approach. But every physicist tries to advance to the next stage of enquiry. This is when he, so to speak, points a finger and gently pokes the animal. It reacts, and by repeating the poking in a number of ways he rapidly extends his knowledge. This is called the "controlled experiment," for he can control just how he pokes it or when or where. I would like to illustrate this by something told to me by Mr Benseman of the Physics and Engineering Laboratory. He was directing his attention to geysers in the New Zealand thermal area. Most people study geysers by watching them, but Mr Benseman wished to poke his animal. The geyser was erupting at regular intervals through a hole in a shallow pool of water at the foot of a sloping bank of ground. One might, of course, plug the hole of the geyser, and what would it do then? But rather than risk destroying this scenic attraction he dealt with it more ingeniously. He argued that the water in the pool must in some degree impede the eruptions, so what could be simpler than to pile sandbags round the rim of the pool. After the next eruption the water in the pool was about a foot deeper than before. The eruptions now became more feeble in the sense that less water was being delivered. The volume of overflowing water was being measured at a weir so this change in behaviour expressed itself numerically. Soon, however, the activity returned; each eruption was producing the customary volume of water. What should be done now? Between two eruptions Mr Benseman removed the sandbags so that the pool fell to its usual level. The next two eruptions were big ones. When the measurements were compared it was found that they had delivered, in addition to the usual amount, all the volume of water that had failed to be delivered at the time when the eruptions were weak. You see the implication. The increased pressure had caused water to be stored somewhere underground. This immediately invites one to propose some system of underground channels and chambers that would store water in this way.


This look at the actions of a physicist will, I hope, suggest to you, as it does to me, that a physicist is trying to find recipes for action. He describes a body by the ways in which it would affect other bodies and ultimately ourselves. Consider the statement that this wooden bench before me occupies a certain position in space. What does the statement mean? Among other things, it means that if I am advancing my finger downwards I would do well to arrest it before it penetrates the wood, for this would cause me discomfort. So I suggest that we adopt the following view:—


All the laws of physics are recipes for action.


If we adopt this view it disposes of most of our previous difficulties. We asked whether the Earth is really flat or really round. When we ask if a thing is "really there" we are asking whether the recipes for action that we deduce from the statement "it is there" will in all conceivable circumstances be correct. But the real world does not "is"; it acts. We are concerned with events; events are the real world. We develop concepts of position in space and a flow of time but these are only maps to help us guide ourselves among the events. If the maps provided by Newton and by the advocate of the flat Earth are equally successful in guiding us (as they might well be) then both are right.


But the advocate of the flat Earth has, so to speak, taken Newton's map, stretched it like an India rubber skin, and tied it in knots, with the result that it is more difficult to read. So we prefer Newton's map. If the modern physicist chooses to picture hypothetical waves in empty space this need not discompose us. Events are real. His curious picture is only a map.


Occam's rule becomes commonsense; one adopts the theory whose recipes are most simple to work out. Yet some may say that a difficulty remains. How does the world come to be such a place that it is possible to find simple theories or indeed any theories at all? Why are not events quite unrelated? The only explanation I have ever been offered is that God is one and not many. Some people do have a strong conviction that the world is orderly. Look at Kepler struggling for fifteen years with the numbers so rigorously collected by his master Tycho Brahe. Kepler did not know what he was looking for; he only felt he would recognise it when he saw it. One good theory leads in a very striking way to another and Newton follows Kepler, It can seem very surprising that de Broglie could declare that electrons were waves before the matter was tested, or that Yukawa could use the new quantum theory ideas to assert the nature of a kind of primary particle, the meson, that no one had ever thought of; yet these were found when they were looked for. A physicist does not have the emotional energy to go about in perpetual astonishment at the orderliness of the world. Some physicist may say that there is no point in being astonished at so obvious fact, yet I imagine that, if one of these sudden theoretical clarifications took place in him, the emotions he might record would have that flavour.



Continued on next page






Attitude Of A Physicist



Continued from page 7.


I will mention here two attitudes that are important. I think, in the practice of physics and, presumably, in the teaching of it. The first is:—


Every law in physics has been invented by a man.


One hopes that, if one can take students to the situation in which that man found himself, they will declare that he was a sensible fellow and that they would have wished to invent the same theory. Later they may be able to say, "I know why he wrote the theory as he did, but had he been aware of the results of my recent experiments he would have written it differently." And they proceed to write it differently. The second is:—


Always idealise.


A theoretical physicist never attempts to deal with the entire complexities of the world. He makes up a fictitous world in which, for example, all solids may be perfectly rigid, all fluids quite frictionless, and so on. This is called "idealising" the situation. It gives him a problem with which his logic can cope. A physical oceanographer may contemplate the sea. There are many different ways of idealising that. But you see what he is searching for. He needs an idealisation of the sea about which he can ask himself questions and which is sufficiently simple for him to answer the questions, yet the answers must be unexpected and new. When he has seen through all this and has found an intriguing answer, he turns himself into an experimentalist and goes about to find whether the sea actually behaves in this way. This mixing of fantasy and fact is the art, or artfulness, of a physicist.







Where Are The Activities Of Scientists Leading Us?


Archimedes was a notable engineer. He had satisfied himself of the properties of levels and he dramatised this by the fantastic remark that if he were given a fixed pivot he could move the Earth. Newton gave a "thought-experiment" of this type when he illustrated his ideas of the motion of the Moon. He said that, if a man were to climb a very high mountain on the globe and to set up there a cannon, the ball fired horizontally from it would begin to move on an elliptic path with the Earth's centre as a focus. If the ball could be ejected with sufficiently great speed, its orbit would never touch the Earth until it returned and struck the cannon from the rear. Fantastic, of course, but seven years ago this was done, and since then a man has ridden in one of these chariots nineteen times round the Earth and returned safely, as you very well know. He did not make each circuit in forty minutes as Shakespeare has it. He took ninety minutes, because ninety minutes is the easiest time to do it in. It could be done in forty minutes if one had propellant in the vehicle to keep it near the Earth. So I suggest:—


Technology is making actual the imaginings of poets.


Shakespeare was a poet; anyone is entitled to imaginings, of course, but poets are reputed to have more lively imaginations, so I say "poets."


The traditional poetic image of a scientist is, perhaps, Dr Faustus. Marlowe shows him as seeking accurate knowledge that will settle, in his own mind at least, the endless disputations that have seemed to him mere talk. He also wants recipes for action; any action. He also acts. This knowledge does not come to him without effort. He has to work for it.




O, what a world of profit and delight,



Of power, of honour, of omnipotence,



Is promis'd to the studious artisan!



Yet I am unable to make this image coincide in my mind with the image I have of physicists, still less with those of biologists or astronomers. Intending no offence in the world I prefer to regard Faustus as an engineer. My time in government employ has led me to see a difference. A physicist may make experiments, but the end he usually has in view is the appearance of a published paper. An engineer, on the other hand, is well aware of the difference between the idea of a machine and the machine itself. Indeed he is not well satisfied till he has seen the machine in production and widely put to use. This tendency of physicists to stop halfway has led, it seems to me, to an amused tolerance of their odd pronouncements. It is not very long ago that physicists got the idea of anti-matter. It seems that all the primary particles of matter, and we now list fifteen of them, have "anti-particles" corresponding to them, and among themselves these anti-particles would combine and react almost like the matter we know. But if ever a particle meets its anti-particle the two annul each other and nothing is left but a flash of light. Yet conceivably there might be whole galaxies of anti-matter. The news that particles of anti-matter had been observed in a laboratory won a comic verse in Punch. I can remember a little of it.










Thoughts On Anti-Matter




In Berkeley, Cal., a don



Is making anti-matter;



No sooner made than gone,



So quick its fragments scatter.



But, reader, do not sniff



Or ask him why he bothers. Is



His work not worth it if



It raises this hypothesis;



That where man's farthest sight



The deeps of space traverses,



Conceivably there might



Be anti-universes?



This theory is appealing



To most of us no doubt,



Because we have a feeling



That things should cancel out—



Beyond the last abyss



That telescopes can scan, it



Is possible there is



A pleasant anti-planet.



Where, amid learned chatter



There works an anti-don



Who's busy making matter



No sooner made than gone.



—Peter Dickinson, May 21. 1958.


(Reprinted by permission of 
Punch).










But in contrast to this, the idea that this Earth was being visited by little green men in flying saucers attracted widespread attention. One can understand this. It is people that matter to people. The core of the comic verse about anti-matter is the notion of the anti-don. I have worked for some years on the topic of ocean waves, yet I sometimes feel that whatever those waves may choose to do among themselves is not of the slightest interest to me. They can do what they like so long as they do not affect me or those with whom I sympathise. My interest is in what other people may think about waves or their opinions of my notions. The saying of Solomon. "It is the glory of the Lord to conceal a matter. It is the honour of the king to find it out"; this derives its entire force from the two personalities that are involved. Yet we must remember that theories of physics are recipes for action, and the same may be said, I think, of all studies. To guess where science is leading us. I will ask what kinds of enquiries it is that scientists allow themselves to pursue.


Many scientists are engaged in applied research. This means that they are focusing on some problem of technique that has economic value and are trying all ways to achieve that end. Other scientists engage in basic research. Sometimes it is called "undirected research." but this gives a wrong impression; one does not usually hit anything without aiming at it. In basic research the worker directs himself and is free to pay attention to any field of enquiry. It can be argued that people prefer basic research because it is easier. Suppose a man sets an aim for himself, that in the coming year he will find, say, three new theoretical ideas or experimental facts. Is he then not more likely to find them when he is free to let his attention rest anywhere within subjects with which he is acquainted? Yet in saying that it is more efficient. One finds more new recipes for action per man-month of effort. It is true that these recipes may not have immediate application but experience has shown that it will not be long before they are found useful, perhaps twenty years, perhaps ten, perhaps five.


This indicates the limits that scientists set themselves in their enquiries. There are none. You would find it difficult to light on any topic that someone somewhere is not zealously pursuing. The reason for this is that every scientists is on the watch for such a topic, so that may, as it were, skim off the cream before anyone else gets a chance. But if theories are recipes for action and our field of enquiry has no bounds, I think it fair to say: —


The aim of scientific enquiry is to allow us to make happen whatever we wish to happen.


It seems, after all, that we have the same aim as Faustus.


The sciences are progressing. We have not yet, of course, caught up with Faustus. We have not yet seen Helen or heard Homer sing. I suggest that it is an error to suppose that the tricks we may learn in the future will all be like the ones we know already. You cannot count on that. Perhaps we shall see some revolution in psychology. But however this may be, I invite you to imagine a community in which all your wishes can be granted; for we seem to be moving that way.


Perhaps there are dangers in such a situation. I will end by considering three of them. First there is the danger that a great increase in technical power may mean that some people will have increased power over the actions of others. This is usually thought to be bad for both parties. The Roman Emperors from Tiberius to Nero are not regarded as models of a well-ordered life. I hope therefore that political studies will show us how to combine technical power with individual freedom.


Another danger is that we may wish for things that are bad for us. There must have been many Romans who envied the power of Caesar, yet we have argued that this power had a bad effect on Caesar. The wishes that we can exercise today usually have some self regulating mechanism. A New Zealander used to having enough to eat does not, when attending a banquet, eat himself sick. Or look a little further forward to a time when the geologists and geophysicists have done their task, and you may have an earthquake or not have an earthquake, just as you wish. People will find no difficulty in deciding. Or those who want an earthquake will fly to the region where the earthquake is programmed and will enjoy their earthquake, while those who do not want it will stay at home. But we are not widely experienced in exercising wishes, and though I am not well able to make specific suggestions I imagine that some types of wish may be bad for the human psyche if they are exercised. You see the difficulty. The physical sciences may show us how to make our wishes come true but they offer little suggestion about what wishes may be advisable and what wishes may not. Fortunately there are other studies than the physical sciences. I point to Theology, Philosophy, History, Law, Anthropology, Education, Languages, Literature, Music and the Fine Arts; in short, the Humanities. We must look to these for advice and enquire their recipes for action. These studies are necessary today, as I think those engaged in them will concede; all I am suggesting is that as our technical power increases the questions that will be asked of these studies will tend to become more curious, more detailed and more urgent than questions asked of them today.


And last, what shall we do if we run out of wishes? One does not thrive without wishes. As a curious example of the demand for wishes I will say that in 1957, when the Russians were putting artificial moons in the sky, people in the United States of America wanted to do that too, of course, but they began to look for some other wish, a big one but with a different flavour. Some lively young men sitting drinking coffee in Califronia hit on it, or so I understand from one of them. "Anchor a ship in the deep ocean, lower a drill four miles to the bottom and drill a hole through the bottom of the sea." It was not, of course, intended to let the water run out. They suggested the deep sea because geophysicists know that the crust of the Earth is thinner there. Drilling another four or five miles through the ocean bed should bring the drill to that very interesting region about which there has been so much discussion, below the Mohorovichic discontinuity. One could take out a small piece from the Earth's mantle and have a look at it. This idea met with approval and the work was begun. Curiously enough, it was not long before the Russians had begun a similar venture.


We have wish-makers today. Some of them are called inventors and some are called advertising agents. We have good reason to be grateful for many of the wishes they have conceived and made real for us; anaesthetics, vaccines, motor cars and washing machines occur to me. If we have any quarrel with the advertising agent and with some of his proposals for gracious living it is because we may feel that the wishes he offers for sale are not so excellent as he makes out. One must remember that he is hampered by our primitive technology. In the community that I am inviting you to consider, it seems to me likely that wish-makers will be in great demand. They will be very highly regarded for it is they who will be called upon to offer a picture of each next adventure. It is clear that they will need most fertile imaginations. They will need most wise imaginations, too, for they will be devising wishes that are to be made real. They will indeed be the intellectual leaders of the community. They will be able with justice to quote Arthur O'Shaughnessy and say.




We are the music-makers,



And we are the dreamers of dreams,"



for that is what they will be.



And an intelligent and discriminating public will keep them up to scratch and require that their production be good and adequate At least I hope so.
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[introduction]




My predicament in entering University life recalls a situation in one of the Kai Lung stores. The young man Win was about to set out on a dangerous journey for which his education had been intended to prepare him. In a ceremony to mark his departure, the guests took tea while the principles of Yin's education were reviewed. Then followed a, banquet of forty-four courses. As the guests tasted each one they were told its ingredients and its manner of preparation. Finally, as Yin's name was uttered repeatedly by those present, the young man modestly stood forward and set forth his manner of thinking concerning all subjects with which he was acquainted.


I cannot promise you forty-four courses, but in compensation I will try to be more brief than Yin.


I am leaving the straightforward practice of physics in order to attempt to teach this art to younger men and women. For me, at least, it is a very appropriate exercise to ask why physics in pursued. So I propose three questions:


First, do the theories of physics describe the world as it really is? My examples may suggest that they do not.


Second, what is it that the physicist aims to do? Professor Hughes has warned me that a person's aims as judged from his actions do not always accord with the description that he might quite sincerely give of his aims, when asked. So we must examine the way in which a physicist works.


And last, where is scientific enquiry leading us?


Rather than depend entirely on my own opinions I have been conducting a small enquiry among my friends. One woman with a secretarial background, the wife of a fellow physicist, viewed the sciences with admiration and even with some awe since they were proving so powerful in revealing the structure of the world. Three other people, graduates in English. Education and Psychology, showed no admiration for physics at all; I hasten to explain that they were not of this University. They showed considerable irritation, and fear of such outcomes as nuclear weapons of war; they classed physicists as uncouth people unacquainted with the higher things of life. My fellow physicists, however, who were with me in Government employ, found the pursuit of physics interesting, particularly when their apparatus worked, or when they had applied their skill successfully to some real-life situation, or when they had hit on some promising theory. These different attitudes suggest that an enquiry is worth while.
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Do The Theories Of Physics Describe The World As It Really Is?





Do The Theories Of Physics Describe The World As It Really Is?


Physics is an attempt to view the processes of the world as mechanics. Newton had striking success in devising good laws of mechanics and in lighting on the universal law of gravitation. This lead other people to suggest further ideas in the same vein. But I am asking whether physical theories are true. So Newton, is he right, or the man who believes in a flat Earth, is he right?


G. K. Chesterton remarked how difficult it was to refute the ideas of a man who believed that the Earth was flat. I think he must have tried it. I have not, and so am not skilled in flat-Earth arguments, but one may imagine oneself pointing out to the flat-Earth advocate that the Earth has no edge. He agrees; he remarks perhaps that it must be an infinite plane You then ask how it comes that the Earth has a limited area. He explains: objects increase in size as they become more remote from the Earth's true centre, which may be Wellington, with the result that the area seems to be finite though actually it is not. How then, you ask, can the Sun been seen to sink behind the bulge of the Earth? This is easy; it is, he says, an optical illusion. One does not realise it, but beams of light are repelled by the Earth and curve away from it. In consequence, when the Sun passing overhead, has reached a certain distance its beams when they reach you are travelling horizontally, and you imagine that you see the Sun just above the horizon. A little later and you are left in darkness; you have experienced the illusion of a setting Sun. At this you perhaps retire defeated.


Of course, the physics that is developed by the flat-Earth advocate in very complicated. The bending beams of light are perhaps the least complication. We treasure a useful principle that is conventionally attributed to William of Occam. For physicists it amounts to this, that if you have two alternative theories that account for the observations you should prefer the simpler one even though it may contain some unprecedented concepts. The laws of physics offered by the advocate of a flat-Earth are so very complicated that we prefer the simpler picture given by Newton. We prefer it even though the earth appears as a globe, resting on nothing But if we offer this judgement to the flat-Earth advocate he rebukes us. Scientific enquiry, he says is not a matter of convenience but of truth. He at least refuses to be misled and starting from the obvious fact that the Earth is flat, he delights indeed, in the 
[
unclear: intrieactes] of the physics that follows So is it he that is right or Newton?


But let us put these doubts aside and be orthodox The followers of Newton met a difficulty that is sometimes called the Laplacian illusion. It is this that we most suppose that the molecules of matter, as well as the planets obey the laws of dynamics. Of course the forces acting on them may be other than gravitational. They may be electrical, but the laws will have the same inevitable character. The positions and velocities of the molecules at this present instant determine their entire future. Then does it not follow that the future is written. If yon are matter then your hopes, fears, loves, hates, indecisions and resolutions are illusionary. They happen to you true, but any notion you may have that you can influence what happens to you is quite mistaken. What is one to make of this argument? My comment is that this theory seems to give a very inadequate description of the process of living. I do not propose to suggest where the theory may have cone astray but if a theory does not adequately describe the events then so much the worse for the theory.


Physicists use numbers a great deal; they count. Kronecker said of mathematics, "God made the integers all else is the work of man." I have my suspicions about the integers. I think we invented them, too. Their very usefulness is a bad sign. The noble savage walking through the woods does not find a bow and arrow, nor a canoe, growing on a tree. He must both conceive and fabricate these useful things. Again, you will agree that counting is useful only in so far as the things that one is counting are alike. But objects or events are never quite alike though we may reckon them so for our practical purposes. When seven folk are coming for coffee one puts out seven cups. The cups may be odd; the people will certainly be odd too, in the sense that they are not alike, yet you count seven cups. Or imagine a situation in which pound notes had different values depending on their ages; one might need to purchase an article with say, three pound notes of a 1960 vintage or four notes from 1950, with a sliding scale for the years between. We think this inconvenient. We legislate that they shall all have the same exchange value. To help this way of thinking, we print them as alike as possible But different pound notes are in fact different.


One probably acquires some feeling for number at an early age. I move a muscle and find a hand. Another muscle and up comes another hand. Another muscle and up comes a foot; but perhaps I find that feet and hands are put to different uses. I clasp the hands. Each hand touches only one other and no hands are left over. This is the quality of "evenness." I disengage one hand. No pairs are left, and this is the quality of "two-ness." I say I have two hands. Yet the hands are not alike. This thumb is on the wrong side; I see the palm of one hand but the back of the other: os if I succeed in getting the thumbs right and the palms right, the fingers point in opposite directions. Indeed either hand is like the image of the other seen in a mirror, and this is a radical difference as chemists very well know. Yet I say I have two hands.


One transfers this idea of number to other things. Holding an apple in each hand I have two apples. But what if one were an orange? Could I say I had two of anything? Yes, provided that I enlarge the concept and overlook still greater differences. I can say I have two "fruit." Or suppose both were apples, but one was very small and green. Then how many apples do I have? A botanist would say "two." because each is a fertilised compound fruit of an apple tree. But a cook would deny this. He would say that the small green fruit was of no use in making an apple turnover and that for his purposes it did not count as an apple. He would say "one."


I am suggesting, you see, that there is a real world whose events we experience and that out of these experiences we make concepts, mental images, that we use in planning our actions. I am suggesting that integers belong to this world of concepts, not to the real world Perhaps in the real world there is no two of anything.


But I must return to physics. The conclusions of modern physics can seem very strange Fifty years ago physicists had to admit that a beam of light could in some circumstances behave like a train of waves and in other circumstances behave like a hail-storm of small particles. Light travelling by two slightly different paths can reunite to give darkness if the paths differ in length by the right amount. One ingeniously explains this by saying that the light waves travelling by the two paths come together "out of phase" and cancel. On the other hand, a beam of light falling on a clean metal surface causes electrons to jump out of the surface. It is difficult to see how the energy of the light can be delivered to the very small region from which each electron comes unless one can think of light as a hail of small "photons." This ambiguous behaviour had to be accepted. Forty years ago, a young physicist, Prince Louis de Broglie, suggested that the primary particles of matter would also behave in this ambiguous way. Is was soon shown that they in fact did. The fact was soon put to use. An optical microscope uses beams of light; it proved possible to make a microscope using beams of electrons; and because electron waves are so much finer than waves of visible light an electron microscope can distinguish structures one hundred times smaller in diameter. This is a tremendous technical advance, and one feels that de Broglie's picture must be right. The ambiguous behaviour has been extended in this way, that the waves occur in groups. The groups of waves is what we think of as a particle, but its structure is essentially wavelike.


This concept is very interesting, and you perhaps ask a physicist if it is right to think of light, and of the primary particles and indeed, of all matter as complicated wavelike motions. He agrees that it is "Then," you may rely, "it only remains to know something of the medium that carries all these wavelike motions. I can see that this medium must pervade all space through which light can pass and must be the foundation of all matter. Do you know any more about it?" You may expect him to say regretfully that he does not. Or the incredible fellow may even have some more suggestions His reply is disconcerting. He says he cannot concur in the idea of such a medium. You protest He is able to explain his position, for like the flat-Earth advocate he always has very good reasons. If a person were to travel at 18 miles a second in the same direction as a beam of light, its velocity ought, of course, to appear to be less by that amount. He has tried this, and there is no change in velocity, so the idea of waves in a medium must be wrong. He attempts to soften the blow by saying that the waves he is thinking of are evidently quite hypothetical, for he finds he must measure their amplitudes not with ordinary numbers but with "complex" numbers that involve that curious idea, the square root of minus one. You ask him if he seriously suggests that light, matter, living things, people are really hypothetical waves in a medium that does not exist. If he is not cautious he says "yes." Is not this an absurb situation? This physicist is inviting you to consider yourself a mathematical fiction. Do not believe him. If anyone has felt disturbed by having collided with the theories of physics in some such way as this, my recommendation is that he make a firm return to reality by engaging in music, singing, dancing, the visual arts and the plastic arts. These deal with real things.


Indeed the physicist's answer seems so absurb one could think he was jesting. Or perhaps the original question was not well put; doubtful questions invite dusty answers. Let us pass on to the next:
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What Is It That A Physicist Aims To Do?


To answer this we must consider how a physicist works. Suppose that he is faced by some new "animal." It may be a living thing or it may be some inanimate system such as a thunderstorm. He first watches what it does. He compares it in his mind with other things he has met. He adopts those useful inventions the integers and makes numerical comparisons. After a while he may venture some theories, predicting what it will do next, perhaps, or guessing what it may look like from the other side, or from the inside. Certain studies, notably astronomy, restrict one to this approach. But every physicist tries to advance to the next stage of enquiry. This is when he, so to speak, points a finger and gently pokes the animal. It reacts, and by repeating the poking in a number of ways he rapidly extends his knowledge. This is called the "controlled experiment," for he can control just how he pokes it or when or where. I would like to illustrate this by something told to me by Mr Benseman of the Physics and Engineering Laboratory. He was directing his attention to geysers in the New Zealand thermal area. Most people study geysers by watching them, but Mr Benseman wished to poke his animal. The geyser was erupting at regular intervals through a hole in a shallow pool of water at the foot of a sloping bank of ground. One might, of course, plug the hole of the geyser, and what would it do then? But rather than risk destroying this scenic attraction he dealt with it more ingeniously. He argued that the water in the pool must in some degree impede the eruptions, so what could be simpler than to pile sandbags round the rim of the pool. After the next eruption the water in the pool was about a foot deeper than before. The eruptions now became more feeble in the sense that less water was being delivered. The volume of overflowing water was being measured at a weir so this change in behaviour expressed itself numerically. Soon, however, the activity returned; each eruption was producing the customary volume of water. What should be done now? Between two eruptions Mr Benseman removed the sandbags so that the pool fell to its usual level. The next two eruptions were big ones. When the measurements were compared it was found that they had delivered, in addition to the usual amount, all the volume of water that had failed to be delivered at the time when the eruptions were weak. You see the implication. The increased pressure had caused water to be stored somewhere underground. This immediately invites one to propose some system of underground channels and chambers that would store water in this way.


This look at the actions of a physicist will, I hope, suggest to you, as it does to me, that a physicist is trying to find recipes for action. He describes a body by the ways in which it would affect other bodies and ultimately ourselves. Consider the statement that this wooden bench before me occupies a certain position in space. What does the statement mean? Among other things, it means that if I am advancing my finger downwards I would do well to arrest it before it penetrates the wood, for this would cause me discomfort. So I suggest that we adopt the following view:—


All the laws of physics are recipes for action.


If we adopt this view it disposes of most of our previous difficulties. We asked whether the Earth is really flat or really round. When we ask if a thing is "really there" we are asking whether the recipes for action that we deduce from the statement "it is there" will in all conceivable circumstances be correct. But the real world does not "is"; it acts. We are concerned with events; events are the real world. We develop concepts of position in space and a flow of time but these are only maps to help us guide ourselves among the events. If the maps provided by Newton and by the advocate of the flat Earth are equally successful in guiding us (as they might well be) then both are right.


But the advocate of the flat Earth has, so to speak, taken Newton's map, stretched it like an India rubber skin, and tied it in knots, with the result that it is more difficult to read. So we prefer Newton's map. If the modern physicist chooses to picture hypothetical waves in empty space this need not discompose us. Events are real. His curious picture is only a map.


Occam's rule becomes commonsense; one adopts the theory whose recipes are most simple to work out. Yet some may say that a difficulty remains. How does the world come to be such a place that it is possible to find simple theories or indeed any theories at all? Why are not events quite unrelated? The only explanation I have ever been offered is that God is one and not many. Some people do have a strong conviction that the world is orderly. Look at Kepler struggling for fifteen years with the numbers so rigorously collected by his master Tycho Brahe. Kepler did not know what he was looking for; he only felt he would recognise it when he saw it. One good theory leads in a very striking way to another and Newton follows Kepler, It can seem very surprising that de Broglie could declare that electrons were waves before the matter was tested, or that Yukawa could use the new quantum theory ideas to assert the nature of a kind of primary particle, the meson, that no one had ever thought of; yet these were found when they were looked for. A physicist does not have the emotional energy to go about in perpetual astonishment at the orderliness of the world. Some physicist may say that there is no point in being astonished at so obvious fact, yet I imagine that, if one of these sudden theoretical clarifications took place in him, the emotions he might record would have that flavour.



Continued on next page






Attitude Of A Physicist



Continued from page 7.


I will mention here two attitudes that are important. I think, in the practice of physics and, presumably, in the teaching of it. The first is:—


Every law in physics has been invented by a man.


One hopes that, if one can take students to the situation in which that man found himself, they will declare that he was a sensible fellow and that they would have wished to invent the same theory. Later they may be able to say, "I know why he wrote the theory as he did, but had he been aware of the results of my recent experiments he would have written it differently." And they proceed to write it differently. The second is:—


Always idealise.


A theoretical physicist never attempts to deal with the entire complexities of the world. He makes up a fictitous world in which, for example, all solids may be perfectly rigid, all fluids quite frictionless, and so on. This is called "idealising" the situation. It gives him a problem with which his logic can cope. A physical oceanographer may contemplate the sea. There are many different ways of idealising that. But you see what he is searching for. He needs an idealisation of the sea about which he can ask himself questions and which is sufficiently simple for him to answer the questions, yet the answers must be unexpected and new. When he has seen through all this and has found an intriguing answer, he turns himself into an experimentalist and goes about to find whether the sea actually behaves in this way. This mixing of fantasy and fact is the art, or artfulness, of a physicist.
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Archimedes was a notable engineer. He had satisfied himself of the properties of levels and he dramatised this by the fantastic remark that if he were given a fixed pivot he could move the Earth. Newton gave a "thought-experiment" of this type when he illustrated his ideas of the motion of the Moon. He said that, if a man were to climb a very high mountain on the globe and to set up there a cannon, the ball fired horizontally from it would begin to move on an elliptic path with the Earth's centre as a focus. If the ball could be ejected with sufficiently great speed, its orbit would never touch the Earth until it returned and struck the cannon from the rear. Fantastic, of course, but seven years ago this was done, and since then a man has ridden in one of these chariots nineteen times round the Earth and returned safely, as you very well know. He did not make each circuit in forty minutes as Shakespeare has it. He took ninety minutes, because ninety minutes is the easiest time to do it in. It could be done in forty minutes if one had propellant in the vehicle to keep it near the Earth. So I suggest:—


Technology is making actual the imaginings of poets.


Shakespeare was a poet; anyone is entitled to imaginings, of course, but poets are reputed to have more lively imaginations, so I say "poets."


The traditional poetic image of a scientist is, perhaps, Dr Faustus. Marlowe shows him as seeking accurate knowledge that will settle, in his own mind at least, the endless disputations that have seemed to him mere talk. He also wants recipes for action; any action. He also acts. This knowledge does not come to him without effort. He has to work for it.




O, what a world of profit and delight,



Of power, of honour, of omnipotence,



Is promis'd to the studious artisan!



Yet I am unable to make this image coincide in my mind with the image I have of physicists, still less with those of biologists or astronomers. Intending no offence in the world I prefer to regard Faustus as an engineer. My time in government employ has led me to see a difference. A physicist may make experiments, but the end he usually has in view is the appearance of a published paper. An engineer, on the other hand, is well aware of the difference between the idea of a machine and the machine itself. Indeed he is not well satisfied till he has seen the machine in production and widely put to use. This tendency of physicists to stop halfway has led, it seems to me, to an amused tolerance of their odd pronouncements. It is not very long ago that physicists got the idea of anti-matter. It seems that all the primary particles of matter, and we now list fifteen of them, have "anti-particles" corresponding to them, and among themselves these anti-particles would combine and react almost like the matter we know. But if ever a particle meets its anti-particle the two annul each other and nothing is left but a flash of light. Yet conceivably there might be whole galaxies of anti-matter. The news that particles of anti-matter had been observed in a laboratory won a comic verse in Punch. I can remember a little of it.










Thoughts On Anti-Matter




In Berkeley, Cal., a don



Is making anti-matter;



No sooner made than gone,



So quick its fragments scatter.



But, reader, do not sniff



Or ask him why he bothers. Is



His work not worth it if



It raises this hypothesis;



That where man's farthest sight



The deeps of space traverses,



Conceivably there might



Be anti-universes?



This theory is appealing



To most of us no doubt,



Because we have a feeling



That things should cancel out—



Beyond the last abyss



That telescopes can scan, it



Is possible there is



A pleasant anti-planet.



Where, amid learned chatter



There works an anti-don



Who's busy making matter



No sooner made than gone.



—Peter Dickinson, May 21. 1958.


(Reprinted by permission of 
Punch).










But in contrast to this, the idea that this Earth was being visited by little green men in flying saucers attracted widespread attention. One can understand this. It is people that matter to people. The core of the comic verse about anti-matter is the notion of the anti-don. I have worked for some years on the topic of ocean waves, yet I sometimes feel that whatever those waves may choose to do among themselves is not of the slightest interest to me. They can do what they like so long as they do not affect me or those with whom I sympathise. My interest is in what other people may think about waves or their opinions of my notions. The saying of Solomon. "It is the glory of the Lord to conceal a matter. It is the honour of the king to find it out"; this derives its entire force from the two personalities that are involved. Yet we must remember that theories of physics are recipes for action, and the same may be said, I think, of all studies. To guess where science is leading us. I will ask what kinds of enquiries it is that scientists allow themselves to pursue.


Many scientists are engaged in applied research. This means that they are focusing on some problem of technique that has economic value and are trying all ways to achieve that end. Other scientists engage in basic research. Sometimes it is called "undirected research." but this gives a wrong impression; one does not usually hit anything without aiming at it. In basic research the worker directs himself and is free to pay attention to any field of enquiry. It can be argued that people prefer basic research because it is easier. Suppose a man sets an aim for himself, that in the coming year he will find, say, three new theoretical ideas or experimental facts. Is he then not more likely to find them when he is free to let his attention rest anywhere within subjects with which he is acquainted? Yet in saying that it is more efficient. One finds more new recipes for action per man-month of effort. It is true that these recipes may not have immediate application but experience has shown that it will not be long before they are found useful, perhaps twenty years, perhaps ten, perhaps five.


This indicates the limits that scientists set themselves in their enquiries. There are none. You would find it difficult to light on any topic that someone somewhere is not zealously pursuing. The reason for this is that every scientists is on the watch for such a topic, so that may, as it were, skim off the cream before anyone else gets a chance. But if theories are recipes for action and our field of enquiry has no bounds, I think it fair to say: —


The aim of scientific enquiry is to allow us to make happen whatever we wish to happen.


It seems, after all, that we have the same aim as Faustus.


The sciences are progressing. We have not yet, of course, caught up with Faustus. We have not yet seen Helen or heard Homer sing. I suggest that it is an error to suppose that the tricks we may learn in the future will all be like the ones we know already. You cannot count on that. Perhaps we shall see some revolution in psychology. But however this may be, I invite you to imagine a community in which all your wishes can be granted; for we seem to be moving that way.


Perhaps there are dangers in such a situation. I will end by considering three of them. First there is the danger that a great increase in technical power may mean that some people will have increased power over the actions of others. This is usually thought to be bad for both parties. The Roman Emperors from Tiberius to Nero are not regarded as models of a well-ordered life. I hope therefore that political studies will show us how to combine technical power with individual freedom.


Another danger is that we may wish for things that are bad for us. There must have been many Romans who envied the power of Caesar, yet we have argued that this power had a bad effect on Caesar. The wishes that we can exercise today usually have some self regulating mechanism. A New Zealander used to having enough to eat does not, when attending a banquet, eat himself sick. Or look a little further forward to a time when the geologists and geophysicists have done their task, and you may have an earthquake or not have an earthquake, just as you wish. People will find no difficulty in deciding. Or those who want an earthquake will fly to the region where the earthquake is programmed and will enjoy their earthquake, while those who do not want it will stay at home. But we are not widely experienced in exercising wishes, and though I am not well able to make specific suggestions I imagine that some types of wish may be bad for the human psyche if they are exercised. You see the difficulty. The physical sciences may show us how to make our wishes come true but they offer little suggestion about what wishes may be advisable and what wishes may not. Fortunately there are other studies than the physical sciences. I point to Theology, Philosophy, History, Law, Anthropology, Education, Languages, Literature, Music and the Fine Arts; in short, the Humanities. We must look to these for advice and enquire their recipes for action. These studies are necessary today, as I think those engaged in them will concede; all I am suggesting is that as our technical power increases the questions that will be asked of these studies will tend to become more curious, more detailed and more urgent than questions asked of them today.


And last, what shall we do if we run out of wishes? One does not thrive without wishes. As a curious example of the demand for wishes I will say that in 1957, when the Russians were putting artificial moons in the sky, people in the United States of America wanted to do that too, of course, but they began to look for some other wish, a big one but with a different flavour. Some lively young men sitting drinking coffee in Califronia hit on it, or so I understand from one of them. "Anchor a ship in the deep ocean, lower a drill four miles to the bottom and drill a hole through the bottom of the sea." It was not, of course, intended to let the water run out. They suggested the deep sea because geophysicists know that the crust of the Earth is thinner there. Drilling another four or five miles through the ocean bed should bring the drill to that very interesting region about which there has been so much discussion, below the Mohorovichic discontinuity. One could take out a small piece from the Earth's mantle and have a look at it. This idea met with approval and the work was begun. Curiously enough, it was not long before the Russians had begun a similar venture.


We have wish-makers today. Some of them are called inventors and some are called advertising agents. We have good reason to be grateful for many of the wishes they have conceived and made real for us; anaesthetics, vaccines, motor cars and washing machines occur to me. If we have any quarrel with the advertising agent and with some of his proposals for gracious living it is because we may feel that the wishes he offers for sale are not so excellent as he makes out. One must remember that he is hampered by our primitive technology. In the community that I am inviting you to consider, it seems to me likely that wish-makers will be in great demand. They will be very highly regarded for it is they who will be called upon to offer a picture of each next adventure. It is clear that they will need most fertile imaginations. They will need most wise imaginations, too, for they will be devising wishes that are to be made real. They will indeed be the intellectual leaders of the community. They will be able with justice to quote Arthur O'Shaughnessy and say.




We are the music-makers,



And we are the dreamers of dreams,"



for that is what they will be.



And an intelligent and discriminating public will keep them up to scratch and require that their production be good and adequate At least I hope so.
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Universities And Research



By Dr. F. J. Llewellyn, Chairman, Universtiy Grants Committee. This article is taken from a discussion at the May Science Conference.


Research—by Government or University? The question seems to assume that research should be conducted either by the University or by Government. And if this is the alternative which is posed, then I say there is no alternative.


The answer is, of course, that research has to go on both in the university and in state departments. That is if you define research as an activity designed to find an answer to some question or questions.


Whether a particular piece of research should be undertaken in one or the other depends in large measure on the kind of answer you want and your purpose in seeking the answer.


It depends, too, on what you think is the primary objective of research in the university and of research by the state.


Let me take the university first. The main function of a university is to educate students and to create an environment in which they will educate themselves. Undergraduate courses seek, apart from any vocational content, to equip a mind with organised factual material, a knowledge of sources and the experience to deduce logically, generally with the framework of what is known and understood. Postgraduate training, again apart from its vocational content, seeks to widen the experience of application of the processes which have been described and played with in the undergraduate courses, in new circumstances.


The end product of this process of undergraduate and postgraduate university study is a person of potential. His potential depends on himself, his intrinsic ability, and on the effect his university environment has had on him.


The fundamental prerequisite for most undergraduate and for all postgraduate university work is an atmosphere of enquiry. An atmosphere of lively and stimulating doubt. And this is only possible where real enquiry is being undertaken by experienced and devoted enquirers. And the key word here is real. The enquiries must be meaningful. They must have purposes, and perhaps answers, which are satisfying to the intellect. Or if not to the intellect, then to some other human aspiration.


The sine qua non for the university to fulfill its purpose is the prosecution of this real enquiry and the transmission of the enthusiasm for information and knowledge which this engenders throughout the corpus of the university to the most junior and unsophisticated fresher. And this means that research must be prosecuted by all, or nearly all, of the faculty members of a university and by the postgraduate students of a university, if the university is to fulfill its purpose.


The nature of this enquiry is in some ways unimportant. Save that it must be a real enquiry and save that satisfaction of the enquirer must be ensured in the prosecution of the enquiry. If there is a genuine pursuit into the depths of the reality of the enquiry, then the enquiry justifies itself in that it creates, or helps to create, the proper environment for teaching.


All this applies to humanities, to the social sciences, to the technologies, as well as to pure science.


This is only another way of saying that one of the principal duties of a university is to prepare itself for the benefit of posterity. It has to preserve at all costs its spirit pi enquiry, its position in the forefront of developing knowledge, so that it may almost automatically establish the proper environment for the full exploitation of the various minds and personalities of the students who come to it each year.


This means in its turn that its enquiry must be uninhibited. It must be directed by the ambitions, the intelligence and the interests of those who prosecute it, irrespective of any economic or political or financial advantage which the enquiry may bring. This is an enquiry for the sake of enquiry and this atmosphere which I have described is known as academic freedom.


If you accept this thesis, that only against a background of lively enquiry in research can one establish the proper environment for undergraduate teaching, then you must accept that the converse is equally true.


It is by no means an accident that the significant development in knowledge, or nearly all of them until very recent years, have come from the universities. There is an interaction between research and teaching which is mutually beneficial. In my view all those who are engaged in research and enquiry should teach, and all those who are being taught should be taught only by those who are engaged in research.


This then to my mind is the prima facie case for research in the university. It has nothing to do with the practical and economical usefulness of the results of research. And it covers all kinds of intellectual activity and all kinds of vocational training within the university.


If by any means, or by any arrangement, it is found possible to extract an economic benefit from the researches conducted in the university, or alternatively if it is possible for the university or certain members of it to be persuaded to engage themselves in research which is likely to lead to economic benefit, then this is a bonus. It is a bonus which should be sought diligently and with tact and it is something that the state should be very grateful for.


If you accept this basic state for research in the universities, the purposes of it and the kind of results that are going to flow from it, you must accept also the fact that the state, which is concerned with the economic growth of the activities of the people of the state, cannot rely directly on the university to produce them. It may well rely upon the products of the university, namely the graduates, when they come into the employ of the state, or of industry within the state, to produce the answers, but it cannot rely directly on the university to produce the answers.


But there may well be, and there always are, problems besetting the state and the industries within the state and the social organism which is the state, which demand answers and demand them urgently. And to secure these answers the state, and industry, must establish systems of enquiry and research organisations of its own whose purpose is to find these answers.


Here we see, then, the essential and fundamental difference in motive which a university has on the one hand and the state or an industry has on the other, in engaging itself in research. Here we see immediately the differences in attitudes with which research are regarded.


And it is a commonplace thought that so many who are not engaged in research and have no real idea of what research is about, seek to typify the kind of research which should be prosecuted by the university on the one hand and by the state and industry on the other.


The fact is, of course, that the university, starting from the standpoint of academic enquiry, finds itself almost inevitably drawn into the application of the results which that enquiry produces. And on the other hand, the scientists engaged by the state or by industry, setting about the solution of a problem which is of immediate economic or practical importance, finds himself drawn almost automatically into the fundamental issues which the problem itself in that form poses.


And the result — a mixture of pure and applied, of long-term fundamental and ad hoc — both in the university and in the state or industrial laboratory, becomes so interwoven that it is difficult at first sight to say whether the work which is being done in the university should be done in industry and the state, or vice versa.


Whilst then the kind of research work which goes on is often difficult to relate to the primary purposes of the engagement in that research, the attitudes of mind of those who prosecute the research are very different the one from the other.


This kind of schism in attitudes has led to unfortunate circumstances in New Zealand in years gone by. It has led the university to a refusal to recognise work done in state departments, for example, as contributory towards higher degrees. It has led state departments on the other hand, who by and large have been better equipped than the universities, to decry the efforts of the university as being reminiscent of the ivory tower and unrelated to the real problems of life.


These differences have, I think, been more apparent in the minds of those who organise affairs than in the minds of those scientists and others who actually prosecute research. This particular situation is not peculiar to New Zealand. In recent years, however, there has been, I think, a significant change.



Continued on next page.
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The establishment, for example, of the National Research Advisory Council to co-ordinate the activities of the state, does not include the surveillance of university research activity and here is an implicit, if not an explicit, recognition that university research should not be directed by the state. The National Research Advisory Council, however, has to take cognisance of what goes on in the universities and in industry in formulating the priorities of the state and this is right and proper.


For many years the co-operation which has taken place between the geology departments of the university and the Geological Survey of S.I.R. has seemed to me to be an example which could well be followed by other departments of both organisations.


This has been co-operation at the bench and it seems to have been achieved in the great outdoors where, after all, on the side of a mountain or in the Mackenzie country or far removed from paper and from the trials and tribulations of struggling man, the realities are more obvious.


Whatever may be the reason, the geologists, both of the state and of the universities, have set an example of cooperation and mutual understanding which should be an example for us all.


Both Dr. Hamilton and I have in recent years sought to increase this interplay between the university and the state without impairing the major objectives of either. And this I think we have achieved, or will achieve, as the years go by.


More and more it is becoming possible for units of state research activities to be located in close proximity to the universities and to engage in interchange, both of information and of actual duites, teaching and research the one with the other. And so long as this can be done without either party losing sight of its objectives, then the mutual benefit will be enormous.


But this still leaves the organisers of research with a problem.


And that is how to dispose of the financial resources of the country between university research on the one hand and state research on the other so that a proper balance is achieved, so that the interaction the one with the other is the greatest, and the net result the most beneficial both in terms of short-term and long-term economic return directly and in terms of the education and development of the kinds of minds which will be required now and in the future by our developing society.


It is not an easy matter to sort out from all the monies which flow into the university those which are appropriately attributable to research. From the enquiries of the universities which the Grants Committee has made in the past few years, it is clear that the universities support research in a number of ways.


The academic staff are engaged in teaching, in departmental organisation and administration, and in research and in training research students. The technical staff on the payroll of the universities devote some of their time to the maintenance of undergraduate laboratories and some of their time as quasi research assistants to the postgraduate students and members of the academic staff.


The money that the universities spend on equipment, on materials and on library books, is in part devoted to the maintenance and development of undergraduate teaching and in part to providing the wherewithall for research.


The administrative costs of the universities — the heat, the light, the water, electricity, power and so on, are in part attributable to the administation of the universities, to undergraduate teaching, and to the postgraduate activity of the universities.


It is not possible, with existing information and data, to establish with certainty the total expenditure of universities in this country on research. 
However, from the many documents that I have studied, and from the enquiries that I have made, it seems that about 20 per cent of the total expenditure of the universities is attributable to research. This means that in this year, 1905, when the recurrent income of the universities is about £6 million (this figure does not include capital acquisitions such as land and buildings) that between £1 million and £1.3 million is spent by the universities on research.


I don't quote this figure with any degree of certainty, but it is the best estimate which I have been able to make with the information that is available. I hope that within the next few years, following the year by year returns which the Grants Committee will be getting from the universities on the way in which they dispose their recurrent funds, we shall be able in due course to make a better assessment of their research effort.


Of course, there are other monies which come to the university for research purposes and these amount in all in 1965 to something like three-quarters of a million pounds. They are made up of the research grant, the Kiwi Science Committee's grant, the Kiwi Medical Research Committee's grant, the monies of the Medical Research Council, the contributions which the state departments make towards the cost of sponsored research of one sort and another in the universities, and the maintenance of students either by the Postgraduate scholarship scheme, the new one, which came into force this year.


And these additional monies will grow, probably, in 1969 to some in excess of a million pounds when the probable contribution of the universities from their own resources will have reached about £1.8 million or £2 million.


So, summing it all up, we can say that from all sources, the universities deploy this year, 1965, nearly £2 million on research and postgraduate study in a gross expenditure of £6¾ million, and in 1969 this figure will have risen probably to something in excess of £3 million, out of total gross income including all monies to the universities of about £11 million.


In other words, of their total resources, the universities are disposing something between 25% and 30% on research activity. The corresponding figures for the United Kingdom for the year 1962 are £74 million gross income, with £42 million on research. That is, something over 50%. Perhaps in the discussion we elaborate on this comparison which in terms of raw figures is not a very profitable one.
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The Royal Society of New Zealand was founded by Act of Parliament almost a century ago as the New Zealand Institute and renamed by Royal consent in 1933. It is a federal body for the promotion of Science linking together the activities of 11 regional branches and three national institutes catering for separate disciplines of Science, through a council that meets biennially and a Standing Committee of Wellington councillors meeting monthly.


The Society serves the functions performed in many other countries by Academies of Science and is recognised as the senior New Zealand organisation of scientists. It differs, however, from the Royal Society of London and other academies in its federal constitution, with "member bodies" most of which have a membership open to all interested persons.


Within this broadly-based membership there has been established a Fellowship, a self-perpetuating body of persons elected for distinction in research, limited to 100. The re-constitution of the Society to vest control of its Council in the Fellows is at present under consideration by the Government.


The functions of the Royal Society of New Zealand may be grouped as local, national and international.







A Local Science Forum


The branches fulfill local functions by providing a forum for the scientific community by programmes of lectures, symposia and discussions, and they also achieve a considerable measure of success in liaison with the general public. The Wellington branch of the Society conducts a series of general meeting and has specialised sections in Biology, Geology, Technology, Social Sciences, Astronomy and Geophysics and Physics, which meet monthly during the winter months for presentation of research papers and discussions. Most meetings are at the branch's room (Dominion Museum) but some sections meet at the University and the Astronomy and Geophysics section meets at the Carter Observatory. Meetings of the New Zealand Institute of Chemistry, now a member of the Society, cater for Chemical papers, but many chemists attend other meetings. Some branches provide for student membership at a reduced subscription.


In the meetings of branches and their sections, the university science student can take an active part, getting acquainted with research workers in the scientific community and with the problems and achievements of current research activities in a wide range of disciplines. My own association with the Auckland Institute and Museum (the local member body in Auckland) dates from my undergraduate days and I certainly found it a profitable and enjoyable extension of university science — to meet and hear speakers offering results of their observation and research, particularly in the field sciences. By the time a student is preparing a thesis for B.Sc. Hons or higher degrees, he or she may find an opportunity to contribute to discussion or to present the results of personal research.







Research Library


The national and international functions of the Royal Society are performed by senior scientists working on its Council and its committees, but some of these activities are of interest to the post-graduate student. The library of the Royal Society of New Zealand is housed at Victoria University (Kirk Building) and is available to research students both by interloan through university libraries throughout New Zealand, and as a special privilege to Victoria students on campus. It contains many scientific periodicals unique in New Zealand. The Society's own research periodical (the 
Transactions) has included many papers based on postgraduate students' researches, especially in zoology, botany and geology.







Awards For Research



By Dr. C. A. Fleming, President, Royal Society of New Zealand


The Society's national responsibilities include administration of funds supporting awards for achievement in research and research grants. The Hamilton Memorial Prize, "for the encouragement of beginners in pure scientific research," is awarded on the basis of a candidate's earliest publications, and in 1962 the joint winners were P. N. Webb and B. C. McKelvey, for papers on Antarctic geological research undertaken when they were post-graduate students at Victoria.


Modest grants in aid of research in zoology, botany and geology are supported by the Society's Hutton Memorial Fund and Mappin Trust. In general, grants are not made their function is not educational, but grants have been made to support work for master's theses, on the principle that in the past to graduate students to support expeditions, travel, purchase of equipment, etc.







Mutual Aid


The fact that the Royal Society's office and library are housed at Victoria has given Victoria students especial opportunity to profit from the library, but the benefit of proximity has been reciprocal. The Society's staff have been grateful on many occasions for the help of students in such tedious tasks as shifting and sorting stocks of publications or library books. Recent moves to bind many of the library periodicals have entailed plans to enlist the help of students (with appropriate remuneration), to check and package journals for the binder. The Society is grateful to the University for providing meeting rooms for its Council Meetings, and especially to the Zoology Department for help in many ways in the course of a symbiotic existence that has sometimes been irksome if of mutual advantage.


Just as Gresham College, in London, provided a home for the Royal Society of London during its early years, three centuries ago, so Victoria University has housed the Royal Society of New Zealand for 40 years. Owing to the urgent need for better accommodation, the Society is now seeking to found its own headquarters, outside the University of Wellington. When this is achieved, both institutions will be able to look back on a fruitful stage of co-existence during a critical period in their history.
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The Society's national responsibilities include administration of funds supporting awards for achievement in research and research grants. The Hamilton Memorial Prize, "for the encouragement of beginners in pure scientific research," is awarded on the basis of a candidate's earliest publications, and in 1962 the joint winners were P. N. Webb and B. C. McKelvey, for papers on Antarctic geological research undertaken when they were post-graduate students at Victoria.


Modest grants in aid of research in zoology, botany and geology are supported by the Society's Hutton Memorial Fund and Mappin Trust. In general, grants are not made their function is not educational, but grants have been made to support work for master's theses, on the principle that in the past to graduate students to support expeditions, travel, purchase of equipment, etc.










Victoria University of Wellington Library




Science in New Zealand Supplement to Salient, Vol. 28, No. 7. 1965.

Mutual Aid





Mutual Aid


The fact that the Royal Society's office and library are housed at Victoria has given Victoria students especial opportunity to profit from the library, but the benefit of proximity has been reciprocal. The Society's staff have been grateful on many occasions for the help of students in such tedious tasks as shifting and sorting stocks of publications or library books. Recent moves to bind many of the library periodicals have entailed plans to enlist the help of students (with appropriate remuneration), to check and package journals for the binder. The Society is grateful to the University for providing meeting rooms for its Council Meetings, and especially to the Zoology Department for help in many ways in the course of a symbiotic existence that has sometimes been irksome if of mutual advantage.


Just as Gresham College, in London, provided a home for the Royal Society of London during its early years, three centuries ago, so Victoria University has housed the Royal Society of New Zealand for 40 years. Owing to the urgent need for better accommodation, the Society is now seeking to found its own headquarters, outside the University of Wellington. When this is achieved, both institutions will be able to look back on a fruitful stage of co-existence during a critical period in their history.










Victoria University of Wellington Library




Science in New Zealand Supplement to Salient, Vol. 28, No. 7. 1965.

Scientific Research N.Z. Priorities







Scientific Research N.Z. Priorities


For the year ended 31st March, 1965, the estimated expenditure on scientific research in New Zealand — excluding buildings — was approximately £7,514,000. In addition a total of £827,000 was scheduled for expenditure on new laboratories for Government Departments and Research Associations.


Of the operating expenditure of £7.5 million, £6.1 millions was provided for in the votes of eleven Government Departments, of which £661,000 was for votes to other research associations. £740,000 was spent in the universities, £650,000 by industry and £381,000 by other bodies.


There is no complete analysis of research expenditure which would enable an exact classification to be made according to the industry served, but the following is an approximate breakdown of the total:
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Is this adequate? How can we judge what is adequate? How much effort should go into basic research as compared with applied research? Is the right proportion of the total being done in the universities? Are we doing work here when we could instead borrow from the work of researchers abroad? To what extent will limitations on the supply of first class scientists place a limit on the extent to which research programmes can be increased?


These are some of the more obvious questions which inevitably arise when one considers the general subject of scientific policy. Scientific research, by the very definition of the term, is an investigation into the unknown, so it is not possible to make an accurate assessment of the value of a given outlay on a particular research project at the time it is started. But one thing is certain: bold, intelligently planned research programmes are necessary in any country which hopes to keep its place as one of the progressive societies in this modern age.


Research financed by the Government is normally regarded as an investment from which worthwhile dividends can be expected in the future, either in the form of added wealth or in an increase in welfare in one or other of its many forms. When considering its research programme the Government cannot avoid making a value judgment about the ultimate benefits likely to flow from the outlay on any particular piece of research even though there can be no certainty about the results.



By J. T. Andrews, General Manager, National Bank of N.Z. Ltd., Chairman of the National Research Advisory Council.


There are many criteria which could applied before deciding whether a research programme should be undertaken, depending on the nature of the problem to be solved, but in the normal course the following factors would have to be taken into account:




	1.
	The importance to New Zealand of the industry within which the research is to be done.


	2.
	The number and significance of the problems affecting the industry and the degree of likelihood of the research providing a solution to the selected problems.


	3.
	The calibre of the staff available or likely to be available.


	4.
	The basic research results available or likely to be available to enable applied work to be done successfully.


	5.
	The application of the research results, bearing in mind information services and the amount of investment in equipment or methods to ensure profitable use of the results, and the time lag in the application of those research results.


	6.
	The possibility of finding a solution by using results of research done overseas.


	7.
	The urgency and importance of competing claims for the use of financial resources available to the Government.



What should be the relationship between the amount of basic research undertaken and the amount of applied research? It is doubtful if anyone can give a satisfactory general answer to this question. It is, of course, true that applied research relies heavily on the body of knowledge provided by basic research. In many cases a piece of applied work has been held up, or completely frustrated, through a lack of the basic knowledge required for its successful completion. The choice is between abandonment of the work or the prosecution of additional fundamental research to discover the basic facts.


But the need for more fundamental knowledge to assist applied work is not the only reason why scientists undertake basic research. Many first-class minds are taunted by a desire to penetrate the unknown, not because of possible economic or other benefits to society, but simply because the problem is there and the answer to it is worth finding for its own sake. Many of the most important fundamental scientific discoveries have been made in this way. It is important to foster this spirit of disinterested academic enquiry, for without it science would wilt and perhaps wither away. The universities have a special part to play in this field, although much basic research is also done in Government Departments and certain specialist institutions.


Applied research is, of course, normally directed to specific ends and it is not difficult to make a long list of projects which have been of inestimable benefit to New Zealand. Since we depend so heavily on our agricultural and pastoral industries, examples of benefits which have flowed from research in those fields are numerous and obvious: improvements in pastures, soil studies, development of new and better strains of wheat, discovery of the lack of trace elements in the soil, artificial breeding, infections in sheep and cattle, external and internal animal parasities, effects of insecticides, basic studies of animal diseases and so on. Discoveries in these fields in recent years have laid the basis for farming development and improvement which has resulted in increased export income of many millions of pounds a year.


Industry has benefited greatly from work done in the Department of Scientific and Industrial Research. In addition to its work for industry and in agriculture, that Department carries out a wide range of pure and applied research into numerous problems which are important to New Zealand. It also provides scientific services to Government Departments and sponsors and subsidises research by special research associations. Other Government Departments have done and are doing important research in their own special fields.



Continued on next page.
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Scientific Research



Continued from page 11.


It may be thought that we could save ourselves the expense of doing research here by using the results of work done abroad. Widespread use is, of course, made of the work of overseas scientists but there are innumerable problems which arise from the peculiarities of our own physical environment or the nature of our economy, and there are other problems which, though important to us, are not sufficiently important to other countries for them to attempt a solution.


There is another consideration. It is only right that New Zealand should do its share in adding to the pool of international scientific knowledge. We expect to profit from the work of overseas scientists so we must in return continue our efforts to make our full contribution to the sum of knowledge.


We must not forget that research by itself is not enough: research results need to be made known to those who can use them. In many branches of research the work of one scientist is of interest only to other scientists; when this is the case facilities are necessary for the publication of research results in learned journals. The position is very different, however, when many non-professional and non-technical people have to be made aware of a discovery so that it can be put into general use. This is especially true where a scientific discovery is made in the fields of agriculture or industry. In such cases, particularly with farming, thousands of people have to be reached, and the research results described to them and their importance explained. This is a major undertaking and requires the employment of a large number of skilled people in extension services and field work; New Zealand has much to do before it can consider this side of its scientific activities to be satisfactory.


It is not possible in a short space to discuss fully the subject of research needs and research problems in New Zealand, but there is no doubt that needs will increase and problems multiply as our society grows and becomes more complex. There will always be more research required than there will be men and money to undertake it. The Government is well aware of the needs and its setting up of the National Research Advisory Council last year is evidence of its desire to get some advice on the whole of the scientific field. It must be recognised, of course, that the State is called upon to provide financial resources for a wide range of social activities, most of them clamouring for more and more of the available funds. Scientific research is one of these activities. There has been a substantial increase in New Zealand's research effort over the past ten years and it would be surprising if there was not a still great increase in the decade ahead.


There is going to be much stimulating and rewarding work for scientists to do.
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The Employment Of Science Graduates In New Zealand


There is certainly no shortage of jobs for science graduates in New Zealand, but there may not necessarily be enough openings in some particular areas, especially for women. Science graduates usually find employment in one of three fields: research in government organisations or universities; teaching; and technical administrative positions in industry, commerce, or the public service. I shall be commenting mainly on the third area of employment, which is probably less familiar to students than the other two.


Apart from mentioning that there is still an acute shortage of science teachers, especially in Physics and Mathematics, I assume that there is no need to elaborate, as most students are reasonably well aware of what teaching can offer. However, I hope that this will not be taken as belittling what is a very challenging and rewarding career.


To avoid any possible misunderstanding, I would like to emphasise that my remarks are confined to opportunities for employment in New Zealand. As a final qualification, it is impossible to be very specific in an article of this length, and therefore I have set out to give more of a birdseye view of career opportunities, rather than details of salaries, pension schemes and other particular conditions of employment.






Research:


For pure, and most applied research of any consequence, employers want people with good degrees. Even lower second class honours graduates have difficulty finding employment in this area, and those with lesser qualifications are only likely to be employed as research assistants involving technician's work rather than that of the research scientist. Also, it is hard to draw the line between pure and applied research. If a person hopes to enter "pure research," he or she should remember that even the most brilliant graduates will be supervised and directed in their work initially. Today's research equipment is too expensive for it to be used uneconomically, and most research work is subjected to some overall control.


Those students who are completing suitable degrees for research work, will no doubt be well aware, through their teaching departments, of the institutions in New Zealand engaged in research of interest to them. It might be worth adding here, that some students perhaps decide too hastily that this country cannot offer them sufficiently challenging or interesting research work. While no one would suggest that another Rutherford should stay here on patriotic grounds, it should be remembered that even the student paying all his own tuition fees has been subsidised about 2 for 1 by the New Zealand taxpayer.


Most opportunities for reasonably advanced research occur in universities, D.S.I.R., other Government Departments and Research Associations. There is very little scientific research in industry. However, there will be a small but increasing number of opportunities for applied research using raw materials and methods peculiar to New Zealand, and technological work with the development of industries


Nearly all manufacturers rely on overseas parent companies, or associates, to carry out their basic research for them.






Research or Administration?


We often hear of a prominent scientist complaining that too much of his time is taken up with administrative work, or that he finds paper work being foisted on him. In many areas of employment, there is likely to be limited scope for promotion above a certain level, unless a person moves away from purely technical work. In general, this move towards administrative work will take place earlier in industry.



By Armour T. Mitchell, Secretary to the Victoria University of Wellington Appointments Board.


However, there are nonetheless many firms with a scientist as Technical Director, who is a member of the board. Also, it is possible to reach a salary of nearly £3000 p.a. in the State Services employed as a Scientific Officer. Those who have proven ability as scientists, and who move into administration, have usually done so because they find the work more challenging. In summary, few scientists, if any, are likely to be almost compelled to deal with administrative matters as they become more senior, but promotion prospects may be enhanced by a person showing some willingness to shoulder wider responsibilities.






Industrial Servicing and Technology:


New Zealand industries fall into two categories; the few which are entirely self-dependent, and those which rely on technical assistance from overseas companies with which they are associated. Both types of industry require trained scientists, the former to carry out their research and development work on which the progress of the industry is entirely dependent, the latter to adapt overseas technology to local conditions and materials and to solve problems arising in their manufacturing departments. Firms of both types often have Research and Development Laboratories and they may also employ scientists in their Production Departments.



Research Laboratories: The scientist in a Research Laboratory may be primarily concerned with attempting to solve the problems arising in the firm's manufacturing processes. Often, a rapid solution is essential, although long range research projects can arise from these investigations. These may ultimately lead to changes in manufacturing processes or to the development of new products.



Development Laboratories: These laboratories are primarily concerned with improvements in manufacturing plant and methods. The accent will be on the application of existing knowledge. Development laboratories often operate a pilot plant in order to bridge the gap between the Research Laboratory and the Production Department.



Control Laboratories: Control Laboratories are directly associated with the manufacturing operations of the organisation. They carry out routine control and much of this may depend on the use of instruments.


Frequently, in small companies, the three types of laboratory may be combined.



Production Departments: There is an increasing trend for the employment of trained scientists in the Production Departments, particularly when the type of production is such that a thorough knowledge of scientific principles is advantageous. It is not uncommon to fill such posts with men who have spent some time in the Research and Development Departments. Such men are often promoted to senior executive positions.







Executive Training Schemes:


There are many firms which provide courses of training designed to enable graduates to turn their theoretical training to practical account within the minimum space of time. These courses vary in length between a few months and one or two years. In some cases, the graduate is invited to regard his university training as a basic discipline on which to superimpose the training provided by the company and aimed at producing executives from whom will be drawn its future leaders. Such companies recruit graduates from almost any faculty, since what they want is 'the trained mind' rather than any specific course of training.







Specialisation:


It has been said that a specialist learns more and more about less and less until or she knows everything about nothing. In what we sometimes call the Age of Specialisation, it may seem to be a paradox that in industry, a science graduate's specialised knowledge is of very little use. Academic specialisation, although important for its value to the individual, is chiefly useful to graduates in a job because it has acquainted them with the methods of acquiring further specialised knowledge. The university produces few graduates who may immediately call themselves physicists, or geologists, or chemists, or mathematicians anyway. For example, very few honours graduates could find a job in New Zealand industry involving a direct continuation of their thesis research project—a field in which they have briefly specialised. New graduates are ready to become useful scientists, but very few already are so without a good deal of training on the job.


Many people today feel that there is a danger in becoming too specialised as this restricts prospects for promotion. Today, nearly all employees start work in a specialised area. However, the specialist, by virtue of his or her narrow field, must be in constant liaison with other people. As people increase in seniority, they move up the 'pyramid' of the organisation chart, and the area under their control becomes larger and larger. During this process, the work becomes less detailed, and more time is spent on co-ordinating other people's activities. In a modem organisation, there are virtually no specialised departments from which a graduate cannot rise to a position where his or her abilities are used to the maximum.







Small Or Large Firm?


Some of my previous comments apply to the larger type firm in New Zealand. There are some very good opportunities with smaller firms. The smaller firm will often pay a graduate more, especially in the first few years. This is partly because, with a smaller organisation, a person must become something of a 'jack of all trades' very quickly. Also, a graduate may very quickly reach his or her highest level of seniority relative to the manager (and usually owner) of the firm. After this, increased responsibility can only come from the growth of the company. This involves a certain amount of risk, as the company could perhaps become bankrupt, but on the other hand it could grow in ten or twenty years into a very large organisation. Generally speaking, the larger company offers a more secure and steady rate of development, and the smaller can offer a wider range of opportunity, but with some risks involved.







General Administration:


Industry, commerce, and the State Services are becoming more and more interested in employing science graduates for general, often non-technical work in a variety of administrative areas. Executive Trainee schemes have already been mentioned. Employers are particularly interested in science graduates entering jobs which require a quantitative approach.


In any administrative position, personality is probably more important than academic qualifications. A person thinking of a career in general administration will usually have participated in a number of student activities, and enjoy meeting a wide variety of people. Of course, a good academic record on top of this, is ideal.







Opportunities For Women:


There are very few positions outside the State Services for women graduates. The Appointments Board is doing what it can to improve this, but we do not expect any spectacular results. There are some reasons why an employer will be a little reluctant to employ women, but I am sure that in many cases these reasons do not justify the rigid policies some companies have.


However, I would not like to think that this comment will discourage women graduates from 
seeking positions in industry or commerce.


Indeed, actions speak louder than words, and every woman who talks her way into a job in spite of a company's policy will do more to improve the situation than any amount of arguing by this board.







What Do You Know?


Many science graduates feel that employment in any other field than one involving their major subject will be a waste of their degrees. I think many people with this view have an inflated idea of their degrees' worth. Graduates should be mainly conscious, in fact acutely conscious, of what they do not know, and they should have the tenacity and techniques to fill the gaps in their knowledge — especially in areas which particularly interest them. This knowledge may be scientific or it may not, according to the taste and interest of the individual.
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Apart from mentioning that there is still an acute shortage of science teachers, especially in Physics and Mathematics, I assume that there is no need to elaborate, as most students are reasonably well aware of what teaching can offer. However, I hope that this will not be taken as belittling what is a very challenging and rewarding career.
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For pure, and most applied research of any consequence, employers want people with good degrees. Even lower second class honours graduates have difficulty finding employment in this area, and those with lesser qualifications are only likely to be employed as research assistants involving technician's work rather than that of the research scientist. Also, it is hard to draw the line between pure and applied research. If a person hopes to enter "pure research," he or she should remember that even the most brilliant graduates will be supervised and directed in their work initially. Today's research equipment is too expensive for it to be used uneconomically, and most research work is subjected to some overall control.


Those students who are completing suitable degrees for research work, will no doubt be well aware, through their teaching departments, of the institutions in New Zealand engaged in research of interest to them. It might be worth adding here, that some students perhaps decide too hastily that this country cannot offer them sufficiently challenging or interesting research work. While no one would suggest that another Rutherford should stay here on patriotic grounds, it should be remembered that even the student paying all his own tuition fees has been subsidised about 2 for 1 by the New Zealand taxpayer.


Most opportunities for reasonably advanced research occur in universities, D.S.I.R., other Government Departments and Research Associations. There is very little scientific research in industry. However, there will be a small but increasing number of opportunities for applied research using raw materials and methods peculiar to New Zealand, and technological work with the development of industries


Nearly all manufacturers rely on overseas parent companies, or associates, to carry out their basic research for them.
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Research or Administration?


We often hear of a prominent scientist complaining that too much of his time is taken up with administrative work, or that he finds paper work being foisted on him. In many areas of employment, there is likely to be limited scope for promotion above a certain level, unless a person moves away from purely technical work. In general, this move towards administrative work will take place earlier in industry.



By Armour T. Mitchell, Secretary to the Victoria University of Wellington Appointments Board.


However, there are nonetheless many firms with a scientist as Technical Director, who is a member of the board. Also, it is possible to reach a salary of nearly £3000 p.a. in the State Services employed as a Scientific Officer. Those who have proven ability as scientists, and who move into administration, have usually done so because they find the work more challenging. In summary, few scientists, if any, are likely to be almost compelled to deal with administrative matters as they become more senior, but promotion prospects may be enhanced by a person showing some willingness to shoulder wider responsibilities.
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Industrial Servicing and Technology:


New Zealand industries fall into two categories; the few which are entirely self-dependent, and those which rely on technical assistance from overseas companies with which they are associated. Both types of industry require trained scientists, the former to carry out their research and development work on which the progress of the industry is entirely dependent, the latter to adapt overseas technology to local conditions and materials and to solve problems arising in their manufacturing departments. Firms of both types often have Research and Development Laboratories and they may also employ scientists in their Production Departments.



Research Laboratories: The scientist in a Research Laboratory may be primarily concerned with attempting to solve the problems arising in the firm's manufacturing processes. Often, a rapid solution is essential, although long range research projects can arise from these investigations. These may ultimately lead to changes in manufacturing processes or to the development of new products.



Development Laboratories: These laboratories are primarily concerned with improvements in manufacturing plant and methods. The accent will be on the application of existing knowledge. Development laboratories often operate a pilot plant in order to bridge the gap between the Research Laboratory and the Production Department.



Control Laboratories: Control Laboratories are directly associated with the manufacturing operations of the organisation. They carry out routine control and much of this may depend on the use of instruments.


Frequently, in small companies, the three types of laboratory may be combined.



Production Departments: There is an increasing trend for the employment of trained scientists in the Production Departments, particularly when the type of production is such that a thorough knowledge of scientific principles is advantageous. It is not uncommon to fill such posts with men who have spent some time in the Research and Development Departments. Such men are often promoted to senior executive positions.
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Executive Training Schemes:


There are many firms which provide courses of training designed to enable graduates to turn their theoretical training to practical account within the minimum space of time. These courses vary in length between a few months and one or two years. In some cases, the graduate is invited to regard his university training as a basic discipline on which to superimpose the training provided by the company and aimed at producing executives from whom will be drawn its future leaders. Such companies recruit graduates from almost any faculty, since what they want is 'the trained mind' rather than any specific course of training.
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Specialisation:


It has been said that a specialist learns more and more about less and less until or she knows everything about nothing. In what we sometimes call the Age of Specialisation, it may seem to be a paradox that in industry, a science graduate's specialised knowledge is of very little use. Academic specialisation, although important for its value to the individual, is chiefly useful to graduates in a job because it has acquainted them with the methods of acquiring further specialised knowledge. The university produces few graduates who may immediately call themselves physicists, or geologists, or chemists, or mathematicians anyway. For example, very few honours graduates could find a job in New Zealand industry involving a direct continuation of their thesis research project—a field in which they have briefly specialised. New graduates are ready to become useful scientists, but very few already are so without a good deal of training on the job.


Many people today feel that there is a danger in becoming too specialised as this restricts prospects for promotion. Today, nearly all employees start work in a specialised area. However, the specialist, by virtue of his or her narrow field, must be in constant liaison with other people. As people increase in seniority, they move up the 'pyramid' of the organisation chart, and the area under their control becomes larger and larger. During this process, the work becomes less detailed, and more time is spent on co-ordinating other people's activities. In a modem organisation, there are virtually no specialised departments from which a graduate cannot rise to a position where his or her abilities are used to the maximum.
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Small Or Large Firm?


Some of my previous comments apply to the larger type firm in New Zealand. There are some very good opportunities with smaller firms. The smaller firm will often pay a graduate more, especially in the first few years. This is partly because, with a smaller organisation, a person must become something of a 'jack of all trades' very quickly. Also, a graduate may very quickly reach his or her highest level of seniority relative to the manager (and usually owner) of the firm. After this, increased responsibility can only come from the growth of the company. This involves a certain amount of risk, as the company could perhaps become bankrupt, but on the other hand it could grow in ten or twenty years into a very large organisation. Generally speaking, the larger company offers a more secure and steady rate of development, and the smaller can offer a wider range of opportunity, but with some risks involved.
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General Administration:


Industry, commerce, and the State Services are becoming more and more interested in employing science graduates for general, often non-technical work in a variety of administrative areas. Executive Trainee schemes have already been mentioned. Employers are particularly interested in science graduates entering jobs which require a quantitative approach.


In any administrative position, personality is probably more important than academic qualifications. A person thinking of a career in general administration will usually have participated in a number of student activities, and enjoy meeting a wide variety of people. Of course, a good academic record on top of this, is ideal.
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Opportunities For Women:


There are very few positions outside the State Services for women graduates. The Appointments Board is doing what it can to improve this, but we do not expect any spectacular results. There are some reasons why an employer will be a little reluctant to employ women, but I am sure that in many cases these reasons do not justify the rigid policies some companies have.


However, I would not like to think that this comment will discourage women graduates from 
seeking positions in industry or commerce.


Indeed, actions speak louder than words, and every woman who talks her way into a job in spite of a company's policy will do more to improve the situation than any amount of arguing by this board.
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What Do You Know?


Many science graduates feel that employment in any other field than one involving their major subject will be a waste of their degrees. I think many people with this view have an inflated idea of their degrees' worth. Graduates should be mainly conscious, in fact acutely conscious, of what they do not know, and they should have the tenacity and techniques to fill the gaps in their knowledge — especially in areas which particularly interest them. This knowledge may be scientific or it may not, according to the taste and interest of the individual.
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Science In Democracy—The Conference Theme



By Sir Ernest Marsden. This address was given at the May Science Students' Conference.


You will find as you grow older that the only distinctions which gives real inner pleasure are not the acclamation of the outside laymen so much as the regard of those better qualified to assess them.


Although there are specialised lectures in your programme the main theme of the Conference is "Science in the Community," which I would like to further interpret as "Science in Democracy," for that is the overwhelmingly important issue of the next two decades: to make Democracy work better and with more long range objectiveness.


Such is the present rate of advance of scientific knowledge and so fundamentally related is it to an understanding of life itself that there is a growing gap between those who are pioneering this new knowledge and its understanding and application by the mass of the public, many of whom are bewildered by it and fearful of what they do not understand. It is not that they are indifferent to the new scientific knowledge, they are thirsty for it; but alas, some of the less thinking claim that only that portion should be persued or promptly disseminated as fits in with their preconceived notions, self interest or political expediency.


Now, while in Victorian times, many of our foremost scientists such as Faraday, Huxley, Tyndal and Kelvin were also good popular lecturers and exponents, we do not have enough in these days who can understandingly and effectively act as authoritative interpreters — moreover, there has grown up the idea of what C. P. Snow calls the "two cultures," the Scientific and the so-called Humanistic, each of which speaks its own language unintelligable to the other. I would, however, in this connection raise the point that word 'humanist' was originally applied in the 16th Century to the men who introduced the new learning of which the science of the day was an essential part and the deplorable gap which now exists between the students of science and of the humanities has been caused mainly by the failure of the humanists to move with the times. We have now the farcial situation that economics in most universities is classed among the humanities and medicine is not.


The Humanists, because of their lack of humanity, have become our governing class, but in times of national stress and adversity we do come together and in Churchill's war-time administration there were three of his most prominent Ministers who had taken first class degrees in Chemistry in their respective universities. Snow, however, has recently modified his idea that there are two cultures and suggests that a third is arising, i.e. the social scentists, geographers and perhaps he would include the technologists who act as intermediaries between the other two cultures —but in some quarters, still, as T. H. Huxley stated 100 years ago, "The man of science is the sworn interpreter of Nature in the High Court of Reason. But of what avail is his honest speech if ignorance is the assessor of the 
[
unclear: J] and prejudice the foreman of the Jury." This, however, also points to a lesson for us as scientists that we should always have the courage to admit ignorance of what we do not know and yet act boldly for what we think is right.


However, I look on the function and raison d'etre of present university Science Clubs or Societies as being more for the promotion of natural knowledge among ourselves and for exercise in the methods of expressing it to fellow students in their respective disciplines or near disciplines rather than to promote directly its general social application. Rather also than part of a system of teaching of facts to enable one to pass examinations, these Societies are meant to satisfy natural scientific curiosities of members and to help students to be desirous and capable of continuing unaided their pursuit of knowledge after graduation. This does not mean that I think that examinations can be dispensed with but in present student scientific Societies we are largely concerned with descriptions of experiments and discussion of their results and the better understanding of the scientific method of experimention and deduction. In further explanation of what I mean, I cannot do better than quote the words of Leonardo da Vinci — "Experiments never deceive. It is our judgment which sometimes deceives itself because it expects results that experiment refuses. We must consult experiment, varying the circumstances until we have deduced reliable rules" — words which I would like to see pinned up in every Student's Laboratory — also I commend them to those who take part in present empirical National experiments for new products and new markets.


Moreover, this method of learning scientific method is one which makes it easier for a scientist to educate himself in a broader field, if he has a mind to, later, or perhaps beter still to make a contribution to the teamwork which seems so necessary to overcome the present formidable obstacles to a steady and safe advance of industrial and community well being. The question is will the politician, State Services Commission, will Accountant-minded Industrial Management seek or accept any teamwork in directions they arbitrarily lay down? i.e., do they want us from time to time merely on "tap" only, but not in full joint consultation and co-operation and with the witholding or non-consideration of factors which we as scientists may consder important. I could quote four important cases in point in public matters at present where considerations of scientific truth are perhaps unknowingly subordinated to expediency.


For individual research student trainees, other than those who are proceeding to general broader pass degrees, and these can be equally to the community — I must regretfully advise concentration on the particular specialisation, putting out of mind for the next three or four years of your studies all complex diverting activities concerned with political, social, community or religious applications. Accept a simple faith and belief in your general duty and tender sympathy to your fellow men, but holding passion in check and concentrating on the pleasures and rewards of your studies until having mastered one specialisation and reached the frontiers of knowledge in it, you are in a better mature position to spread your studies and ideas.


Science is, of course, not to be taught or considered by itself or for itself but as an integral part of a liberal education for proper control of mind and body and dedication through added knowledge to the future of mankind.
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Science In The Public Service




In New Zealand more scientists work for the Public Service than for any other organisation. Fourteen departments employ more than 800 science graduates and each year the Public Service has to recruit over 100 scientists. The scope of its scientific activities means that the Public Service offers science graduates first-class career prospects and unequalled opportunities and challenges, including many projects not being studied by other research groups.


Careers for science graduates are divided into two main classes: research and servicing. Although scientists in the Public Service mostly work on applied research, opportunities for pure research are unequalled in New Zealand and, in some fields, up to overseas standards. Some of the most challenging problems arise in practical research, which is also worthwhile because it results directly benefit the community.


Scientists doing servicing work use their qualifications in such vital roles as weather forecasting and patent examing. The servicing scientist's abilities and training are vital to the modern community, because they supply services that laymen cannot give.


In addition, some graduates choose to go into Public Service administration, where their trained minds prove invaluable in the intricate and demanding task of managing some of New Zealand's largest enterprises.


In the Public Service the importance of the scientist is fully realised. He is not just a "back-room" boy hot an essential member of the organisation. This is reflected in the D.S.I.R., for instance, where all important executives are scientists, and in the State Services Commission (which is responsible for efficiency and economy in the Public Service), where one of the Commissioners is a scientist.







An Important Choice



A science graduate choosing an employer faces one of his most important research assignments. There is more at stake for a prospective scientist than for most people because his first choice may well determine the direction and success of his life's work. Science is a calling not just a job. Education for it represents a considerable investment in time, money and energy, which must pay dividends in achievement and satisfaction. To make such an important choice the prospective scientist must have all the facts about employment opportunities and he must use them to make a sound and informed decision. To help readers, give working for New Zealand's largest scientific institutions the consideration it deserves, the State Services Commission outlines on this page facts about science in the Public Service.






This article summarises the principal scientific activities of the Public Service.



D.S.I.R.: The largest scientific organisation in New Zealand, the Department of Scientific and Industrial Research employs 500 scientists. Its research activities are conducted in 23 divisions.



The Animal Ecology Division at Lower Hutt assesses the economic value of native and introduced mammals and birds, and investigates their control or preservations.



The Antarctic Division coordinates research at Scott Base and Hallett Station, which includes studying aurora and air-glow, geomagnetism, the ionosphere, meteorology and seismology.



The Applied Mathematics Division (Wellington) provides a research and advisory service in branches of applied mathematics of value to New Zealand's economy.



The Industrial Development Division (Auckland) has four functions: (1) to provide a research service for industry; (2) to promote research and advances in technology and their application to industry; (3) to ensure industry's scientific and engineering problems are efficiently investigated; and (4) to act as a source of technical advice and information for industry, the armed services, local bodies, and government departments.



The Botany Division (Christchurch) covers all general aspects of plant life except the strictly economic.



The Chemistry Division (Lower Hutt), until 1964 the Dominion Laboratory, also has laboratories at Auckland, Christchurch and Dunedin. Activities include long-term research; acting as a central laboratory for chemical, metallurgical and chemical engineering needs of government departments; and helping to raise the efficiency of industry. The technical work of the division is divided into four sections: (1) Pesticides, foods and drugs: (2) Metallurgy, chemical engineering, coal: (3) Inorganic chemistry, and cement and concrete: (4) Paint and petroleum, physical chemistry, and organic chemistry.



The Crop Research Division at Lincoln (Christchurch) investigates improvement of field and vegetable crops. There is a hop research station at Motueka.



The Entomology Division (Nelson) investigates, characterises and classifies insects.



The Fats Research Division (Wellington) conducts research on the fundamental nature of fats.



The Geological Survey (Lower Hutt) has accumulated a vast store of knowledge about New Zealand's geology and mineral resources.



The Geophysics Division (Wellington) includes the Apia observatory, where earthquakes and variations in magnetic elements are recorded and interpreted, and physical oceanogranhic data is recorded: the ionospheric geophysical laboratory at Christ-church: the geophysics laboratory. Lower Hutt: the geothermal laboratory. Taupo: Time Service. Wellington: magnetic survey, Christchurch: and the seismological observatory, Wellington.



The Grasslands Division (Palmerston North) is primarily concerned with breeding of pasture species: nucleus seed production and certification: ecology: and soil fertility.



The Institute of Nuclear Sciences (
Lower Hutt) measures radioactive fallout and carries out carbon-14 dating. A radiation source is used to irradiate seeds and plants for crop improvement; to sterilise soil and plastics; and to try to improve the cool-storage keeping properties of apples.



The Oceanographic Institute (Wellington) investigates physical, geological and biological aspects of the oceans around New Zealand.



The Physics and Engineering Laboratory (Lower Hutt) covers many activities, ranging from maintaining primary electrical and radio standards to fundamental investigations into the physics of plant growth.


At the 
Plant Chemistry Division (Palmerston North) studies are made of the chemistry, nutrition and metabolism of plants. The influence of climate on crop yields is studied at the 
Plant Physiology Division, also at Palmerston North.



The Plant Diseases Division and the 
Fruit Research Division at Auckland assist farmers, fruitgrowers, nurserymen and gardeners to produce healthy crops and plant products.


At the 
Soil Bureau (Lower Hutt) New Zealand and some Pacific Island soils are studied.


Eleven research organisations, jointly financed by the Government and the industry concerned, with their own laboratories and staffs, are affiliated with similar institutions in other countries. They deal with meat, fertiliser, leather, pottery, laundry, dairy, wool (two), wheat, tobacco and hops.







Department Of Agriculture


The Department of Agriculture employs over 150 science graduates on research into problems of soil, animal production, or livestock health, and on servicing or advisory work.


In the 
Animal Health Division graduates in veterinary science work on research into disease control and problems, and prevention of the entry of exotic diseases. Other are advisory officers.


Graduates in science, veterinary science, or agriculture, are employed in the 
Research Division, where most of the department's research work is carried out. Many projects are providing vital information for farmers on the influence of breeding, feeding and management on milk production, growth and reproduction. Animal health and diseases are also studied.
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In the 
Dairy Division graduates in science are employed as chemists


Graduates in science and agriculture work in the 
Farm Advisory 
Division, which advises farmers on the management of soils, crops and pastures, and on sheep and wool production, and carries out experimental work on its own farms and research stations.


Research in vegetables, berry fruits, the culture and diseases of vines, and on wine, is carried out in the 
Horticultural 
Division by graduates in horticulture and science. Graduates also serve as advisory officers.


In the 
Meat 
Division graduates in veterinary science help to carry out the department's responsibilities for meat inspection and hygiene.







Further Information



These articles only outline the facts about science in Public Service. If yon are interested in a career in one of the departments mentioned you should get in touch with the offices of the State Services Commission in Auckland, Hamilton, Wellington and Christchurch, the Commission's representatives in other towns, or the staff clerks of the departments concerned. Further information can then be supplied, questions answered, and interviews and visits arranged. So far you may not have seriously thought about working in the Public Service. Don't risk missing the chance to give full consideration to the scope and advantages of working for New Zealand's most important scientific institutions.








Forest Service


Scientific research is a major reason for the forest industry's success as a revenue earner.


The New Zealand Forest Service employs 50 scientists at the Forest Research Institute, Rotorua, and 7 at the Forest and Ranger Experiment Station, North Canterbury.


Research projects being carried out by the Forest Research Institute involve such questions as the strength and properties of New Zealand timbers, silvicultural practices, seasoning and treating wood with preservatives. Others are concerned with growth, forest soils, nursery techniques, tree genetics, the rehabilitation of cut-over forests, tree nutrition and health, and controlling disease-causing organisms


The Forest and Ranger Experiment Station surveys watershed conditions, studies afforestation on mountain lands and alpine grasslands, and carries out noxious animal research.







Meteorology


The Meteorological Service of the Department of Civil Aviation offers opportunity to participate in research and development in the atmospheric sciences. Graduates are also employed in forecasting.


Subjects of research include satellite meteorology, radar meteorology, micrometeorology, and ozone studies. In satellite meteorology, for instance, photographic and infrared radiation observations from Tiros satellites are used to investigate the structure of weather systems and study the heat balance of the earth-atmosphere system.







Navy


The Naval Research Laboratory at Auckland specialises in research of value to defence. It employs several scientific officers.







Marine Department


Scientists in the Marine Department work on fisheries research and management. Expansion in both tasks is creating particularly good opportunities for scientists ranging from biometricians to zoologists.


Marine fisheries research is mostly devoted to long-term projects with commercial applications, such as investigating the snapper population in Hauraki Gulf, or assessing the trawling potential of the Bay of Plenty.


Freshwater fisheries research contributes to the success of trout fishing, one of the finest recreations. It includes basic research on brown trout in five of the Rotorua lakes, and on the species and distribution of whitebait: and the study of the effects of DDT on fish and other stream life.


In the Health Department scientific officers work at the National Health Institute. Wellington, and the National Radiation Laboratory, Christchurch. In the former research is done in bacteriology and virology. The task of the Radiation Laboratory is detection and elimination of radiation hazards, and standardisation and calibration of radiation sources.


Wildlife biologists work in the Department of Internal Affairs One subject they are investigating is the hazard of birds at airports.


In the Justice Department science graduates are employed in examing patent applications and other duties. They are trained in patent law and practice.


Science graduates are employed in the Transport Department on study and research into traffic engineering.
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Some Public Service scientific institutions use equipment that is unique in New Zealand. An example is this Nuclear Magnetic Resonance Spectrometer of the D.S.I.R., which records and deduces high-resolution proton structures of organic molecules. The nuclear resonance of fluorine, phosphorus, boron, and carbon-13
, can also be studied, permitting investigation of a variety of organic and inorganic compounds.









Wider Horizons


These days science graduates have wider horizons than before, particularly in the Public Service. Those with broad interests especially those who work well with other people, can usefully employ their qualifications in occupations so far not regarded as suitable for scientists.


For instance Treasury needs investigating officers who have majored in economics or mathematics.


The science graduate prepared to take a broad view of his future can look for a career in External Affairs.


Management Services — an important branch of the State Services Commission in promoting the efficiency of the Public Service — employs people who can handle quantitative ideas or analyse facts.


And then there is the E.D.P. revolution. The Public Service is a leader in the use of computers. If has four now and two of the most modern on order There are some 40 Electronic Data Processing programmers in the Public Service but more are needed Graduates majoring in mathematics would do well to consider E.D.P. work in the Public Service. There is no better place for training and experience in this expanding field. Propects, conditions and salaries are excellent.


Finally, those who believe there ought to be more understanding in top administrative positions of science and what it can achieve, can do something about it by making their careers in general administration. The Public Service needs good graduates in all disciplines for this work.
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In New Zealand more scientists work for the Public Service than for any other organisation. Fourteen departments employ more than 800 science graduates and each year the Public Service has to recruit over 100 scientists. The scope of its scientific activities means that the Public Service offers science graduates first-class career prospects and unequalled opportunities and challenges, including many projects not being studied by other research groups.


Careers for science graduates are divided into two main classes: research and servicing. Although scientists in the Public Service mostly work on applied research, opportunities for pure research are unequalled in New Zealand and, in some fields, up to overseas standards. Some of the most challenging problems arise in practical research, which is also worthwhile because it results directly benefit the community.


Scientists doing servicing work use their qualifications in such vital roles as weather forecasting and patent examing. The servicing scientist's abilities and training are vital to the modern community, because they supply services that laymen cannot give.


In addition, some graduates choose to go into Public Service administration, where their trained minds prove invaluable in the intricate and demanding task of managing some of New Zealand's largest enterprises.


In the Public Service the importance of the scientist is fully realised. He is not just a "back-room" boy hot an essential member of the organisation. This is reflected in the D.S.I.R., for instance, where all important executives are scientists, and in the State Services Commission (which is responsible for efficiency and economy in the Public Service), where one of the Commissioners is a scientist.
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An Important Choice



A science graduate choosing an employer faces one of his most important research assignments. There is more at stake for a prospective scientist than for most people because his first choice may well determine the direction and success of his life's work. Science is a calling not just a job. Education for it represents a considerable investment in time, money and energy, which must pay dividends in achievement and satisfaction. To make such an important choice the prospective scientist must have all the facts about employment opportunities and he must use them to make a sound and informed decision. To help readers, give working for New Zealand's largest scientific institutions the consideration it deserves, the State Services Commission outlines on this page facts about science in the Public Service.
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This article summarises the principal scientific activities of the Public Service.



D.S.I.R.: The largest scientific organisation in New Zealand, the Department of Scientific and Industrial Research employs 500 scientists. Its research activities are conducted in 23 divisions.



The Animal Ecology Division at Lower Hutt assesses the economic value of native and introduced mammals and birds, and investigates their control or preservations.



The Antarctic Division coordinates research at Scott Base and Hallett Station, which includes studying aurora and air-glow, geomagnetism, the ionosphere, meteorology and seismology.



The Applied Mathematics Division (Wellington) provides a research and advisory service in branches of applied mathematics of value to New Zealand's economy.



The Industrial Development Division (Auckland) has four functions: (1) to provide a research service for industry; (2) to promote research and advances in technology and their application to industry; (3) to ensure industry's scientific and engineering problems are efficiently investigated; and (4) to act as a source of technical advice and information for industry, the armed services, local bodies, and government departments.



The Botany Division (Christchurch) covers all general aspects of plant life except the strictly economic.



The Chemistry Division (Lower Hutt), until 1964 the Dominion Laboratory, also has laboratories at Auckland, Christchurch and Dunedin. Activities include long-term research; acting as a central laboratory for chemical, metallurgical and chemical engineering needs of government departments; and helping to raise the efficiency of industry. The technical work of the division is divided into four sections: (1) Pesticides, foods and drugs: (2) Metallurgy, chemical engineering, coal: (3) Inorganic chemistry, and cement and concrete: (4) Paint and petroleum, physical chemistry, and organic chemistry.



The Crop Research Division at Lincoln (Christchurch) investigates improvement of field and vegetable crops. There is a hop research station at Motueka.



The Entomology Division (Nelson) investigates, characterises and classifies insects.



The Fats Research Division (Wellington) conducts research on the fundamental nature of fats.



The Geological Survey (Lower Hutt) has accumulated a vast store of knowledge about New Zealand's geology and mineral resources.



The Geophysics Division (Wellington) includes the Apia observatory, where earthquakes and variations in magnetic elements are recorded and interpreted, and physical oceanogranhic data is recorded: the ionospheric geophysical laboratory at Christ-church: the geophysics laboratory. Lower Hutt: the geothermal laboratory. Taupo: Time Service. Wellington: magnetic survey, Christchurch: and the seismological observatory, Wellington.



The Grasslands Division (Palmerston North) is primarily concerned with breeding of pasture species: nucleus seed production and certification: ecology: and soil fertility.



The Institute of Nuclear Sciences (
Lower Hutt) measures radioactive fallout and carries out carbon-14 dating. A radiation source is used to irradiate seeds and plants for crop improvement; to sterilise soil and plastics; and to try to improve the cool-storage keeping properties of apples.



The Oceanographic Institute (Wellington) investigates physical, geological and biological aspects of the oceans around New Zealand.



The Physics and Engineering Laboratory (Lower Hutt) covers many activities, ranging from maintaining primary electrical and radio standards to fundamental investigations into the physics of plant growth.


At the 
Plant Chemistry Division (Palmerston North) studies are made of the chemistry, nutrition and metabolism of plants. The influence of climate on crop yields is studied at the 
Plant Physiology Division, also at Palmerston North.



The Plant Diseases Division and the 
Fruit Research Division at Auckland assist farmers, fruitgrowers, nurserymen and gardeners to produce healthy crops and plant products.


At the 
Soil Bureau (Lower Hutt) New Zealand and some Pacific Island soils are studied.


Eleven research organisations, jointly financed by the Government and the industry concerned, with their own laboratories and staffs, are affiliated with similar institutions in other countries. They deal with meat, fertiliser, leather, pottery, laundry, dairy, wool (two), wheat, tobacco and hops.
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Department Of Agriculture


The Department of Agriculture employs over 150 science graduates on research into problems of soil, animal production, or livestock health, and on servicing or advisory work.


In the 
Animal Health Division graduates in veterinary science work on research into disease control and problems, and prevention of the entry of exotic diseases. Other are advisory officers.


Graduates in science, veterinary science, or agriculture, are employed in the 
Research Division, where most of the department's research work is carried out. Many projects are providing vital information for farmers on the influence of breeding, feeding and management on milk production, growth and reproduction. Animal health and diseases are also studied.




[bookmark: t1-body-d26-d6]

In the 
Dairy Division graduates in science are employed as chemists


Graduates in science and agriculture work in the 
Farm Advisory 
Division, which advises farmers on the management of soils, crops and pastures, and on sheep and wool production, and carries out experimental work on its own farms and research stations.


Research in vegetables, berry fruits, the culture and diseases of vines, and on wine, is carried out in the 
Horticultural 
Division by graduates in horticulture and science. Graduates also serve as advisory officers.


In the 
Meat 
Division graduates in veterinary science help to carry out the department's responsibilities for meat inspection and hygiene.
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These articles only outline the facts about science in Public Service. If yon are interested in a career in one of the departments mentioned you should get in touch with the offices of the State Services Commission in Auckland, Hamilton, Wellington and Christchurch, the Commission's representatives in other towns, or the staff clerks of the departments concerned. Further information can then be supplied, questions answered, and interviews and visits arranged. So far you may not have seriously thought about working in the Public Service. Don't risk missing the chance to give full consideration to the scope and advantages of working for New Zealand's most important scientific institutions.
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Forest Service


Scientific research is a major reason for the forest industry's success as a revenue earner.


The New Zealand Forest Service employs 50 scientists at the Forest Research Institute, Rotorua, and 7 at the Forest and Ranger Experiment Station, North Canterbury.


Research projects being carried out by the Forest Research Institute involve such questions as the strength and properties of New Zealand timbers, silvicultural practices, seasoning and treating wood with preservatives. Others are concerned with growth, forest soils, nursery techniques, tree genetics, the rehabilitation of cut-over forests, tree nutrition and health, and controlling disease-causing organisms


The Forest and Ranger Experiment Station surveys watershed conditions, studies afforestation on mountain lands and alpine grasslands, and carries out noxious animal research.
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Meteorology


The Meteorological Service of the Department of Civil Aviation offers opportunity to participate in research and development in the atmospheric sciences. Graduates are also employed in forecasting.


Subjects of research include satellite meteorology, radar meteorology, micrometeorology, and ozone studies. In satellite meteorology, for instance, photographic and infrared radiation observations from Tiros satellites are used to investigate the structure of weather systems and study the heat balance of the earth-atmosphere system.
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Navy


The Naval Research Laboratory at Auckland specialises in research of value to defence. It employs several scientific officers.
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Marine Department


Scientists in the Marine Department work on fisheries research and management. Expansion in both tasks is creating particularly good opportunities for scientists ranging from biometricians to zoologists.


Marine fisheries research is mostly devoted to long-term projects with commercial applications, such as investigating the snapper population in Hauraki Gulf, or assessing the trawling potential of the Bay of Plenty.


Freshwater fisheries research contributes to the success of trout fishing, one of the finest recreations. It includes basic research on brown trout in five of the Rotorua lakes, and on the species and distribution of whitebait: and the study of the effects of DDT on fish and other stream life.


In the Health Department scientific officers work at the National Health Institute. Wellington, and the National Radiation Laboratory, Christchurch. In the former research is done in bacteriology and virology. The task of the Radiation Laboratory is detection and elimination of radiation hazards, and standardisation and calibration of radiation sources.


Wildlife biologists work in the Department of Internal Affairs One subject they are investigating is the hazard of birds at airports.


In the Justice Department science graduates are employed in examing patent applications and other duties. They are trained in patent law and practice.


Science graduates are employed in the Transport Department on study and research into traffic engineering.




[image: Some Public Service scientific institutions use equipment that is unique in New Zealand. An example is this Nuclear Magnetic Resonance Spectrometer of the D.S.I.R., which records and deduces high-resolution proton structures of organic molecules. The nuclear resonance of fluorine, phosphorus, boron, and carbon-13, can also be studied, permitting investigation of a variety of organic and inorganic compounds.]
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Wider Horizons


These days science graduates have wider horizons than before, particularly in the Public Service. Those with broad interests especially those who work well with other people, can usefully employ their qualifications in occupations so far not regarded as suitable for scientists.


For instance Treasury needs investigating officers who have majored in economics or mathematics.


The science graduate prepared to take a broad view of his future can look for a career in External Affairs.


Management Services — an important branch of the State Services Commission in promoting the efficiency of the Public Service — employs people who can handle quantitative ideas or analyse facts.


And then there is the E.D.P. revolution. The Public Service is a leader in the use of computers. If has four now and two of the most modern on order There are some 40 Electronic Data Processing programmers in the Public Service but more are needed Graduates majoring in mathematics would do well to consider E.D.P. work in the Public Service. There is no better place for training and experience in this expanding field. Propects, conditions and salaries are excellent.


Finally, those who believe there ought to be more understanding in top administrative positions of science and what it can achieve, can do something about it by making their careers in general administration. The Public Service needs good graduates in all disciplines for this work.
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—by Dr. R. M. Williams, a State Services Commissioner, formerly Director of the Applied Mathematics Laboratory, D.S.I.R.


I'm sometimes appalled to find how little scientists outside know of the scientific work of the Public Service; no doubt it's our fault. Even more disturbing than ignorance is the amount of sheer mis-information.


For instance, for many years we've operated a scheme in which a scientist is promoted strictly on merit, as judged by his fellow scientists. It's deliberately designed so that a scientist can get promotion on his own performance, without controlling a large staff. Yet, we're still told that, in the Public Service, promotion is by seniority and empire-building.


Another common myth about science in government is that it's devoted to short-term, adhoc projects, and there is no time for pure research.


It's true that government departments have to provide some routine services, and deal with some scientifically uninteresting work. We've yet to see any job that doesn't have its drudgery: ask any university professor about marking examinations! But science in government is long past the stage where it expects to do its job without a strong background of basic work.


Few tough practical problems are solved by applying existing knowledge: they



Continued on next page.
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 mostly demand basic research to fill in gaps in knowledge. Often these gaps are big ones, and we have to plan years ahead to be strong in the fields of research which are likely to be relevant. It is not just improvisation.


The national interest broadly determines the area in which basic research is done, but it does not limit that research. The range of disciplines recognised as necessary is very wide and the lines of fundamental research that are stimulated are sometimes unexpected. For instance: a mathematician working on spontaneous combustion of wool, found that he had to do fundamental work on the properties of certain types of partial differential equations. The work has since been published in leading mathematical journals.


Again, we're often told usually by people who have (not been overseas) that our scale of activities in New Zealand is too small to give a good man scope. Certainly, there are some fields of research in which we (and many larger countries), can't compete. But there are many (geothermal studies or plant chemistry to name only two) in which we can and do afford efforts that put us on the world map.


A research laboratory does not necessarily have to be large to be good. There is plenty of opportunity to make a scientific reputation, if you have the ability and your interest develops in one of the very wide range of disciplines that we need.


The best way of finding out about the scientific work in the Public Service is to come and talk about it; better still to try to work in a laboratory in the long vacation.
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Science And Our Language



By D. B. Carrad, Senior Lecturer in German, Victoria University of Wellington.




The Psychology Of Language Use And The Monolingual Student


This little essay derives from thinking done in connection with the teaching of Scientific German and German Reading Knowledge. It is aimed rather particularly at informing the student who has never had contact with any language but English, but as such people seem to have become somewhat rarer than they were a few years ago, it has been given a rather broader base to bring it nearer to something like the "average student," and to interest also the language specialist.


Language suffuses, influences, in some ways dominates the mind to an extent which is perhaps still not widely enough realised. At the one end of the scale it accompanies, stimulates, shapes and records thoughts, and by recording them makes it possible to store up accumulations of thought which would be quite impossible otherwise. At the other end it cramps and confines, dictates limits and distorts responses. I, as a linguist, am sometimes attacked by a vague sense of unease, almost of guilt, when I become aware of inefficiencies in language which it must be almost impossible for a non-linguist to suspect, although it is he who has to overcome the resultant difficulties.


Has anybody reflected recently what an awful nuisance the wards 'up' and 'down' (or their equivalents in other languages so far as equivalents truly exist) are going to be to astronauts in the near future? These men will have to break through the language-barrier and re-think spatial relationships entirely. And the story must be much the same with 'hot' and 'cold.' Ordinary English usage calls 100 deg. Centigrade 'hot.' About all it can be then do about 1,000,000 deg. Centigrade is to call it 'hotter.' This is a very poor performance, and to get beyond it, English has to fall back on such semi-extraneous aids os profanity, tone of voice, or a scientific measuring rod.


Anybody who studies a foreign language gets a few clues about this, of course. He can see that his mother-tongue is not one of the fundaments of nature, but is only one of many existent (let alone possible) ways of formulating descriptions of events, or of communicating commands. This breaks the hypnotic ban to an extent, and enables the student to discover (or rather re-discover, for he lived apart from language once before, after all) that there are realities beyond the verbal formulation which are—in modern life— an overwhelmingly predominat part of the manifestation of his thought.


I said earlier that language accompanies, stimulates, shapes and records thought. It is a fact that almost all human activity, even when it is not actively directed by speech communication between two or more persons, is accompanied by a muttered commentary, inaudible and perhaps largely unconscious. When working alone, one talks oneself through one's action, like an unselfconscious child in solitary play. This is the measure of the dominance of speech over human life. This dominance is only mitigated by the survival of other forms of mental imagery, based directly upon the five senses: sight, smell, hearing, touch and taste.


I have a paradoxical theory that a good linguist must have at least one nonverbal streak in him. I, for instance, have a very intense visual imagination and a strong spatial sense, and I am clearly aware that I use these as tools with which to break into languages from the outside, as it were—and out of them again. I can 
see or sense the things the languages are trying to describe, and this helps me to understand ideas in a language, and if necessary to re-express them in another language. I often ask myself how I would get on if I were more exclusively verbal in mental type.


Let us now consider the case of a highly verbal mind, with poorly developed (or perhaps I should say: much atrophied) sense-imagery. This mind is imprisoned within its native language and, according to my somewhat paradoxical theory, will tend not to learn foreign languages. Fundamentally, this mind is likely to be of abstract type: the over-reliance on verbal formulation represents a move away from the concrete, which can be apprehended by the senses. In a manner, then, it is a mind of an 
advanced type, but it is clearly not a well-equipped or 
rich mind. (In point of practical fact, minds which are good at abstraction are usually rich also in sensual imagery, but all types are possible).


There was the outstanding case, many years ago, of a student who had to translate the German word "Kabel." Apparently the general shape of the word suggested nothing to him, and although he knew that this Kabel joined a number of electrical apparatus together, he couldn't 
see what it was. I think that, in this man's mind, the notion of the equipment which connects electrical gear over longish distances was recorded in the actual 
words 'flex' or 'cable,' rather than in any sensory image, and as his verbal categorizations were petrified and inflexible (never having been questioned) he refused the vertiginous associative leap from Kabel to cable. His scientific training may also have conditioned him too rigidly against "jumping to conclusions."


Such a mind will grow up closely intertwined with the mother-tongue. Its operations will be particularly dependent upon the forms and patterns of that tongue. If then, at a comparatively late stage (e.g. at university) this mind has after to take cognizance of a second language, then it may suffer considerable shock, and a sense of dislocation. Being called upon to think in terms of other patterns than those to which it is accustomed, it is apt to feel that it is being asked to manufacture thoughts when the very substance of which thoughts are made has been denied it.


At the back of most monolinguists' thoughts about 'foreign' languages is a good-natured assumption that 'they' talk and write just like 'we' do, only substituting for every English word the appropriate corresponding foreign word. The fact that they actually not only use different words, but use them in all sorts of weirdly, fearsomely and frustratingly different ways, seems a betrayal of our common humanity, a piece of needless insanity, a monstrous impertinence, a viciously hostile act intended only to inflict mental torture upon Anglo-Saxon students.


It is not really so. Their languages have merely developed along different lines. And, in so far as it is couched in language terms, their thinking also. The gulf between is not quite as unbridgable as it at first appears. Multilingual children switch quite happily horn language to language according to the playmates they are with, without much confusion and with no particular signs of mental breakdown.



Translation from one language to another is a somewhat more specialised business. Not all people who can speak several languages can translate between them efficiently. Translation seems to presuppose a certain amount of thinking which is outside the realm of language altogether. A given piece of text in German, for instance, must be grasped and understood in the realm of 'pure' (as opposed to expressed) thought, and then re-expressed in English.


Now people differ considerably in the amount of what I have called 'pure' thought, that they are naturally capable of doing, because of the different degrees of sensual, as opposed to verbal, imagery, they are capable of; and so we come up against the paradox that the type of mind which is particularly fully 'language-dominated' is poor at translating between languages.


Anybody who wishes to translate between two languages must, then, to some extent escape—or rather re-escape—from the domination of his mother-tongue. This, as we have said, is apt to be a painful and disturbing process, but it is probably a very healthy thing for the mind to do, apart from its necessity for the very limited purpose of translation.


I think this brings us back to the idea implicit in the first paragraphs of this essay: the dangers inherent in too complete a domination of thought by language (particularly by 
one language only), and perhaps also in the limitations o language per se. A student who is limited to one language is very apt to be limited in much more than just this respect. Having no other language upon which to exercise his purchase, he cannot easily lever himself out of the mould of his native language, and think beyond or between its categories. This inability is never absolute, of course. The creative scientist should be able to draw upon the inspiration of his science, and exercise free imagination within its sensory as well as abstract fields. But — there is a big 'but' — his science also has been taught him through the medium of his native language. He is, therefore, more closely caught than he perhaps realises — indeed, precisely the insidious thing about this situation is that he 
cannot realise how closely confined he is. If we then add to this the fact that the native language is often inadequately taught in modern schools, alas perhaps rather particularly in New Zealand schools, then we may feel that there is cause for real fear in this matter.


There is no question but that one of the major tasks of latter 20th century man is to get a fresh hold on language. The old techniques of language use are failing us, and we need new ones. I am not alone, amongst older academics, in feeling that the thinking going on about me has lost quality in the last two decades or so, as a result of the widening gap between the old grammatical disciplines of my boyhood (which the scientists of those days also shared, nota bene) and the new, fantastically burgeoning, scientific adventures of now. I deliberately contrast the words disciplines' and 'adventures,' though of course this distinction could not be maintained very far.


This loss of quality is probably only a temporary phenomenon, but it is a dangerous one, particularly at the present juncture in political and military history. I am quite clear in my mind that the difficulty must be resolved by pulling our grammatical tail after us, rather than by pulling back our scientific and technological head; but the head may have to mark time a bit (pardon the mixed metaphor) while we reorganise ourselves. In more accurate terms: society as a whole will have to put more effort into bringing up to date our techniques of thought-organisation (in terms of language) and thought-communication.


What general guidance can the language specialist draw from these thoughts? Mainly the importance of building up a relationship with language which is at once self-consciously critical and creatively intimate. Language and thought are at once twain and identical. Ideally you should be capable of removing your thought from the sphere of language will, so that you can operate independently of language formulations. When, in this way, yon have arrived at a result which is pure thought, free of all verbal constraint, 
then make language do your bidding and convey that thought, in complete integrity to others. If necessary, create language afresh in order to do this. Do not allow the language to dominate your mind, but turn your mind around upon the language; operate it, manipulate it, change it, make it over anew if necessary. Then, as you pour creative energy into the language, 
from outside itself, you will find that it pours creation back. For, after all, language is not only a medium of communication but is also the major laboratory for the processing of abstractions, and in this respect is as formidable an entity as the thought we have been at pains to emancipate from it.


The basic principle is maximum flexibility combined with maximum power; and this principle obtains in all creative relationships—including no doubt that between man and woman.


This principle carries over also into the learning of a foreign language for active use. Unfortunately this needs to be dealt with in a much longer article.
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Besides its very important elements of challenge and variety, and opportunities for working on projects unique in New Zealand, a scientific career in the Public Service offers many material advantages. These can be summed up as good salaries, good prospects and good conditions.



Salaries


Commencing salaries are as follows:






	Degree

	Salary £





	B. Ag. . . .

	985





	B. Ag. Sc. . . .

	1040





	M. Ag. Sc. . . .

	1080





	M. Ag. Sc. with 2nd clas honours

	1130





	M. Ag. Sc. with 1st honours

	1180





	B. Sc. . . .

	985





	B. Sc. with 3rd honours . . .

	1040





	TV Sc. with 2nd honours

	1080





	B. Sc. with 1st honours . . .

	1130





	M. Sc.

	1040





	M. Sc. with 2nd honours . . .

	1080





	M. Sc. with 1st honours . . .

	1130





	B. Vet. Sc. . . .

	1280





Higher rates are paid for a Master's degree requiring two years' postgraduate study, following a Bachelor's degree with honours, or gained with distinction. Commencing salaries for holders of doctorates are substantially higher again.







Promotion


Promotion is on merit and ability and is decided by other scientists, not by laymen. Able scientists in their thirties earn well over £2000 a year. Some in their mid-forties earn £3000 or more.


Public servants work a five-day, 38-hour week, and receive two weeks' annual leave, until they reach the salary of £1230, or have five years' service. Then they are allowed three weeks' leave. In addition, all statutory holidays, a special day's recreation leave, and two special holidays following Christmas and New Year are granted. An officer retiring with 40 years' service receives six months' leave on full pay. A scientist may be allowed to anticipate part of this leave halfway through his career for overseas travel. Provision is also made for scientists to travel overseas on pay to study recent developments.


Generous sick leave on full pay is granted.


The Public Service's superannuation scheme is one of the most liberal. It is compulsory for those joining the Service between the ages of 17 and 25. An employee joining the scheme before the age of 30 pays five per cent of his income. This contribution is free of income tax. On retiring after 40 years of contributing to the superannuation scheme he receives an income for life equivalent to about two-thirds of his salary for the last five years—P.B.A.
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At the End …


Nowadays it is becoming customary for a young man to feel that if he does not go to University he will not get a good job, and for an employer to feel with equal justice that if he does not go to a University Appointments' Board he will not get a good man. In these circumstances both are likely to agree that the actual content of the degree course matters very little: but there may be considerable uneasiness before they realise they agree on this point.


The uneasiness is, of course, considerably greater, and lasts longer, when, the graduate has demonstrated his interest in his own academic subject by going on to do a higher degree in it.



—The Times Educational Supplement, May 21, 1965.
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