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lji(ls) = p1 exp (-a.r2) + p2r 2 exp (-a.r•) + ... (1) 

where every term is included within one single 
Hermite set, and 

lji(ls) = p1 exp (-1Xr2) + p2 exp (-2a.r•) + ... (2) 

where every term is chosen from a different set. 
As the number of terms is increased, (1) is fowid 

to converge extremely slowly towards the true 
solution; on the other hand, (2) converges rapidly, 
and even two terms can give quite a fair approx
imation. The reason for this difference is bound up 
with the asymptotic behaviour of the exact function 
in momentum space: for large p, this behaves like 
I/p4, while all terms of (1) behave like exp(-Sp2

). 

By taking terms from different Hermite sets, how
ever, it is possible to correct this asymptotic failure 
relatively easily. Indeed, quite a small number of 
terms can give an excellent approximation to the 
exact solution over the significant range of p values 
(cf. ref. 6). 

(ii) It is not generally practicable to make the best 
possible selection of functions of given type, for too 
many features are variable. If the number of terms 
is restricted to two or three, however, one can make 
this best choice by a rigorous variation treatment. 
The following results were obtained in this way, 
using two-term functions in dealing with the (ls) and 
(2p) states of a hydrogen-like atom. The functions 
employed were : 

Momentum ( x(ls)=exp(-Sp2
) +!1- exp(-sSp•) 

space ~ x(2p)=c·p[exp(-S p 2)+ 
l · ,,' exp(-s'S'p2)] 

Co-ordinate (41(ls)=exp(-1Xr2)+p exp(-t1Xr') 
space ~ lji(2p)=c·r[exp(-1X r•)+ 

L p' exp(-t'cx'r•)] 
where 

ex = If4S, p = µ/s 312, t = Ifs 
ex' = 1/48' , p = µ'Js'• I•, t' = Ifs' . 

In each case c is a constant unit vector and the 
functions are not normalized. Best values of the 
c<,mstants are found to be (using atomic units) 

s = 6·6, µ = 12·3, S = 0·188,02/V 
s' = 4·6, µ' = 17 ·8, S' = l ·653,5/Z•, 

where Z is the nuclear charge. S and µ are thus 
characteristic of the type of function to which we 
approximate and are conveniently regarded as fixed 
constants. The one remaining parameter S provides 
a function of flexibility roughly equivalent to that of 
the conventional screening-constant wave · function. 
The energy values calculated from these functions 
1ne compared below with those obtained using one
term functions. 

1 t erm 2 term Error 
(per cent) 

E (ls) (atomic nnits) -0 ·424,42 Z' -0·485,82 Z' 2·84 

E (2p) (atomic units) -0·113,18 Z' -0·123,24 Z' 1 ·34 

The single-term approximation is obviously very 
bad in each case ; but the removal of 82 per cent 
and 85 per cent of the respective residua.I errors by 
inclusion of a second term is quite remarkable. This 
is encouraging, but unless subsequent terms are 
selected with comparable care the rapid convergence 

is not continued ; it is this necessity for careful 
selection which seems to constitute one of the most 
serious obstacles to progress. 

(iii) Using a limited number of terms, we have 
made preliminary investigations of He and H 2 +. As 
expected, only one parameter is sensitive to effective 
nuclear charge. Rough basic functions of Gaussian 
type may thus be written down for any problem in 
terms of the effective nuclear charges of screening 
constant theory, using the results of (ii) (which may, 
of course, be extended to include higher states). 

Whether further progress will prove possible 
remains to be seen ; our experience suggests that in 
any particular molecular problem the number of 
detors necessary is likely to become enormously large. 
1 Boys, Proc. Roy. Soc., A, 200, 542 (1950). 
• McWeeny, Dissertation, Oxford (1948). 
• Boys, Proc. Roy. Soc., A, 201, 125 (1950) . 
• Duncanson, Proc. Oamb. Phil. Soc., 37, 397 (1941). 
• McWeeny and Coulson, Proc. Phys. Soc., A, 52, 509 (1949). 
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TURF AND GREENKEEPING 
ST. IVES RESEARCH STATION 

T HE St. Ives Research Station, at Bingley, 
Yorkshire, of the Board of Greenkeeping 

Research may be said to have started its active 
investigational and advisory work on June 1, 1929, 
and the twenty-first anniversary of the Station is to be 
marked by a three-day conference in mid-September, 
under the chairmanship of Lord Brabazon of Tara. 
On that occasion the experimental ground will be 
open, by invitation, to representatives of sports 
clubs, when there will be demonstrations of turf 
experiments in progress, an exhibit showing the 
history and development· of the Station and a 
display of present-day equipment used in turf 
production. 

The credit of suggesting that turf, as distinct from 
grassland, should form the subject of scientific 
investigation rightly belongs to the Green Committee 
of the Royal and Ancient Golf Club of St. Andrews, 
which, in May 1924, convened a meeting of repre
sentatives of golf clubs in Great Britain and Ireland 
for the purpose of exploring the matter and devising 
a programme. It was unanimously decided to pro
ceed further by setting up a scientific committee 
wider the chairmanship of the late Sir Robert Greig, 
then secretary to the Department of Agriculture for 
Scotland. This committee prepared · a scheme of 
research ; but the result of an appeal for financial 
support was insufficient to warrant a start at that 
time, and the matter was left in abeyance. In the 
autumn of 1926, however, the Green Committee of 
the Royal and Ancient Golf Club approached the 
British Golf Unions' Joint Advisory Council (a body 
elected annually by the four national golf unions) 
and asked if it would take up the question of turf 
research. The · Council agreed, and after careful 
inquiry, assisted by Sir Robert Greig, a compre
hensive scheme was prepared. This involved a 
guaranteed income for five years, each national golf 
wiion being responsible for raising a quota based on 
the number of courses used by affiliated clubs. The 
response to this new scheme was wholehearted, and 
in February 1929 the Board of Greenkeeping Research 
was set up by resolution of the Joint Advisory 
Council. 
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Following this, it was necessary to choose a site, 
and eventually the St. Ives estate, Bingley, York
shire, was chosen, accommodation for laboratories 
and offices with some five acres of adjacent land 
being leased. The preparatory work on the new 
Station began in June 1929, and within a few years 
the lease was extended to cover additional rooms 
and a.n area of land a.mounting to twenty acres, while 
the staff grew to some twenty-five in number. These 
yea.rs also saw an awakening of interest in. the work 
of the Station by bowling, cricket, football and other 
clubs. 

The story of the Station really falls into four 
chapters: the pre-history period (already referred 
to) during 1924-29 when initial support was being 
obtained; the period of early growth, 1929-39, when 
much preliminary investigation was done ; the war 
period, 1939-45, when the activities were maintained 
on a nucleus basis ; and finally the fourth period, 
1945-50, during which a full programme of research 
was restored. This period has been conspicuous by 
the ever-growing interest and enthusiasm of clubs 
other than golf which are equally desirous of improving 
the standard of their turf and benefiting from the 
results of the scientific work of the Station. Steadily 
increasing support has been forthcoming from such 
quarters as footbaII clubs, bowling clubs, general 
sports clubs, industrial welfare clubs, public author
ities, education committees, as well as some of the 
larger sports associations. 

The management of the Station is in the hands of 
the Board (appointed annually by the Joint Advisory 
Council), which is supported by a Scientific Advisory 
Committee as well as a Practical Advisory Committee 
composed of greenkeepers and groundsmen. The 
system of quotas from the national golf unions has 
continued, but with a fifty per cent increase since 
the War. 

At all times during its twenty-one years of exist
ence, development at the Research Station has been 
restricted by the smallness of the income. N everthe
less, by careful budgeting and modest spending, 
steady progress has been made, and, although the 
income rose steadily from £2,140 in 1930, it had only 
reached a figure of a little more than £10,000 in 1949. 
The Board has at no time been in receipt of any State 
grant, but has built up its reputation and assets by 
means of contributions made to research by sports 
clubs, associations and other interested persons and 
bodies. These voluntary contributions have all been 
at a low level ; but, as they confer a right to a postal 
advisory service, there is a marked tendency for the 
subscriber to regard his contribution as being paid 
for direct services and not for research. Consequently, 
the advisory services tend to overshadow research 
activities. The income of the Station is not entirely 
derived from subscriptions, but is supplemented by 
fees earned by advisory officers carrying out personal 
visits to sports grounds. The Board is responsible 
for a volume of work and service not elsewhere avail
able, and the Station is one of the very few receiving 
no State _grant. It is independent and non-profit
making, the members of the management committee 
receiving no payment for their services. 

It may be well at this point to refer briefly to the 
experimental work. Most of this has been done at 
Bingley ; but out.side experiments dealing with specific 
problems (for example, control of leather jackets) 
have been done on actual sports grounds and golf 
courses as occasion demanded. The experimental 
ground at the Station is laid out in groupings of 

plots devoted to specific inquirie;;, primarily applied 
or practical, and some fifteen hundred turf plots a.re 
at present under observation. Many subjects have 
been investigated during the twenty-one yea.rs, but 
the first experimental plots to be put down in 1929 
are still in existence. They comprise single-species 
sowings and simple mixtures upon which are super
imposed comparative manurial treatments. This 
series has been maintained (on parallel lines to Park 
Grass, Rothamsted, but under putting-green con
ditions), without major a.Iterations in management. 
This long-range experiment has provided much 
information on the influence of manures on weed and 
earthworm invasion, upon resiliency of turf, relation 
of quality to soil reaction, and upon susceptibility to 
disease. It is clear from this and other experiments 
that the desirable grasses for dwarf swards (species of 
Festuca and Agrostis) .do not require high fertility or 
alkaline soil conditions. Mowing is a factor of major 
importance in determining species in a turf, since 
mowing-unlike grazing-is entirely non-selective. 

In fine-turf cultivation earthworm activity can be 
a serious detriment, and much time. has been devoted 
to trials with promising eradicants, with the result 
that lead arsenate, permanganate of potash and 
derris have been added to the list. The search for 
cheaper and more efficient materials continues. 

Undoubtedly the most serious problem in turf 
upkeep is the prevention or eradication of weeds, and 
throughout the history of the Station work has been 
devoted to this aspect. Early work was ma.inly 
concerned with the influence of ammonium sulphate 
and other ammonium salts with or without the 
addition of ferrous sulphate. Later, attention was 
turned to selective spraying with dilute solutions of 
arsenic acid: Since the War, however, work has been 
concentrated on growth-regulating substances. In 
fact, much of the information available to-day is 
based on the plot experiments at Bingley. This work 
has aimed at ascertaining the relative susceptibility 
of weed species, while optimum rates have been 
worked out for the sodium and a.mine salts as well 
as the esters of M.C.P.A. and D.C.P.A. 

So far as insect pests are concerned, perhaps the 
most serious and widespread is the leather jacket 
(larvre of Tipulids), it being quite common to find 
infestations in the order of 500-1,000 per square yard. 
Earlier work showed orthodichlorobenzene to be a 
useful expellent, while later investigations proved the 
value of lead arsenate. More recently, however, 
following upon the post-war work of the Station, 
both DDT and 'Gammexane' have been widely 
adopted in practice. 

Under conditions of high nitrogen fertility com
bined with a high level of cultivation, mown swards 
become susceptible to certain fungal diseases, notably 
Fusarium patch. Here again, investigations have 
provided data on control ; but the search for more 
efficient fungicides continues. 

There is a marked tendency among those responsible 
for turf management to think only in terms of mowing 
and occasional applications of fertilizer ; but pre-war 
work, more fully substantiated later, has clearly 
shown the importance of mechanical operations like 
raking, harrowing and spiking. There is an ever
present tendency where turf is growing under acid 
soil conditions for the Agrostis, in particular, to form 
a surface mat and for the grass to be short-rooted 
and of low drouiht resistance. The penetration of 
this mat by forking and spiking has been proved to 
give stronger root development, better moisture 
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penetration and better drought resistance with more 
rapid recovery after drought. The findings at the 
Station on this side of turf upkeep have been largely 
instrumental in the development of suitable machinery 
for treating both small and large areas. Indeed, 
throughout its history the Station has · consistently 
encouraged implement makers to bring prototypes 
and final models to the Station for trial and con
structive criticism. So important is the machinery 
side considered, whether it be for mowing, aeration or 
any other purpose, that the Board has set up at the 
Station a permanent implement exhibition where 
up-to-date tackle can be suitably displayed, while 
provision has been made for practical demonstrations. 

Several other lines of work remain to be briefly 
mentioned : first, a study of grass strains, leading to 
the selection of several improved types of A grostis 
and fescue, a study of seed establishment and of seed 
mixtures for various purposes, together with the 
most practical methods of sowing ; secondly, the 
establishment of new swards from sods ; and ·thirdly, 
studies on the importance of top-dressing closely 
mown swards with finely prepared composts and 
sand. Linked to this there are experiments on 
bitument treatment of new-sown and established 
swards. 

Most of the lines of investigation briefly outlined 
above, together with some others, are continuing in 
one form or another. The aim throughout is to 
provide information that can be disseminated through 
the advisory service. It may not be without interest 
to record that in the past year 942 advisory visits 
were carried out to sports clubs and golf clubs 
throughout Great Britain and Ireland (with some on 
the Continent of Europe), while 8,343 advisory 
letters were sent through the post. The advice given 
is supported by soil analyses in the laboratory which, 
together with past experience and the growing fund 
of information derived from the experimental work, 
enable the advisory officers to tender advice at a 
high level of efficiency. 

A feature of the work at the Station has been the 
development of the educational side. Courses of 
instruction in the science and practice of turf upkeep 
are now held at intervals. They cover one week, 
and groundsmen and greenkeepers receive an intensive 
course of lectures and practical work. Extension 
work involves a range from lectures to groundsmen's 
and greenkeepers' associations throughout Great 
Britain to the preparation of articles on turf matters 
and to the issue of the Board's Journal each year. 
There have been twenty-five issues of this, three 
being since the War. 

The Station at the moment is extending, although 
such growth is at present handicapped by lack of 
further accommodation ; but, if the necessary capital 
were available, this handicap could be overcome. 
Future development envisages a continual widening 
of the advisory service by adding still more clubs to 
the ever-growing list of subscribers, on which are 
numbered already many of the foremost cricket, 
football, bowling and other clubs. It is probable that 
the demand for courses of instruction in turf upkeep 
will grow, and the experiment of holding an evening 
course in the Midlands is to be tried out next 
winter. 

Not only is it likely that a greater measure of 
support will be forthcoming from individual sports 
clubs, but also the moral and eventual financial 
backing of the ruling bodies governing each particular 
sport may be confidently expected. The provision of 

development funds would enable the Station to 
emerge before its silver jubilee as a truly national 
turf research centre concentrating upon what is 
undoubtedly the most important asset of the great 
'industry of sport'. 

HEAL TH TEACHING IN THE 
UNIVERSITY 

IN a recent issue_ of the Health Education Journal 
(8, No. 2; April 1950), Prof. F. C. Thomson, of 

the School of Public Health, University of Minnesota, 
describes the courses in health which are being given 
in the University. Teaching of general courses in 
health is one of the functions and responsibilities of 
the School of Public Health, and these have been 
designed for students who desire some knowledge of 
personal health and an understanding of the problems 
of community health. The course in 'personal 
health' is offered four times during the three terms 
of the academic year. In several colleges of the 
University this general course in personal health or 
an acceptable substitute must be taken before 
graduation. In certain of the colleges a student may 
be exempted from this course if he passes an exam
ination prepared by the staff of the School of Public 
Health ; but the number exempted is small. Exam
ples of the topics dealt with during one term are : 
understanding ourselves as living organisms ; certain 
essentials for health ; nutritional needs ; safe milk, 
water and food supplies ; digestive disturbaµces ; 
prevention and care of respiratory disorders ; auditory 
and visual problems ; dental health ; common skin 
diseases ; protection against communicable diseases ; 
important health problems of the present day (heart 
disease, cancer, tuberculosis, etc.); accident pre
vention ; endocrines ; reproductive system ; venereal 
diseases ; health of the mother and child ; mental 
health ; alcoholism and narcotic addiction ; personal 
health as a part 6f community health ; facilities for 
medical care ; health agencies. 

The introductory course in community health is 
open to students who have shown that they have an 
adequate knowledge of personal problems, the general 
plan being similar to that for the personal health 
course. The subjects discussed include: origin and 
growth of the community's interest in health ; spread 
of communicable diseases from man to man ; diseases 
of animals transmitted to man ; arthropods and 
the spread of disease ; community programmes in 
the control of communicable diseases ; healthful 
housing ; safe water for rural and urban com
munities ; sewage treatment and refuse disposal ; 
maintaining barriers against food-borne diseases; 
community problems in mental hygiene ; attacking 
the problem of venereal ·disease ; community pro
grammes in the control of he&"t disease, cancer, 
diabetes and tuberculosis ; ,safeguarding maternal 
and child health ; health protection and promotion 
in the s_chools ; care of handicapped individuals ; 
nutritional deficiencies ; health maintenance in 
industry ; community safety programmes ; com
munity participation for health education ; official 
tax-supported health agencies ; voluntary health 
agencies ; analysing the morbidity and mortality 
records of a. community. 

There is evidence that the courses a.re much 
appreciated by students and put to practical use in 
their subsequent careers. 
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