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should be more efficient, and especially is this true in 
respect of disease control, for wastage is a very heavy 
source of loss. To-day there are two poultry research 
institutes, one wholly and the other partly financed 
by the Council, while there is a considerable amount 
of poultry research being supported at other centres. 
One pleasing aspect of the breeding work is the atten
tion that is being given to methods which will be 
within the compass of the small breeder, who is in 
imminent danger of being squeezed out by the large 
organizations producing hybrid chicks. 

Possibly the most notable advance from the point 
of view of the farmer relates to the control of husk in 
cattle, which is caused by the lungworm, Dictyocaulu8 
viviparuB. This work has been undertaken by the 
University of Glasgow Veterinary School and was 
started in 1952. The successful outcome of this work 
is that double vaccination, using doses of larvoo that 
have been partially inactivated by irradiation with 
X-rays, gives an effective field control of a disease 
which has been a serious source of loss to farmers. The 
cost to the cattle industry has not been confined to 
deaths and loss of thrift, but has included also the 

cost of housing and hand-feeding susceptible animals 
in order to avoid infection. Now that farmers have 
an effective control of the disease, it will be possible 
for them to put calves out to pasture and thereby 
considerably lower the cost of rearing. X-irradiation 
opens up enormous possibilities in the control of 
other endo-parasitic infections, and further work is 
proceeding on this side. 

One final point about the Council's activities
though the greater part of its funds go to research 
institutes such as Rothamsted Experimental Station 
and the National Institute for Research in Dairying, 
the universities are by no means neglected. Apart 
from a number of research units, there were ninety-four 
separate projects at sixteen universities which were 
receiving grants in March 1958. It seems that fears 
expressed a few years ago that the big institutes 
would monopolize research in agriculture, and the 
sciences basic to agriculture, are groundless, for it is 
obviously the Council's policy to encourage workers at 
the universities, who have, among their other duties, 
the task of training research workers to staff the 
institutes. 

SELF-REGULATION IN LIVING SYSTEMS 

T HE first Ottawa symposium on self-regulation in 
living systems, held in October 1958 (see Nature, 

183, 730; 1959), led to requests for a second meeting 
with particular emphasis on problems of stability in 
self-regulating systems. This meeting was held at 
the National Research Council laboratories in Ottawa 
on March ll. As on the previous occasion, a very 
wide range of professions was represented, and the 
attempt was made to increase our understanding of 
the behaviour of living systems by analogy with 
lmown physical and mathematical techniques and 
concepts. 

The opening paper, outlining the nature of the 
problem, was by a physiologist, Dr. A. S. V. Burgen 
(McGill University, Montreal}. Burgan emphasized 
that all physiological problems are multifactorial in 
character, and that in a real biological system it is 
impossible to isolate a single variable. A real need 
exists for more adequate mathematical techniques 
to deal with such problems. However, at present, 
simplifying assumptions are essential in order to 
reduce problems to manageable form. Thus we may, 
for example, consider the blood circulatory system 
as made up of two pumps-namely, the right and 
left ventricles of the heart--connected in series with 
each other and with the blood vessels of the body. 
The problem here is how the outputs of the two 
pumps are maintained equal to one another. It is 
found that over a wide range of input pressures the 
output flow is proportional to this pressure, and in 
this way automatic regulation is achieved. It appears 
that blood pressure is controlled by sensors acting 
via the base of the brain to cause dilation or con
traction of capillaries in the circulatory system. In 
these cases, and, for example, in the problem of 
maintenance of body temperature, the mechanisms 
by which the actual operating values are determined 
remain largely unknown at present. It was also 
pointed out that there are definite time-cycles within 
the body for which at present no explanations have 
been given. Following Burgen's paper there was 
considerable discussion as to whether the dependence 

on temperature of the rate of chemical processes 
might provide an adequate mechanism for the main
tenance of an internal temperature standard. 

Dr. A. C. Smith (Computing Centre, University of 
Ottawa) presented some analysis of the properties of 
idealized control systems, using the method of the 
Laplace transformation. The analysis, however, 
was limited to strictly linear systems, and it was felt 
that the non-linear problem is in fact of great 
importance to physiologists and others. The con
clusion reached in the analysis was that optimum 
control conditions obtain when the control action 
depends upon both the variable under control and 
its time derivative. This conclusion agreed with 
the general experimental observations of the physio
logists present. In the discussion the influence of 
time delay or phase of negative feedback on the 
stability of systems was of primary interest. Physio
logical systems discussed in this connexion included 
problems of neurological instability and the recent 
work, reported in the literature, on the relation 
between stammering and delays in the reception of 
aural signals. The galvanometer amplifier using a 
light beam and photocell to provide a high degree of 
negative feedback offers a simple mechanical system 
showing some of the important features. If the time 
delay in the response of the cell is appreciable, the 
galvanometer amplifier system may 'build up' to a 
state of oscillatory instability. It should be emphas
ized that the polarity of the feedback is still nominally 
negative ; if the feedback is connected up in the 
opposite sense (positive feedback} then the galvano
meter amplifier becomes entirely unstable, and 
obviously so ! 

An outline of some modes of operation of digital 
computers by Dr. Bradford Dunham (Research 
Laboratory, International Business Machines, Pough
keepsie, New York) opened the way for analogies to 
be drawn with living systems. In programming a 
computer a specific problem must be given a precise 
mathematical formulation and then translated into 
machine language. Under these conditions we may 
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say that the :machine will either perform activities 
requiring no 'judgment', or it may be adapted to 
include activities requiring 'judgment' provided that 
the programme contains some means for evaluating 
consequences. We can then go further and consider 
problems which are rather inexact, or poorly defined, 
with the condition that the answer(s) to the problem 
(which may be very difficult to find) must be easy to 
check or recognize as correct when arrived at. In 
order to do this, the machine changes its own pro
gra:mme in some successive manner and at the same 
time evaluates the effect of these changes. It cer
tainly appears that this technique of 'machine search' 
can be regarded as a learning process (perhaps even 
more ?) in that the machine itself attempts to arrive 
at the correct way to tackle a problem. 

Dr. F. L. McNaughton (Montreal Neurological 
Institute) made some re:marks on stability in relation 
to the human system, pointing out first that we are 
still far from an adequate understanding of how the 
brain works. Experiments in which people were 
isolated from their environment result in hallucina
tions in the experimental subject and some distortion 
of perception when the period of isolation is ended ; 
a clear interdependence of nervous system and 
environment is indicated. When this adjustment of 
:man to his environment breaks down he shows the 
symptoms of disease. Broadly speaking, it appears 
that only damage or disease in the general receptor 
or motor areas of the brain produce immediately 
identifiable external symptoms. Considerable parts 
of other areas of the brain :may be removed or quite 
drastic surgery carried out, with what appear to be 
only transient after-effects in many cases. In dis
mission, the close analogy between the apparent 
organization of the human brain and the problem of 
'machine search', mentioned above, was pointed out. 
It has been found that in machine 'learning' of this 

type, the initial and final stages of the programme 
(which might perhaps be likened to receptor and 
motor areas) are critical in the solution of the problem, 
but otherwise many alternative programmes appear 
to be possible. 

Dr. G. Glinski (Department of Electrical Engineer
ing, University of Ottawa) spoke on the general 
problem of stability and adaptability of multi-loop 
feedback control systems. Systems of this type are 
much closer to living systems than the simpler control 
systems discussed earlier since a number of variables 
are involved in controlling a single output. In 
addition, there may be feedback to one or more 
inputs and it is also possible to take into consideration 
some interaction between input variables. 

In the previous symposium, Dr. A. C. Burton 
(University of Western Ontario) presented some 
demonstrations on the significance of visual per
ception. The present symposium concluded with a 
short demonstration by Dr. Burton of interaction 
between visual inputs. This followed an experiment 
first performed by Mach in which an interaction 
between neighbouring receptors in the eye leading to 
a sharpening of the contrast between light and dark 
regions is shown quite dramatically by the apparent 
presence of intensified dark and light bands in the 
penumbra region of a straight edge when projected 
on to a lantern screen. 

Following the meeting, a panel discussion took 
place on the Canadian Broadcasting Corporation 
system under the chairmanship of Sir Robert Watson
Watt, in which Drs. Burgen, Dunham and MacDonald 
took part. During this spontaneous discussion the 
significance of 'learning' by machines was explored 
further. It is probable that a further symposium 
will be held--perhaps this time in Montreal. 

D. K. C. MAcDoNALD 
DOUGLAS L. MARTIN 

THERMONUCLEAR PROCESSES 

A CONVENTION on "Thermonuclear Processes" 
was held in the Great Hall of the Institution of 

Civil Engineers on April 29-30. The convention was 
organized by the Institution of Electrical Engineers 
in conjunction with the British Nuclear Energy 
Conference. A total of twenty-two papers were read, 
half of which were concerned exclusively with the 
engineering problems arising out of research into 
controlled thermonuclear reactions. The remaining 
papers were largely re-statements of results given at 
the Geneva Conference on the Peaceful Uses of Atomic 
Energy last year, albeit presented in a form more 
suitable for a predominantly engineering audience. 
However, some new results were given, particularly 
in the papers submitted by the United States and the 
U.S.S.R. 

The mechanism of energy loss remains the out
standing question in connexion with the toroidal 
stabilized pinch or Zeta-type discharge. At the 
Geneva Conference, Dr. S. A. Colgate of the University 
of California claimed that the entire energy loss 
during the first 7-8 fLSec. of the discharge life-tinle 
in his small torus was due to runaway electrons with 
an energy of about 2 keV. striking the walls. Later, 
Drs. Hughes and Kaufmann of Associated Electrical 
Industries, Ltd., Aldermaston, published results 
obtained with the Sceptre apparatus showing that 

impurity ions were drifting around the torus with the 
unexpectedly high velocity of 10• cm.fsec. The 
angular momentum of the deuterium plasma deduced 
from these measurements was in agreement with the 
notion of runaway electrons as the chief source of loss. 
This happy unanimity was destroyed by the release 
of two further results during questions at the Conven
tion. First, a search had been made on Zeta for the 
Doppler shift in inlpurity spectra indicating drift 
motion and none had been found. Secondly, the 
group at Los Alamos under Dr. J. A. Phillips working 
with Perhapsatt·on S4 had some evidence to show 
that the whole of the energy loss from their torus was 
due to radiation in the vacuum ultra-violet region. 
Clearly more work will have to be done before the 
problem is finally resolved. 

Mr. G. B. F. Niblett of the Atomic Weapons 
Research Establishment, Aldermaston, described 
some new experinlents on the rapid compression of 
plasma. In this work a fast-rising axial magnetic 
field is created inside a linear discharge tube by means 
of a long single-turn copper coil coupled to a condenser 
bank. The resulting ring discharge ionizes the gas 
and is rapidly collapsed by the rising magnetic 
pressure. The heating principle is the same as that 
of the fast linear pinch first reported by Kurchatov at 
Harwell in 1956, but the changed geometry avoids 
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