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The Symposium received support from U.S. Army 
Ballistic Research Laboratories, National Aeronautics 
and Space Administration, National Science Foundation, 
National Academy of Sciences-National Research Council 
Committee on Fire Research, the British Section of the 

Combustion Institute, and from many industrial firms in 
Britain, the United States and Canada. 

The next symposium will be held in 1966 at Berkeley, 
California. 

E. M. BULEWICZ 

THERMAL CONDUCTIVITY 

T HE expanding field of new materials and their use in 
all branches of technology, particularly those involv

ing transfer of heat, has increased the scope of work on 
thermal conductivity during the past two decades and 
created a revival of interest in the subject. The problems 
are international, and this was apparent during July 
15-17 when 150 invited delegates, representing 11 
countries, met at the National Physical Laboratory to 
discuss their work in this subject. For many years the 
Laboratory has been involved in work on the thermal 
properties of materials and it was, therefore, a most 
appropriate venue for such a gathering. 

The comprehensive programme of 50 papers contained 
a majority which were devoted to methods of measure
ment, supplemented by others which included results for 
some particularly important materials in solid, liquid or 
gaseous state. In some of the cases where metals or semi
conductors were reported on, the results were accompanied 
by an analysis which was of value in relating the behaviour 
of real materials to the theory of solids. 

Much attention was directed to the difficulties encoun
t,ered in the measurement of thermal conductivity over 
the very wide range of temperature now considered of 
practical importance. It was also realized that poor 
experimental work cannot be explained with elaborate 
hypotheses; measurements to high accuracy are required 
before any attempt is made to assess materials or investi
gate theories. Significant advances have been made in 
methods for all conductivity ranges both for fundamen
tal purposes and for the less accurate but rapid practical 
requirements. 

Some particularly important developments have been 
made to the original unmatched guard apparatus first 
proposed by M. J. Laubitz (National Research Council, 
Ottawa). He has dispensed with the guard tube and now 
lmdertakes the measurement of temperature profile along 
the axis of his two-sectioned centrally heated rod by means 
of a tightly fitting thermocouple sliding inside an axial 
hole. These accurate measurements coupled with a reason
ably simple mathematical analysis of the system seem 
capable of yielding results very quickly, since equilibrium 
conditions are attained rapidly, at temperatures up to 
1,000° C. For basic studies of materials at these tempera
tures this is an important step forward and the possibilities 
of extending its temperature range by using optical 
pyrometry were seen immediately. 

H. E. Robinson (U.S. National Bureau of Standards) 
discussed forms of line heat sources that could be used as 
heaters in apparatus for measurements at lower tempera
tures on insulating materials in disk and slab form. These 
new configurations lend themselves more readily to 
mathematical analysis, they are more simple to use and 
would appear to be able to yield more accurate results. 

R. Berman (Clarendon Laboratory, Oxford), during a 
session devoted to low temperatures, described a significant 
new measurement technique whereby thermal conduc
tivities can now be undertaken between 1° and 300° K 
using a single method involving thermocouples for tem
perature measurements. These couples are a combination 
of gold alloyed with 0·02-0·03 per cent iron together with 
chrome! or a semi-conductor as the opposite element. The 
thermocouple sensitivity over the whole range is never 
less than 10 µVf°C and temperature differences of 0·001 ° C 
can be measured to a few per cent. By this means it has 

been possible to study solid helium in the body-centred 
cubic phase which exists only over a temperature range of 
a few hundredths of a degree. The method is also being 
applied to measurements on lithium fluoride using different 
concentrations of the •Li and 7Li isotopes, in order to 
obtain a better understanding of the effects of phonon 
scattering. 

In the two sessions devoted to fluids it soon became 
apparent that there was a division of interests between 
precise and practical requirements. B. Vodar (Centre 
National de la Recherche Scientifique, Bellevue) and his 
collaborators satisfied those delegates interested in the 
former by describing several new methods together with 
their results estimated to be accurate to 1 per cent for a 
series of gases and liquids over a 600° C temperature 
range and pressures up to 1,000 bars. There is, however, a 
very great interest in quick and reliable methods capable 
of yielding the more practical accuracies of 5-10 per cent. 
The thermal comparator method developed by R. W. 
Powell (National Physical Laboratory) and others, a.nd the 
hot-wire method as suggested by D. T. Jamieson (National 
Engineering Laboratory), are two which should fulfil these 
needs. The whole subject of thermal conductivity of 
liquids is overshadowed by the very large discrepancies in 
the results that are available for a number of liquids in 
general use. H. Poltz (Physikalisch-Technische Bundesan
stalt, Braunschweig), in discussing the effects of radiation 
in liquids, has found that the effective conductivity is 
dependent on the optical thickness of a liquid layer. There 
are measurable contributions due to this mode of heat 
transfer even at room temperature. It is possible that this 
radiation effect, if studied further, may well be a significant 
contt'ibution towards resolving the existing divergencies 
which cannot as yet be fully explained. 

The design and efficient operation of nuclear rea.ctors 
are greatly dependent on a knowledge of the thermal 
properties of the materials used. These facts were empha
sized in three contributions devoted to materials at 
present in use and two dealing with those for advanced 
reactors. Results for post-irradiated uranium, UO 2 

during neutron irradiation and Dragon fuel cartridge 
materials were presented by D. Shaw, D. J. Clough and 
J. Milne (U.K. Atomic Energy Authority), respectively, 
and were supplemented by McElroy's (Oak Ridge 
National Laboratory) two reports, one on graphite 
materials to 1,000° C and the other dealing with UO 2 to 
400° C. The borides and nitrides of Ti, Zr, Hf and Nb are 
now being considered as high-temperature materials of the 
future, and recent work has shown that they have valuable 
practical physical properties coupled with unusual elec
tronic and lattice conductivity behaviour which have yet 
to be fully explained. R. Mendez-Penalosa (University of 
Madrid) discussed his work on zirconium nitride, and 
M. Hoch (Cincinnati University) presented results for a 
collection of these materials up to 1,800° C obtained 
using an inductive heating method. The evaluation of 
thermal conductivity required an accurate knowledge of 
emissivity and specific heat, which in this case were 
independently measured. This last-mentioned factor 
served to highlight the controversy that existed during 
several sessions whereby the relative merits of the measure
ment of thermal conductivity, as opposed to its evaluation 
from thermal diffusivity determinations, were elaborated. 
G. C. Danielson (Iowa State University) has indicated that 
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there is no doubt that thermal diffusivity can be m easured 
both accurately and quickly. However, the derivation of 
thermal conductivity from this measured quantity is still 
dependent on an accurate knowledge of specific heat and 
density. 

Since 1961 there have been three informal conferences 
restricted mainly to workers concentrated on the North 
American continent and devoted almost entirely to solid 
materials. The growth of the work has been sufficient to 
justify an international meeting which covered the subject 
more comprehensively. General benefit has resulted from 
the exchange of information concerning the problems and 
the anticipation of fnture requirements. However, it 

would appear that there are two important matters which 
workers in the field should settle without delay. The first 
point relates to the standardization of units and symbols, 
a case where physicists, engineers and chemists n:rnst 

co-operate before the number of units exceeds the number 
of methods. Secondly, there is an international require 
ment for the production and property evaluation of 
reliable and reproducible reference materials for a very 
wide range of thermal conductivity and temperature. 

Abstracts of all the papers presented are available on 
application to the Basic Physics Division, Nationa l 
Physical Laboratory. 

SPACED-SITE OBSERVATIONS OF JUPITER IN 1963 

By C. H. BARROW and G. M. RESCH 
Department of Physics, Florida State University, Tallahassee, U.S.A. 

F. W. HYDE 
Radio Astronomy Observatory, St. Osyth, Essex, Great Britain 

AND 

G. M. GRUBER and M. C. BOSCH 
Department of Physics, Rhodes University, Grahamstown, South Africa 

JUPITER has been monitored at 18 Mc/s for Hi h daily 
during 133 days in l 963. This was achieved by combin

ing observations from three stations in the United States, 
in Great Britain and in South Africa. Correlation co
efficients between Jupiter activity and various indicators 
of solar activity have been computed, but these do not 
indicate any statistically significant cross correlation. The 
occurrence probability of the Jupiter radiation was found 
to differ considerably at each site. 

It has been suggested by several investigators that the 
radiation from Jupiter is in some manner related to solar 
activity, in that periods of Jupiter activity frequently 
follow p eriods of solar activity within a few days. This 
effect was first reported by Warwick1 and has also b een 
observed by Carr et al. 2 , by Douglas8 , and by Barrow•. 
There is, however, no general agreement as to an average 
delay time between periods of solar activity and possible 
related periods of Jupiter activity, estimates of from two 
to ten days having been proposed by the various 
investigators. 

Roberts•, using data obtained in 1960 by Carr et al.2, 
computed the correlation coefficient between Jupiter 
activity and geomagnetic activity index Ap. A peak cor
responding to a delay of eight days was indicated, but at 
the same time another peak of comparable significance 
indicated a negative delay of eight days, that is, for geo
magnetic activity after Jupiter activity. Roberts mentions 
similarly inconclusive unpublished results obtained by 
Higgins and concludes that all the apparent correlations 
observed so far may be merely statistical fluctuations. 

If the phenomena are in fact related, there are two 
possible explanations of these different results. Either the 
statistics are unsound, due to the fact that insufficient 
,Jupiter observing time was available daily for comparison 
with solar activity, or else the relationship between the 
t wo phenomena is too complex to be expressed by a 
simple cause-and-effect explanation. A preliminary in
vestigation of tho former possibility was conducted during 
1963 by Florida State University Radio Observatory in 
collaboration with observatories in Great Britain and in 
South Africa. 

The experiment was simply to record the radiation from 
Jupiter for as long as possible each day and to compare the 
periods of Jupiter activity with periods of solar activity as 
indicated by flares, IO-cm solar radiation, sunspots, and 

geomagnetic activity. The Sun can be observed from 
somewhere on the Barth almost 24 h daily, whereas most 
Jupiter observers are limited to some 4-8 h according to 
their aerial systems. The daily period of observation of 
Jupiter was, therefore, increased to some extent by 
combining observations made at two additional sites, in 
Great Britain and in South Africa, with results obtained at 
Tallahassee. The locations of the sites, the corresponding 
altitudes of Jupiter at meridian transit and the aerials 
used are shown in Table 1. The combined observations 
from the three sites operating in tandem amounted to 
some 16 h continuous monitoring each night, a period 
corresponding to about l½ rotations of Jupiter. 

Table 1. LOCATIONS 01!' THE THREE STATIONS MONITORING JUPITER 
DURING THE 1963 APPARITION 

Altitude of 
Site Latitude Longitude Jupiter at Aerial 

transit 

Tallahassee 30° 27' N. 84° 18' W. 64' S. Square corner 

st. Osyth 51° 47' N. 01° 02' E. 

Grahamstown 33° 19' s. 26° 26' E . 

42° s. 
reflector 

Square comer 
reflector 

53' N. Single dipole 
and eight 
dipole array 

The aerial-receiver-recorder systems were identical at 
Tallahassee and at St. Osyth. Each consisted of a square 
corner reflector containing a single folded half-wave dipole 
fed to a commercial short-wave communications receiver. 
The bandwidth of the r eceiver was about 5 kc/s and th<> 
r ecorder constant was 0·25 sec. All the observations a t 
these two sites were monitored following the procedure 
given recently by Barrow6 • 

At Rhodes University a single folded dipole was used in 
conjunction with a broadside array of eight dipoles at 
another site some 100 miles away. The receiver band
width was 8 kc/s and the recorder constant was 0·8 sec . 
Some of the observations were monitored, but identification 
was also based on a comparison of the records taken at 
the two sites. The total observing time amounted to about 
70 per cent of that at Tallahassee or at St. Osyth. 

The first co-ordinated period of observation by all three 
sites was July 17-November 25, 1963. The combined 
observations are shown in a histogram in Fig. 1. The 
histogram has been compiled in terms of 'numbers of 
events' rather than 'occurrence probability', as the 
occurrence probability was found to be different at each site . 
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