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Fig. 1. Spherulltes of polyethylene terephthalate formed from the melt at 220• C. CroBBed nicols. x 360 
Fig. 2. Electron micrograph of solvent-cast polyethylene terephthalate. Gold-shadowed. x 13,300 

Fig. 3. Drawn ftbres of polyethylene terephthalate disintegrating In o-chlorphenol. Unpolarized light. x 350 

crystallization temperature) and to bigger but 
uncertain sizes at still higher temperatures. This 
agrees with the observed increase of the fibrous 
character of the spherulites with increasing tem
perature of crystallization. The fibres formed at the 
higher temperatures were big enough to be detached 
and measured under the microscope, and the 
measured dimensions agreed in magnitude with those 
which were calculated. In those cases where the 
fibres could be readily seen through the microscope, 
they proved to be flat ribbons wound in the form of 
a helix, which further confirms the reality of the 
picture proposed for the explanation of the zig-zag 
extinction pattern. At present nothing definite can 
be said a.bout the arrangement of the molecules, but 
only a.bout that of the refractive indices, within these 
helices. In simple polymers like polyethylene the 
biggest refractive index can be identified with the 
chain direction, but with polyethylene terephthalate 
conditions may be more complicated. 

Electron micrographs of solvent-cast polyethylene 
terephthalate films show fibre bundles (Fig. 2) with 
fibres of about 500 A. across, sometimes forming 
airscrew-like aggregations similar to those observed 
with the optical microscope during crystallization 
from the melt. The fibrils, apparently cylindrical 
with a well-defined periodicity along their length, 
proved to be in reality flat ribbons closely coiled into 
helices. Consequently the electron microscope showed 
the same morphological features in the submicro
scopic region as the optical microscope showed in 
the microscopic region. 

These facts suggest the following simplified morpho
logical picture of crystallization. At first the molecules 
form fibrils which are flat and helically coiled ribbons. 
The relation of these new units to the molecules and 
to the concept of the crystallites remains to be 
shown. 'l'hese fibrils aggregate, and eventually form 
spherulites, or sometimes bigger fibre bundles. 

Drawn fibres of polyethylene terephthalate could 
be split into smaller units using suitable solvents 
(Fig. 3). A great variety of microfibrils of all dimen
sions was observed within the microscopic range. These 
units were always flat ribbons, often with a tendency 
to coil into helices. Consequently also a drawn fibre 
consists of secondary units which are similar to those 
formed spontaneously from unoriented melts and 
solutions. This means that drawing may not be 
simply a molecular process, and that the spontaneous 
formation of fibres is an inherent property of long
chain molecules. The same conclusion has been 

reached in a communication by Ribi7 which appeared 
while this article was being prepared. Ribi has 
demonstrated the breakdown of various polymers 
into fibrils by means of supersonic radiation. 

Preliminary work on synthetic polymers other than 
polyethylene terephthalate, such as polyethylene and 
polyamides, indicates that the above findings might 
be general and characteristic-although not always 
as easily observable-among all these substances. It 
is obvious that the existence of such complex 
structural units must be taken into account when
ever the physical properties measured on the bulk 
sample are related to the molecular structure, which 
is particularly important for technical applications. 

Finally, these phenomena. may be still more general 
and not necessarily limited to long-chain compounds. 
It has been shown by W a.llerant8 and also by numerous 
studies by Gaubert (for example, see ref. 9) that 
simple organic substances, minerals and even elements 
(sulphur) can. form spherulites which are built of 
helically-wound fibres. These authors describe 
numerous types of helical windings which are some
what, though not very, different from those observed 
in synthetic polymers. 

I am indebted to Mr. A. C. Cooper for taking the 
electron micrographs. [Feb. I I. 
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TECHNOLOGICAL EDUCATION 

AMONG many interesting items in his last report 
to the Council of the University of Birmingham, 

the vice-chancellor, Sir Raymond Priestley, examined 
the future of technological education in Britain. 
Britain, he suggests, has lost its lead as an industrial 
power, and, for remedy, no simple panacea exists. 
The proposal that Britain should set up a tech
nological university along the lines of the Massa
chusetts Institute of Technology is, according to Sir 
Raymond, dangerous both to the nation and its 
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e~ist~g university system. The danger lies in the 
d1vers10n of a large proportion of already inadequate 
r~sou~ces to the duplication, in an entirely different 
s1tuat10n, of a type of education which American 
ed~cationists consider to be already outdated and 
which t~ey are trying to bring into line with the more 
?on~ent10nal type of university. If a technological 
mstitute were started de novo in Britain to-morrow 
it _could have no decisive impact upon British indus~ 
trial structure and output for a quarter of a century 
at least. In the meantime, the attempt at its estab
lishm~nt ~o_uld have fatal_ly slowed down the progress 
of universities and techmcal colleges alike. 

Nor is there sure evidence that such an institution 
would have the decisi'ce effect its advocates claim. 
?'he ~erican senior technological institutes came 
mto ex1Ste~ce dur~g a pe:iod of expanding economy 
on a newish contment m a different world. An 
inc~eas_ing section of educated American opinion is 
begmmng to suspect they are not so well suited to 
the stage th_e country has reached to-day. 

In the Umted Sta.tea, too, there are no institutions 
which skim off the cream of national youth with 
such sk~ll and in such quantity in proportion to total 
population as Oxford and Cambridge have in the past 
half-cent~ in Great Britain. This is probably the 
greatest smgle obstacle to the solution of 'the United 
Kin~dom problem of diverting a reasonable pro
port10n of the flower of the nation's educated man
hoo~ into engineering development and design-the 
solvmg of which is the main objective of the advocates 
of a~ English "M.I.T.". The pick of our youth will 
gravitate to Oxford and Cambridge at the under
graduate stage for a generation to come, and it is 
inconceivable that these particular universities will 
allow of the development within their boundaries of 
great postgraduate applied science schools. The only 
soluti~:m <;>f this dilemma is the development and full 
exp~oita~10n of the graduate school of specialist 
engmeermg in the existing civic universities and the 
colleges of technology. 

Sir R:aymond also discussed the place of the public 
school m the education of the engineer. Analysis of 
~he schoolboy entry into the departments of mechan
wal and civil engineering of the University of Binn
ingham for the period 1938-51 showed that the 
percentage of the grammar school entry obtaining 
first-class h~nours was nearly double the percentage 
of the public school entry and nearly three times 
tha:t of the other secondary schools. Sir Raymond 
believes that the civic universities do not receive a 
fair sample of public school men, and that the 
channelling of brains and character to the public 
schools must aggravate the already difficult problem 
of_ producing sufficient engineers of such quality of 
mmd and personality as will enable them to make 
their way on to the directorates of the great industrial 
concerns and to see that the best possible use is made 
of the genius for invention and design that the nation 
unquestionably possesses. In the present situation 
t_oo great a proportion of the elite of our youth is 
likely to pass through the great humanities specialist 
courses-such as Greats and Modern Greats and 
the Cambridge Triposes-either to the Civil Service 
or to research in pure science. More of the best of 
our youth who combine strong character with high
quality brain should be encouraged to learn mathe
matics, physics and chemistry at school, and more of 
them should be directed to universities where 
engineering is considered to be a legitimate objective 
for the very best men. 

DOCUMENTATION TECHNIQUES 
IN THE UNITED STATES 

T HE report of the team of European experts on 
documentation techniques who visited the United 

States during November and December 1950 under 
the Economic Co-operation Administration Te~hnical 
Assistance programme, has now been issued as an 
example of the contribution of the Organization for 
European Economic Co-operation to the improv~
ment of ~uropean economic efficiency in the sphere 
of select10n, reproduction and dissemination of 
documents•. 
. Th~ three ~hapters of the report describe, first, the 

libraries and information services visited by the team, 
documentary reproduction techniques used in the 
United States, and lastly the use of punched cards and 
analogous techniques. While the report is largely 
~actual, though highly condensed, each chapter 
mcludes a clear statement of the conclusions reached 
by the team and some recommendations · three 
involvin~ action by the_ Organization for E:U.opea~ 
Economic Recovery, bemg summarized at the end. 
The first of these relates to the organization by 
competent authorities in the United States and in 
mem~er countries of surveys to provide some com
parative data about the degree of utilization of 
technical and scientific information in industrial 
organi~ations .. Secondly, the report makes a repre
aentat10n to the United States authorities with the 
view of increasing the availability of 'unclassified' 
documents from American defence establishments 
to non-defence organizations in member countries. 
ThirdlY:, the import into Europe of equipment, such 
as _special pJ:i.otographic equip~ent and special type
writers, wh10h are only available in the United 
States, should also be facilitated. 

_F?r the rest ?f th~ report, the team notes the great 
willmgness of hbranes and information centres in the 
United States to provide a service to the technical 
public, as evidenced, for example, by the late hours 
which some libr~ries are open in the evening. Study 
of the use of Library of Congress catalogue cards is 
recommended as regards the possibilities both of 
such methods in other countries and· of European 
co-operation in the production of the cards. The 
report details at some length the team's reasons for 
considering that micro-photography does not provide 
a suitable readable medium for the storage and trans
mission of scientific and technical information, and 
advoca:tes the development of 'enlarger-scanners' for 
preparmg enlargements of microfilms of interest. It 
also considers that each area should have centralized 
automatic facilities for enlarging microfilms so that 
such material as is only available on microfilms or 
through currency difficulties, can be transmitted mor; 
rapidly or simply in that way, may be utilized. There 
appears to be considerable scope for the use of offset 
l~th?graphy; but p~og~e~s in this field in Europe is 
hmi~d by the availability of the special equipment 
reqmred. 

Ma1;1-ually sort_ed punched cards are more widely 
used m the_ Umted States than in Europe for the 
documentat10n of technical and scientific literature 
but no special developments are reported. The field 
punched type of cards is also more widely used, both 
for mechanical listing operations and to facilitate 
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