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designed to remove mist or droplets which might be 
evolved under abnorm.al conditions. The gas line 
then enters a small building housing a series of three 
pressure regulators which enable the pressure of the 
gas to be reduced in three convenient stages, from 
more than 600 lb./sq. in. to about 3 lb./sq. in. This 
fairly rapid reduction in gas pressure is accompanied 
by sudden cooling of the gas, and the staging of the 
pressure reduction through the three regulators has 
to be balanced very carefully to avoid blockage of 
the system by the separation of frozen solids from 
the gas stream ; these solids may be in the form of 
ice due to the freezing of condensed water vapour, or 
methane hydrates, the latter being crystalline solids 
formed by the loose combination of methane and 
water vapour at low temperatures. In order to 
prevent formation of these solids, the governor 
system is to be wrapped with a special electrical 
resistance heater in the form of flexible tapes, enabling 
the temperature of the gas to be maintained at a safe 
level despite rapid reduction of pressure. 

As the natural gas does not have a characteristic 
odour, arrangements have been made for small 
quantities of a special odorizing agent to be vaporized 
into the gas before it leaves Cousland. The odorizing 
agent chosen was tetrahydrothiophene (C 4H 8S), 
known generally as T .H. T. The level of odorosity is 
kept within carefully controlled limits, the aim being 
to achieve a smell resembling, as closely as possible, 
the characteristic odour of town gas. 

The natural gas is conveyed from Cousland to 
Musselburgh in a 4-in. diameter main which was laid 
specially for this purpose. At Musselburgh the 
pressure of the gas is reduced by an orthodox gas 
governor to a few inches water-gauge and, after being 
metered, is mixed with coal gas manufactured in 
standard continuous vertical retorts at Musselburgh 
gasworks. The calorific value of the coal gas made 
and the proportion of natural gas added to it are so 
balanced that the calorific value of the mixture 
produced is 450 B.Th.U. per cubic foot, which is the 
declared, or statutory, calorific value for Mussel
burgh. The calorific values of the natural gas, of the 
coal gas, and of the mixed gas are measured by 
special continuous recording instruments, and this 
enables a very fine control to be kept on the calorific 
value of the mixture prepared for the local gas con
sumers. Another type of recorder has also been 
provided to allow the specific gravity of the gas to 
be measured, and it is well known that if the relation
ship-calorific value/square root of specific gravity 
(known as the Wobbe index) is kept fairly constant, 

the gas will burn satisfactorily at consumers' 
appliances. 

After mixing the natural gas and the coal gas, the 
final product is passed to an orthodox water-sealed 
gasholder for storage prior to distribution as required 
by consumers. A careful check has been kept on the 
behaviour of consumers' appliances since natural gas 
has been included in the town gas supply ; as 
expected, appliance performance has been normal 
and no special adjustments have been required. 

It is estimated that for every 7,000 cubic feet of 
natural gas used for this purpose, about one ton of 
high-grade deep-mined coal will be saved. The 
average quantity of natural gas included daily in the 
gas supply from Musselburgh is approximately 
60,000 cubic feet, which represents about 9·4 per 
cent by volume of the town gas distributed. 

While gas is being removed from the Cousland 
reserve, the well-head pressure is kept under careful 
observation. So far, the original reservoir pressure 
has been maintained. Any diminution in pressure 
which may occur will be carefully followed up with 
the view of ascertaining whether the sustained 
removal of natural gas is having any permanent 
effect on the reserve pressure. From time to time 
production tests will be carried out to ascertain 
whether the quantity of gas removed through the 
borehole represents a significant reduction in the 
quantity of gas in the reserve. It is thus hoped to 
determine, as soon as possible, the total extent of the 
Cousland gas field. If the field is proved to be a fairly 
large one, arrangements would be made to utilize the 
gas on a much larger scale. 

Apart from the obvious commercial value of the 
gas which is being obtained from the Cousland anti
cline, and the contribution to the national fuel 
economy which it represents, the Scottish Gas Board 
is also interested in the structure from quite a 
different point of view. It is considered that after 
the pressure in the gas-bearing sandstone has been 
removed by the use of the greater proportion of the 
natural gas, the structure can be used as a very large 
underground gas-holder ; this possibility is being 
examined. 

It has been possible at Cousland to harness an 
extremely old natural resource in a very modern way, 
and to set in motion a commercial enterprise which is 
at the same time in the nature of a scientific explora
tion. The use of the gas reserve there may reveal a 
great deal of important information about the 
geological structure of the neighbourhood and lead 
to further valuable discoveries. 

THE TECHNISCHE HOCHSCHULEN OF WESTERN GERMANY 
By DR. J. HORNE 

University of Birmingham 

T HIS brief survey of the German Technische 
Hochschulen (technical high schools) presents a 

short history of their development and scientific 
achievements, and concludes with an account of 
their provisions for broad non-vocational courses 
under the name of the Studium Generale. It is based 
upon personal visits over many years, and in par
ticular upon a recent extensive study tour through 
many of the technical high schools. 

The German technical high schools enjoy equal 
status among themselves and in public esteem despite 
their considerable differences in student numbers, 
ranging from 3,164 in the smallest to 5,716 in the 
largest (summer 1956). More significant and striking 
is their undoubted parity in standing with the older 
universities in Germany. Indeed, the latter's initial 
opposition to the applied sciences was overcome by 
three main features which have characterized the 
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whole development of the teuhnical high schools from 
their early humble origins to the present day. These 
features may be swnmed up as follows: (1) The 
high standard set for entry, equal to that required 
by the universities, and the inclusion of general 
si°.tbjects in the science and engineering curricula ; 
(2) the technical high schools' reputation for excellent 
teaching ; and (3) their achievements in scientific 
and technical research. 

The schools were able, at a very early stage, to 
meet the charge that they may well produce com
petent engineers but not truly educated universit,y 
m en (Akademiker). 

The insistence upon a broadly based approach to 
the studies of scientific disciplines had its roots in 
t,he new modern schools (Realschulen ) which sprang 
up in Germany during the eighteenth century, in 
response to the demands of a new experimental and 
industrial age. These schools offered a challenge to 
the older type of grammar schools (Gymnasium) 
which until then had been regarded as the only 
sow·ce of a true education and the sole preparation 
for the universities and a professional career. Now 
these new schools replaced the classics by more 
mathematics, physics and chemistry, practical labor
atory work, and courses in modern languages. A 
I ittle later a compromise type, the Realgymnasium, 
developed which retained Latin at the expense of 
one foreign language. Against widespread prejudice, 
these new schools soon built up a solid name for 
themselves by attracting enthusiastic science teachers 
from the universities and from industry. Moreover, 
the Realschulen took over, unchanged, the whole range 
of general subjects such as literature, history, music, 
otc., which were offered at t,he grammar schools, and 
the examinations, too, were fixed at the same high 
level. In this way the modern school ensured the 
same opportunities for its pupils when entering a 
university. Since the boys (and later also girls) 
usually elected to read scient,ific subjects, t,heir lack 
of classical languages was no obstacle . Some faculties 
demanded that they should take a course in Latin 
during their first year. 

Simultaneously with t,hese modern schools, and 
prompted by the same new outlook in science and 
industry, there developed the early trade or technical 
schools in many German cities, notably in Berlin. 
These served, in the first place, the needs of special 
skills and industries, but soon expanded to include 
other 'useful' subjects of commercial and also general 
nature. These technical schools drew, from industry 
and the Civil Service in each German State, enthu
siastic and progressively minded t eachers, and they 
received generous endowrnents from civic or noble 
patrons. Within a short time they were raised in 
status and changecl their names to academies, in 
tune with their function and importance. This 
elevation brought about the fixture of a later age at 
entry (seventeen years) and a higher scale of exam
ination requirements, both for diplomas and trade 
certificates. 

Barely fifty years later, these widely expanded and 
developed institutions received their foundation 
charters and became university centres of science 
and technology-the technical high schools of 
to-day. 

Braunschweig, although an older ducal foundation 
(1745), shared the same development with the other 
institutions of its kind, such as Karlsruhe (1825), 
.Mtmich (1827), Dresden (1828), Stuttgart (1829) and 

Darmstadt (1836) . Aachen, the largest to-day, was 
the first technical high school to be created as a 
university directly, in 1870. 

The most powerful stimulus in all these foundations 
was given by the example of two Austrian imperial 
institutes-the Polytechnic of Prague (1806)* and 
the Polytechnical Institute of Vienna (1815), which 
became the Technische Hochschule soon afterwards. 
The immediate success of t,he latter, in particular, 
found ready imitators in the German centres, and 
this eager emulation explains the very rapid suc
cession of the academies or polytechnics in Germany. 
The Austrian institutes had been created on the 
pattern of the famous Ecole Polytechnique of Paris, 
a former military training college, then the leading 
school of technology in Europe. 

The Austrian polytechnics were from the start 
distinguished by certain rights and privileges usually 
granted only to universities : the freedom of teaching 
and learning, the right to confer degrees, and generous 
·endowments for research and expansion. Prague and 
Vienna opened with courses leading to high-level 
engineering diplomas and degrees. The school in 
Vienna had a very strong influence on the trends in 
Germany, and Hanover even appointed a professor 
from Vienna as its first principal, and he took from 
his own institution the broad teaching aims, "to 
promote industrial skills by the application of 
scientifically based instruction". The full extent of 
this impact can best be gathered from the pattern of 
the four-year courses in Hanover which in many 
ways resemble the undergraduate courses in science, 
especially engineering, at British universities. We 
can discern a broadly intl'Oductory year, while the 
second, still chiefly devoted to principal subjects, 
also includes courses in economic geography, manage
ment and modern languages, all "being useful to the 
engineer''. The last two years of the course show a 
gradual approach to higher specialization, markedly 
in the applied sciences. 

The fame and success of the new foundation at 
Hanover may be gathered from the fact that when 
it was raised to a technical high school (1879-80), the 
enrolment of students from Great Britain alone was 
2 per cent of the total number, and higher from 
other countries. Comparable international standing 
was soon gained by the other German academies or 
polytechnics, and along with their fame as centres of 
teaching grew their reputation for their research 
achievements. 

This is particularly true for the fit·.,;t, yeai·s afte1· 
their elevation to university rank, and this in turn 
helped to attract eminent scientists to their staffs. 
The granting of charters was in all cases merely an 
outward recognition of those which had, in fact, 
already become full university centres, working as yet 
without the academic titles and offices. The scientific 
contribution of the technical high schools may 
perhaps be illust,rated by a reference to the German 
share in the Nobel Prizes for physics and chemistry, 
above all the latter, in which German scientists, among 
them many professors at technical high schools, 
gained the greatest numbers of the award (twenty), 
compared with Britain's eleven (total awards, forty
nme). These figures are the more impressive .if 
we remember that under Hitler scientists were 
forbidden to accept the Nobel Prize and t,hat the 
Prize is not awarded for work in applied field-,, the 

• Some ftve hundred years earlier, also at Prague a nd on the pattern 
of Paris, the first German university had been founded. 
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very disciplines in which the contribution of tech
nologists in technical high schools (or trained in 
them) has been outstanding. 

During the first chaotic years after the Second 
World War the schools lost a good deal of ground, 
but the past five years have seen a remarkable 
recovery in all fields of research, as the premises and 
phy&ical conditions permitted the resumption of 
normal work. 

The high standards of work and research led at a 
very early stage to a close link with local industries. 
The professors and assistants act as consultants in 
their special fields, and this close contact with industry 
has been a direct boon and incentive to the students 
of each department. The technical high schools have 
also for yea.rs conducted industrial apprentice 
schemes for vacation work and employment after 
graduation, and often arrange for engineering 
students to acquire practical experience for a mini
mum of six months, before commencing their 
studies. 

The success of the technical high schools, while 
they were still academies, was so evident and rapid 
that similar colleges were set up on the same lines, 
serving higher education in commerce, economics, 
journalism, etc. Like the technical high schools, 
these new colleges added whole faculties of humanities 
which became organic members of the life in a tech
nical high school. These faculties had developed 
from small departments in the academies and 
technical schools. In the course of the educational 
reforms in German universities (1948-51), the 
faculties of humanities assumed the responsibility 
for the progrnmmes of the Studium Genera.le, thus 
carrying out their original function under a newly 
revived name. 

In the Studium Generale, the faculties of humanities 
or, as they are sometimes called, of general subjects, 
offer annually a choice of lecture courses or individual 
lectures and discussion groups on a wide range of 
subjects. Artistic and musical activities and pursuits, 
which in Britain one may expect to find within 
a guild of undergraduates, are also part of the 
Studium Generale, and may be subsidized .by the 
special funds set aside by the Ministries of Education 
for these broader education schemes in universities 
and technical high schools. Every week or month, 
a special Dies Academicus is reserved for major 
lectures on principal university themes. They are 
usually opened by the Rektor, a dean or a prominent 
visitor from outside. The discussion groups take up 
and develop in smaller circles under informal con
ditions the subjects touched on in the main speeches. 
The Dies Academicus usually concludes with dramatic 
or musical performances by the appropriate group, 
and prizes are given for the best presentations. 

One of the most important results of the Studium 
Generale especially noticeable in the technical high 
schools is a new and close contact between students 
and teachers, particularly the younger lecturers. 
The fact that a selected set of lectures and other 
events are compulsory for the first year or two years 
has not appreciably affected the growth of this 
contact. Both sides greatly enjoy smaller informal 
gatherings. The gradual creation of more and more 
residential facilities enhances this development, 
especially where the warden is an enthusiastic pro
fessor or lecturer, as I found in the students' houses 
at Karlsruhe and the International Students' Village 
at Aachen, both attached to the technical high 

schools in those cities. Other forms of residence are 
large blocks of flats at Munich or Stuttgart. The 
small students' discussion groups or informal gather
ings often take place in the common rooms at late 
hours. Residence is greatly coveted by all students 
and the facilities, still rather limited, are divided 
in equal parts between German and foreign students. 
Although these students' halls have done much to 
bring about personal contacts between students and 
staffs, the old tradition of aloofness has not quite 
died out. The residents of one hostel complained 
that their open invitation to Sunday coffee and cake 
(dinner in hall is not a social focus in German resi
dences) had not been accepted by a single professor 
or his family ever since the hostel was opened two 
years before. 

On the other hand, the personal concern of the 
teachers in the technical high schools and their 
friendship with the rank and file of the students wore 
clearly in evidence everywhere, even, too, where I 
heard the complaint. In general, students' reactions 
to the provisions of liberal education in the Studium 
Generale were extremely favourable and nobody 
ever criticized the level of the lectures as too high or 
the element of compulsion. 

One grievance voiced in several technical high 
schools was that there is a tendency to place Studium 
Generale events in the later afternoons and evenings, 
mainly 5-7, that is, after a full day's lectures and 
laboratory hours. This unfavourable time must be 
chiefly responsible for the small average attendance 
of 35 per cent, while the Dies Academicus invariably 
shows more than 7 5 per cent of the students attend
ing. The considerable number of fully employed 
students (Werkstudenten), however, make up a 
good proportion of the 35 per cent mentioned 
above and of any discussion groups, where attend
ances are very much higher. Where these are 
held in a residence, they are open also tc students 
from outside, and many W erkstudenten come to 
them. 

The Dies Academicus owes its success largely to 
the fact that all departmental lectures are cancelled 
on this day. Civic and 'Land' theatres and opera 
houses have always been in the habit of admitting 
students at very low charge, and the organizers of 
the Studium Generale, linking on to this old tradition, 
encourage and arrange visits and introductory lec
tures for any events of an artistic nature in the city 
concerned. Also excursions to nearby centres, 
galleries or theatre and music festivals are provided 
under the Studium Generale and subsidized by its 
special funds. 

Modern language courses have always been pro
vided in the technical institutions and are open to 
all students, and study groups sometimes wish to go 
abroad with their tutors. The latter, however, are 
only part-time members of the technical high school 
staffs and cannot organize such tours as, for example, 
are held every spring for science students and others 
at Birmingham. The German students, especially of 
engineering, make use of every opportunity of visiting 
countries abroad for practical and language experi
ence, and eagerly enlist for exchange or harvest 
schemes, etc. 

In conclusion, it can be said that the technical high 
schools in Germany are to-day as active as ever, 
expanding their premises and programmes and 
making up successfully for the long eclipse in their 
history, the years under Hitler and immediately after 
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t,he War. They certainly make striking prov1s10ns 
for the non-vocational education of their alumni and 
are concerned with their students' welfare to an 
extent formerly unknown. 

However much a technical high school may 
reflect the local special demands of the regional 
industries, such as the Ruhr industries at Aachen or 
t,he chemical firms at the Rhineland schools or at 
Hanover, the t.echnical high schools have never 
pe1·mitted, it seems, the wider aspects of their 
educational function to be forgotten. In their pro
g rammes of broader education they give prominence 

to-day to social and civic issues, particularly with 
reference to the scientist 's and engineer's respons
ibility in society. Despite signs of reactionary 
students' clubs of the old type re-emerging, it must be 
said that the forms taken over from British university 
syst,ems are all steps in the direction of closer per
sonal contact with the students. The relevant 
features in this respect are to-day comprehensive 
students' guilds, in place of the old politically 
orientated corporations ; the encouragement of small 
tutorials and informal discussions ; and the gradual 
creation of residential facilities. 

LUBRICATION AND WEAR 

T WENTY years ago the Institution of Mechanical 
Engineers convened, under the chairmanship of 

the late Dr. H. J. Gough, an international discussion 
on " Lubrication and Lubricants" at which more than 
a hundred papers were contributed from leading 
authorities t,hroughout the world. The Conference 
it.self and its proceedings, published in two volumes 
in 1937, marked the first serious recognition of 
lubrication as a field of both practical and theoretical 
importance. As a result of the great success of these 
discussions, the Institution- in conjunct.ion with its 
American sister organization and other bodies
decided to hold a similar conference on lubrication 
with the emphasis on wear. An organizing committee 
was set up under Dr. D. Clayton in 1955, and the 
results of its efforts were shown in the Conference on 
Lubrication and Wear held in London during October 
1-3. More than one hundred papers were again 
contributed and delegates from sixteen foreign coun
t1·ies ranging-alphabetically- from Australia to 
Yugoslavia were present. It was a particularly 
pleasant opportunity to renew acquaintance with 
American workers in the field and to make contact 
with the large and representative Russian delegation. 
Unfortunately some of their papers did not arrive in 
time for publication, but they were given ample 
opportunity to describe their work in the discussion 
periods. Most of the sessions were held in the 
magnificent circular conference room at Church 
House and a pastel October sun, sustained through
out the Conference, brought out the grace and dignity 
of t,he surrotmding buildings. Across the bend in t,he 
1·iver the glittering dome of St. Paul 's looked no less 
impressive than it did to Wordsworth. 

The Conference proceedings were ve1-y much down 
to eart,h and were extremely efficiently-if somewhat 
Stl\"erely--organized. Each section was preceded by 
a review of the main papers and there was wide
spread admiration for the effective way in which this 
was done. 

Hydrodynamic lubrication. Perhaps the most 
striking impression of the papers covered in this 
field is the extent to which new work often containing 
important innovations continues to emerge. Even in 
the subject of journal bearings where, as Prof. D. G. 
Christopherson (Imperial College of Science and 
Technology, London) pointed out in his review article, 
one would have thought that after seventy years the 
subject would have been fully explored, the papers 
at the Conference provided ample evidence that this 
was not so. Many of the new problems have arisen 
or become more discernible as a result of the increasing 

tendency to impose higher speeds and loads on 
bearings : or if they were hinted at briefly in the 
discussion in 1937, they have received fuller and 
more critical analysis. Thus it is now clear that the 
earlier classical theories of hydrodynamic lubrication 
are no longer strictly valid, as is shown by some 
recent studies of cavitation in the hydrodynamic film 
in the regions of low pressure. To some extent the 
detailed behaviour may also be complicated by the 
wettability of the surfaces by the lubricant. For 
example, it has been found that the friction on a 
bearing operating in the fully hydrodynamic region 
may be reduced by 20 per cent by coating the surface 
with an oleophobic layer. Again, the temperature 
developed in the oil film has now been explored and 
it seems, surprisingly, as if th e temperature around 
the circumference is almost uniform. This is often 
aided by turbulent flow in the film at very high 
speeds. Thus the bearing may be considered to 
behave as a 'mixer' containing a heat-som·ce to which 
a stream of cool oil is being added and from which 
an equal stream of oil at the mixer temperature is 
being wit,hdrawn. This provides a useful empirical 
simplification which facilitates bearing design : here 
a new feature has emerged since 1937, namely, the 
use of electronic computers. So far as general design 
is concerned it is interesting to see the general change 
in bearing dimensions that have become accepted in 
high-speed operations. The short axial length of 
modern bearings is a new development that has many 
practical advantages. Another development of 
inc1·easing importance is the use of air as a lubricant 
in high-speed hydrodynamic bearings. 

A serious practical p1·oblem dealt with in a review 
article by B. L. Newkirk of Schenectady is that of 
journal-bearing instability, such as shaft-whipping 
and oil-whirl. Here a beneficial modification in the 
structure of the main moving elements is not always 
possible and in many cases the troubles may be 
overcome by some special feature of the bearing 
design. It is possible that more nse might be made 
in future of the quasi-elastic and damping capacity 
of the oil film itself. This leads to one of the more 
important ideas that has emerged in the past twenty 
years of hydrodynamic studies. Twent,y years ago 
it seemed fairly safe to say that under certain extreme 
conditions hydrodynamic lubrication was not possible, 
and that only boundary sliding or even that metal/ 
metal contact must occur. It now seems that the 
hydrodynamic region extends very much further 
than was then considered likely. As Prof. H. Blok 
pointed out in his review paper, this type of 'marginal' 
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