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A Seven-Day ournal 
M an Power and Production 

IN his reply t o t" question in the House of 
Lords last w('ok. Lord Moyno dealt with the 
problems of production and man power. The 
development of mechanical warfare had, he 
said, upset the proportion between the fighting 
services and the industries on which they 
depended. TherE.'I had been a huge increase in 
the need for tanks, which was far greater than 
anyone contemplated at the beginning of the 
war. In order to kcop pace with the tanks, 
mechanical transport was needed on a scale 
never before dreamt of. Tho schedule of 
reserved occupations had so far proYed success
ful in the trans f<.>r of men with the least possible 
dislocation to civilian industry, but a more 
exact instrumrnt was now needed, and indi
vidual reservation must replace reservation by 
occupation. Next yC'ar tho Armed Forces, 
including full-time civil defr nce workers, would 
be about equivalent to tho number at the end of 
last war, but t he figure's for munition production 
would be juRt about double. R eservation had 
shown that ther<' was an tmcxpectcdly high 
proportion of women already fully employed. 
The withdrawal of womon from industry had 
boon steadily n pp lied through the Registration 
of Employment Order, but by itself that was 
not enough, and a further contraction in the less 
essential industries would be necessary. Up to 
date, 108,000 mon and women had been released 
for more urgent war purposes by the concentra
tion of civil industry. There had been 
38,700,000 square feet of factory space released 
owing to the concentration of industry. Some 
37,000,000 square feet had been acquired for 
factory and storage purposes, but not all of 
that had come from the concentration of 
factories. In the near future it was hoped to 
add another 6,500,000 square feet of factory 
space from further concentration. Schemes now 
under consideration covered some 36,000 factory 
workers, apart from 12,000 who were expected 
to be transferred from civilian factories, and 
who came within the 20-25 ago group. 

Institution of Mechanical Engineers 

AT a meeting of the Institution of Mechanical 
Engineers last Friday, October 2.4th, the 
President. Mr. W. A. Stanier, announced 
that, having r~achcd tho age decided upon, 
Mr. J. E. )1ontgomrey was clue to retire 
next March. ~omo time ago the Council had, 
be said, heard that 1\Ir. H. L . Guy intended to 
give up his indu. trial position. An approach 
was made to him ancl aiTangements were made 
agreeablr t o him a nd to the Council. The 
President now wi~hcd to put formally to the 
meeting that )lr. Guy should be elected Secre
tary as from )larch nr xt. Brig.-Ceneral Magnus 
Mowat seconded the rci\olution, which was 
carried tmanimou~ly. The President then gave 
his address, which we ·print on another page. 
Mr. Asa Binns proposed and Mr. 0. V. S. 
Bulleid seconded a votr of thanks to the Presi
dent for his address. Mr. J. E. Montgomrey 
joined tho Institution staff and was appointed 
Assistant 1 'ecrctar\' in 1920, when the late 
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Captain SanJ<ry wM President. H e was then 
mainly engagrd on the E'ducational side of the 
Institution's work and waR particularly con
nected with thE' inauguration and development 
of tho National CE'rtificate scheme. H o is a 
member of the .Joint Committees with the Board 
of Education. the , 'rottish Education Depart
ment, and the )lini try of Education' in Northern 
Ireland. H r was appointed Acting ecretary 
at the beginning of General )lowat's illness in 
1938 and 'ecrrtary in 1939. H e has been 
actively engaged in the wartime activities of 
the Institution. particularly in co-operation 
with the Ministry of Labour and National 
Service and as mcmbrr of the General Engi
neering Committee and tho Mechanical Engi
neering Sub-Committrr of tho Central Register. 
He was trained with the Thames I ron Works 

and Shipbuilding Company and received 
his t echnical education at tho City and 
Guilds {Engineering) College tmder Professors 
Unwin and Dalby. H <' is an A.C.G.I. and a 
B.Sc. in Engineering of the University oC 
London. During tho last war he was com
missioned in the R.G.A. (T.A.) and saw two 
and a-half years' service as Staff Captain to a 
garrison. Up to 1924 he served with a civil 
engineering firm on water supply schemes. 
Mr. H. L. Guy joined the I nstitution as a. 
graduate in 1906 and has done much active 
work, especially in connection with the North
·w estern Branch, of which he was Chairman in 
1929: H e served on the Council from 1928 tmtil 
tho pro. ent year , as a Vice-President since 1938. 
1\'Ir. Guy received his t echnical education at the 
Cardiff Collogo of the University of 1 'outh 
\\7a les and Monmouthshire, and was awarded 
a Royal RcRearch 1 'cholarship and a Whit
worth Exhibition. In 1910 he joined tho British 
Westinghousc Company, later the Metropolitan
VickE'rs E lect.rical Company, and became chief 
engineer of the mechanical engineering depart
ment in 1921. H o has been very closely asso
ciated wit.h original work on steam and the 
steam turbine, which has included both research 
and clC'vclopm0nt work. In 1936 he was elected 
a Fellow of thr Royal f:iocioty and two years 
later a member of its Council. In 1939 the 
dcgrce of honorary D. c. was conferred upon 
him by the University of Wales. R ecently he 
became a member of the Executive Committee 
of the National Phy. ical Laboratory, and on 
the death of 'ir Nigcl Cresley he was elected 
Chairman of the Engineering R esearch Com
mittee of the Laboratory. 

New Shipbuilding Appointments 

IT is announced by Dr. E. P. Andreae, the 
chairman of William Doxford and Sons, Ltd., 
that Mr. J. Ramsay Gebbie has been chosen to 
succeed the lato Mr. Robert H aswell as manag
ing director of t he company. Mr. Gebbie, we 
may recall, joined t he firm in 1930 and was 
elected a director in 193 7. H e served his appren · 
ticeship with Scott's Shipbuilding and Engi
neering Company, Ltd., of Greenock, and at an 
early age became chief assistant draughtsman. 
ln 1920 Mr. Gebbie was appointed technical 
manager of the Northumberland Shipbuilding 
Company, Ltd., in which position he was 
responsible for the design and construction of a 
large number of ships. In 1930 he left the com
pany to become shipyard manager of William 
Doxford and ons, Ltd. H e holds the Bachelor 
of cience degree of the University of Glasgow 
and is a Vice-President of the North-East 
Coast Institution of. E ngineers and Ship
builders, and a member of the Institution of 

1aval Architects. H e is also a member of the 
Committee of Management of the British Cor
poration Register of Shipping and Aircraft. It 
is also announced that the directors of J . Samuel 
White and Co., Ltd., of East Cowes, I sle of 
Wight, havo appointed Mr. J . A. Milne, M. I nst. 
N.A., to be managing director of t he company 
in succession to the late Mr. Arthur T . Wall. 
Mr. MilnE:', who took up the position of genera l 
manager of the company some months ago, 
began his training as a shipbuilder at the Barrow 
yard ofVickers-Armstrongs, Ltd. After serving 
his apprenticeship Mr. Milne remained with the 
firm for many years. He left Barrow in 1921 to 
join the staff of the Societe des Ateliers et 
Chantiers do Franco at Dunkirk. After serving 
as chief draughtsman he was appointed general 
manager and local director of the company. 
1\fany noteworthy ships were built at Dunkirk 
under his direction, among which we may recall 
the French liner " Colombia " and t he 21,000-
ton tanker " Emilo Miguet," which was at t he 
time of her construction one of the largest oil 
tankers in the world. In addition to a large 
amount of repair work, t he Dunkirk firm buil t 
dE;:stroyers, floating dry docks and pontoons. 
Mr. Milno cont.inuccl to hold his position until 

t he time of evacuation last year. H e is a 
member of the Institution of Naval Architects 
and the North-East Coast Institution of Engi
neers and Shipbuilders. 

British Association of Refrigeration 
THE autumn luncheon of t he British A.l;socia

t ion of R efrigeration was held on Monday last, 
October 27th, at t he Waldorf H otel, Aldwych, 
when the principal guest was Lord Leathers, the 
Minister of War Transport. The chair was 
taken by the President, Dr. S. F. D orey, who 
proposed tho toast of " Our Guests." Dr. 
Dorey said that refrigeration was a key factor 
in over on<"' hundred different industries. The 
history of refrigeration was a long one, and he 
had bccn informed that the first " reft'igerist " 
was probably Francis B acon, who, on going a 
long journey, endoavottrcd to preserve a chicken 
by filling its carcase with snow. In his reply to 
the toast, Lord Leathers said that the war had 
made heavy calls on refrigerated ships, many of 
which W<'l'C' of that high standard of speed and 
equipment which rendered them suitable for 
special Hot·vi('<'. Direct ser vice roquirements 
left, he Raid, a limited amount of rofrigerated 
space with which to import foodstuffs for lihC' 
workers and the Fighting Services. Tlw 
Ministry was therefore faced with the problem 
of doing everything possible to increase t he 
carrying value of every cubic foot of refrigerated 
space. I n many ships, the more nutritious 
foods, such as cheese and bacon, were being 
carried in space which had hitherto been 
reserved for the carriage of fresh fruit . Lord 
Essondon, who also responded to the toast, said 
that he regarded refrigeration as one of those 
inventions which had been of great benefit to 
the human rac:o. To-day we were reaping the 
benefit of that invention and its development 
in refrigeratr d ships which furnished facilities 
for the import of essential foods. 

Transport and More Economical 
Distribution 

I N t he course of the address referred to above, 
Lord Leathers said that we entered the third 
winter of the war with full confidence in the 
adequacy of essential food supplies and with 
minds set free to concentrate on the main tasks 
of defeating the enemy. During the coming 
winter our industria l capacity would be 
extended as never before, and each expansion 
would increase tho calls on transport for the 
movement of raw materials from port to factory, 
the conveyance of workers and the delivery of 
the finished products to the Allied Forces. 
Government D epartments, he announced, were 
co-operating with him to give full effect to the 
Government scheme to free transport from a ll 
unnecessary movements. Tho D epartments 
had already taken such stops with regard to 
their own traffics and similar arrangements 
were now being made with traders in order to 
secure economy in the transport of general com
mercial traffic. In this way the Ministry of War 
Transport would ensure that the rapid develop 
ment of war industries would not outpace the 
speed and capacity of transport. The refrigera
tion industry, Lord Loathers said, had a striking 
example of economy in the use of transport by 
demonstrating how the greatest quantity of 
perishable produce could be conveyed, and his 
Ministry, in conjunction with the other Govern
ment Departments, would endeavour to apply 
the same principle throughout the whole trans
port system in the country. In connection with 
the announcement made by Lord Leathers it is 
known that for some time past the Cent ral 
Transport Committee, the Railway Executive 
Committee a nd the Transport Departments of 
the Ministries of Supply, Food, Aircraft Pro
duction and tho Board of Trade have been 
occupying themselves with problems con
nected with the saving of transport and the 
stop~ to be taken in order to reduce unneces
sary haulage. 

• 
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Historic Accidents and Disasters 
No. VTII 

(Continued from page 268, Oetober 24th) 

THE FIRST QUE BEC BRIDGE-PART II 

IN June, 1899, Mr. Theodore Cooper, as we 
have said, reported to the Quebec Bridge 

Company that the Phoonix Company's canti
lever design was the best and cheapest of 
the plans submitted to him for his opinion. 
The Phoonix Company's t ender covered the 
erection of a cantilever bridge with a main 
span of !600ft. between pier centres and two 
anchor arm spans, each of 500ft., and 
involved a weight of steel totalling 22,956 
tons. The lump sum price named in the 
tender was 2,438,612 dollars, or the equiva
lent of 103 · 94 dollars per ton. The next 
most acceptable tender was that of the 
Keystone Bridge Company. It was for a 
cantilever bridge of the same general dimen
sions, but · the weight of steel amounted to 
27,400 tons. The price quoted was 2,462,119 
dollars, or at the rate of 90 dollars per ton. 
These figures are of some significance. They 
indicate that the Phoonix Company's tender 
was the lower because it covered a lighter 
structure and not because the company 
proposed to employ a cheaper material or 
cheaper methods of production and erection. 

Negotiations were begun with the Phoonix 
Company, but it would not enter into a con
tract because of the financial posit ion of the 
Quebec Bridge Company. The authorised 
capital of the Quebec Company at that date 
was only a million dollars, and no financial 
firm showed any wish t o invest in its 
securities. In the earlier part of 1900 the 
company's position was improved by the 
granting to it of subsidies totalling 1,550,000 
dollars by the Canadian Government and 
the Province and City of Quebec. This 
assistance permitted the company to enter 
into a contract with Mr. M. P. Davis, of 
Cardinal, Ontario, for the construction of the 
substructure and into a separate contract 
with the Phamix Bridge Company for the 
construction of the approach spans. Work, 
under Mr. Davis's contract, on the piers was 
begun on October 2nd, 1900, and made good 
progress, as later on did that on the approach 
spans. 

not satisfied that the proposed site for the 
bridge had been adequately studied or that 
the positions of the piers were the best that 
could be selected. Further borings and 
geological studies were made, and on the 
results being made known to him Mr. Cooper 
on May 1st, 1900, recommended that the 
main piers should be placed nearer their 
respective shores and that the main span 
should be increased from !600ft. to ! 800ft. • 
He estimated that by this change about 
400,000 dollars would be saved on the cost of 
the masonry substructure and that the cost 
of the superstructure would be increased by 
600,000 dollars. Modifications could, how
ever, he said, be made in the specification 
for the superstructure which would reduce 
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received further consideration preparatory 
to beginning the design of t he enlarged 
bridge. 

It will be noted that the main and anchor 
piers constituting the substructure of the 
bridge were designed and built before the 
superstructure intended to be placed on 
them was designed and therefore before the 
loading to which they would be subj ected 
could be determined. This unusual procedure, 
however , does not appear to have contributed 
in any way to the disaster. There was no 
failure of the piers, although they were 
damaged by the collapse of the steel work, 
nor was there any settlement at them of 
material amount. 

The specification which the firms tendering 
for the superstructure in 1898 \Vorked was, 
as we have previously said, prepared by 
Mr. Hoare, the Quebec Company's chief 
engineer, in conjunction with Mr. R. C. 
Douglas, the bridge engineer of the Govern
ment's Department of Railways and Canals. 
The words " in conjunction with " have to 
be interpreted in a peculiar way. The 
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In 1903 the company's financial position 
became fully assured by an Act of the 
Canadian Parliament, which declared the 
bridge to be for the general advantage 
of Canada, authorised and guaranteed the 
issue of fresh bonds by the company and 
foreshadowed t erms on which the Govern
ment might t ake over the bridge after 
it had been constructed. Incidentally the 
same Act changed the company's name 
to the Quebec Bridge and Railway Com
pany and extended the date for the 
completion of the structure to July, 1910. 
It was in connection with this Act that 
the incident, already related, arose con
cerning the appointment of an independent 
engineer by the Government to supervise 
the work, a proposal wh\ch Mr. Cooper 
strenuously and successfully opposed. The 
company's financial position being now 
adequately ensured, the Phoonix Company 
signed the contract for t he construction of 
the superstructure on June 19th, 1903. 

.JUST BEFORE THE DISASTER- AUGUST 28. 1907 

Other events which occurred during these 
four years, events which were to contribute 
materially to the disast er , have also to be 
chronicled . When Mr.· Cooper submitted 
his report in favour of the Phoonix Company's 
design in 1899 he made it known that he was 

the increased cost of ~he enlarged span to 
about 450,000 dollars, so that the net increase 
of cost, t aking both the substructure and 
superstructure into account, would be only 
50,000 dollars. He did not indicate the 
nature of the modifications which he had in 
mind, but he stated that in his opinion they 
were desirable and justifiable and that they 
would in no manner reduce the carrying 
capacity of the structure or render it incap
able of fully performing all its duties satis
factorily. H e concluded by recommending 
that the contractors for the superstructure 
should be directed to prepare plans for a 
bridge with a main span of 1800ft. On 
May 5th, 1900, four days after the date on 
which Mr. Cooper made t hese recommenda
tions and suggestions, t he directors of the 
Quebec Company accepted his advice, 
instructed the Phoonix Company to prepare 
plans for an !800ft. bridge and advised the 
contractor for the substructure of the change 
that had been made. Work on the sub
structure was begun and duly completed, 
but it was not until May, 1903, that t he 
question of modifying the specification 

specification, it would seem, was actually 
drawn up by Mr. Hoare and was submitted 
to Mr. Douglas for his criticism. When Mr. 
Douglas examined the different clauses he 
found that they were mainly direct copies 
from a general specification for steel and iron 
bridges which he himself had prepared for 
his Department in 1896. Mter the disaster 
he disclaimed responsibility for the specifica
tion as being applicable t o a bridge of the 
size of the proposed structure, asserted that 
his discussion of t he specification with Mr. 
Hoare had been purely informal and that he 
had never officially expressed approval of 
it. Mr. Cooper's v iew of the Hoare specifica
tion was that it had not been dra\Vn by any
one having the magnitude of the proposed 
bridge in mind. Nevertheles , it is just 
possible that the d isaster would not have 
occurred had Mr. Cooper left t he Hoare 
specification substantially as it was and not 
altered it drastically. If :Mr. Hoare exhibited 
a lack of appreciation of the magnitude _of 
t he projected bridge, Mr. Cooper, while 
appreciating it, failed to realise that the pro
fessional knowledge of the day was not suffi-

• 
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ciently exact-particularly with reference t o 
the action of steel columns under load-to 
permit a structure of the size of the Quebec 
bridge to be designed with closely pared 
economy. 

The final , or 1903, specification to which 
the designing staff of the Phrenix Bridge 
Company worked was an unsatisfactory 
document , both as regarded the manner of 
its preparation and its contents. It was the 
Hoare specification of 1898 'vith alterations, 
omissions and additions by Mr. Cooper. It 
seems never to have been much more than a 
draft specification which, although it had 
been formally approved by the Canadian 
Government, was open to amendment at 
any time by Mr. Cooper in the exercise of the 
undisputed authority which he had acquired. 
It is not certain to what extent its provisions 
were rigidly adhered to by the Phrenix Com
pany. That company had previously built 
many bridges under Mr. Cooper's direction, 
was accustomed to his methods and knew his 
opinions on many debatable questions of 
design. In these circumstances a formal 
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that it could be better employed in giving the 
bridge increased vertical strength to accom
modate a higher train loading. These two 
modifications, in conjunction with the change 
in the length of the main span from 1600ft. 
to 1800ft., would have had the effect of 
increasing the amount of material in the 
structure. In order t o avoid such an increase 
and to preserve the cost of the bridge at 
substantially the figure quoted in the Phrenix 
Company's tender of 1899 he introduced the 
third modification, an increase in the per
missible stressing of the material. His 
modifications did not include any change 
in the quality and ultimate strength of the 
material to be used in the fabrication of the 
bridge. 

The first and second of these changes may 
be dismissed with little comment. We have 
been unable t o discover the precise value 
of the wind pressure mentioned in the Hoare 
specification or the reduced value adopted 
by Mr. Cooper. It seems probable, however , 
that the original figure was in the neighbour
hood of 50 lb . per square foot and that Mr. 
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AFT6R THE DISASTER-AUGUST 29, 1907 

rigid and minutely detailed specification 
might well have been considered superfluous. 

In general Mr. Cooper's modifications of 
the Hoare specification were designed to 
improve the economic rather than the tech
nical aspects of the bridge. In addition to a 
number of minor alterations, Mr. Cooper 
made three important changes. In the first 
place he raised the specified train loading for 
which the bridge was to be designed. 
Secondlv he reduced the maximum wind 

" ' loading which "vas to be allowed for by t~e 
designers. Thirdly, he increased the umt 
stress permissible in the members of the 
bridge. His object in making these changes 
is clear beyond a hadow of doubt. From 
his own testimony we learn that when he 
examined the original Hoare specification 
he found that the train loading was less 
than it should have been to meet the 
existing and probable future requ~ements 
and that the wind pressure for whiCh pro
vision was to be made was an " impossible " 
one. He saw that the bridge would contain 
a large amount of material intended to give 
it horizontal strength against the wind, that 
much of this material was unnecessary and 

Cooper halved it. The point is not of much 
importance because wind pressure did not 
enter into the causes which led to the fall 
of the bridge. Concerning the increased 
train loading, the Royal Commissioners 
subsequently remarked that the actual figure 
named by Mr. Cooper was no greater than 
what was then being regularly used in 
Canadian practice and was less than the value 
subsequently adopted for the National 
Transcontinental Railway, of which the 
bridge, had it been completed, would have 
formed a part. This fact clearly reveals the 
unsatisfactory nature of the original Hoare 
specification. It also shows that in modify
ing it as regarded the train loading Mr. 
Cooper did not go far enough to meet the 
requirements of the -future which might 
reasonably have been foreseen. 

The third of Mr. Cooper's modifications 
demands our chief attention. The specifica
tion called for the use of ordinary quality 
structural steel with a minimum ultimate 
strength of 60,000 lb. and an elastic limit of 
32,000 lb. per square inch. The maximum 
permissible working stress was prescribed at 
24,000 lb., or three-quarters of the elastic 
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limit. The material used in the Forth Bridge 
was required to have a minimum ultimate 
strength of 67,000 lb. and the maximum 
permissible working stress to be imposed on 
it was fixed at 17,000 lb. Mr. Cooper was 
therefore prepared to use at the Quebec 
bridge a steel of less strength than that used 
at the Forth Bridge and to stress it to a 
higher value. He was content with a factor 
of safety of 2!, as compared with the factor 
of 4 considered essential by Messrs. Baker 
and Fowler . The specifications for the two 
bridges showed an even greater difference in 
the matter of the allowable shear in the 
rivets-12,000 lb. per square inch for the 
Forth Bridge and 18,000 lb. for the Quebec 
bridge. The figure for the Quebec bridge 
seems to have crept into the specification 
almost by an oversight. The original Hoare 
specification was, as we have seen, derived 
in large part from an existing standard 
specification for ordinary short-span railway 
bridges. Following the usual practice in low
stress bridges, it contained a clause which 
permitted the rivets to be worked to a shear 
stress equal to three-quarters of the allowable 
stress in the tension members. This clause 
was not altered by Mr. Cooper, with the result 
that the maximum permissible rivet shear 
stress was established at the dangerously 
high value of 18,000 lb. 

Had the strength and stressing require
ments of the specification been rigorously 
fulfilled the bridge might have been com
pleted and used without disaster , although 
the margin of safety on which its survival 
would have depended would have been lower 
than in any other comparable structure 
existing or planned at the time. Neither the 
strength nor the stressing requirements were, 
however, fulfilled. Tests carried out on some 
full-sized members of the bridge showed that 
the metal employed had an ultimate strength 
of not more than 55,000 lb. and an elastic 
limit of 28,000 lb. per square inch. In other 
members the elastic limit was probably even 
as low as 27,000 lb . Mr. Cooper's prescribed 
maximum permissible stress was therefore 
as much as 85 or 90 per cent. of the realised 
elastic limit. The position was made still 
worse by the fact that the maximum per
missible working stress was exceeded in 
almost every important m~mber of the 
bridge. A painstaking analysis after the 
disaster showed that in the upper chords of 
the cantilever arm the actual stress exceeded 
the allowable stress by 10 to 18 per cent., 
while in the lower chords of the same arm 
excesses of 7 t to 24 per cent. were found. In 
the upper and lower chords of the anchor 
arm the excess amounted to anything .from 
11 to 20 per cent. In one web member an 
excess of as much as 57 per cent. was revealed. 
It will be gathered, therefore, that to the 
o.arrow margins of safety laid down in Mr. 
Cooper's specification we have to add not 
only the employment of material which was 
weaker than intended, but the commission 
of grave errors in the design of the bridge by 
Mr. Szlapka, of t he Phrenix Bridge Com
pany. 

The designer of a structure as large as the 
Quebec bridge has a difficult task to perform. 
The deadweight of the material employed 
may account for as much as four-fifths of the 
load which the members are called upon to 
support, the remaining one-fifth representing 
the weight and dynamic effect of the traffic to 
be carried by the bridge, the wind load and 
the snow lo~d. The traffic load can be speci
fied with close accuracy and the wind and 
snow load can be estimated fairly well, but 
the true deadweight, the major element in 
the problem, cannot be found until after the 
structure has been designed and even in some 
cases until after the various members have 
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actually been fabricated. In these circum
stances the q.esigner proceeds by assuming 
the deadweight of the structure at some 
reasonable value, thereafter apportioning to 
the various members the sectional areas 
required to support the total loading with the 
unit stress limited to the specified figure. 
Having found the requisite sectional areas 
he can calculate the weights of the members 
and compare them with the weights assumed 
for them at the outset. If the calculated and 
assumed weights are not in substantial agree
ment he wilt then proceed to redesign the 
bridge following a suitable adjustment in the 
assumed weight. The method is essentially 
one of trial and error and involves a consider
able amount of la hour. 

In the specification for the Quebec bridge 
it was laid down that the dead load used for 
calculating the stresses was to be not less 
than the actual weight of the structure when 
completed. In other words, it was specified 
that the trial and error method was to be 
carried to a stage at which the calculated 
weight was equal to or less than the assumed 
weight. The designers failed to comply 
with this requirement. The Phamix Bridge 
Company for three or four years after the 
contract was virtually a warded to it took no 
serious steps towards designing the bridge. 
When it did begin work on the designs time 
was pressing and Mr. Szlapka undoubtedly 
neglected to calculate the actual weights and 
check them back against t he assumed weights. 
Mr. Cooper passed the drawings without 
applying an independent check. A large 
portion of the bridge had been made in the 
shops and erection had begun at the site 
before it was discovered by actually weighing 
the members that their weights were in 
excess of t he values assumed for the purposes 
of design. The excess a,.mounted to about 
17! per cent. for the suspended spap., 19 per 
cent. for the cantilever arm and 30 per cent. 
for the anchor arm, the average overall 
being about 23! per cent. These errors in 
the assumed weights account for the pre
viously mentioned amounts by which the 
actual stresses in the various members ex-
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ceeded the limits allowed by the specification. overall width of 9ft. 6in. for the cars. On 
Work on the fabrication of the members curves the width is increased to a maximum 

of the bridge was begun at the Phrenix Com- of 17ft. The dividing wall, 4ft. thick, is 
pany's shops in July, 1904. The fact that built in two separate vertical portions, 2ft. 
the actual weights of the parts were consider- thick, the heading of one tunnel being kept 
ably in excess of those assumed for them well in advance of the other. To bond the 
during their design was not discovered, or at two sections together the outer or centre line 
least was not communicated to Mr. Cooper, face of the wall built with the leading tunnel 
until February, 1906. By that date many of is formed with horizontal grooves, and hori
the members had been made while at the zontal reinforcing bars in this wall extend 
site erection was well in hand. Mr. Cooper through, to be embedded in the second half 
and Mr. Szlapka investigated the conse- of the wall. From the side walls, 2ft. 4in. 
quences of t he errors in the weights. They thick, the aroh tapers t o a crown thickness 
came to the conclusion that they were not of 20in. 
fatal to the safety of the bridge and that its For the flat floor the thickness is 2ft. 6in., 
erection should continue. It is not easy to increased at the sides to 3ft. Sin. in order to 
understand how this conclusion was reached. form a base for the walls and also to provide 
The specification required the bridge to be a service or emergency walk about 26in. 
safe under certain extreme conditions repre- wide. Rectangular openings, 7ft. 6in. high 
senting a specified combination of the dead, and 3ft. 6in. wide, are formed in the dividing 
live, snow and wind loads. Analysis shows wall, about 175ft. apart. Niches or recesses, 
that under these extreme conditions the unit Sin. deep, 30in. wide and 7ft. 6in. high, are 
stress in some of the members would have formed in both faces of the wall at intervals 
exceeded the actual elastic limit-say, of 45ft. Where croas·overs are required in 
28,000 lb. per square inch-of the metal the tracks, so that the dividing wall must be 
composing them. In the lower chord of the omitted for a distance of about 200ft., a flat 
anchor arm the stresses in the members or arched roof covers both tracks with a clear 
known as A6, A7, AS, A9 and AlO would span of 37ft. 6in. The walls are 4ft. thick, 
have been respectively 29,100 lb., 30,000 lb., carrying an arch that tapers to 3ft. at the 
30,100 lb., 29,700 lb . and 29,600 lb. per crown, while the floor or invert is 4ft. 9in. 
square inch . These figures are of much thick. 
significance. The immediate cause of the Circular tubes, built under the shield 
disaster was clearly traced to the failure of system, have a radius of lOft. 2!in. inside 
the chord members A8 and A9. and 12ft. 4tin. outside. At certain parts, 

The Royal Commissi9ners who inquired where t he line is near the surface, and the 
into the mishap had no doubt about the out-and-cover system was employed, the 
action which should have been taken when section is a rectangular box, 51ft. Bin. wide 
the errors in the assumed weights were dis- and 21ft. 2in. high overall. Two single
covered. The errors, they held, were of such track compartments are separated by a 
a serious nature as to require the condemna- central wall. The floor, walls and roof are of 
tion of the bridge. The best that can be reinforced concrete. The two compartments 
said in Mr. Cooper's defence in allowing are 22ft. 8!in. wide in the clear, with a central 
erection to proceed would appear to be that wall lft. 9in. thick and side walls 2ft. 3in. 
he was honestly convinced that the extreme thick. . The clear inside height is 15ft. 
conditions inention.ed in his specification General dimensions of the different types of 
would never occur in practice and that under .subway design are given in Table II. 
all less arduous conditions the bridge would TABLE II.-Dimen,ion, of Chicago Underground Railwaya 
be safe. 
• 

(To be continued) 
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(Continued from page 270. October 24th) 

FOR the main part the new subways 
consist of parallel or twin tunnels 

separated by a wall 4ft. thick. They are lined 
with reinforced concrete and have flat 
floors, vertical side and centre walls and 
arched roofs. For about 2! miles, however , 
they consist of twin circular tubes, 8ft. 
apart, which were driven by means of shields. 
This method was used on both the State 
Street and Dearborn Street subways in the 
" loop " or business district, where any 
movement in the plastic clay might affect 
large buildings whose foundations are in or 
on the clay. A third type of construction 
is cut-and-cover work, which was used on 
the inclines connecting the subways with the 
elevated railways, and used also on certain 
other parts of the work, including wide spaces 
for cross-overs in the track where no central 
wall could be built and the contractors had 
the choice of tunnelling or open cut. 

In general there is about 25ft. of cover 
over the roofs of the tunnels, and the rail 

level is 45ft. below the street surface. With 
the twin arch roof tunnels the width overall 
is approximately 39ft.; with the twin circular 
tubes it is 48ft., and in cut-and-cover 52ft. 
At stations having side platforms the overall 
width is 58ft., but with the more usual design 
of stations with island platforms this width 
is 48ft. to 52ft. The island platform arrange
ment is used throughout the north and south 
portions of both subways within the " loop " 
district, the platforms being continuous 
between stations for a distance of nearly 
3500ft., in order to facilitate the movements 
of passengers and trains during the petiod..s 
of heavy traffic. This platform length will 
accommodate three eight-car trains on each 
side. 

In the typical twin tunnel cross section, 
shown on Fig. 5, the tunnels are 15ft. wide 
in the clear and 16ft. 9tin. high from floor 
to crown of arched roof, which has a semi
circular curve of 7!ft. radius. The 15ft. 
width was determined by the adoption of an 

Height at stations, side 
platforms .. . .. . . .. 24 3t 

Width inside .. . .. . .. . 15 0 
Width inside on curves, 

ma:xrmum .. . . .. .. . 17 0 
Height inside, from invert 16 . 9! 
Height inside, from base of 

r A.il .. . . .. .. . . .. . .. 15 7 ~ 
Depth from street to plat-

form.. . ... .. . .. . . .. 44 to 48 

-
15 0 

-
16 9! 

.15 7! 
44 t o 48 

-
20 5 

-
18 0.\--
16 lOt 

44 to 48 

Stations.-Of the twenty-nine stations now 
built, sixteen are on the State Street and 
Clybourne Avenue line (Route No. 1) and 
thirteen on the Milwaukee Avenue and Dear
born Street line (Route No, 2). As is usual 
with stations on rapid transit lines, the plat
forms are high, level with the floors of the 
oars, and having their edges 4ft. above base 
of rail. The platforms are 500ft. long, except 
that in the heavy traffic " loop " portions of 
the parallel State Street and Dearborn 
Street subways, where the platforms are con
tinuous between stations. Island platforms 
are 22ft. wide within the business district, 
but elsewhere they are 18ft. wide. Side 
platforms, which are used only where local 
conditions make them desirable, are 12ft. 
wide. 

Ticket offices, pay turnstiles, concessions, 
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toilet rooms, and other station facilities are 
arranged on a mezzanine floor 17ft. below 
the street level, and supported on the tunnels. 
Stairways and escalators extend from this 
floor to the streets and the platforms. The 
platform level is 40ft. below the surface or 
sidewalk level in the " loop , district and 
from 40ft. to 44ft. at other stations. The 
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reversible, in order to accommodate the 
crowds of incoming or arriving passengers in 
the morning, and the crowds of outgoing or 
departing passengers in the early evening. 

At stations having central or island plat
forms, which is the usual arrangement, the 
track tunnels are spread apart for a spacing 
of 33ft. between centres, as shown in Fig. 5. 

• 
•• • 
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island platform stations on the circul~r tube 
Jines the two tubes are built in the usual way. 
When both tubes have passed the station 
~ite the steel lining is removed from their 
adjacent sides and the intermediate material 
is excavated by hand for the platform space, 
as shown by Fig. 5. 

For stations with side platforms, Fig. 5, 
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mezzanine floor is approximately 65ft. by With the intervening space excavated for the tunnel construction is similar to. that 
80ft. in plan, with a clear height of 7ft. 6in. the platform the roof arches are supported between stations, but the side walls are 
Its structural framing combines steel columns by longitudinal steel girders on two rows of omitted and the arches sprina from lonai
and girders with reinforced concrete walls, platform columns, spaced 12ft. apart and tudinal steel girders supported on st~el 
floor and roof. Escalators have a vertical with longitudinal spacing of 15ft. The platform columns and giving a clear 
travel of 20ft., and with a width of 4ft. are smaller arch over the platform is also carried headway of 8ft. 6in. on the plat
estimated to have a carrying capacity of 8000 by these girders, which are composed of forms. From these girders also spring the 
passengers per hour per escalator. They are pairs of rolled steel joists or H-beams. At smaller side arches, which are of 3ft. 7in. 
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radius. These side platforms are 12ft. wide. 
Stations in the " loop " district are placed 

midway between cross streets so that the 
congestion of pedestrian traffic at crossings 
will not interfere with the currents of 
passengers entering and leaving the subways. 
Outside of this district, however, the 
stations-about half a mile apart-are 
located at street intersections, and have 
entrances and exits at the four corners. Each 
station has several entrance and exit stair
ways, 4ift. wide, opening on to the sidewalks 
of the streets. Stairways are assumed to 
have a capacity of eighteen per minute per 
foot of width. To distribute traffic move
ments and to a void confusion the entrances 
to escalators and stairways will be kept some 
distance apart, both at the station floor and 
at the platforms. No canopies or booths 
cover the sidewalk entrances and exits, 
mainly on account of their cost, but the 
arrangement appears likely t o result in dis
comfort and inconvenience in wet weather 
and in t imes of heavy snow. _ 

Ventilation, Drainage and Illumination.
Ventilation of the tunnel and stations, when 
in operation, is to be effected by exhaust 
fans, supplemented by natural movement of 
air in the subway due to the piston action of 
the trains. Openings in the walls and roofs 
of the single-track tunnels are connected with 
shafts 45ft. apart and leading to sidewalk 
openings covered with gratings set in the 
pavement. Similar shaft s a short distance 
in advance of the stations will serve to dis
perse the air current and prevent unpleasant 
velocity of air sweeping over the platforms 
due to approaching trains. Exhaust fans 
are installed a~ stations and also at points 
where the tunnels are at such depths as to 
make construction of vent ilating shafts 
too costly. Similar fans installed in chambers 
in the tunnels will provide for ample venti
lation in case of emergency. 

All water entering the tu.nnel, including 
seepage through the walls and also rain 
water coming in through the stairways, 
incline portals and ventilating shafts, as well 
as water used in cle~ning the platforms, &c., 
is led to sumps midway between stations, 
whence automatic pumps and ejectors deliver 
it to a city sewer above the subway. Wastes 
from the toilet rooms at stations will also 
be delivered to adjacent sewers by means of 
automatic ejectors. Electric lighting-direct 
and indirect-is planned to give an illumina
tion of 4 foot-candles in the stations and 
3 foot-candles on the platforms. It will be 
of the fluorescent type, supplemented 
by an independent emergency lighting 
system. 

Special features in the t1mnels include 
pump rooms, fan rooms and splicing chambers 
on the electric ducts ; these last being acces
sible from the streets. Transfer tunnels, 
12ft. wide and 11ft. 3in. high, connect the 
platforms of parallel s~ations on the two 
subways to facilitate passengers exchanging 
from one line to another. Easily accessible 
emergency exit s to the streets are provided 
at such intervals that in case of a stalled train 
or stoppage of traffic passengers would not 
have to walk more than an eighth of a mile 
on the emergency walk to reach a station or 
an emergency exit. Fly-over crossings are 
provided at two points to a void level cross
ings, the twin tubes being separat ed and one 
carried over the other. 

Tramway Subways.-In the opening de
scription it was pointed out that the subway 
scheme as a whole includes certain lines by 
which some of the street car lines will be 
diverted underground through the business 
district in order to reduce the congestion of 
street traffic and to enable the cars to pass 
through the district in much less time than 
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• 
at present. This feature is not included in present Washington Street tunnel under the 
the present or initial work, but will form part river, now used by street car lines. The 
of the proposed second stage of subway other subway would be south of the business 
development. It provides for two such tram- district, running east under Van Buren 
way subways. One of these would extend Street and Jackson Street from Clinton Street 
east in Washington Street from Clinton to another loop t erminal under Grant Park. 
Street-west of the Chicago River-t o a loop These two lines would total about 4 miles 
or reversing terminal under Grant Park, on and are estimated to cost £20,400,000. 
the lake front. This line would utilise the (To be continued) 
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POSITION UP TO THE PRESE NT 

TH E progress of the steam locomotive can 
be viewed from several aspect s, the most 

obvious being that of size and power. The 
advance in power has been continuous, but 
in recent years the limits of allowable size 
in this country have almost been reached, so 
increase in power per unit of weight, which is 
one form of efficiency, has been called for 
and achieved. In reliability, in lowness of 
repair cost s, and as an effective means of 
moving traffic, the advance, although less 
obvious, has been equally steady. But in 
thermal efficiency-the net return in work 
done for each unit of heat supplied- it must 
be admitted that progress .has been more 
halting, and for reasons which I shall explain 
it has lagged behind the advances made in 
the u se of steam in marine and land 
installations. · 

By the (( fifties " of last century the details 
of British locomotive design had become 
more or less stabilised , largely as a result of 
the work of John Rams bottom, who intro
d·lCed split piston rings of iron, st eel or brass; 
the screw reversing gear ; displacement 
lubrication ; and the water pick-up, which 
enabled the locomotive to take water from 
troughs between the rails when running. 
From that time until the beginning of the 
pt:esent century almost the sole increase in 
basic thermal efficiency was that due to an 
increase in average boiler pressure from 
140 lb . per square inch to 180 lb . per square 
inch . The actual efficiency of the engine in 
running condition continued through all this 
period to fall far short of the theoretical 
figure, due to various cylinder losses arising 
from condensation, throttling, and leakage. 
There were reasons for this lull in progress. 
Cheap fuel and the absence of any spur to 
action from alternative forms of transport 
did not provide any powerful urge to do 
bett er . Scientifically exact means of 
measurement and comparison had not been 
developed, whilst the division of railways 
into small self-contained units set barriers in 
the way of interchange of experience. More
over, in few branches of engineering does the 
designer live in such close daily contact with 
his products throughout their working lives 
as does the railway mechanical engineer . 
The resulting preoccupation with reliability 
has tended to provide arguments against 
breaking away from practice which has been 
well tried in the past. 

This long period of relatively slow progress 
served to crystallise ideas on design into a 
definite British school of thought, and how
ever much the engines of the different rail-

• Institution of Mechanical Eng ineers. Address by 
the President , W. A. Stanier , M.I. Mech. E. Slightly 
abridged. 

ways might vary ~ colour and shape, in the 
fundamentals affecting their thermal effi
ciency they were extraordinarily alike. 
Further, so well established did this school 
become that it has persisted far into the 
present century, .and numerous examples of 
this basic design are still running to-day. 
Many of them have been built in recent 
years concurrently with more efficient t ypes. 
F;imple, reliable and cheap to maintain, t hese 
engines move a considerable proportion of 
our traffic, and are beloved of the operating 
departments. There are 3250 of them on the 
London Midland and Scottish Railway 
alone. Fig. 1 shows a typical example. 

Apart from isolated instances, the first 
considerable and lasting break-away from 
the almost traditional form in this country 
was the work of Churchward. In pioneer 
JVOrk carried out from 1902 onwards a gain 
was made in theoretical efficiency by extend
ing the heat range, both upwards (by 
increasing the boiler pressure to 225lb. per 
square inch) and downwards (by reducing 
the exhaust pressure as a result of improved 
valve events). The gain in actual efficiency 
was even more marked , owing to the big cut 
in cylinder losses-hitherto looked upon as 
unavoidable-achieved by the use of long
lap valves, and cylinders with direct ports 
and passages and minimum clearance volume. 
Churchward had the vision and the courage 
to combine all these features, some of them 
borrowed from French and American prac
tice, into a range of simple st andard loco
motives which were many years ahead of 
their t ime (Fig. 2). It is interesting to 
recollect that these improvements were 
evolved from a consideration pf first prin
ciples and by intelligent observation of what 
was going on in the world, and were not the 
result of scient ific testing or research as we 
now know them. For this reaso_n, amongst 
others, little record was made a. vailable of 
the practical steps involved, nor were any 
test results made known, so the importance 
of what had been done was not generally 
realised , and there was a long time Jag before 
the characteristics of Churchward's designs 
begap to find their way on to other railways. 

The next notable advance was the intro
duction of t he superheater . Attempts to 
produce a practical superheater had been 
made for many years, but t he smoke type 
design originated by Schmidt in Germany 
was the first successful application, and 
between 1908 and 1912 superheating became 
accepted practice on practically all British 
railways. The steam temperature of about 
600 deg. F ah . obtainable thereby reduced 
condensation losses to a negligible quantity, 
and gave locomotive engineers a present of a 
15-20 per cent. drop in actual coal con
sumption, with no other effort on their pa.rt 
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than the application of a. relatively simple 
apparatus. The fullest record of what was 
done at that time is cont ained in a paper by 
Sir Henry Fowler, and in its subsequent 
discussion. t 

Paradoxical as it may appear, t his windfall 
actually had t he effect of retarding t he further 
progress in improving thermal efficiency for 
many years, and led attention away from the 
fundamentals of Church ward's success. With 
o much gained from superheating, loco

mot ive engineers were unwilling t o believe 
that anything of much value could be 
obtained by aba'ldoning t heir t raditional 
cylinder designs and valve events. Indeed, 
it was held to be one of t he virtues of super
heated steam t hat it could successfully 
thread its way through t ortuous passages 
and pa t valves of small diameter. Except 
for t he general adoption of piston valves in 
place of slide valves, which, with the wide 
piston rings t hen in use, did little to reduce 
steam leakage, no fundamental alteration in 
cylinder a.nd valve gear design was made. A 
representative superheat ed engine of the 
period is shown in Fig. 3. 

Churchward , on the other hand, realising 
that h is own designs with their greatly 
improved cylinder efficiency, produced results 
as good as, if not better t han, t he super
heated engines on other lines, contented him
self with applying only a. low degree of super
heat , with st eam t emperatures in the region 
of 500 deg. Fah . 7'hus the t hird stage of 
improvement, that of combining improved 
cylinder and valve gear design with st eam 

• 
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the smaller as well as the larger t ypes of 
engines on the different railways. 

[As examples the author illustrated fqur 
out of the r ange of standard locomotives on 
the London Midland and cottish Railway, 
of which we reproduce in Fig. 5 a ' ' Corona 
tion " class engine.l 

The general advance in the past t wenty 
years has been greatly facilitated by the 
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cottish services show a. reduction of 40 per 
cent. in coal consumed per draw-bar horse
power, compared with those which were the 
best available in 1926. 

Many heroic individual attempts have 
been made to break away from normal 
designs, but without any of them having a 
lasting influence. Chief of these have been 
the continually recurring attempts to adopt 

FIG. 2-G.W. RAILWAY : CHURCHWARD' S " SAINT " CLASS 4 • 6 • 0 ENGINE 

railway grouping, which, by bringing all 
kinds of locomotives into open competition 
which had never previously been compared 
on the same work, threw into high relief 
those types which were inferior, and made it 
possible to justify their replacement by more 
economical units. The London Midland and 

compound expansion, offering certain advan
tages, at least in theory. Only one class, the 
" Midland " compound, survives to-day, and 
I shall have something more to say on this 
subject in a. later section. 

Turbines with condensing plant and high
pressure water-tube boilers have been tried 
in a number of ingenious applications, but 
none survives in this country at the present 
time. Indeed, the only " abnormal " loco
motive type available for everyday active 
service is the London Midland and Scottish 
" Turbomotive," which substitutes in the 
simplest possible manner a. turbine and gear 
drive for the normal reciprocating lay-out. 
No condenser is fitted, so the increase in 
basic thermal efficiency compared with a 
standard locomotive is small. There are 
possibilities, however , of more economical 
working at high power outputs, while the 
purely rotary working parts, being totally 
enclosed , may promote lower upkeep costs. 
This engine has now run .185,700 miles in 
express service, but data are not yet avail
able for a. final summing up of all the results. 
Some particulars of its fuel consumption in 
comparison with that of normal types is 
given in the lat ter part of this address. 

FIG. 1-MIDLAND RAILWAY: 0 • 6 • 0 FREIGHT ENGINE,'JCLASS 3 Of non-steam motive power, the Diesel 
engine has so far, except for some light rail
cars, only established itself here in the field 
of shunting J·ocomotives for intensively 
operated freight yards. The position of 
electrification is well known to you, but as 
very few electric locomotives are in use , it 
does not enter the scope of this address. 

temperatures of 600 deg. Fah . or so, wa.s 
delayed until t he period of t he last war . 
Except for a single small class of 4 4 0 
engines on the Lancashire and Yorkshire 
Railway which combined these features 
almost by accide 1t in 1908-the true value 
of which was not appreciated by the owning 
company-the first engines in t his country 
so built were those of Maunsell 's 2- 6- 0 
design of 1917 for t he South-Eastern and 
Chatham. Railway, followed by t he London 
Midland and Scott ish Railway mixed traffic 
engines of t he same wheel arrangement in 
1926. After th .t date these features became 
fairly general throughout the country for 
new construction, as exemplified by such 
well-known locomotives as the lat er examples 
of Gresley's " Pacific " engines, Maunsell's 
" Lord Nelson " class, and Fowler 's " Royal 
Scot." The latter, which appeared in 1927, 
is illustrated in Fig. 4. 

The most recent stage of development has 
been a general refining of all the above 
features of design, and their application to 

t Fowler, H ., 1913- 14, Proc. Inst. C.E., Vol. 196 
page 77, " Superheating Steam in Locomotives." 

• 

Scott ish Railway in particular embarked on 
a. bold policy of breaking up the old and 
inefficient types of the constituent companies. 
To-day 2000 engines on that line have 
cylinders of modern design and long-lap 
valve gear , as against only t wenty-five in1923. 
Of the t otal stock, 56 per cent. is superheated, 
and the engines working the heaviest Anglo-

Such then have been the main lines of 
development in the British locomotive up 

FIG. 3-L. AND N.W. RAIL.WAY: GIEORGE THE FIFTH CLASS 4 . 4-0 ENGINE 
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to the present, and against this background 
we may now proceed to examine its status 
to-day. 

Many 
traction 

PRESENT Pos iTION 

factors influence t he cost of 
per ton-mile, of which fuel con-

THE ENGINEER 

plant as a whole on a basis of indicated horse
power. The first column represents a. satu
rated steam engine as designed in the last 
century (of which many are still running); 
column 2 represent s a superheated design of 
the period 1908-12, still ret aining old
fashioned cylinder and valve gear design ; 
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various features of power station practice 
could in fact be applied . 

The record of the locomotive is not, as is 
sometimes thought, entirely bad, and Table I 
shows clearly where it has advanced and 
where it still falls short. 

FIG. 4 - L.M .S . RAILWAY : ROYAL SCOT CLASS 4 - 6-0 ENGINE 

Boiler.-Thermally, the boiler is the most 
sat isfactory part. The high heat absorption 
rate of the water-enclosed inner fire-box and 
the rapid heat transfer arising from high gas 
speeds along the tubes, combine to produce a 
high heating surface efficiency which does 
not drop appreciably at the maximum out
put of which the boiler is capable. The 
principal loss is that due to fuel being drawn 
off the fire-bed by the fierceness of the 
draught arnd expelled unburned from the 
tubes at high output of power . The overall 
efficiency exceeds 80 per cent. at low rates 
of combustion and falls along a practically 
straight line to about 50 per cent. when the 
boiler is forced to the limit of its output, 
which corresponds to about 200 lb. of coal 
per square foot of grate per hour. Boilers 
which are proportioned t o work at an aver
age firing rate of 50- 60 lb. per square foot 
grate per hour are capable of maintaining 
efficiencies in the region of 75 per cent. , a 
figure which bears comparison with other 
types. The efficiency cited holds good for a 
wide variet y of individual designs, and this 
type of boiler has also further solid advan
tages. It fpllows varying demands wit h 
great rapidity, having a considerable thermal 
storage capacity in the large quantity of 
wat er carried. It is capable of severe over -

sumption is only one, but thermal efficiency 
is particularly within the province of the 
mechanical engineer, and I shall therefore 
deal with this aspect first~ 

At the outset I must repeat that for orie 
reason and another we have hitherto been 
without means in this country for the scien
tific testing of locomotives. Comparative 
testing there has been in plenty, but because 
the locomotive travels over an undulating 
track and within severe restrictions of space 
and weight, and moreover since its operating 
conditions call for continual variation in 
speed and load , it has been much more diffi
cult than in land or marine work to isolate 
all the variables, and obtain . absoh~te t est 
figures for the amount of heat turned into 
useful work in the cylinders. I will refer later 
to the subject of t esting, but I mention the 
matter here, in pointing out that we do not 
yet know definitely the actual efficiencies we 
attain. It is nec~ssary, therefore, to estimat e 
them, but this can nevertheless be done with 
some degree of probability, from the t est s at 
variable speed on the road- the only t est s we 
have so far been able to carry out in this 
country . These road t est . figures can be 
supplemented by data provided by constant
speed testing on t he line and on stationary 
test plants abroad. 

Thermal Efficiency.-Table I attempts to 
set out. the relat ive thermal efficiencies for 
different stages in the development of st eam 
motive power , showing first of all the basic 
theoretical efficiency of the cycle, then the 
actual engine and boiler efficiencies, and 
finally an overall thermal efficiency for the 

column 3 the position of representative best 
present-day design in this country ; while 
column 4 is illustrative of the work done by 
Chapelon in France and represents very 
nearly the best which can be expect ed from 
further refinement in the normal reciprocating 

TaBLE I. - Approximate Best Thermal Ejficienoies of VarioUB Steam Locomotives 

I L.M. & S.R. Advanced 
R ep re- R epre- "Coronation" Chapelon steam power 

senta.t ive sentat ive superheated superheated station 
saturated superheated 4-6-2, 4-8-0, practice 

locomotive locomotive simp~e comp o';lnd electr ic 
built c. 1880. built c. 1912. expansiOn . expansiOn. drive.• 

Working pressure, lb. per square inch ••• 160 180 250 295 1350 
Steam temperature, deg. Fah. . . . . .. ••• 371 580 615 750 950 
Heat drop, B .Th.U. per lb. of steam ... ... 150·8 187 213·8 253 610 
Theoretical efficiency of cycle (R ankine), 

per cent. . .. . .. . . . • •• . .. • •• 12·8 15· 4 17·2 19·7 48 
Theoretical steam consumption per I.H.P .. 

13·6 11 · 9 10·0 hour,lb .... ............... ... 16·9 -
Actual engine cycle efficiency, per cent. . . . 7·64 9·6 14 ·2 16·5 38·0t 
Estimated steam per I.H.P .. h our , lb. ••• 28· 3 22·0 14 ·5 11 · 7 -
Ratio of actual efficiency to theoretical effi-

ciency of engine, per cent. . . . . . . . .. 60 62 82 84 79 
Boiler effi ciency, per cent. . . . . . . . . . . .. 68 75 76 78 90 
Overall thermal efficiency of locomotive on 

10·8 12·8 I.H.P . basis, per cent. . . . . . . . . . . .. 5· 2 7·2 34 · 2:1: • 

• Based on particulars given in Sir Leonard Pearce's Thomas Hawksley Lecture, Proc. I. Mech. E., 1939, 
Vol. 142, page 305. 

t Overall efficiency based on units gen erated, i.e., including factor for efficiency of generator. 
t Efficiency at motor shaft, corresponding as nearly as possible to efficiency in cylinder of direct-drive steam 

locomotive, i.e., minus the final drive in each case. 

locom-otive. The last column gives com
parative figures for an " ideal " application 
of the most advanced power st ation practice 
to the locomotive, leaving on one side for 
the moment the question of how far the 

load and is not too sensitive to the quality of 
the water, while its weight and size are very 
moderat e in relation to the output. It s 
cylindrical body possesses considerable 
rigidity and strength. Table II gives par
ticulars of some representative boilers. 

Without condensing, the thermal gains 
due to increasing the working pressure are 
only obtained at a diminishing rat e, and 
beyond about 300 lb. per square inch the 
gain due t o succes~ive increments in pressure 
falls away rapidly. Since it is possible to 
design a. normal locomotive type boiler for 
such a pressure, there is, therefore, litt le urge 
or justification for departing from the con
ventional type merely t o secure thermal 
gains, and alternative water-tube designs are 
attractive only as a possible means of 
eliminat ing stays, t o assist mechanical main
t enance ; they become of real interest as 
higher working pressures are envisaged in 
conjunction with condepsing. 

FJG, 5-L.M.S. RAILWAY: CORONATION CLASS 4- 6-2 ENGINE 

Engine.-A careful distinct ion must be 
made in considering engine efficiency. As 

• • • 
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Table I has shown, the theoretical thermal 
efficiency even to-day lags far behind that 
of the power st ation, but this is largely due 
to the difficult ies of finding space for the 
essential features of high-pressure turbo
condensing design as well as in the accom
panying weight restrictions. Thus in basic 
efficiency it is physical limitations which 
have offered obst acles to progress. In 
utilisation of t he available t heoretical effi
ciency, on the other hand, the locomotive has 
a very good record of progress, and the best 
modern designs are capable of realising in the 
cylinders as much as 84 per cent. of the 
utmost t hat theory a llows. 

As against this, a large number of the 
older engines still running do not achieve 
more than 60 per cent. in t his respect , due to 
severe cylinder losses. These consist of 
condensation, internal leakage past valves 
and pistons, t hrottling of the st eam due t o 
insufficient port and passage areas, and high 
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too, were marked by evening studies at 
King's College and University College. In 
1895 he went t o Elliott Bros., Ltd. , at 
Lewisham, and served first as chief elec
trician and from 1898 to 1905 as chief engi
neer . In 1905 he left Elliott Bros. t o become 
manager of the General Electric Company's 
switchgear department at Manchester , and 
in 1906 was one of the founders of Erskine, 
Heap and Co., Ltd., switchgear manufac
t urers, at Salford. · 

In 1911 began his association with Mr. 
W . P . Dig by, and the foundation of the firm 
of Heap and Digby, consulting engineet s, in 
which Mr. W. Ryley subsequently became 
and remained a. partner until his retirement 
in 1939. In the first three years the chief 
activit ies of the firm were connect ed with 
large power-house plants-steam, hydro
electric, and oil- in widely scattered parts 
of the world, such as Tasmania, Chile, 
Malaya, and Colombia. Many of those 

T ABLE !I.- Particulars of R epruentative L ocomotive Boilers (L.M. and S. R ai lawy). 

4-6- 2 4-6- 0 2-6-4 4-4-0 0-6-0 
Stand ard 
fre ight. 

• "Coronation" Mixed traffic. T ank engine. Compound . 

Working pressure, lb. p er square inch 
:;\l axiroum barrel diameter .. . .. . .. . .. . 
Length between tubo plates . . . . . . . .. 
Length of fire-box .. . .. . .. . .. . .. . 
Evaporative h eating surface, sq. feet-

Tu bos . . . . . . . . . . . . . . . . . . . . . . .. 
F iro. box . . . . . . . . . . . . . . . . . . . .. 
TotaJ . . . . . . . . . . . . . . . . . . . . . . .. 

... 

Superheated surfo.re, square feet . . . . .. 
Grate area, squartJ feet.. . . . . . . . . . . . .. 
Free ar~a.-

Smnll tubes, square feet . . . . . . . . . . .. 
Largo tubes, square feet . . . . . . . . . . .. 
T otal, square foot .. . .. . . .. .. . .. . 

Total froe area through tubes as p ercentage 
of grate a rea .. . .. . .. . .. . .. . .. . 

Weigh t of boiler empty (fully m ounted) ... 
Approximate steam production, lb. p or hour 

250 
6ft. 5!in. 
19ft. 3in. 
8ft. 6in. 

2577· 0 
230·5 

2807 ·5 
856 

50 

3· 23 
3 · 66 
6·89 

13·8 
T. c. q . 
28 3 2 

33,000 

back pressure due to restrict ed -exhaust 
events. Such losses have been greatly 
reduced by superheating, by the introduction 
of valves and pist ons having numerous 
narrow rings, by improved lubrication, and 
long-lap valve gear . More recent ly the work 
of Chapelon in France has underlined the 
importance of sufficient area of valves, ports 
and passages, and the benefit of streamlining 
them interna lly as far as possible to reduce 
resist ance to the flow of st eam ; and modern 
cylinder designs have been still further 
improved in this respect . 

All the last-mentioned improvements are 
applicable to the normal simple expansion 
engine, and at the outbreak of the war 
designs were on the board for a modified 
" Coronation " engine which would carry 
300 lb . per square inch boiler pressure and a 
steam temperature of 750 deg. Fah., embody
ing the main results of Chapelon's investiga
tions, but without making use of compound 

• expansiOn . 
• 

(T o be conl!inued) 
• 

Obituary 

A. C. HEAP 

ARTHUR CEOIL HEAP, the third of the five 
sons of Mr. E . Heap, and the second of the 
three who followed an engineering career, 
was born on March 14th, 1872. He was 
educated at Ea.stcliffe H ouse, Margate, and 
from 1888 to 1890 attended the City and 
Guilds Technical College. Next followed an 
apprenticeship with Gwynnes, Ltd., at 
Hammersmith, and four years as t echnical 
and research assistant to Major (afterwards 
Colonel) R . E. B . Crompton. Those years, 

225 
5ft. Siin. 
13ft. Sin. 
9ft. 2 fiT in. 

1478· 7 
171·3 

1650·0 
359·3 
28·65 

2·22 
2·54 
4 · 74 

16 · 54 
T. c. q. 
17 16 2 

20,000 

200 
5ft. 3in. 
12ft. 3in. 
8ft. 6io. 

1223 ·0 
143·0 

1366 · 0 
245 
26·7 

2·04 
1 ·89 
3· 93 

14 · 7 
T. c. q. 
14 2 3 

117,000 

200 
4ft. 9lin. 
12ft. 3in. 

9ft. 

1169. 7 
147 · 3 

1317 · 0 
291 

28· 4 

1 ·89 
1 · 58 
3 ·47 

12·2 
T . c. q. 
15 16 2 

17,000 

175 
4ft. 9tin. 

lOft. lO! in . 
7ft. 

1033 · 7 
L23·8 

1157 . 5 
253 

21· 1 

1·89 
1·58 
3· 47 

16·5 
•r . c. q. 
13 7 0 

14,000 

plants were in connection with copper, tin, 
and gold mines. Of them, the most notable 
was the work carried out for Guggenheim 
Bros., of New York, for the Cobija power 
station and copper mine at Chuquicama.ta. in 
Chile. Mr. Heap, after settling the specifica
tion and arranging the t erms of the contract 
in New York, came back to deal with details 
of design and to supervise the construction 
of the generating plant, which was of a. size 
and pressure then unknown in Europe. 
While small compared with the 105,000-kW 
turbo-generators now at Battersea, the 
10,000-kW three- phase generators and 
10,000-kW transformers st epping up to 
140,000 volts which he installed twenty
eight years ago at Cobija were noteworthy. 
At the time a. 40,000-kW steam-driven 
station with oil-fired water-tube boilers on 
the sea coast and a 140,000-volt transmission 
line to a mine 120 miles away had not been 
previously attempted . To-day , Cobija power 
station has been doubled in capacity, and is 
probably, as it certainly was at its inception, 
the largest oil-fired st eam-driven power 
station in the world. 

The 1914-18 war interlude interrupted 
the further extension of the overseas activity 
of the firm. From early 1915 to the middle 
of 1916, Mr. Heap was concerned in the work 
of the Ministry of Munitions, chiefly in dealing 
with munitions factories and their power 
supply. From the middle of 1916 to the 
end of 1919 he was with Viokers, Ltd. , as 
superintendent of electrical manufactures, 
controlling the manufacture of all types of 
electrical machinery made at the various 
Vickers' works and at the Metropolitan. 
Vickers E lectrical Works at Manchester . 
From 1920 until his death on October 13th, 
1941, he was again engaged on consulting 
work. 
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Mr. Heap combined a reticent modesty 
with an intense zeal for work, and his un
sparing devotion to whatever work was 
before him won the affection and est eem of 
all who worked with him. 

• 

AN UNUSUAL TUBE DEFECT* 

THE recent failure of a tube of an horizontal 
type water-tube boiler was found to be due to a 
rather unusual combination of circumstances. 
The boiler is one of a range of six, each of the 
two-drum land type, worked under natural 
draught condit ions (t in. at chimney base and 
0 · 3in. at back of boilers), and fired by means of 
a chain grate stol<er, the permissible working 
pressure being 300 lb. per square inch. The 
position of the defective tube was in the bottom 
row and No. 9 from t he left -hand side (fourteen 
tubes in row). This tube opened out suddenly 
for a langth of 18!in., commencing at about 
4ft. 3in . from the front header when the pressure 
was 276 lb. per square inch, and through the 
opening the contents of the boiler were ejected. 
The original tube was 4in. diameter, and of 
6 standard gauge thick (0·192in.) . 

An examination of the tube showed that, at 
about 4ft. 3in. from the front header and for a 
length of about 18in., it was wasted externally 
to practically paper thickness at each side of 
the tube for !in. to !in. in width in t he circum
ferential direction, but the two wasted parts 
were not diametrically opposite. The wasting 
by erosion was caused by t he grit-laden products 
of combustion at two points of the tube's cir
cumference over which the gases would pass 
at the greatest velocity, and this erosion w1:1s 
limited to a length of about 18in. The under
side of the tube externally over the fire was 
roughened, but only slightly thinned at this 
part. No doubt the roughened surface was 
due to the bombardment of grit particles, but 
the velocity of the gases at this point would be 
decreased owing to the changes of direction and 
the ensuing eddying effect. The close proximity 
of the adjacent t ubes hinders measurement by 
caliper unless these are specially designed, and 
the eroded parts not being diametric1:1.lly opposite 
the caliper, measurement will show the wast1:1.ge 
on one side of the tube on1y. It is therefore very 
desirable that whenever a tube is renewed for 
any reason the opportunity should be taken to 
ascertain whether erosion or other defects have 
been set up. It should be made the practice to 
record all tube renewals, and any tubes in the 
lower rows not renewed for, say, a period of ten 
years, should be the subject of special con
sideration. 

Two CARs MADE INTO ONE.-In the au tumn of 
1940 L .P .T.B. district trailer oar No. 013167 was 
badly damaged by enemy action. Three-quarters 
of the length of the car was almost completely 
destroyed ; one end was not serio\l::$ly damaged. 
A week or so later metropolitan motor-car N_o . 
14,233 had :>ne end WTecked and the remainder of 
the body deformed by blast blowing the roof 
upwards. It was decided to construct one motor
car from these two damaged ca rs. Car 14,233 had 
the damaged end cut off, all members including the 
Aole bars and main longitudinals being cut through 
on a vertical plane nmning just inside the first pair 
of double doors. The good end of car 013167 was 
cut through on an identical plane. Thus when the 
two portions were butted together all members 
could be joined by welding without make-up pieces. 
Before bringing the two portions together, the roof 
members of ca r 14,233 were removed and reset to 
!lhe correct shape. The sides of the (lar were preRsed 
out and the roof members refitted. The two portions 
having been lined up, the sole bars of the composite 
car and the main longitudinals wero welded hy arc 
welding. Cover straps were also welded over the 
Role bar joints t o give additional strength. £he 
original roof sheets were then replaced, only one 
new sheet--that at the joint--being reqnirerl. rhe 
interior woodwork was ln.rgoly salvad from the two 
cars, as were the majority of the fi t t.ings and seats. 
A car, No. 14,233, has thus been put into service, 
using very little new material other than glass
ceiling board, and two sheets of steel panel. 

• From the October issue of Vulcan. 
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of the Lease-Lend arrangements and the 
almost total absorption of the British steel 
production in the war effort, has resulted in 
a number of tinplate works voluntarily 
closing down and the disposal of their labour 
force amongst other war industries. It would 
seem therefore that the problem which was 

Contents 
THE ENGINEER, October 31st, 1941 

A SEVEN-DAY JOURNAL .. . .. . . . . . .. .. . 

LEADING ARTICLES-
FUTURE OF THE T INPLATE 'l'RADE . . . . . . . . . 
FUEL AND THE GOVERNMENT .. . .. . . .. .. . 

SPEt::IAL ARTICLES-

PAGE 
. .. 285 

... 294 

. .. 294 

HisTORIC ACCIDENTS AND DISASTERS. No. VIII. 

. set lpefore the Committee has solved itself 
before that body was in a position to report. 
The situation, nevertheless, is not without its 
dangers, which are sufficiently apparent to 
create apprehension amongst industrialists 
in South Wales and other parts of the 
country. Public men in South Wales have 
given utterance to their fears that the changes 
which may be recommended by the Essendon 

(lllus.) .. . .. . .. . .. . .. . .. . .. . .. . .. . 286 
LOCOMOTIVE IN MECHANICAL ENGINEERI~G. No. I. 

(Illus.) . .. .. . .. . .. . .. . . .. . .. .. . .. . 290 
PROBABILITY GRAPH PAPER A:ND ITS ENGINEERING 

APPLICATIONS. No. 11. (Ill us.) ... .. . .. . 296 
U NDERGROUND RAILWAYS AT CHICAGO, U .S.A. 

. ' 

No. IT. (Ill us.) .. . .. . .. . .. . .. . .. . .. . 288 
• 

COMPASS AND OTHER AIDS TO NAVIGATION 
FUTURE OF WIRET.ESS . .. .. . .. . .. . .. . 
PROPOSED MINISTRY OF FUEL ... .. . ... 
RADIAL SH.A.PINO MACHINE. (nlus.) .. . .. . 
TELECOliMUNIOATIONS OF THE FUTURE ... 
U NUSUAL TUBE DEFECT .. . . .. .. . .. . 

.. . .. . 298 

... .. . 301 

... .. . 302 

.. . .. . 300 

... . .. 300 

... . .. 293 

J,ETTERS T O THE EDITOR-
LINKS IN TBE HISTORY OF THE LOCOhfOTIVE .. . ... 295 

OBITUARY-
A. C. HEAP .. . ... ... .. . . .. . . . . . . . .. ... 293 

NEWS AND NOTES-
BRITISH STANDARDS I NSTITUTION . . .. .. . .. . .. . 302 
FORTHCOMI~G ENGAGEMENTS .. . .. . .. . .. . .. . 304 
MARKETS, NOTES AND NEWS .. . .. . .. . . .. .. . 303 
NO'l'ER AND MElllOR.A.ND.A. .. . .. . .. . .. . ... .. . 304 

• , IXTY YEARS AGO 295 .. . .. . .. . .. . . .. .. . .. . 
SUPPLEMENT--" THE METALLURGIST" 

- ttallnrgi.st. 
THE OCTOBER NUMBER OF THE 

METALLURGICAL SUPPLEMENT TO " THE 
ENGINEER ,, ACCOMPANIES THIS ISSUE. 

NOTICES TO READERS 

The fact that goods made of raw materials 
in short supply owing to war conditions 
are advertised in this paper or described 
in its editorial columns should not be 
taken as an indication that they are 
necessarily available for export . 

With a view to the conservation of paper, 
readers are advised, in the interests of all con· 
cerned, to place a regular order for THE 
ENGINEER with their newsagent or direct with 
the Publisher. 
• • • If anu SubBcriber abroad 1hould receive THE ENGINEER in 

an imperfect or mutilated condition, he will oblige bv giving 
prompt inJorrnatWn oj the fact to the Publi8her, with the name 
of the .i!qent til.r{)U(!h whom the paper i8 obtained. Such incon
venience, if 8Ujfered, can be remedied by obtaining tM pa,per 
direct from this office. 

• • • For SubBcription rateB, 1ee Pt14t 2 of .Adverti8ement8. 
•• • .i!llletterB intended for inBertWn in THE ENGINEER or con

taining qtJutionl 1/wtdd be tUCOmpanied ~V the name and 
.addre88 of the writer, not nueBBarilu for publication but as a 
prooJ of ooodjaith. No not ice whatever can be taken of arwnv-
mouB communicationB. • 

•.• No undertaking can be given tQ return drawing1 or manu
lcriTJU : corrupf>rl.dent8 are therefore requuted tQ keep co1)Us. 

• • • Will Sub1cribers please nou that in all advice• regarding 
change~ of address it i8 nece~Jsary to have both old and new 
address, as {)Ur li8t8 are kept alphabetically by tow/18. ..tdvicu 
of thi8 nature Blwuld reach Ul b%1 the jir8t po8t Wednuday 
morniny prior to the altl"fation. 

Postal Address : '' The Enginee~' 28, Eaaez Street, Strand, 
London. w .C.2. 

Telegraphic Address : '' Engineer Newspaper, Estrand, London." 
Telephone : CENtral 6566 (10 lines). 

THE FUTURE OF THE TINPLATE TRADE 

THE Essendon Committee was appointed 
last July to report on the application to the 
tinplate industry of the policy of concentra
tion of trade under the Essential Work 
(General Provisions) Order, 1941, having 
regard to the measure of redundant plant 
existing in the tin plate industry. Since then 
the decline in the exports of tinplates, result
ing from Government restrictions upon the 
export of tin plates arising from the influences 

Committee or brought about by Government 
restrictions may be of a permanent character, 
and it is not surprising that the population in 
South Wales is concerned lest what may 
have been in 'tended as a temporary war 
measure may result in permanently wrecking 
an important and valuable industry. Whilst 
it is generally felt that those best informed 
as to the needs of the country, which to-day 
mean war requirements, should be allowed a 
free hand to deal with t he problems of the 
moment, there is a genuine fear lest the needs 
of the future are forgotten in dealing with the 
troubles of to-day. The British people 
cannot afford to lose sight of the necessity 
of restoring our 'iron and steel export trade, 
which has almost disappeared during the 
war. This aspect of the problem was brought 
vividly before the country when the Ministry 
of Reconstruction was formed, and it would 
bring relief to all sections of the public in 
South Wales were _ a reassuring statement 
made by that Government Department. 

Before the war the tinplate industry had 
to fight hard to maintain its position in 
various export markets. Its chief com
petitors were the United States, Germany, 
Italy, and France, in the order mentioned. 
In the year 1937 the United States produc
tion of tinpla.tes, terneplates, &c., was 
2,170,000 tons ; Great Britain, 955,000 
tons ; Germany, 263,000 tons ; France, 
121,000 tons. The Italian production wa~ 
never published. Exports of these countries 
iu that year were :-United States, 359,492 
tons ; Great Britain, 462,255 tons ; Germany, 
134,752 tons ; Italy , 21,678 tons ; France, 
7,670 tons. The war may have as crippling 
an effect upon the tin plate industries of Ger
many, Italy, and France as upon our own, 
and much will depend upon those national 
industries which are quickest off the mark 
when hostilities have ceased. The need for 
preparing for the period of reconstruction will 
be probably less urgent in the case of other 
sections of the iron and steel trade than in 
the tinplate industry, since in the latter case 
it has been judged necessary in the national 
interests seriously to reduce productive 
facilities, whilst in nearly all other branches 
it has been .necessary to expand them. Even 
to those who believe in a trade policy of 
appeasement in international trade, and par
ticularly in dealing with our own competitors 
in the export markets, the position is one of 
urgency. The war disrupted a number of 
international cartels, including the Tinplate 
Cartel, which worked an internationaf agree
ment concerning export markets with the 
tinplate manufacturers of Great Britain, the 
United States, Germany, France, and Italy. 
This was based on quotas of export trade 
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done over a selected period. It is obvious 
that the British makers would not be in a 
position t o make a claim for a representative 
export tonnage after having for a consider
able period deliberately reduced their exports 
to zero. On the other hand, if the carte] 
sys~~m in international trade is not revived 
after the war , tht' difficulties of regaining lost 
overseas markets may be almost insuperable 
unless adequate preparations for such a 
campaign are made beforehand. 

The nature of the preparations which 
must be made during the war to enable the 
industry to play its proper part afterwards 
in the world's export trade must be decided 
beforehand by leaders of the tin plate industry 
and those in authority. If it is essential now 
to concentrate production in certain works or 
localities and to dissipate the labour forces 
of what are regarded as redundant works, 
it will be equally important then to expand 
the industry to at least its normal efficiency 
and productive capacity. A plan which is 
under consideration and to which great atten
t ion should be paid is that the redundant 
works which are closed down, either after t he 
report of the Essendon Qommittee or as a 
result of wartime restrictions, should be main
tained in a state of readiness to resume pro
duction when the opportunity offers itself . 
During the 1914-18 war the overseas markets 
were deprived of their supplies of tinplates, 
and when peace returned the starved coun
tries of the world rushed in to buy tinplates 
wherever they could. The world's produc
tive capacity could not meet the demand, 
and the price shot up to the prohibitive figure 
of 77s. per basis box, compared with a normal 
figure of 14s. to 16s: There is little doubt 
that wh~n the present conflict is over there 
will be another scramble for tinplates, but 
the lesson of the last reconstruction period 
should be remembered, and prices should not 
again be allowed to reach extravagant figures. 
Excessively high prices almost invariably 
are succeeded by abnormally low prices. 
For instance, the high price of 77s. was . 
followed in a few months by a rapid decline . 
to 33s. 6d., and then, in less than a year, to 
20s. Such violent fluctuations in price are 
little short of a disaster to an industry, and 
should be guarded against by the Department 
responsible for our post-war trade. The 
most efficient way of meeting such a situation 
is by giving the consumers, in whatever part 
of the world they may be, the material they 
need. To do this, the productive capacity 
of the British industry must be elastic, and 
the simplest and most practical way in which 
to do this would be to keep the idle works as 
a. reserve to bring into the picture when the 
situation warrants it. The cost of such a 

• 
programme should be met by co-operative 
action of the whole industry and the accumu
lation of a fund for this purpose should be 
possible during the war, when prices are con
trolled by the Government. The expenditure 
necessary must be regarded in the light of an 
insurance premium to enable the industry to 
meet the time of stress which will inevitably 
arise in the days of reconstruction. 

Fuel and the Government 

CoAL as a fuel was the mainspring of the 
rapid industrial development of the nine
teenth century. But in the present century 
it has increasingly had to face the competi
tion of its derivative gas, of heat, light and 

• 
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power distributed from the great electricity 
stations of the grid, themselves for the most 
part users of coal, and particularly of 
imported fuel oil and petrol. So great, in 
fact, has been the growth of the importance 
to the national welfare of the fuel industry 
that it has necessitated from time to time the 
creation of departments of Government to 
look after and to regulate the affairs of its 
various sections. Before the war, coal and 
oil came under the direction of the Depart
ment of Mines, gas had a Gas Director in the 
Board of Trade, and electricity, as repre
sented by the Electricity Commissioners, was 
the responsibility of the Minister of Trans
port. War has wrought certain changes. 
Oil now has a Parliamentary Secretary of 
its own, whilst on the creation of the Ministry 
of War Transport, responsibility for the 
Electricity Commissioners was transferred 
to the Board of Trade. Since the Depart
ment of Mines is a branch of the latter body, 
it will be seen that the Board of Trade is now 
responsible for matters concerning all fuels. 
At the Fuel Luncheon Club on Wednesday 
of last week, 1 ir David Milne-Watson ex
pressed his own view that the time was now 
ripe for the various fuel sections of the Board 
of Trade to be brought together by the crea
tion of a. Ministry of Fuel. 

Sir David's case for the Ministry thus 
envisaged is based mainly upon conditions 
that are likely to exist when peace returns. 
He pointed out that though responsibility 
for the various fuels is now wholly with the 
Board of Trade, there is in the present 
arrangement no guarantee that after the war 
there will be no reversion to conditions 
similar to those ruling before, and added that 
the President of the Board of Trade '' cha.rged 
with many other and diverse responsibilities," 
could hardly be expected to devote to fuel 
problems the time and care which their 
importance merited. Moreover, the country 
was likely to be poorer after the war, and 
would need to depend to a greater extent 
upon its own natural resources, and in the 
consideration of the conservation of those 
resources, an individual section could not, 
but a Ministry could, act without b~as. One 
other matter of which Sir David spoke may 
be mentioned. He feels that " each fuel has 
its proper sphere, and i~ better adapted than 
others for particular purposes, but in the 
past, owing to the absence of any authority 
to prevent it, each has sought to impinge 
upon what has been regarded by others as 
their proper sphere. The result has been in 
many cases the use of fuels uneconomically, 
both from the point of view of the user and 
of the State." A Ministry, Sir David feels, 
might be able to put an end to that kind of 
competition. 

There are remarkable points of similarity 
between the systems of the fuel industry and 
those of transport. In both cases the 
organisations concerned are of great national 
importance, and in both they are divided 
into mutually competitive sections, whose 
organisations exhibit wide differences. If 
the parallel is a true one, it is clear from the 
condition of transport before the war that 
the mere existence of a Ministry is hardly 
likely tb end competition unless by restrictive 
Government legislation. It may also be 
added that although it is abundantly clear 
that there is much support for Sir David 
within the industry-the Secretary of the 
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Institute of Fuel mentioned at the luncheon 
that each President for the last twelve years 
had advocated the creation of a Ministry
there are sections of it which, particularly 
after experience of Government control 
during the present war, do not want to see 
any extension of it, and fear that the creation 
of a Ministry might lead to its continuance 
\Vhen peace returns. They point to the fact 
that all sections of the industry are now under 
the Board of Trade, and consider that further 
unification of Government control is unneces
sary. Fuel users, no doubt, faced as they 
are by an embarrassingly large range of fuels 
from which to choose, would welcome any 
organisation capable of giving unbiassed 
advice. But they would be less pleased by 
any arrangement that had the effect of 
forcin.g upon them a certain fuel for reasons 
that had little connection with their own 
affairs. It therefore seems that what is 
required is not necessarily unified direction 
or control so much as an increased co
ordination between the different sections 
of the industry which would bring to an end 
competition in those fields where the use of 
one fuel is clearly economically more sound 
than that of others, and form a basis for 
reasonably unbiassed consideration of t he 
merits of the case where competition is better 
justified. Already, perhaps as a. result of 
war needs, some degree of co-operation has 
developed. Whether in further developing 
that co-operation and co-ordination the 
creation of a Ministry of Fuel would be 
essPntial seems to be mainly a matter for the 
industry itself to decide. . 
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Letters to the Editor. 

(We do not hold ouraelvu ruponsible for the opiniona of 
our C()rrupondent8.) 

LINKS IN THE HISTORY OF THE LOCO
MOTIVE 

Sm,- Sroiles may have made a mistake 
about the name of the first S. and D.R. engine. 
In the " Lives of G. and R. Stephenson," pub
lished in 1862, the passages corresponding to 
those quoted by Mr. Brady (pages 166 and 174) 
have " Locomotion " substituted for " Active." 

c. F . DENDY MA:RSHALL. 

Guildford, October 24th. 

Sm,-Having been an interested follower of 
your " Links in the History of the Locomotive " 
for very many years, it is with much pleasure 
that I find yet another link in the series, in the 
interesting contributions by Mr. E. A. Forward. 
Mr. Forward mentions one of Stephenson's 
engine drivers- Morror- who, by the way, 
ended his days in Leeds. This was Robert 
Morror, and it might be worthy of record that 
he died at Leeds and was buried at St. Bethel's 
Congregational churchyard, Wortley. 

The inscription on the headstone is as follows : 
" In affectionate remembrance of Robert 
Morror, late of Darlington, who died at 
Armley Hall, New Wortley, on 9th day of 
April, 1862, aged 73 years. 

" 'The above opened the Stock ton and 
Darlington Railway, which was the first railway 
opened for public traffic in England." 

W . J . BARKER. 

Leeds, Octoh~r 25th. 

29n 

Sixty Years Ago 
• 

'l'HE LIMITS TO SPEED 

I N out' issue of Octobor 28th, 188J, wo pub 
lished the first of thrco articles entitled " Th<' 
Limits to Speed," by Professor Osborn<· 
Reynolds. Everyone, R eynolds said, was 
familiar with the fact that railway trains did 
not exceed a speed of 60 or 70 miles an hour, 
steambon,ts 25 miles an hour, carriages on 
ordinary roads 10 or 12, the fastest running 
animals a mile in two minutes, and t he fastest 
bird a mile a minute. It was his object to 
discuss the circumstances on which those limits 
depended and in general the circumstances 
which imposed limits on the rate at which 
terrestrial objects could move. For years, hC' 
said, tho greatest speeds on land and sea had n ot 
increased and we could not avoid surmising 
that further advance was o bstructod by some
thing more fundamental than mere economy Ol' 

imperfection of mechanical contrivance. A 
detailed examination of the problem led him 
to the conclusion that four main factorH 
separately or together acted to impose limitl=l 
to speed. There was a limit to the rate at which 
energy could bo produced, the strength of 
materials was limited, thero was a limitation to 
the capacity of discharging the heat produced 
by friction, and there· was a limit to the elas
ticity of metals. H e discussed several examples 
illustrating his thesis. The limitations in the 
strength of steel imposed, for instance, a limit 
to the speed of locomotives because above a 
certain speed the tyres would burst under the 
action of centrifugal force. The speed limit 
imposed on trains by reason of this factor was, 
he calculated, about 380 miles an hour. A much 
lower limit of speed, he continued, was set by 
the maximum forces which the coupling-rods 
could withstand. He held that those forces 
in coupling-rods as then commonly made were 
nearer the limit of safe working than wa.c; fully 
realised. . . . We may perhaps be inclined to 
criticise R eynolcla' arguments in the light of 
developments which have occurred since he 
wrote the articles. Rai lway speeds of a 
hundred and more miles an hour over short. 
periodA are frequently achieved. At sea speeds 
of 40 to 50 miles an hour have been reached. 
On land m otor-cars, in especially favourable 
circumstances, have touched 300 miles an hour 
while in the air speecla in excess of 400 miles an 
hour have been attained. Nevertheless, any 
device or machine involving a. rotating wheel 
does seem to have its speed limited to a value 
in fair agreement with Reynolds' 380 miles an 
hour. The fastest running wheel of which we 
have particulars is the fly-wheel of t he " Conte 
di Savoia's " gyroscopic stabilising equipment. 
That wheel has a diameter of 13ft. and a 
maximum speed of 910 r.p.m. Its peripheral 
speed is therefore about 422 miles an hour. This 
is, of course, the safe or working speed and not 
the bursting speed on which R eynolds based his 
calculations. 
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When such a state of statistical control 
has been reached, the variations in quality 
become predictable. Consider, for example, 
a representative series of quality observa
tions obtained by inspection of a produ ction 
process over a period of time during which, 
from the engineering standpoint at least , the 
variations in quality seem to have been 
reasonable, i.e., they have not given rise t o 
trouble in subsequent manufacture. What 
guarantee is there that henceforth the pro
cess will not give rise to trouble in the future~ 
To answer this question it is necessary to 
subject the observed quality data to a statis
t ical analysis. As has already been made 
clear ,3 a statistical examination of such a 
series of observations reveals the existence of 
a certain relation between particular values 
of the quality characteristic and the fre
quencies with which they occur, a relation 
known as a frequency distribution. If the 
production process is in a state of statistical 
control this frequency distribution will 
appear as shown diagrammatically in Fig. 2, 
where the series of observations is considered 
as a sample of t he product quality . It will be 
observed that the larger the sample, i.e., the 
greater the number of observations in the 
series, the more regular does the distribution 
become, and the more nearly noes it approach 
towards a smooth curve. In the limit, the 
frequency distribution becomes the bell
shaped curve illustrated in the lower diagram 
of Fig. 2. 

Engineering Applications 
By H. RISSIK, Hons. B .Sc. (Eng.), A.l\LI.E.E., M. Amer . T.E.R. 

No. II 

(Oontin~ted from page 278, Octobe1· 24th) 

THE DISTRIBUTION p ARAMETERS X AND (1 

AS APPLIED To Qu AIJTY CoNTROL 

ONE of the functions of the engineer is to 
devise and perfect operations which, 

when carried out, will produce things that 
people want. His concern is thus primarily 
with quality characteristics - dimensions, 
tensile strength, hardness, colour, finish, and 
such-like material attributes. At any rate, 
he must be able to make things having quality 
characteristics lying within tolerance ranges 
which he should be in a position to specify. 
From the purely engineering standpoint, he 
will regard the upper and lower limits of 
such a tolerance range simply as " manu
facturing limits," that is to say, limits 
whose transgression immediately lands him 
with a defective and thus unwanted product. 
Such limits only enable the· engineer to be 
wise after the event. They can serve merely 
as a gauge for products already made. 

· There is, however, another viewpoint 
from which the engineer can consider the 
tolerance ranges of his quality characteristics. 
This is the statistical point of view, from 
which the upper and lower limits of a 
specified tolerance range appear as u control 
limits.'' A range confined within such limits 
represents a target for the engineer to aim at, 
and the limits themselves can serve as a 
quality gauge for products not yet made. 
Such a statistical outlook involves the 
application of probability theory, whose 
implications have been discussed in a pre
vious article.1 To quote Shewhart, the 
pioneer of statistical technique as applied to 
the quality control of manufactured pro
ducts :-

" The engineer devises an operation and 
predicts that, if carried out, it will hit the 
target. But, since he does not have certain 
or perfect knowledge of facts and physical 
laws, he cannot be certain that a given 
operation will hit its target. The best that, 
in fact, he can hope to do is to know the 
p robability of hitting the target. Here, 
then, is one fundamental way in which 
probability enters into everything that an 
engineer does." 
Quality, as measured on samples or indi

vidual batches of a manufactured product, is 
not constant, but varies from sample to 
sample, or from batch to bat ch . These 
variations, which arise from numerous 
causes, are separable into two broad classes 
according as to whether they are " signi
ficant " or "non-significant." A non-signi
ficant variation is one that merits no investi
gation ; it is due to the operation of the laws 
of chance, whose calculus is the theory of 
probability. A significant variation, on the 
other hand, is one that indicates the presence 
in the production process of an assignable 
cause of variation in product quality whose 
operation, if allowed to continue, will sooner 
or later give rise to trouble. The manufac
turer should therefore be interested in iden
tifying and removing such assignable causes, 
while the engineer should be equally inter
est ed in providing him with the means of 

1 Vide H . Ri.ssik, " Statistical Methods in Engineering 
Practice," Part I, TRE ENOINEER, November 29th, 
1940, pages 341 and 342. 
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doing so. If and when this is accomplished, 
so that the remaining variations in product 
quality are due only to the operation of 
chance causes, the production process is said 
to be in a state of "statistical control." 2 

The operational technique available to the 
engineer for recognising the presence of 
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assignable causes of variation in production 
processes is thus one based on statistical 
control theory; that is, upon a theory which 
"contributes the hypothesis that it is 
humanly possible to remove assignable 
causes of variability in the repetitive opera
tions of the engineer until such operations 
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This particular frequency curve is the 
so-called " normal curve," representing the 
Gaussian frequency distribution, or law of 
error, whose equation is 

N (x- x)2 

y= CT'\1'2; eX p - 2CT2 • (8) • • 

where N is the number of observations (total 
frequency), x is their mean value, and CT is 
their standard deviation. The unique feature 
of this frequency curve is that its known pro
perties can be applied to a statistically con
trolled series of data for which x and CT have 
been calculated. In other words, if a series 
of N observations obtained under conditions 
of statistical control is condensed in the 
manner already described, the parameters 
x and CT of the observed freq1:1ency distribu
tion preserve for future use all t he statistical 
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approach a state of maximum control and 
obey the laws of chance, a knowledge of 
which provides maximum assurance that the 
results of repeating an operation will fall 
within previously specified tolerartce limits." 

information contained in t he original data. 
In particular, it is known that all but 0 · 27 per 
cent.- in practice, all- the observed values 
of the quality characteristic x will lie within 
a range of plus and minus 3 u about their 
mean value x. Hence the practical criterion 

2 For a discussion of this concept, see H . Rissik, 
op. cit., Part II (a), THE ENOINEE.R, December 6th, 
1940, pages 357- 359. 3 See the flrat part of this article. 
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of statistically controlled quality (i.e., quality 
whose variations are solely due to chance) is 
that, in any observed sequence of values of 
a quality characteristic x, all the values 
should fall ~ithin the range x±3 u. It is 
these limits, x+3 0' and x- 3 0', which, when 
embodied in the so-called quality control 
chart, enable the engineer to tell at a glance 
whether or not a production process is in a 
state of statistical control.4 

The two principal uses of the quality con
trol chart are illustrated by Figs. 3 and 4, 
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+oo. Referring to the example of Table TV 
and Fig. l , the smooth curve shown in Fig. 
l (a) (ante) is the normal curve having the 
same total area (N =95) a.s the actual histo
gram, the same mean value (x=4n,695 lb. per 
square inch}, and the same standard devia
tion (u= 2820 lb. per square inch). The 
corresponding ogive is shown in Fig. l (b) 
(ante). It will be observed that whereas the 
50 per cent. ordinate (E f=! N) for the 
actual frequency distribution occurs at the 
median value (x=46,060), for the equivalent 
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reproduced from the American Standards 
Association's recently issued specification 
" Guide of Quality Control."5 Fig. 3 shows 
the application of such a chart to the analysis 
of a series 9f observed values of some quality 
characteristic, with a view to determining 
whether there has been lack of control in the 
production process which yielded these 
values. In other words, it illustrates the use 
of the quality control chart as a means for the 
judgment of statistical control. Fig. 4 indi
cates the features of such a chart when 
applied to the controlling of quality during 
production. Here the control limits x±3 u 
form a basis for future action; they draw 
immediate attention to potential trouble. A 
control chart embodying only " manufac
turing limits " cannot possibly do this ; it 
can merely draw attention to actual trouble. 
In the latter case it is too late to do anything, 
but in the former case there is still time for 
taking action t o eliminate the assignable 
cause before trouble actually develops. 

THE UsE oF PROBABU.ITY PAPER IN 

DETERMINING THE DISTRIBUTION 

pARAMETERS X AND u 

In accordance with the mathematical 
theory of frequency distributions, the area 
under a frequen cy curve y=F (x) between 
the limits X=X4 and x=xb is the aggregate 
frequency in the interval from x4 to xb. In 
the case of the normal curve y= f1J (x) defined 
by equation (8), the cumulative frequency 
up t o any value x is therefore given by 

'"x 
E f= f1J (x). d x . • • • • (9) 

ol -oo 
The curve represented by equation (9) is 
the ogive of the " normal " curve. VVnen 
graphed on an algebraic scale it is an S
shaped curve "'hich is symmetrical about its 
point of inflection at x= x. The ordinate is 
zero at x= - oo, ~ N at x=x.6 and N at x= -

4 For an elementary discussion of quality contro! 
charts and their construction, see H. Rissik, 11p. cit ., 
Part II (b), THE ENGINEER, December 13th, 1940, 
pages 372 and 373. 

6 American Defense Emergency Standard No. Z 1.1-
1941. The corresronding specification, No. Z 1.2-1941, 
entitled " Contro Chart Method of Analysing Data," 
deals in detail with the construction of quality control 
oh arts. 

0 I.e., the median coincides wjth the mean. So also 
does the mode. 

theoretical distribution-the " normal " dis
tribution having the same parameters x and 
u-it occurs at the mean value (x=4!l,69n). 
This at once suggests a graphical method for 
determining the mean value of any observed 
frequency distribution. The problem is how 
to draw the ogive of the equivalent normal 
curve without prior knowledge of the para
meters x and u which determine its shape. 

Before indicating the one simple answer 
to this problem, it is necessary to consider 
further the property of the normal frequency 
distribution defined by equation (9). If the 
limit of integration is expressed not directly 
as a value of x, but in terms of the deviation 
of this value from the mean x ; and if, 
moreover, this deviation is expressed as a 
multiple t of the standard deviation u, then 
x=x+t u, and the cumulative frequency 
becomes 

"x+t u 
Ef= fP (x). d x . . . . (10) 

o~ -oo 
This integral has been evaluated and the 
following tabulation gives a few correspond
ing values oft and E f :-

t ~f. 
- 3 . . . . . . . . . . . . . . . 0 · 001 N 
-2 ... . . . ........ . . . . 0·023N 
- 1 .. . ... ... ... ... . . . 0·159N 

0 . . . . . . . . . . . . . . . 0 · 500 N 
+ 1 ... . ........ 0·841N 
+ 2 . .. .............. . 0 · 977N 
+ 3 . . . . . . . . . . . . . . . . . . 0 · 999 N 

The standard deviation u of the normal fre
quency curve is t hus the intercept between 
the 16 and 50 per cent. ordinates, or between 
the 50 and 84 per cent. ordinates of its ogive. 
(The seven points corresponding to the above 
tabulation are indicated on the equivalent 
theoretical distribution of Fig. 1 (b).) This, 
in turn, suggests a graphical method for 
determining the standard deviation of any 
observed frequency distribution. Here, again, 
the problem is how to draw the ogive of the 
equivalent normal curve without prior know
ledge of its parameters x and u . 

This particular problem is readily solved 
by means of so-called probability graph 
paper. R eferring to Fig. 1 (b), it is seen that 
the ogive of the normal distribution is a 
smoot.h S-shaped curve symmetrical about 
the 50 per cent. ordinate at x=x. Now 
imagine the vertical scale of Fig. 1 (b) to be 

• 
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stretched in such a way that this ogive 
becomes a straight line. The amount of 
stretching required will be least around the 
central ordinate, p=(Ef)/N = 0·5, and will 
gradually increase as the distance from this 
central ordinate increaseR. Graph paper so 
ruled t l1at the graph of equation (~) plots as 
a straight line is known as probn.bility paper.7 

Its obvious use lies in determining how 
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closely an observed frequency distribution 
approximates to the "normal " form. 
Thus by plo~ting the relative cumula
tive frequency p=(E f)fN of a variabJe x 
for an ob::;erved distribution on probability 
paper, one can see at a gln.n.ce how nearly 
the points lie on a straight line. 

Having thus plotted a series of points 
(x, p), the next ~tep is to draw a fair straight 
line through them. This lino then represents 
the ogive of the theoretical (" normal ") . 

• 
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distribution equivalent to the actual distri
bution whose ogive in turn is represented by 
the succession of strfl.ight lines joining up 
the plotted points. The x-value of the point 
where the straight-line ogive crosses the 
50 per cent. (p= O · 5) liTJe on the probability 
paper is then the mean value x of the 
observed frequency distribution, while t he 
projection on the x-axis of the interval along 

•
7 So. called because the " normal " or Laplacian dis

tnbutJon ooours largely in probability theory. Certain 
d~con~inuous probability distributions, e.g., Bernouilli's 
bmom1al and Poisaon's exponentia l distributions tend 
towards it as a limit. ' 

• 
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this ogive between the 16 and 50 per cent. and a = l68 volts, as compared with x= 976 
lines (or the 50 and 84 per cent. lines) on and a = 173 · 5 by direct calculation, using 
the paper gives the standard deviation a of equations ' (l ) and (!i) respectively. The 
the observed distribution. The results of extreme simplicity of this variant of the 
this simple graphical process as applied to graphical method for determining x and a is 
the data of Table Ill are shown in Fig. 5, at once apparent. 
from which it is seen that x = 45,700 lb. per The advantages attaching to the use of 
square inch and a = 2800 lb. per square inch. probability graph paper in the solution of 
These valnes agree suffieiently clo~ely with statistical problems involving a determina
the actua.l values (x= 45,6!}f) and a= 2820), tion of the mean and standard deviation of 
calculated by the analytical method described a series of quantitative data are so great that, 
in connect.ion 'dth Tahle IV, to warra.nt in the author's opinion at any rate, the 
the adoption of the graphical method in graphical method is nearly always to be pre
practice. No computation is necessary. All ferred. Both the "arithmetic " and " loga
that is required is a cumulative frequency ·rithmic " forms are generally available,8 the 

TABLE V .-Percentage Valuea to be Selected on Probability Scale 

Obser· Available n umber of observations. 
vation 

' 
No. 5. 6. 7. 8 . I 

1 10 8·3 7· 1 6 · 25 
2 30 25 · 0 21 ·4 18·75 
3 50 41 · 7 35 · 7 31 ·25 
4 70 58·3 50·0 43·75 
5 90 75 · 0 64 · 3 56 · 25 
6 - 91·7 78·6 68 · 75 
7 - -- 92·9 81 ·25 
8 - - - 93·75 
9 - - - -

10 - - - -
11 • - -- - -
12 - - - -
13 - - - -• 
14 - - - -
15 • - - I - -
16 - I - I - -
17 - -· I - -
18 

I • - - l - - I 
19 I I - - I -' 

-
20 - I - I - \ . -

• 21 - ·- - -
22 . • - • - - -
23 I • - - - -
24 - - -- -
25 - • - - -• I I -

tabu1ation of the observed datn (e.g., Table III 
based on the grouped frequency distribution 
of Table 11). 
Th~re is, however, one important excep

tion to the practical application of the 
graphieal determination of x and a in the 
manuer outlined above and illustrat eti by 
Fig. 5. When the number of obser\'·ations is 
less than 25, a frequency tabulation of t he 
data is generally of little value from a pre
sentation standpoint, and-what is more 
important-may lead to consitierable group
ing errors, particularly if N < 10. In snch 
case it is preferable to plot the individual 
observations, after first having ananged 
them in ascending order of magnitude 
(ungrouped frequency distribution) . The 
appropriate percentage value to be selected 
on the probability scale for each successive 
observation may be found from Table V. 
In general, the .first observation in the 
sequence should be plott.ed on the "prob
ability " line whose value is 50/N per cent., 
and the succeeding (N - 1) observations at 
equal intervals of 100/N per cent. 

Consider, by way of example, the following 
·values of breakdown voltage obtained on 
ten samples of a certain paper insulation as 
used in cable manufacture:--

980, 830, 1120, R4!i , 1020, 675, 910, 
] 225, 980, 1171'). 

When arranged as a frequen cy distribution 
they give :--

Observation · Breakdown Percentage 
No. voltage. va lue . 

1 ... ... ... 675 ... ... ... 5 
2 .. . . .. 830 .. . .. . 15 
3 .. . .. . .. . 845 .. . . .. 25 
4 .. 0 • • • • • • 910 0. • 0.. • • . 35 
G .. . . .. .. . 980 .. . . .. .. . 45 
6 ... . .. .. . 980 .. . .. . 55 
7 . .. . .. .. . 1020 .. . .. . 65 
8 . .. . .. . .. 1120 .. . .. . . .. 7 5 
9 .. . .. . .. . 1175 .. . ... 85 

10 .. . ... 1225 95 

The resultant plot on probability paper is 
shown in Fig. 6. A straight line drawn 
through the ten points giv-es x= 980 volts 

9. 10. 15. 20. 25. 

5 · 6 5 3·3 2 · 5 2 
16·7 15 10·0 7·5 6 
27· 8 25 16 · 7 12·5 10 
38·9 35 23 · 3 17 · 5 14 
50·0 45 30·0 22 · 5 18 
61 · 1 55 36 · 7 27·5 22 
72 · 2 65 43·3 32·5 26 
83·3 75 50·0 37 · 5 30 
94 · 4 85 56 · 7 42 · 5 34 
- 95 63·3 47 · 5 38 

70 ·0 52·5 42 - -
• - - 76 · 7 57 · 5 46 

- - 83 · 3 62·5 50 
- - 90 · 0 67 ·5 54 
- - 96·7 72 · 5 58 
- - - 77 · 5 62 

82 · 5 66 - -- I -
87 · 5 70 - - I -I 

I 92·5 74 - - -
- - 97 · 5 78 -I - - - - 82 

• - - - - 88 
- - - - 90 
- - - - 94 
- • - - - 98 

I • . 

latter being used when the variable is 
-measured on a logarithmic scale (e.g., loud
ness or attenuation measured in decibels). 

The Compass and Other 
to Navigation* 
By FRE D C. STEWART 

Aids 

' 

OUR national interest especially at the 
present time- is on the sea, and as the develop
ment of the mariner 's compass as a precision 
ins~rument was largely carried out in Glasgow 
by Lord K elvin, it appeared to me that a brief 
survey of the principal items of the navigator 's 
armoury would be of interest to the Institution. 

THE MAGNETIC CoMPASS 

In the past-and even now- among lands
men, a magnetic compass has been regarded as 
an extremely simple instrument, comprising a 
magnetic needle poised on a pivot which will 
always point truly to the magnetic poles and 
thus constitute a simple and true direction 
finder. The seafarer knows better, and realises 
that a good and trustworthy compass must be 
very carefully designed, arranged correctly on 
board ship, and treated in such a manner that 
the many and varied disturbing forces-both 
magnetic and mechanical-that are met with 
on board ship may be annulled or compensated. 

Though the directional properties of a magnet 
or . of a magnetised needle appear to have been 
known to the Chinese since 2000 B.o., and 
rediscovered in Europe five or six centuries 
ago, the perfection of the theory of the instru
ment had its beginning in the early part of the 
nineteenth century. Navigators like Captain 
Cook in the eighteenth century began to 
observe, even in wooden ships, disturbances of 

8 Both forms of probability paper can be obta ined 
from Wightman Mountain, Ltd., Artillery House, 
Artillery Row, London, S. W .1 . This firm supplies a 
~eries of graph papers in which " a r ithmetic P.robab.ility ." 
ts Data Sheet No. 37, and two-cycle ' logartthmlc 
probability " is Data Sheet No. 49. 
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the compass due to the curious distribution of 
the earth's magnetism, and Halley made maps 
of the magnetic variation over some parts of 
the earth. However, no real progress in the 
theory and understanding of compass disturb
ances was made until the work of Captain 
Flinders at the beginning of the nineteenth 
century. Flinders' work rescued the compasR 
from the disrepute into which it had fallen, due 
to the lack of understanding of the causes of 
the disturbances that had been observed. By 
careful observation and deduction Captain 
F linders traced some . of the important causes 
of variation in the directional . qualities of the 
magnetic compass to magnetism induced by 
the earth 's field in vertical stanchions and other 
iron objects built into wooden ships in which he 
sailed. He went further and compensated these 
effects by fitting a vertical iron bar near the 
compass, so placed as to counteract the effect 
of the other vertical iron parts about the ship. 
This compensating vertical iron bar is used in 
modem compass binnacles, and is known as the 
F linders bar. 

'rhe introduction of iron ships greatly 
increased the disturbances of the compass and 
led to an intensified investigation into t he cause:-{ 
and cure. Another seagoing captain who sailed 
in whalers, Captain Scoresby, carried the matter 
further and studied the magnetic effects of 
various classes of iron used in the construction 
of ships in those days. The subject was taken 
up by Sir John Ross, Sir Edward Parry and 
Captain Sabine during a number of exploring 
voyages. Later, the then Astronomer-Royal, 
Sir G. B. Airy, and Archibald Smith put the 
theory of compass deviation on a sound ba.CJis, 
and Smith, studying the matter mathematically, 
produced the theory upon which the compensa
tion of compasses is carried out now. In 1839 
Airy made a complete series of experiments on 
the deviations caused in two iron srups, during 
which he turned the ships in every direction 
and made observations, thus beginning the 
practice known as " swinging the ship " for the 
determination and compensation of compass 
deviations which is still performed. Airy not 
only thus ascertained the deviations on different 
courses, but, having confirmed the earlier 
observation of Captain Johnson that the iron 
ship possessed permanent magnetism, he devised 
means of compensating for this permanent 
magnetism by the use of magnets placed in tho 
appropriate position and direction near the 
compass. These efforts having laid the basis, 
other investigators and observers added to the 
structure until it was possible to eompensate 
for all the causes of deviation due to the iron 
of the ship. The mathematical theory elabo
rated by 'Archibald Smith was completed in 
about 1861, and at t he same time Captain J. F. 
Evans, of the British Admiralty, gathered a 
vast amount of information by careful observa
tions upon the iron ships of the Royal Navy. 
A coherent theory and a practice was thus built 
up leading to a proper understanding of the 
magnetic compass under all practical condition.c; . 

H owever, with the mariner 's compasses 
which were then in use both in the Navy and on 
merchant ships, the most careful compensation 
left residual errors which it was not possible to 
eradicate. Though these errors were not always 
large, they had a definite nuisance value. The 
work of Lord K elvin led to the re-design of the 
mariner's compass itself, and he laid down the 
rules for the design of compasses which could be 
compensated correctly on iron and st eel ships. 
His conclusions are embodied in the standard 
ship 's compasses of to-day, and navigators owe 
a heavy debt to this great man, who was indeed 
the pioneer of modern navigation. H e not only 
perfected the compass, but devised many other 
aids to navigation at sea that are used regularly 
to t his day. Being himself a practical navi
gator, his inventions had immediate actual 
value and his apparatus always possessed those 
marks. of genius, simplicity and fundamental 
soundness. His work on the mariner 's compass 
appears to have begun when, in 1874, an article 
on t his subject was projected for the journal 
Good W ords. Lord K elvin was profoundly dis
satisfied with existing constructions, which he 
found full of faults, both mechanical and mag· 
netic. He proceeded therefore to consider the 
matter- a consideration which occupied about 
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fiv~ years-~fter which h_e finished the projected 
art10lo, havmg meanwhile designed what was 
then a revolutionary instrument, the good 
qualities of which are indicated by the fact that 
his compass is still adopted, particularly for the 
standard _comp~ss on bo~rd ship, practically in 
the form m wh10h he des1gned it. 

The principles of the design were simply 
stated thus :-

( 1) For steadiness, a very long vibrational 
period of swing is necessary and friction at the 
pivot must be kept low by using a very light 
compass card. 

(2) The compass needles must be sho1·t, in 
order to allow the compensation against ship 's 
magnetism to be accW'ate on all courses for the 
place where the adjustment is made. 

( 3) The magnetic moment of the needles 
must be small, to allow of the quadranta.l com
pensation to remain accW'ate in whatever part 
of the world the ship may go. 

The work led to an extremely simple compass 
involving the well-known dry compass card. 

In the liquid compass the magnetic needles 
and the card are immersed in a liquid such as a 
mixtW'e of alcohol and water, so that its motions 
are steadied by the damping effect of the liquid. 
With scientifically designed forms, liquid com
passes can be compensated against ship 's 
magnetism practically as completely as the 
standard dry card, but many types are fitted 
with such powerful magnets that it is not 
possible to compensate or "adjust " them so 
completely. On account of their dead beat 
qualities liquid immersed compasses become 
necessary in such vessels as submarines, torpedo 
boats and light, high-speed craft. The damping 
of oscillations by the liquid is accompanied by 
a somewhat troublesome defect, namely, that 
on a quick tW'n of the vessel the liquid gets into 
a swirl and carries the compass card off its 
correct reading, the error subsiding only after 
some interval of time when the vessel has 
finished the tW'n and entered a straight coW'se. 
This defect is minimised by using a compass 
card of considerably less diameter than that of 
the containing bowl, so that the compass card 
edge is further from the periphery of the bowl. 
The normal liquid compass system is much 
heavier than the dry card, and is therefore pro
vided with a float which relieves the pivot of 
much of the weight .of the moving system. If a 
liquid compass is damaged it cannot be repaired 
on board the ship , and in this resp ect the dry 
card compass shows an advantage, since a new 
pivot or jewel bearing or a spare compass card 
and system can be fitted in a few minutes. 

To show that the design and construction of a 
really good compass involves a good deal of 
investigation, both mathematical and physical, 
I will refer to one instance. In practically all 
marine compasses a single needle is never used ; 
the moving system is composed of two or more 
magnetic needles attached to a compass card. 
It would at first appear that the needles of a 
two-needle compass syst em could be fixed at 
any distance apart so long as they were parallel, 
but this is not so. There is one disposition 
of these two needles that will eliminate from the 
compass certain periodic errors round the circle 
and at the same time eliminate the mechanical 
wobbling effect that might otherwise appear in 
service. A mathematical investigation into the 
matter shows that with the two-needle compass 
system the needles must be spaced in such a 
way that the distance between their ends sub
tends an angle of 60 deg. at the centre of the 
compass card. An equivalent disposition is 

·required in a compass card comprising foW' 
magnetic needles. In liquid damped compasses 
there are involved in the design further con
sideration, such as the character of the liquid, 
the best viscosity, all of which have involved 
research in order to achieve the optimum 
results . Add to all this the practical considera
tions involved in construction, and it will be 
appreciated what the navigator owE:>s to the 
conscientious designer and constructor of his 
compasses. 

'l'HE GYRO UOMJ?ASS 

The gyro compass is now well established and, 
though much more expensive than the magnetic 
compass and requiring electric power to run it, 
has charact eristics of great value in navigation. 
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Though it is subject to certain secondary 
corrections, it has tho advantage that it points 
in the direction of the geographical poles 
instead of in the direction of the magnetic poles ; 
consequently it points along the meridian pass· 
ing through the position of the ship. The 
indication of the magnetic compass has, of 
course, to be corrected for magnetic variation, 
which changes with position on the earth 
(charts are available which give the amount of 
the magnetic variation at any place), while the 
gyro compass does not require this correction. 
Moreover, since it is not operated by the earth 's 
magnetic field, a gyro compass may be placed 
in a position on board a vessel of war, for 
example, inside a steel structure into which the 
earth's field does not penetrate sufficiently to 
operate a magnetic compass. Since, however, 
gyro compasses cease to operate if the electric 
supply fails, vessels carrying them also carry 
magnetic compasses. 

The principle of operation of the gyro compass 
does not properly enter into this address, but it 
may be said that it depends on the fact that a 
fast-spinning wheel tends t o maintain its axle 
in a fixed direction in space. By organising this 
tendency and constructing the apparatus with 
the necessary freedom it can be made to main
tain its axis parallel to that of the earth so long 
as it remains spinning, and therefore to main
tain its axle pointing along the true meridian, 
that is, north and south. · 

The indications of the gyro compass are 
readily transmitted electrically to a number of 
receivers, which can thus show the vessel's 
course at all times, wherever the information 
is required by the ship's personnel. There is 
also power enough in the action of the gyro 
comp~s to allow it to operate, again by elec
trical means, an automatic helm control which 
eliminates human errors and shortcomings. On 
a long voyage this feature leads to a straighter 
course and a corresponding saving of fuel as 
compareCl with the inevitably wavy course 
resulting from hand steering. 

. 
SEXTANT AND CHRONOMETER 

The sextant, invented by Sir I saac Newton 
and first made by the instrument maker, 
Hadley, uses the very simple laws of reflection 
from a plane mirror in order to measure the 
angle between the two visible distant objects 
or to measure the altitude above the horizon 
of the sun or other heavenly body. 

In order to determine the longitude of the 
ship 's position at any time the ship's chrono
meter supplies Greenwich time always instead 
of " time at the place," so that longitude can 
be directly computed from a knowledge of 
Greenwich time and time at the place. The 
chronometer is simply a very accurate and 
steady timekeeper, so arranged and supported 
as to be unaffected by changes of temperature, 
motion of the ship, and so on. So much was the 
want orsuch an accurate marine timekeeper felt 
that by Act of Parliament in the eighteenth 
centW'y a prize of £20,000 was offered for a 
chronometer that would allow of the computa
tion of longitude within a stated error. Harrison, 
after much patient work, put forward his 
chronometer for the prize. It was tried on a 
voyage to Jamaica in 1761, proving successful, 
and the prize was ultimately awarded to him. 
To-day, while the chronometer is still, of course, 
carried for the purpose of navigation, radio 
time signals are available both for the purpose 
of ascertaining the longitude and for checking 
the rate of the chronometers on board the ship. 

SOUNDING 

The first duty of a captain is to ensure that 
he has enough water below his ship. In the 
old days this was accomplaished by practically 
stopping the ship and lowering a plummet with 
a marked line until it bottomed, reading the 
depth by the marks on the line. Stopping or 
slowing the ship was expensive, and it became 
necessary to take soundings with the vessel 
under way. This, however, meant that prac
tically the whole personnel of a watch had to 
combine to haul in the plummet owing to the 
great drag on the heavy rope as it was drawn 
transversely through the water by the ship . 

Lord K elvin appears to have been the first 
to try to effect soundings by means of a thin 
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steel wire, the drag on which was small ; his 
experiments in this direction were successful 
and led to the sounding machine bearing his 
name, which is now used both in the Navy and 
on merchant ships. This machine, using a thin 
stranded steel wire, has in recent years been 
designed in such a form as to allow of sound
ings while the ship is going at sp eed. These 
sounding machines are fitted with a con
trolling brake so that tho sinker and wire run 
out under controlled conditions. Since when 
sounding with the vessel at speed the line 
between the plummet or sinker will be standing 
at an angle when the sinker reaches bottom, the 
length of wire out which is indicated on the 
machine is greater than the vertical depth from 
ship to sea bottom. From experiment the 
relationship between the wire out and the 
vertical depth With standard sounding wire is 
known up to certain speeds. In any event the 
true sounding can be registered by the hydro
static depth recorder attached to the sounding 
line near the sinker, the reading of which can be 
observed when the sounder is hauled in; that 
reading is, of course, independent of the angle 
of the sounding wire. 

The chemical sounding tube is of interest. 
It is a simple glass tube which is housed in a 
guard casing attached to the sounding wire 
near the sinker. The glass tube, about 24in. in 
length, closed at the top and open at the bottom, 
is lined internally with a coat of gelatine carrying 
a silver compound. As the tube descends below 
the surface the increase of pressure in the water 
compresses the air in the tube. Consequently, 
sea water enters the tube from the bottom end 
and reacts with the silver compound, changing 
its colow'. When the sinker and sounding tube 
are hauled in the tube is removed from its 
guard casing and the distance that the sea 
water entered is measured by the length of the 
discoloured portion of the tube lining. This, of 
course, measures the amount of compression 
suffered by thfj air originally in the tube, which 
varies directly as the vertical depth to which the 
tube descended. In practice the tube is applied 
to a graduated scale and the depth read off 
directly in fathoms . 

While all well-found ships carry a mechanical 
sounding machine, the larger of them nowadays 
are fitted with echo sounding devices by means 
of which, particularly when inside the 100 
fathoms line, soundings are shown on the instru
ment at regular short intervals . Two main 
types of apparatus are in use for echo sounding, 
one employing emitted pulses of sound of audible 
frequency and the other using pulses of super· 
sonic frequency. The instruments include a 
timing apparatus which, in effect, measW'es the 
time interval between the emission of the signal 
and its return after reflection from the sea 
bottom. The echo operates a sensitive receiver 
which gives a visual indication corresponding 
to the depth of water traversed by the echo. 
Since no material means is used outside the 
ship, such soundings can be made continuously 
as the vessel moves. Again, by electrical means 
the successive measurements may be plotted 
on a chart so that the navigating officer can see 
at a glance how the depth of water below his 
ship is changing as the vessel proceeds. Such 
ir:tstr~e~ts are now a~ essential aid to naviga
twn m htgh-speed ships operating to a close 
schedule. Echo sounding apparatus is also 
employed nowadays by fishing vessels to locate 
by soundings the best fishing grounds and 
indeed it. is possible from experience to recognise 
shoals of fish by the character of the echo. 

THE L oG 

An important measurement of much 
assistance in navigation is that of the distance 
tr~v~lled by the ship during a given time; 
this 1s accomplished by the marine log. The 
s~plest of the mod~rn marine logs and a type 
~~d~ly used comJ?rises ~ small impeller pro
Jectmg from a casmg tra1led behind the vessel 
the revolutions of the impeller as it is dra~ 
through ~he water being t~a~m.itted electrically 
to a recetv~r on board, which mdicates the speed 
and the distance traversed. In a still simpler 
form of the apparatus the reYolutions of the 
immersej impe~ler are tra.nsmitt~d mechanically 
by way of the hne by wh10h the tmpeller a.nd its 
casing is towed. 
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In another form of marine log the orifice of a 
tube projerting slightly from the ship's bottom 
measures the pressure due to the motion of the 
ship through the water, and the reading is 
transmitted to the appropriate indicator. 

TIDAL PRE DICTION 

In order to regulate the approach and 
departure of vessels at ports a know ledge of the 
tides is essential. The tidal information is 
given in such books as " The Nautical Almanac , 
and Admiralty publications, but in considering 
the means whereby the tide tables are con
structed it is necessary to return again to the 
work of Lord K elvin, who constructed recording 
tide gauges for taking regular observations at 
ports in t he form of p eriodic graphs. The 
arithmetical computations involved in the 
analysis of the graphs made by the tide gauge 
would be very long and laborious. Accordingly 
Kelvin designed-on the basis of Professor 
J ames Thomson's m echanical integrator- a 
machine for automatically analysing the tide 
gauge graphs into their constituents without all 
this laborious computation. 

Having analysed the tidal curves by such a 
machine and determined the amount and phase 
of the constituents of the tide, a tide predicting 
machine, also designed by K elvin, can then be 
set to produce the graph showing t he tide at any 
hour at a given port for the coming yea1·. 

FIXED S IGNALS 

When the navigator is approaching land he 
has incessantly to keep on the alert and, in thick 
weather, eternal vigilance is the price of safety. 
H ere another modern aid to navigation, the 
submarine s ignal, comes in to help. ~ocated at 
~:t point of danger, for example, is installed a 
powerful automatic submarine bell, the sound 
of which is transmitted through the water and 
picked up by a pair of microphones in the fore 
part of the ship, one port and the other s tar
board on the centre line. Equa1ly strong signals 
received indicate that the vessel is beading for 
t he danger point, thus giving warning that a 
change of course is necessary to avoid the danger . 
Conve rsely, such submarine signal can be used 
as a guide to indicate the safe course to be made. 
The different submarine signals located about 
the coast are arranged to have their individual 
characteristics in the same way as are light
houses, so that they and their location can be 
t·ecognised. 

Lighthouses and lightships as guides to navi
gators are the more obvious guides to naviga
tion to the layman, but a lighthouse or light
ship must not only b e visible, but identifiable. 
The occulting lights have different codes, and 
revolving lights have different periods of 
revolution in order that they may be dis
tinguished and recognised . Having regard to 
their number, the immense amount of work 
involved in coding may be appreciated. Fog 
signals have similarly been codified and cata
logued, so that any one picked up by the navi
gator can be recognised. 

In these days of radio communication it is 
not surprising that beams emitted by radio 
beacon stations round the coast are used to 
guide navigators. The radio beacons, like 
lighthouses, have their individu~l characte~
istics. Reception of the beams by radio 
receivers on board the ship from two or more 
beacons whose location is known enables the 
navigator to determine his own position and 
mark it on his chart, even if the weather is so 
bad that other observations are impossible. 
Alternatively, he can ask the beacons for his 
bearings and thus locate his position. The radio 
direction finder is used nowadays on a very 
large number of ships ; in this case the shore 
station transmits a non-directional signal, 
which is received on a directional aerial on the 
ship. The bearing is obtained from two or 
more stations by rotating the aerial till the 
maximum signal is obtained from each in turn. 

Fog is the great enemy of the navigator, and 
much work h as b een done in an endeavour to 
produce apparatus which will allow of fog pene
tration. More or less successful attempts have 
been made to use infra-red radiation for this 
purpose. The heat racliated fro~ the funnel of 
a ship, for example, may be p1oked up over 
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limited ranges by sensitive thermo-couples and 
similar receivers and if the receiving apparatus 
be arranged so t hat it has directional control, 
the direction of the oncoming ship can be 
indicated and risks of collision in fog may be 
avoided. Conversely, similar apparatus has 
been proposed and employed for the detection 
of icebergs in bad weather. However, the 
overcoming of the dangers due to fog and ice in 
a complete manner is one of the future possi
biJities before us. 

The work of the Admiralty Hydrographer 's 
Department, in producing navigation charts of 
the waters in the neighbourhood of all ports, 
must be mentioned. These ch art s give very 
full information, including soundings very 
closely spaced, so that a vessel may under 
necessity " feel its way , by taking continual 
soundings. 

I hope that this brief SLu-vey of the aids to 
marine navigation may help you to realise the 
immense amount of hard and valuable work 
which has been done by inventors and con
structors in this field and in the service of the 
navigator. In the case of a maritime nation 
like our own such work is of the first importance, 
and in this field Great Britain has always been 

• a p10neer. 

A Radial Shaping Machine 

WE illustrate herewith an interesting machine 
developed by Ormerod Shapers, Ltd., Hebden 
Bridge, Yorks. The machine comprises a 
heavy box base, column, and swivelling head, 
and has been devised for machining internal 
radii on la rge work pieces, such as breech blocks. 
The m ethod of operation is to secure the work 
pieces to the box table, six t ee slots being pro
vided for holding-down purposes. The swivel
ling head is then located by means of a stud on 
the work piece to be machined, and the length 
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of stroke is adjusted in the t ee slot of the driving 
worm. This worm is of large pitch diameter, 
and mates with a steel worm wheel driven by 
a three-speed cone pulley, and overhead counter
shaft. The worm and worm wheel run in an 
oil ba th. The position of the arq through which 
the tool travels may be regulated by means of 
the right-hand and left-hand adjusting sleeve 
on the connecting-rod. Horizontal and vertical 
adjustment to the tool is provided b y hand 
motion through a screw fitted with thrust 
collars. 

The illustration shows the machine fitted 
with a swivelling head, capable of dealing with 
radii from 7in. to Sin., the tool having a vertical 
travel of 2in. and horizontal adjustment of 5in. 
Other radii up to 18in. diameter may be accom
modated by a series of tool heads, each of which 
has horizontal and vertical tool adjustments. 
The machine may also be arranged for a single
pulley belt drive, or for a self-contained motor 
drive. The machine requires a floor space of 
5ft. 6in. by 5ft. 6in., and weighs approximately 
40 cwt. 

OcT. 31, 1941 

T elecomm unica tions 
Future 

of the 

ON October 15th Dr. W. G. Radley, of the 
Post Office R esearch Station, Dollis Hill, 
delivered a lecture on " Telecommunications 
of the Future, to the London Students' 
Section of the Institution of Electrical Engi
neers. In 1914, Dr. Radley said, although wire 
telephony had been in use for about forty years 
and had become an important factor in the 
social and business life of urban communities, 
the loss in speech power during transmission 
imposed definite limits to long-distance conver
sations. Those limits disappeared as a result 
of the general introduction of the therm.ionic 
valve amplifiers early in the interval between 
the two European wars. Later, the long
distance circuits which had been made possible 
were made cheaper by the development of 
systems of carrier current telephony, culminat
ing in a standard system providing twelv0 
speech channels over one pair of wires. A novel 
form of coaxial cable followed. I t was capable 
of transmitting television or providing several 
hundred speech channels over two conductors. 
In the meantime the transmission of speech by 
radio had made world-wide t elephony possible, 
and finally solved the problem of overcoming 
distance and physical baniers. Looking back, 
each of those developments was seen to be the 
result of a long period of experimental work. 
From the standpoint of research work which 
was in the experimental stage in 1939 it was 
possible to hazard a guess at the nature 
of the telephone system during the post-war 
period. 

The disappearance of metallic conductors 
and long-distance speech tran.qmission by means 
of what were virtually guided radio waves was 
a future possibility. While it was true that 
radio transmission would probably never oust 
some method of line transmission for circuits 
that were confined completely to land, modern 
methods of line transmission owed much to a 
t echnique l:ionowed from the radio field. The 
use of quartz crystal elements for accurate fre
quency generation and in the construction of 
efficient electrical filters was - one example. 
Research into the nature of speech sounds had 
made it possible recently to construct a machine 
which would speak under the control of an 
operator at a keyboard. An extension of that 
idea suggested the possibility of analysing 
speech in a local circuit, transmitting signals 
over the long-distance line corresponding to the 
results of the analysis and at the distant end 
automatically reconstructing the speech. The 
frequency band necessary for transmission of 
the signals over the long-distance line was very 
much narrower than that necessary for ordinary 
telephony, and that would enable more circuits 
to b e obtained from long expensive submarine 
telephone cables. The energy in the speech 
currents received at the distant end of such 
a cable was so small that it could be compared 
to that of star1ight, and that gave rise to some 
interesting problems. 

Improvements during the post-war period 
would probably lead eventuttlly to tne dis
appearance of telephone operators, except for 
special services, and the introduction of equip
ment whereby any one subscriber was enabled 
to obtain any other within his own country by 
dialling. Contemporary methods of switching 
telephone circuits involved the movement of 
heavy electro-mechanical parts, but quite novel' 
methods had been suggested. Improved fidelity 
of response of microphones and telephone 
receivers was foreshadowed, but no immediate 
change in principle was indicated. Among out
standing problems, Dr. R adley concluded, were 
those due to the introduction of circuit noise, 
switch contact noise, and resistance noise. Dis
cussion of such problems led to a final reference 
to the m ethods of modern organised scientific 
research which might be likened to a total war
fare in which chemists, physici...c;ts, metallurgists, 
and mathematicians, as well as engineers, took 
their part. Their efforts were being directed 
towards making telephone conversation between 
any two persons, anywhere, immediate, intima~e 
and inexpensive. 
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in a mathematical treatise in which he showed 
that whatever modulation system was used, the 
width of band required must be at least twice 
the modulating frequency, for double side band 

DISTRIBUTION BY WmE transmission. In 1930 Van der Pol4 treated 
SoME fur~her allevia~ion of the wavelength the subject mathematically and reduced his 

shortagel nught be posstble by an expansion of results to a form for use by the engineer. Subse
the system existing already in a few countries, quently Edwin H. Arrnstrong, of Columbia 
of distributing broadcasting programmes to University, demonstrated a practical system of 
listeners ' homes by some form of line network. transmission by frequency modulation, and 
Before the war many such installations were in pointed out certain practical advantages which 
operation in this country, but the total number it possessed over amplitude modulation. This 
of listeners connected was only of the order of a he did in a series of experiments carried out in 
quarter of a million out of a total of some New York during 1935 and described in a paper 
9 millions. Subscribers to these systems presented to the Institute of Radio Engineers, 

New York.6 generally had a choice of two programmes, 
whereas, of course, a good wireless receiver gives E ssentially Armstrong demonstrated that if 
a choice of considerably more. true frequency modulation were used, i .e., if 
T~er~ ar~ several ways by which this system it were unaccompanied by amplitude module

of dtstrtbut10n could be developed, the principal t ion and assuming the receiver was not sensitive 
ones being the following :- to amplitude modulation, a very great increase 

in signal /noise ratio could be achieved, provided 
By audio-frequency distribution on special a sufficiently wide band width could be made 

lines (almost the only method actually used available. 
in this country). It is not obvious at first sight how frequency 

By carrier system on special lines. modulation functions, and it is therefore perhaps 
By carrier system on existing telephone of interest to mention the following points . 

lines. The frequency of the carrier wave is changed 
By carrier system on electric light mains. symmetrically about the normal value corre-

Two papers have b een read before the Institu- Rponding to no modulation, by an amount 
tion in recent years dealing with these systems. z which is directly proportional to the amplitude 

It is a curious fact that this method of diffus- of the modulation currents and independent of 
4:lg broadcast programmes has not been favour- their frequency. The rate at which the fre
ably received in the majority of countries, for 'quency of the carrier wave is changed corre
no very clear reason. Apart from this country, sponda to the frequency of the modulating 
such systems existed before the war on a fairly currents. 
considerable scale in Holland and Switzerland, The maximum deviation of frequency from 
and in several British Colonies, notably those the no-modulation value determines the signal/ 
on the West Coast of Africa, where the material noise ratio of the system, and doubling the 
diffused originated in distant countries, whence band width results in an improvement of signal/ 
it was transmitted on 'short waves. This noise power ratio of 4 to 1. Increasing it 
naturally necessitated the use of an elaborate tenfold produces an improvement of 100 to 1. 
receiver, which obviously most individual It i<> necessary to use ultra-high frequencies, 
listeners could not afford. In such circum- say, of the order of 40 to 60 Mc. fs. (7 · 5 m. to 
stances the advantages of a relay exchange are 5 m.), if frequency deviations of the order of 
overwhelming. 100 kc. fs. are to be used and a high value of 

I t is clear, however, that some method must signal/noise ratio obtained . 
be found for the proper development of broad- F ollowing Armstrong's experiments, many 
cast dist.ribution in peacetime, without, if others have been carried out by independent 
possible, a repetition of the undignified wrang- authorities in the United States and the useful
ling which was customary at international wave- ness of F .M.-as frequency modulation is 
length conferences before the war. called there-has been recognised by the Federal 

Communications Commission, which has allotted 
certain bands of frequency for this type of 
transmission and licensed a number of fre
quency-modulated broadcast transmitters. The 
war has prevented parallel development in this 
country, but there seems to be no reason to 
doubt that. frequency modulation will soon 
spread beyond the United States of America 
when conditions allow development to be 
resumed. 

FREQUENCY MoDULATION 
While speaking of future transmission deve

lopment, mention must be made of a new type 
of transmission employing '' frequency modula
tion,, which has progressed considerably in the 
Unit~d States during the past two years and 
which wonld certainly have been inveRtigated 
experimentally before now in this country had 
t he war not made this impracticable. 

The usual method of transmitting intelligence 
over radio circuits-whether by t elegraphy, 
telephony or, television-is by modulating a 
carrier of fixed frequency by changing its 
amplitude. The idea of frequency modulation 
is not new and was first proposed many years 
ago. I t was in fact used in a very simple form 
for radio-telegraph transmission on the Poulsen 

• 
arc system, whereby the frequency of the trans-
mitter was alt ered when t he key was pressed. 
The selectivity of t he receiver was used to 
separate the " marking " wave from the 
"spacing" wave. Proposals were next made 
to apply the principle to the transmission of 
telephony, but without much practical result. 
Later on it was suggested that frequency 
modulation might be used as a m eails of securing 
economy in the width of ether channel needed 
to carry a radio-telephone service. The fallacy 
vf this was demonstrated by Carson3 in 1922 

• Extracts from the Inaugural Address to the Insti
t.ution of Electrical Engineers by Sir Noel Ash bridge, 
P resident, October 23rd, 1941. 

1 The earlier part of the address dealt with the h istory 
of broadcasting and particularly with the interna.tional 
conferences that assigned wave bands t o the various 
countries and the problems involved. 

2 P. P. Eokersley, " Principles of Audio-frequency 
Wire Broadcasting," Journal, I.E.E., 1934,·75, page 333; 
T. Walmsley, " Wire Broadcasting Investigations at 
Audio and Carrier Frequencies," Journal, I.E.E., 1940, 
87, page 76. 

3 " Notes on the Theory of Modulation, " " Proceed
ings" of the Institute of R adio Engineers, 1922, 10, 
page 57. 

It is difficult to imagine that present methods 
of t ransmission will change suddenly after the 
war and necessitate many millions of new 
receivers; also it is not clear at the moment 
that the change would materially reduce the 
wave band congestion difficult ies in Europe. 
It may be that the advantages of frequency 
modulation will be exploited in connection 
with television services, since in most countr ies 
there are no commitments with regard to 
system. This brings UR to the general question 
of television broadcasting and its future. 

TELEVISION 
It is now generally known that high-definition 

t elevision cannot be transmitted on an ordinary 
broadcast wavelength of, say, 400 m. owing to 
the width of channel necessary to transmit the 
m Jdulation frequencies, which are of the order 
of ± 2 · 5 Me. fs., making a total modulation 
band width of 6 Mc.fs., which, with the sound 
channel spaced at 1 Me. fs. from one extremity 
of the vision band, necessitates a total channel 
width of about 6 Me. js . It is difficult to design 
a vision transmitter for a modulation band 
width of 5 Me. fs. if the wavelength is above, 
say, 6 m. to 7 m. At first this was considered 
to be a serious difficulty, because it was thought 
that it would result in a very restricted range 

4 " Frequency Modulation," ibid. , 1930, 18, page 1194. 
6 " ·A Method of Reducing Disturbances in Radio 

Signalling by a System of Frequency Modulation ," ibid., 
1936, 24, page 689. 
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owing to the extreme shortness of the wave. In 
fact, something approximating to the visual 
range was anticipated. However, this was 
much exceeded in some areas and there are 
theories which account for the increased range. 
The position, therefore, immediately before 
the war was that a satisfactory programme 
service was in operation in London extending 
to a range of, say, 20- 25 miles, or considerably 
more in some directions, and its popularity was 
rapidly growing. Two papers were read before 
the Institution in 1938 which deal compre
hensively with the London Television Station . 6 

Naturally, the question had arisen whether 
the service could be extended to some at least 
of the heavily populated provincial areas. 
There was no doubt that this and more must be 
achieved sooner or later, but there were three 
main difficulties, one of them financial and the 
other two t echnical. It had, of course, been 
realised that the cost of producing, say, one 
hour of t elevision programme would be much 
higher than an hour of sound. Naturally, the 
heaviest item was the production of the pro 
gramme itself, owing to the large amount of 
rehearsal and preparation n ecessary as com
pared with a sound programme, but it also 
applied to the technical side. To set up com
plete studio, outside broadcast, and trans
mission plant to serve an area of, say, 30 miles 
radi~s with a television programme is, say, 
fifteen times as costly as equivalent plant for a 
sound programme, and the maintenance costs 
are in similar proportion. Expenditure on the 
London service exceeded what could have been 
covered by a licen ce fee two or three timas 
greater than is now paid for sound, even had 
t here been t en t imes as many t elevision v iewers. 
In passing, it may be noted that possibly this 
fact has tended to h old back the rapid growth 
of television in the United States, although 
there are contributory factors of varying weight 
in this case. Since it is obvious that sooner or 
later the service will .be made available to a 
larger number of potential viewers, involving 
additional stations, this may in itself become a 
solution of the financial problem on a licence fee 
basis, but this is only possible if a common 
programme can be radiated from each station 
for at least most of the programme time. 

The second problem, a technical one, is con
cerned with transmitting vision signals over 
considerable distances by cable or wireless 
link. So far as one can see at the moment, the 
former method involves the provision of special 
cables of the air insulated type. There is not 
much doubt that this is feasible technically, but 
it would be costly, very much more so than 
the equivalent for the transmission of high
quality sound programmes. The second method 
is also feasible t echnically, but is likely to 
produce complications due to the wide space in 
the ether occupied by t he radio channels neces
sary to create country-wide interlinkage. The 
provision of main station channels constitutes 
the third problem referred to and, however the 
interlinking of stations may be achieved, this 
difficulty will remain. 

During the past few years the use of waves 
below 10 m. has grown rapidly, to a large extent 
-though not entirely-in connection with 
military services of various kinds. The problem 
is both a national and an international one, 
but the interference over great distances which 
occurs on other broadcasting wavelengths can 
only exist in the case of these very short waves 
under certain ionospheric conditions which do 
not frequently occur, and in any case do not 
last for long periods. Even so it may well prove 
troublesome. There is one factor, however, 
which still remains in doubt, n amely, the con
ditions under which vision channels may overlap 
without causing mutual interference. Sir 
George Lee, in his Presidential Address in 1937, 
referred to the possibility of distributing tele
vision broadcasts entirely by line networks. 
This is a method which must be considered 
when the time comes to take up again the 
problem of a national service. I t is not, 
perhaps, quite certain that sp ecial cables would, 

6 T. C. Macna.mara. and D. C. Birkinshaw " The 
London Television Service," Journal, I.E.E. , 1938, 83, 
page 729 ; A. D. Blumlein, C. Q. Browne, N. E. Davis 
and E. Green, " The Marconi-E.M.I. Television System " 
ibid., 1938, 83, page 768. ' 
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as might be expected, be essent.ial, since before 
the war a move had been made towards trans
mitting vision signals over short distances on 
ordinary telephone lines. This work was 
carried out in connection with broadcasts of 
outside events, but it might conceivably be 
developed as a means of general distribution. 7 

A great deal of development and research work 
will be necessary before telephone lines can be 
used on an ordinary everyday basis on a con
siqerable scale, and if special cables proved 
necessary the process of installation would be 
lengthy. What is certain, however, is that tele 
vision will be developed seriously on a national 
scale, and it is quite out of the question that 
such difficulties as remain should be allowed to 
stifle an achievement which has already secured 
such a remarkable measure of success. This is 
a matter of first importance for post-war 
development, and one capable of absorbing a 
large nwnber of the many radio engineers who 
ultimately will be released from war work. 

In the United States of America television 
has undergone a very long trial period, but since 
July 1st, 1941, authorisation has been given to 
operate t elevision on a commercial basis. This 
date therefore is a milestone in the development 
of television in that country and I should 
like to quote from an article on the subject by 
Mr. David Samoff, President of the Radio 
Corporation of America, which seems to Q'}e to 
emphasise an important truth :-

" For those who have watched it there can be 
no doubt that it will fly far to perform a new 
and great sen-ice in entertainment and informa
tion. But the expansion of that service and 
the efficiency of television as an ever-progressive 
medium of communication enjoyed by 
Americans everywhere, will depend upon the 
ties it maintains with its nest--the laboratory 
and the research men who ·have the power to 
extend and enliven its magic." 

ENGINEERING TRAINING . 
From the strictly technical point of view 

there is no doubt that the vast majority of 
students are usually extremely well equipped, 
but little idea of the duties of a technical 
executive or administrator seems to have been 
imparted . It is true, however, that some 
colleges have instituted .a course in industrial 
administration ; nevertheless, it is my expe
rience that in past years few students arriving 
in industry seemed to have any idea of, for 
example, how to draw up a specification, or 
prepare a comparative analysis of complicated 
t enders, or even write a business letter . The 
effect has been twofold ; in the first place, new 
entrants to an organisation have to be taught 
many fairly simple things at a comparatively 
advanced age which they might have learnt 
years before in college, where they would have 
been properly taught much more quickly . 
What is no doubt more important is that they 
frequently obtain a wrong idea of values during 
their t echnical training, and an imperfect picture 
of the work they are likely to be called upon to 
perform. As an example of the latter, I have 
found as a result of interviewing a considerable 
number of prospective student apprenticess-
every one of whom had already obtained a 
degree or its equivalent--that nearly all wished 
to specialise on research, apparently imagining 
that any other function in an engineering 
organ isation was more or less t edious. Again, 
those who did not want to engage in research 
work had little idea of what they did want t o 
do, and seemed almost to despair of a successful 
career of any kind if they thought that their 
mathemat ics was not a particularly strong 

· subject. 
Many technical colleges make considerable 

efforts to avoid a gulf between themselves and 
industry, and there are sandwich courses which 
go a long way in this direction, but one some
times wonders whether .they go far enough and 
whether generally there is sufficient and fre
quent touch between teachers and heads of 
departments in industrial firms. P erhaps, in 
future, industry and teaching can be drawn 
even more closely together, each college possibly 

7 A. R. A. R endall, " Television via Telephone Cables," 
World Radio, August 12th and 19th, 1938 ; S. H. Pa<lel, 
" 1'elevision Transmission via Telephone Cables," World 
Ra<llio, April 28th a nd May 5th, 1939. 
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working with a definite firm or· small group of 
firms on an agreed and frequently reviewed 
plan, with lecturers who are all the time in 
touch with the work which the firms are 
doing. This might introduce excessive 
specialisation, but, on the other hand, it' might 
permit of capable young men obtaining a good 
Ralary at a much younger age than usually 
happens at present, benefiting both themselves 
and industry as a whole. 

Proposed Ministry of Fuel 
----

SPEAKING at a meeting of the Fuel Luncheon 
Club in London, on Wednesday, October 22nd, 
Sir David Milne Watson, the new President of 
the Institute of Fuel, emphasising that he was 
expressing his own personal views and not those 
of the industry with which he was so closely 
connected, urged the need for the establishment 
of a Ministry of Fuel, which would embrace all 
aspects of the fuel industries. 

After t he war the nation would be much 
poorer and might have to rely to a greater 
extent upon its own natural resources. The 
need would therefore be greater than ever for 
conserving our coal supplies and putting them 
to the best possible use. That was the problem 
in a nutshell, and of the many that faced the 
country it was the one of the most importance 
and most pressing. The coal industry was under 
the direction of the Department of Mines, a 
branch of the Board of Trade. Electricity was 
under the oogis of the Electricity Commissioners, 
and until recently the Ministry of Transport 
was responsible for it s affairs in Parliament. 
These had now been added to t he multifarious 
duties of the President of the Board of Trade. 
Oil in wartime had a Parliamentary Secretary 
of its own, but formerly it was a branch of the 
Departmen~ of Mines. Gas up t ill now had been 
looked after by a small aepartment of the Board 
of Trade under a Gas Director. Fuel had no 
Ministry of its own exclusively concem ed with 
its affairs. Such a position had had advantages 
as well as disadvantages in the past from the 
point of view of the industry, but he doubted 
if it would be right to seek to maintain it in the 
future . This segregation into water-tight com
partments for administrative purposes had 
undoubtedly been one of the contributory 
causes of the fierce competition, he might almost 
say reckless competition, which had prevailed 
for years. Those sectional interests had tended 
to obscure the national interest. It was true 
that in recent years wiser counsels h~d, here and 
there, prevailed. I t was gradually coming t o 
be recognised that where there was community 
of interest, co-operation was more advantageous 
than competition. This trend had become more 
marked since the war began. There had been, 
for example, the agreed cessation of active com
petition between gas and electricity. In part, 
this had resulted from the imposition of Govern
ment control in various directions, and in part 
it was due to conditions arising out of the war. 

It was practically certain that if measures 
were not taken to prevent it, the various 
fuel industries would, at the end of the 
war , revert, if not to the state of affairs which 
prevailed before the war, at least to something 
like it. In order to avoid such a result the first 
essentials would appear to be that production, 
distribution and utilisation of all fuels should be 
regarded as part of a single problem. 

By whom, then, was this comprehensive fuel 
scheme to be formulated and administered ? 
Speaking personally, Sir David said he felt it 
was not unreasonable to claim that this vital 
problem should become the sole responsibility 
of a Minister of the Crown, and, in the national 
interest, a Ministry of Fuel should be formed as 
soon as circumstances permitted. 

Two main advantages would flow from such 
unified direction. In t he first place, having 
determined the general principles which would 
govern production, distribution and utilisation 
of all fuels in such a. way as best to serve the 
national interest, a single authority, viewing 
the situation as a whole, could settle the con
flicting cla ims which would undoubtedly be put 
forward by the various sections of the fuel 
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industry. Again, having regard to the impor
tant part which fuel must play in post-war 
reconstruction, it was most ad vi sable from the 
point of view of both the fuel industries and of 
the Minister and Department concerned with 
the reconstruction, that a single authority should 
be in control. 

Such, in brief, concluded Sir David, were the 
views which he personally held with regard to 
fuel and the future, and though there might be 
differences of opinion in regard to matters of 
detail, all must agree that our greatest natural 
asset, coal, must be carefully conserved by 
using it in the most efficient and economical 
way, at least until we were within measurable 
distance of obtaining our heat requirements 
from the sun or some other inexhaustible source, 
and that the best method of securing these 
ends was to place the various branches of the 
fuel industry under unified direction to eliminate 
wasteful competition and subordinate all com
petitive activities to t.he national interest , with 
a view to ensuring that each form of fuel be 
put to the use for which it was best suited. 

BRITISH STANDARDS INSl'ITUTION 

All Bri!Mh Standard Specijical!iontJ can be obtained from 
the PueUcati<ma Department of the Institution at 28, Vic
toria Street, London, S . W.l. The price of each specijicaflion 
is 2s. 3d. post free, unless otherwi8e stated. 
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PORTLAND BLAST-FURNACE CEMENT 
No. 146. A revision of B.S. 146 has been issued 

and completes the programme of work which has 
been in hand for the review of the specifica tions for 
cement. The essent ial alterat ions in B.S. 146 are 
the modifications to those sections referring to 
Portland cement and such altera tions as were 
necessary to bring the sp ecifica tion into line with 
the revision of B.S. 12. As an alterna• ive to the 
tensile test a compression test may now, at 1he 
request of the purchaser, be substit-u ted. Other 
modificat ions are the omission of the coa rser sieve 
in the test for fineness of cement, and the deletion 
of the optional t ensile test to neat cement . 

WROUGH T CARBON AND ALLOY STEELS 
No. 971-1941. This report on wrought steels is 

a complemen tary document to the new series of 
specifications for carbon and alloy steels which has 
recently been published as B.S. 970. T he report 
gives a description of each steel in the series indi
cating the purposes for which it is most suitable. 
Details of mechanical test resnlts obtained from 
Rteels having chemical compositions falling within 
the ranges Rpecified are given as well as notes about 
heat treatment together, with an explanation of the 
effect of mass on the mechanicfl.l proper ties obtain
able from the standard test piece. The report 
represents the work of the Technical Committee 
on Special and Alloy Steels which has been sitting 
in Sheffield under the chairmanship of Dr. W . H . 
Hatfield. Price 7s. 6d., post free Ss. 

SYNTHETIC RESIN BONDED F A.BRIC SHEET 
No. 972. Hitherto the only British standard 

specification covering synthetic resin bonded fabric 
sheet has been B.S. 668, which covers materials for 
use in the manufacture of gears. A new specification 
has now been issued to provide for types of synthetic 
resin bonded fabric sheet having properties which 
make these types of material suitable for electrical 
purposes. These types may also be more suitable 
t..han the gear material for certain purely mechanical 
applications. This new specification covers three 
types of bonded fabric sheet of thickness between 
1 f84in. and 4in. The specification is divided into three 
parts, the first part containing general clauses, 
Part 2 containing mandatory clauses to be applied 
to a ll material, whether for electrical or mechanical 
purposes, and Part 3 contains opt ional clauses which 
are to be applied when the purchaser specifically 
indicates that the material is for electrical purposes. 
It will be recalled that the majority of the B.S. 
specificat ions for electrical insulat ing materials 
have been based on technical data submitted by the 
Electrical R esearch Association. In the present 
instance, however, the Research Association has 
not undertaken an investigat-ion into the properties 
of the materials covered by the specifica tion, and the 
specification is ba.sed on t he data in possession of the 
manufacturers and users represen ted on the special 
committee which was set up for the purpose. It is 
hoped that a ful l investigation will in ~u~ co~·se 
be made by the E lectrica l Research Assocmt1on Wlth 
a view to the revision of the specification, and in the 
meantime the specification is being issued a.s a war 
emergency standard. 

• 
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, Markets, Notes and Ne-ws 
The prices quoted herein relate to bulk quantities. Unless otherwise specified home trade quotations are delivered f.o.t . 

American Manganese Production 

The American BW"eau of Mines has been 
successful in producing concentrates with high 
~anganese content ores from the low-grade deposits 
m the Las Vegas, Nevada., area. The first unit of 
the comprehensive group of pilot plants built by the 
Bureau of Mines. at B oulder City, Nevada., under a 
defence .a.ppropnation has star ted operations. A 
te~t.run JUSt co'hcluded has demonstrated t he applic
ability of a. process developed in the Bureau labo
ratories for supplying a portion of the defence 
requirements of manganese from domestic sources. 
Manganese is a most vital strategic metal because 
about 12t lb. are needed for the production of every 
ton of steel, and because substitution would be 
difficult . The United States produces only about 
3 per cent. of its total needs of this ore, the remainder 
coming from abroad. R ussia. has been one of the 
principal suppliers, accounting last year for almost 
a foW"th of t he total amount imported. Only h igh
grade ore, such as the Russian ore, containing 48 per 
cen t. or more manganese, is generally used by 
American producers in making ferro-manga.nese. 
Although few deposits of high-grade ore exist in the 
United States, there are large reserves of low-grade 
ores, but t here has been no feasible method for 
successfully t reating them to produce a suitable 
ferro-manga.nese. If t he Bureau of Mines' experi
ments prove successful, the United States may be 
able to supply a. major portion of its requirements 
from its own SOW'ces. The first ore to pass through 
the Boulder City pilot m ill, which has a total capa
city of 40 tons per twenty-four-hour day of ore, was 
t hat from the nearby Las Vega.s Wash mining 
district. The Bureau engineers have estimated 
that there are nearly 1.000.000 tons of ore in this 
area. containing more than 10 per cent. manganese, 
and that there is more in the adjacent Virgin River 
d istrict. More than 3600 tons of the Las Vegas ore 
has been mined and stored at t he Boulder City 
p lant. This ore, which is run-of-mine, averages 
about 18 per cent. manganese. Except for a small 
amount of high-grade material mined dW"ing the 
World War, this reserve of manganese has been 
un:ieveloped, because until the Metallurgical 
Division of the Bureau of Mines started on its present 
programme the ore had resisted a ll attempts at con
centrating it to an extent which would permit its 
use for the manufacture of ferro-manganese. 
Success in the treatment of this ore was first attained 
when a new reagent, D LT -958, was tried. This 
reagent, developed as a result of the laboratory 
investigations of the Bureau of Mines, was found to 
float the worthless ga.ngue a. way from the manganese 
and leave the manganese in a. form which, when 
sintered, met every requirement for material for 
the manufa.ctW"e of ferro-manga.nese. Subseq uent 
tests have shown that other reagents of similar 
characteristics may be used, so that successful opera
tion of the plant is not restricted to a par ticular 
reagen t. The product produced in the first opera
tions analysed after sintering 52 per cent. man
ganese, 1 per cent. iron, 9 per cent. silica. The 
recovery from the ore was just over 70 per cent. 
Operations will be continued at the pilot plant to 
determine complete data. concerning costs. 

The Pig Iron Market 

Steady conditions rule in the pig iron t rade. 
The outstanding feature of the situat ion is t hat the 
consumers engaged upon war work are receiving full 
supplies, and although in the case of hematite and 
low-phosphoric iron they have to depart from their 
us11a.l practice and frequently use substitutes, they 
have become accustomed to meeting problems which 
arise from this situation, a.nd little complaint is 
heard. With such a huge proportion of the engi
neering industry employed upon war 'vork, it is not 
surprising that there are large demands for refined 
and speaial irons, particularly as the hema.tite 
position remains tight. The production of refined. 
irons has been expanded and supplies are available 
to cover consumers' needs, although these appear 
to be increasing. The production of Cleveland 
foundry iron is small, and normal users are taking 
up large quantities of Midland irons which are freely 
obtainable against licences. The demand fo r high
phosphoric foundry iron is easily met by the pro
ducers, and it is reported that substantial stocks of 
this quality have been accumulated at the blast
furnaces. The comparatively poor demand since 
the outbreak of hostilities and the regulations cur
tailing building operations were put into force, 
have restricted business in this class of iron. 
Hitherto, no way in which the light castings foun
dries could be fully employed upon war work has 
been found, although a certain proportion of t he 

Export quantities are f.o.b. steamer 

industry is engaged in the national effort. For the 
time being, however, the demand for t he products 
usually produced by light castings foundries is so 
t•estricted that in some cases foundries are not 
taking up all the high-phosphoric foundry pig iron 
for which they secured allocations. The position 
in t he low-phosphoric foundry iron department is 
less satisfactory, as it is being used in a number of 
directions in which other descriptions of pig iron 
were formerly utilised. The supplies are rather 
tight, but it has been possible for the Control to 
maintain supplies to all firms engaged on essential 
work. The hema.tite position is understood to have 
become easier to some extent, but its distribution 
is being very carefully supervised by t he Control, 
a.nd, wherever possible, consumers are encouraged 
to use substitutes. 

The Midlands and South Wales 

Condit ions in the Midland iron and steel 
trades, generally speaking, are satis factory. Supplies 
of raw material are reaching the works in adequate 
quantities, and production is maintained at a high 
level. Recently there has been an improvement in 
t he demand for structural steel. The movement has 
been of sueh a. general character that it is not easy to 
see the direction in which t he demand chiefly 
emanates, but the expansion is shown by t he 
increased periods which most works are asking fo r 
delivery of this description of steel. The plate 
position remains somewhat stringent. There ha.s 
been no falling off in the heavy requirements of the 
shipyards, and tank makers, wagon builders, and 
other consuming trades a.re providing an important 
outlet. The position of the re-rolling works is much 
better than it was at this time last year, and good. 
outputs are being maintained. The steady pres
sure which the mills have been experiencing for 
months, for small bars, angles, &c., has eased 
somewhat, but the works carry good order books, 
and there h as been some improvement in the 
position in so much as works which a few weeks ago 
were anxious to secure business are now quoting 
rather longer periods for delivery. The sheet 
industry is busy, and lately some good orders have 
been placed. The demand appears to be chiefly 
for the thinner gauges, but t.here is a. fair amount of 
work in the medium and heavier gauges. All the 
engineering establishments are fully employed upon 
war work a.nd this industry is requiring large 
tonnages of forgings and castings. There is an active 
business passing in nickel and other special alloy 
steels, which are largely used by the munition 
makers. All the steel works in South Wales are in 
steady operation, and have enough work in hand to 
keep them busy for some months. The heavy 
finished steel works a re fully employed in supplying 
shipbuilding steel, but are not so busy on structural 
descriptions for the constructional engineers. The 
demand for tinpla.tes from home sources is moder
at-ely good, but the '\Vorks are feeling the lack of 
expor t business which they are prevented from 
under taking by official restrictions. 

The North-East Coast and Yorkshire ·~ 

All the resources of the steel works on the 
Nor th-East Coast are employed upon priority work, 
and although t here may be some decline in new busi
ness in cer tain depa.rtment.s, there has been no real 
slackening in industrial operations. Ordinary 
civilian requirements have been practically elimi
nated from the picture, and export business is in 
practically the same position. Whilst it is under
stood t.ha.t commercial requirements have to be 
relegated to the background, a. certain amount o! 
apprehension is felt at the whole~a.le resignation of 
our export trade which manufacturers and mer
chants alike feel they may be tmable to recover 
when th e war is over, since once lost, export markets. 
are difficult to regain. The situation has improved 
with the coneentration of work upon war orders, 
and most of the steel works are a.bie to give earlier 
delivery of priority business. The demand for 
heavy structural steel has not recovered to anything 
like the volume which existed earlier in the year, but 
there has been some improvement in t he demand fo r 
the lighter sections which showed signs of declining 
a. few weeks ago. There is a. good request for semis, 
and in spito of the restriction of imports. t he works 
are receiving adequate supplia;;;. Bars, lately, have 
been called for in good quantities, the demand being 
chiefly for the heavier FJizes. bnt ther~ are indications 
of a. revival in the call for the smaller diameters. 
The plate position does not vary much, and 
although compared wit.h, say, six weeks ago, t he 
position is not so difficult, the whole production is 

rapidly taken up. Large quantities of plates are 
passing to t he shipyards and there is a v igorous 
demand from the tank makers. The Yorkshire steel 
industry is working under considerable pressure, 
one of the features of the posit ion being the active 
demand for special and a lloy steels. A tendency for 
business in the ordinary steels to decline has been 
checked recently, and the expectat ions of a revival 
in the demand covering the whole field of steel pro
d uction seems likely to be fulfilled. The armament 
makers are important users of a lloy steels, and the 
supply position is not so easy as it was. 

Copper and Tin 

The British copper si~ua.tion is at the 
moment satisfactory, but there are some who pre
dict a. considerable increase in the consumption for 
war purposes which may result in a. future tightness 
in the market. The Control exercises careful super
vision over d istribution, but a.U the firms employed 
for war purposes a re getting t heir full requirements 
and it has been possible to release a certain aTUount 
of copper for less essential work. In the United 
States the position has not materially cha.nsed. 
The Americans appear to b e drastically cu tting 
down the use of copper for civilian requirements in 
order to m'l.inta.in full supplies for in:lustries 
employed upon t he defence programme. The possi
bility of a shor tage in the United States is still 
being discussed in that country but recent purchases 
of South American copper should go far to ease the 
position. The authorities have now forbidden the 
use of copper in building in America., in which 
normally considerable quant ities are used. The use 
of copper in building in connection with the defence 
programme is permitted and also copper may be 
used for electric wiring. A restriction has also been 
imposed upon the use of copper in the manufacture 
of certain domestic appliances. A suggestion has 
been made that the additional calls upon the United 
States for copper for Russia. may have something 
to do with these restrictions. Whilst a subsidy has 
been allowed to one or two high-cost copper pro
ducers for some t.ime past, i t is now reported that 
t his will be extended to other high-cost concerns .... 
The London tin market remains quiet and unin terest
ing and prices have moved within a. very narrow 
m!l.rgin. American buying has been on a small 
scale and it is thou~ht that consumers in that 
country a re carrying fairly good stocks. Deliveries 
of tin to R ussia. are understood to h~ve been fairly 
large and to have amounted to nearly 70,000 tons. 
It is expect~d that the tin restriction scheme has 
been agreed upon for another period, although no 
official announcement has been made. Purchases, 
it is believed, by the British Ministry of Supply 
have prevented a. rise in the cash price, but only a. 
small busines~ has been transacted in London and, 
naturally, under prevailing conditions little outside 
interest in the market is apparent. 

Lead and Spelter 

Conditions in the British lead market have 
remained l,lDcha.nged for some time. The arrange
ments which were made at the beginning of the war 
have enabled the Non-Ferrous Metal Control to 
provide all lead required by the war industries and 
a lso to provide a. certain amount of the metal for 
ordinary commercial purposes. Whether RURsia.n 
requirements. which, it is understood, will be 
supplied direct from Empire countries, will a.ff~ct 
the situation cannot yet be seen ; but so far, 
a lthough good quantit.ies are understood to have 
been sent to R ussia, it has had no influence upon t.he 
posit ion in this c:ountry. T he American lead position 
remains t.ight and the authorities are carefully 
~·.1pervising the distribution of the metal anri 
tightening up the distribution of supplies for 
civilian purposes. Expectations that the price of 
lead in America. would be increased following an 
increase in the price of spelter have not materialised. 
Some d issatisfaction has been expressed by American 
producers at t he price of 5 · 85c. per pound, which 
now rules. This has been a. smaller increase than in 
t he pric~ of certain other non-ferrous metals in the 
United States. . . . The consumption of spelter in 
Great Britain is on a particularly heavy scale. 
L arge quantities are reaching the firms employed 
on war work and although t he p osition is re~l\rci~d 
as somewhat tigh t, these firms have received all the 
metal they need. In t he United States the market 
is tight as a. result of the large quant it ies required 
for t he defence programme, and supplies of spelter 
for ordinary civilian purposes ha._ve been severely 
cut down. The recent increase in the price of l e. 
to 8 · 25c. has not provoked any complaints. 
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Notes and 

Rail and Road 
RAILS FOR REIKFORCING.-ln order to increase 

the supply of reinforcing bars, the U.S.A. authorities 
have modified the rulos under which railways may 
sell discarded rails to re-rolling mills for conversion 
into bars. There has been some opposition to the 
scheme, on the ground that it ~ undesirable to 
degrade rail steel in this way while it allows the 
re-rollers to offer a higher price in order to get 
preference in the purchase of rails_. 

QANADA'S NEWEST B~IDGE.-Nearing completion 
in the D ominion is a new $ix-lane twin bridge over 
the W elland Rh·er and Michigan Central Railroad, 
near Niagara Falls, Ont., on the Queen Elizabeth 
Way. It 'is the longest twin bridge ever built in 
Canada, and in interest and importance in con
t emporary Canadian bridge work it is probably 
OYersbadowed only b y the magnificent new struc
ture over the Niagara River known as the " R ainbow 
Bridge." The W elland River bridge, nearly lOOOft. 
in length, consists of eighteen spans. It carr ies 
opposing traffic on separate roadways, each 38ft. 
wide, bordered by 2ft. reinforced concrete kerbs. 
The cost of the bridge as estimated in 1939 was 
approximately 350,000 dollars. D esp ite rising costs 
ot materials and labour sinco then. it is believed that 
the total cos t will not exceed 400.000 dollars . 

SALT TREATMENT FOR I cY RoADS.-The fourth of 
t he series of Wartimo Road Notes, enti. led " Salt 
Treatment for Icy Roads," has been issued by the 
Road R esearch Laboratory of the Department of 
Scientific and Industrial Research, in co-operation 
with the Minis.try of War Transport. Aithough 
sal. may in some cases be applied alone, mixing wi. h 
sand eru.ures better distribution, and the sand 
provides an immediate reduction in slipperiness 
while the ice is being melted. For this reason the 
recommendations contained in the note, which are 
based on experience in seYeral countries, are chiefly 
confined to the use of salt-sand mixtures. With a 
view to a.Yoiding possible damage to the road 
surface, particularly in the case of concrete roads, 
t he roost suit able proportion of salt to sand, and 
appropriate rates of spread, are recommended 
separately for waterbound macadam, bituminous 
surfa.cings, and concrete. The information is pre
sen t ed in an easily accessible form. and notes ate 
p rovided for guidance in mixing, st oring, a.nd spread
ing the mixt.ur~s. 

Air and Water 
JAPAN 'l.'O B VILD \VooDEN CRAFT.-A scheme is 

afoot. in Japan for the mass product ion of wooden 
schooners or combination sail and small oil-burning 
motor Yessels for the transport of coal. These ships 
would be similar to tho type found throughout the 
coastal servicoo of Japan. 

HYDRO-ELECTRIC D EVELOPMENTS AT TACOl\IA.
The city of Tacoma, Wash. , has applied to the 
F ederal P ower Commission for a licence to construct 
two hydro-electric developments on t he NisquaJly 
River in Thurston, Pierce and Lewis counties, 
Wash. One section, about 3 miles in length. will 
be known a s the Alder darn project. The second 
project will consist of a concrete gradt)• dh·ersion 
dam, to be known as La Grande dam. 

SmPBUILDllW IN H oNG Koxo.-The Hong Kong 
and Whampoa D ock Company, Ltd., and the 
Taikoo Dockyard and Engineerirg Company, of 
H ong Kong, Ltd., are building seventeen standard 
freighters of 10,000 tons each for the Brit ish 
Admiralty. Steel for nine of these freighters is of 
American origin, ·while AustraliA.n steel is being 
u · ilised in the other vessels. All boiler plate used 
in the constmction is being furnished by the United 
States. 
. THE PASSING OF TRE NAnROW GAUGE.-Bit by 
bit the United States are cutt ing out narrow-gauge 
tracks. Sixty years ago the number of narrow
gauge lines were not far short of 500, with a mileage 
of 10,000, more or less. To-day the mileage of these 
lines open to t raffic has shrunk to 1400, of which 
only 1344 miles aro actually in use and only 581 
miles carry passengers. Largest of them all was the 
D enver and Rio Grande, with 1500 miles of 3ft. 
gauge line in the heart of the Rockies, passing over 
several summits in excess of lO,OOOft. This has now 
shrunk to 750 miles . Closing down in most instances 
has been due to unprofitable working. 

TANKER STATISTICS.-It has been estimated 
recently that the world's tanker tonnage, after 
allowing for recent sinkings, is round about 
17 000,000- 18,000,000 tons. The figures stand for 
de~dweight tons~ which, where tankers are con
cerned, m ean.q actual cargo carrying capacity, 
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excluding bunket· oil and supplies. Approximately 
70 per cent .. of the total tanker tonnage is \mder 
three Bags. Britain and the United States possess 
about, 25 per cent. each , Norway 20 p er cent., 
Panama and the Netherlands absorb about 10 per 
cent., Axis P owers, I taly, Japan and Germany have 
10 per cent., leaving the residual 10 per cent . 
covered by other nations. 

Miscellanea 
FEDll!RATJON OF MANuFACTUllERS OF CONTRAC· 

TORS' PLANT.- It is announced that manufact.urers 
of contractors' plant have formed the Federat ion of 
Manufacturers of Contractors' Plant for the purpose 
of representing their common interests in dealing 
with major problems arising from the war and in 
preparation for pos t-war condi. ions. Information 
can be obtained from the Secretaries, Messrs. 
Binder, Hamlyn and Co., River Plate H ouse, 12 and 
13, South P lace, E.C.2. 

SPAIN AS A SouRCE OF IRON.-Production figures 
for Spain's output of it'on and steel in 1940 are now 
available. They are the highest levels for ten 
years. Pig iron out put was 600,000 tons, against 
457,000 tons in 1939 and 651,000 tons in 1930, the 
monthly figure improving steadily throughout t he 
year. The output of steel was 751,000 tons, against 
636,000 t ons in 1939 and 925,000 tons in 1930. I n 
Viscaya pig iron ou tput was 428,000 tons last year, 
against 315,000 tons in 1939, and steel output was 
485,000 tons, against 407,000 tons. 

U.S.A. CoPPER.- Supplementacy figures relat ing 
to copper in the United States reveal some startling 
records. The smelter production of primal'y copper 
from domest ic sources during 1940 amounted to 
1,818,167,516 lb ., a,n increase of approximately 28 
per cent. The value of smelter product ion increased 
approximately 39 per cent. in 1940, with an average 
price of copper delivered during the year at 11 · 3c. 
per pound, f.o.b. refinery. The total production of 
new refined copper in 1940 was 2,627,ll2,044lb., an 
increase of 608,000,000 lb., or 30 per cent . over that 
in 1939. 

TRE LATE MR. C. J .. StLVESTER.-We regret to 
have to record that. Mr. Colin Joseph Silvester died 
on September 12th , at t he age of seventy-six. He 
was the son of Mr . Frederick Silvester , of the Castle 
H ill Foundry, Newca.slle, Staffordshire, and was 
educated at Denstone College. For a time he served 
at t.he Cast le Hill Foundry and in 1893 went to 
India as chief dra'Qghtsman for the Government of 
India at Simla. He was engaged on the Indian 
State Railways unti1 1915, when he became Inspector 
of Munit ions, Ordnance D epartment (India). He 
ret ired in 1920. 

BRITISH MAcRINE T ooL I NDUSTRY AND AID FOR 
Russa.-At a meet-ing of the machine tool industry 
of Great BriLain, which took place in London on 
Tuesday, October 28~h, Lord Beaverbrook, the 
Minis ter of Supply, explained to more tha.r 300 
representatives of the industry who attended the 
ruee. ing his plans for aid to Russia, which he out
lined in a speech roA.de in the H ouse of Lords last 
week. Before he left the moo. ing a resolution was 
prop osed by Mr. G. S. Maginness, the Chairman of 
Lhe Machine T ool '£rades Association, in t he follow. 
ing terms :- " This meeting of the machine tool 
industries, realising the dependence on them of our 
armaments effort, expresses determination not to 
spare themselves in their endeavoms to employ 
t.heir factories to the fu llest possible exteo t." 

HANDBOOK OF HOME · GROWN TntBERS.- I n 
response to numerous requests from booksellers 
and members of the public, the F orest Products 
R esearch Laboratory of t he D epartment of Scientific 
and Industrial Research has just issued a third 
edition of t he '' Handbook of Home-grown Tim hers." 
This new edit.ion includes a number of timbers, 
which, a lthough generally neglected in peacetime, 
can be satisfactorily employed for various useful 
purposes under war conditions. The whole of the 
text has been revised to include the results of recent 
research , and a new feature of the present edition is 
the information on the fire-resisting properties of 
most of t he species, which it has now become possible 
to include as the result of extensive experimental 
work since the second edition was compiled. Home
grown t.imbers are now being employed in greater 
quantities and for very exacting purposes, and users 
are frequently at a loss to know how a particular 
species may best be utilised for some specified 
purpose for which imported timbers have been used 
in the past. The Handbook cannot fail to be of 
great value as a reliable guide in such circumstances. 
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Personal and Business 
MR. P. H oPKINSON has been elected a director of 

B ritish Furnaces, Ltd. 
THE MINISTRY OF SuPPLY hes appointed Messrs. 

E. A. Chell and T . Makemson Joint Directors 
for Iron Castings, I ron end Steel Control. 

THE BoARD OF TRADE announces the appointment 
of Mr. T. D. Morison as D eputy Factory Controller 
at the headquarters of the Control of Factory and 
Storage Premises. 

MAJOR R. A. B . SMITH has been re-elected Presi
dent of the Commercial Motor Users Association , 
and MesArs. G. Monro and J. S. Nicholl have been 
elected Vice-Presidents. 

SIR SAMUEL OsBORN has been elected Chairman 
of t he Applied Science Committee, •Sheffield Uni
versity, in succession t o the late Dr. J. Ward . Mr. 
P . B . Brown has been electeci. Yice-Chairman. 

• 

Forthcoming Engagements 
Secretarie8 of ln8titution•, Societir•, &:c., duirou• •f 

having noticu of mu.ting11 in•erted in thi1 rolumn , a,., 
requutw to note that in order to make aur• of •u in8ertw n 

• 
the necusary information •hould reach thi• oJ!lc• on or 
before the morning of the Monday of the week p reculing 
the meetings. In all catJes the TIME and PLACE at which 
the meetin!J is to be held should be clearly stated. 

Bradford Engineering Society 
M onliay, Nov. l Oth.- Technical College, Bradford, 

" Theory and Practice in Strength of Materials," 
J. G. Ja.gge r. 7.15 p.m. 

British Association of R efrigeration 
Thv.rsday, Nov. 6th.-I nstitu t ion of Mechanical Engi

neers, Storey's Gate, "\Vestminster , S.W . l. Presi
dential Address, S. F. Dorey. 3 p.m. 

• 
Institute of Transport 

Saturday, N ov. 8th.-:'11ETROPOLITA~ GRADUATES. Ins ti
tution of Electrical Engineers, Sa,.oy Place, \ 'ic toria 
Embankment , "\\' .C.2. ·• Basic Principles of 
Schedules for Road Passenger Transport," H . F. C. 
Adcock. 2. 15 p.m. 

Institut ion of Chemical Engineers 
Tue8day, N ov. llth.-Geological Society's Rooms, 

Burlington H ou e , Piccadilly, "\V. l. " Condensa
tion of \Vat er Vapour from Air," )1. Hirsch. 
2.30 p.m. 

Institut ion of Civil Engineers 
Tuesday, Nov. 4th.-Grea.t George Street, "\Yes trninster, 

S. W . 1. Presidential Address, C. E. Inglis . 2 p.m. 
S aturday, Nov. 8th.-N.W . Assoc.: Engineers' Club, 

Alber t Square, Man chester. " Road Experimen ts 
on the Design of Thin Bituminous Surfacings," R. 
Slater . 2.30 p .m. 

Institution of Electrical Engineers 
Sullclay, Nov. 2ncl.- N. 1\hDLA~D STUDENT . Yis it to 

Ackton H all Colliery, Fea.thers tone, near P onte
fract . 10.30 a.m. 

~llonday, Nov. 3rcl.- . MtDL.\ND CENTRE. James Watt 
Institute, Great Charles St reet, Birmingham. 
" pace Heating by Means of Electrically W armed 
Floor::~, as Applied to Surface Type Air Raid 

helte rs," R. Urierson. 6 p.m. 
ll"u lne8day, N ot•. 5th.- . ~hDLAND TUDE~T . James 

Watt Ins titute , Great Charle Street, Birmingham. 
Problems e \·ening. 6. 30 p.m. 

Monday, N ov. lOth.- N .E . CE~TRE. Neville Hall. 
Westgot l:' R oad, );tf'wcas tle-upon-Tyne. " Metal 
R ectifie rs, " A. L. Williams and L. E. Thompson. 
6. 15p.m. 

Junior Institution of Engineers 
Saturday, Nov. Sth.-39, Victoria Street, S. W.l. " Mills 

and Mill Gearing, " R. "\V ailes. 2. 30 p .m. 
Saturday, N ov. 15th.-39, Yictoria. Street, •. "\\·. L 

Annual general mee t.ing. 2.30 p.m. 

Keighley Association of Engineers 
'l 'o .clay. Oct. 3l st.- Victoria H otel , Keighley. " A 

Brf'a.kdown and the T echnicians Who Made Possible 
the R epair," J. Prentice. 8 p.m. 

Manchester Association of Engineers 
Saturday, Nov. lst.-Reynolds Hall, College of T ech 

nology, Manchester . " The \ iVater Grid," A. E. L . 
Cb or1ton . 2. 30 p.m. · 

Newcomen Society 
11' eclnesday, .. Y ot•. 12th .-Institution of Mechanical 

Enginee rs, torey's Gate, S."\Y.l. Annual general 
m <.'c tinl!. " The B eginnings of the Society." A. 
Titlf'y : Presidential Address, C. E. Dnvies; 
" uffolk Windmills ," R. Wailes . 2. 30 p.m. 

North-East Coast Institution of Engineers and 
Shipbuilders 

To-day, Oct. 3l8t.-Mining Institute, Newca.stle -u pon -
Tyne. "Merchant Sea P ower, 1919-1939," Sir 
W estoott S. Ahell. 6 p .m. 

Saturday, N ot•. Sth.-STUDE~T SECTIO~. Bolbec Hall. 
Newcas tlE'-upon-Tyne. ' ' The Elements of Aero
dynamics and ome Points of Contact with Na.,·al 
. \r<'hit i'C'turl', " F . H . Todd. 2.30 p.m. 

Wednesday, 
W .C.2. 
Crowe. 

Royal Society of Arts 
N ov. 6th.- Jolin Ada.m Street, Adelpbi, 
" Co-operat ion for Production," Sir E . 
1.45p.m . 

• 
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