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The National Physical Laboratory 

INSPECTION BY THE GENERAL BoARD 

T HE annual inspection of the work in progress 
at the National Physical Laboratory was made 

on June 22, by the General Board and also by about 
two thousand visitors, who were received in the High 
Voltage Laboratory by Sir William Bragg, president 
of the Royal Society, chairman of the Board, Lord 
Rayleigh, chairman of the Executive Committee, and 
Sir Frank Smith, director of the Laboratory. Amongst 
the numerous exhibits in the eight departments of 
the Laboratory the following may be mentioned. 

A comprehensive investigation into the thermal 
properties of a number of alloy steels is being made 
in the Physics Department up to temperatures of 
the order of 800° C. The thermal and electrical 
conductivity, specific heat, latent heat at the 
transformation points, and thermal expansion, are 
measured in vacuo. The specific and latent heats 
are determined by measuring the rate of rise of 
temperature of a hollow cylindrical specimen in 
which an electric heater is embedded. Loss of heat 
by radiation is avoided by surrounding the specimen 
with a jacket of low thermal capacity, which can be 
adjusted always to the same temperature as the 
specimen. The thermal conductivities of a large 
variety of materials are also measured in this section, 
the method generally employed consisting in the 
determination of the electrical energy required to 
maintain a known difference of temperature across 
a specimen of slab or cylindrical form, lateral flow 
of heat either being annulled by some form of guard 
system or else determined by a separate experiment. 

In another building the apparatus used for the 
accurate realization of various points on the Inter
national Temperature Scale was shown, and the 
routine testing of various types of thermometers was 
demonstrated. It should be mentioned here that 
approximately half a million clinical thermometers 
have been tested at the Laboratory during the last 
year. 

The radiological work done at the Laboratory can 
be divided into two sections, one devoted to the 
precise measurement of the properties and intensities 
of X-rays and gamma rays and the other to the 
application of radiography and diffraction methods 
to the study of the structure of materials. This latter 
has now become a valuable experimental tool, and 
typical results obtained by it on electro-deposited, 
heat-treated and strained metals, tooth-enamel and 
dentine were shown. A considerable amount of 
radium has been tested lately, and a valve amplifier 
apparatus for facilitating this work was demonstrated. 
The lead equivalents of various building materials to 
X-rays of different hardness have also been investi
gated, and the superior performance of barium 
concrete in this respect was illustrated. 

A popular exhibit in the acoustics laboratory
which is at present in process of enlargement-was 
designed to test the efficacy of various anti-drumming 
treatments applied to metal panels representative of 
the bodywork of vehicles. The panel under test is 
held in a rigid square frame which is attached to a 
moving-coil loud-speaker movement at each corner 

and thereby driven at any desired frequency. The 
acoustic output is measured over a range of fre
quencies. The measurement of the absorption 
coefficient of sheet material was also demonstrated 
in the reverberation room, and a portable instrument 
for the measurement of noise, in which the peculiarities 
of the average human ear in this respect have been 
copied, was shown. 

In the Optics Division, apparatus for measuring 
the intensity-response function of thermopiles and 
also the time-constant of this response was demon
strated. In the latter, the thermopile is connected 
to a condenser which is discharged through a 
ballistic galvanometer by an adjustable time-switch. 
Amongst the numerous exhibits here devoted to the 
measurement of colour a spectrophotometer for 
opaque surfaces was noted. The feeble intensity 
available from such a surface is counteracted by 
using a zonal concave mirror which focuses the light 
received from the specimen on to a photo-electric cell. 

The Electrical Standards Division is now in a strong 
position with regard to the absolute determination 
of the ohm, inasmuch as the value finally obtained by 
the A.c. method devised by Albert Campbell has been 
found to agree to within I part in 100,000 with that 
obtained by the Lorenz machine. The apparatus 
used in these refined measurements was exhibited 
and the precautions necessary to attain the required 
accuracy were illustrated. Amongst other exhibits 
in this section was a simple form of apparatus for 
calibrating audio-frequency oscillators, using 50-cycle 
A.c. mains as a standard. The 50-cycle wave-form is 
distorted by passage through a metal rectifier and 
then mixed in suitable proportions with the oscillator 
output. The resulting combination is passed through 
a telephone in series with another metal rectifier, 
and integral multiples of the mains frequency are 
revealed by the presence of beats. A new type of quartz 
ring oscillator which will form the principal unit in a 
standard clock for the Royal Observatory, Greenwich, 
was also shown, together with the quartz bars used 
in a recent experiment, which showed that the 
frequency of vibration of these bars reme,ins constant 
to ± 4 parts in 1011 irrespective of their orientation 
in a horizontal plane. This has been cited as being 
the highest precision ever achieved in a physical 
measurement. 

In the Electrotechnics Building, the standard 
apparatus for the routine testing of alternating and 
direct current meters of all kinds was shown. The 
functioning of the thyratron stroboscope recently 
developed was illustrated by cathode ray oscillograms 
of the current in various parts of the operating 
circuit, and the results of a comprehensive theoretical 
and experimental investigation into the eddy-current 
losses in square-section alternating current conductors 
were also shown here. 

The work in the High Voltage Laboratory is mainly 
carried out with impulsive voltages, and cathode ray 
oscillograms illustrating the work recently done were 
exhibited. In addition, the testing of a pin insulator 
with simultaneous alternating and impulsive voltages 
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was demonstrated, and the relation between the 
phase of the impulse and the probability of an 
ensuing power arc illustrated. The demonstration 
of high voltage sparks proved, as usual, to be a very 
popular exhibit. 

In the Photometry Building, an exhibit which 
attracted attention was concerned with street lighting. 
A cinema film was prepared from a series of photo
graphs of a night street scene and the projected 
image viewed from a definite position. On recognizing 
the change from one scene to another, the observer 
presses a key which operates the shutter of a camera, 
thereby recording the instantaneous position of the 
film, and hence the delay in recognition. This has 
been carried out with various sources of illumination 
in order to find out if any of them have advantages 
from this point of view. In this building there were 
also exhibits illustrating the routine testing of 
electric lamps, maintenance of photometric standards, 
and other illumination research. The photo-electric 
spectrophotometer recently developed was shown in 
operation : this has materially reduced the time and 
tedium involved in visual measurements of this 
nature. 

In the Radio Department the chief exhibits, which 
were shown on the same occasion last year, were a 
direction-finding radio receiver for use on wave
lengths between 8 and 10 metres, a self-checking, 
direct-reading, frequency-measuring equipment for 
the range 1-70 megacycles per second, which is based 
on a standard 1,000-cycle tuning fork, and a number 
of coils and condensers of very low or adjustable 
temperature-coefficients of reactance. 

The synchronization of a pulse transmitter and 
receiver, such as are used in the ionosphere research 
of the Radio Department, where the frequency of 
the exploring waves may be varied over the range 
1-20 megacycles per second, has been effected auto
matically. The receiver is ttmed by means of a small 
reversible electric motor, suitably geared down, 
which is controlled, through a system of relays, by 
currents which depend on the difference in frequency 
between the transmission and the frequency-change 
oscillator of the receiver. 

An interferometer for routine measurements of 
block gauges which was exhibited in the Metrology 
Department has very materially decreased the time 
occupied by such tests. A series of gauges is wrung 
radially on to a circular lapped plate which is rotated 
so that each is viewed successively in light of four 
monochromatic radiations from a cadmium lamp. 
By estimating to 1/10th of a fringe for each radiation, 
the amount by which the path-difference between 
light reflected from the surfaces of the gauge and the 
plate differs from an integral number of wave-lengths, 
and knowing the approximate thickness of the gauge, 
the true thickness may be determined rapidly and 
without ambiguity. Amongst the new exhibits in 
this Department was a comparator sensitive to a 
millionth of an inch, and a circular dividing table 
reading to 1 second and accurate to 5 seconds of arc, 
in which the driving mechanism and the reading 
mechanism are entirely separate, so that the latter 
is not subject to wear. 

An appliance for measuring the drunkenness (that 
is, departure from a true helix) of screw threads was 
shown. A pair of round-nosed feelers attached to a 
floating carriage register in the vee-groove of the 
screw at opposite ends of a diameter. Rotation of the 
screw produces axial movement of the feelers, and 
any inequalities in the movements of the two feelers 
is revealed on a dial gauge capable of detecting 

errors as small as 0·00005 inch. A horizontal pro
jection machine has just been completed. By using 
suitable lenses, plate gauges up to 3 inches in length 
can be projected as a whole to a magnification of 25, 
the maximum error over any part of this field not 
exceeding 0 ·0002 inch, whilst the threads of screw 
gauges up to 8 inches in diameter, and the teeth of 
large gear-cutting bobs, can be examined at a 
magnification of 50. An experimental machine for 
testing the wearing qualities of gauge steels consists of 
a lapping table on which three ring-shaped specimens 
rest. The table and the specimens all rotate slowly 
about their own axes, thereby reproducing a 
lapping operation. 

The combined fatigue testing machine developed 
in the Engineering Department was in operation on 
specimens of cast material for use as crankshafts. 
The high resistance to fatigue of these materials has 
emerged from the results so far obtained, and a law 
has been devised determining the behaviour of cast 
materials under conditions of combined bending and 
torsional fatigue stresses. Another exhibit of interest 
showed the results of fatigue tests under corrosive 
conditions, and the effect of using protective coatings 
to combat the deleterious effects thereby obtained 
on a number of steels. Amongst the exhibits con
nected with problems of lubrication, the influence 
of small quantities of water on the lubricating value 
of a motor-car oil was shown. In a journal-bearing 
machine, a reduction of seizing temperature from 
200° C. to 140° C., and an increase of about 40 per 
cent in the minimum friction, was obtained, with 
only 0·05 per cent of water. 

In the Metallurgy Department the development of 
magnesium alloys has continued, and data showing 
the valuable properties possessed by certain alloys 
containing aluminium and cerium were illustrated. 
In the rolling mill, the technique of working these 
alloys was demonstrated, and some very clean ex
amples of forged and machined work were exhibited. 
A careful exploration of the delta region of the iron
carbon system has recently been made, using materials 
of the highest purity in vacuo. The results were 
exhibited in the form of the constitution diagram 
of this particular region of the iron-carbon system. 
The iron used in this and other researches is pre
pared in the Department by reduction of ferric oxide 
in hydrogen. The vacuum fusion method of deter
mining the oxygen content of steels has been improved 
in reliability by the removal of gases from the 
apparatus at 2,200° C., thereby reducing both the 
correction to be applied and the time taken to carry 
out a test. The main results of the work which has 
been done on dental alloys for several years were 
summed up in a model, which shows the relation 
between the composition of the alloy and its volume 
change during setting. The narrow limits within 
which a satisfactory alloy lies were thus well illus
trated. Experiments have been made in this Depart
ment on the diffusion of gases through wood. With 
hydrogen diffusing across the grain, it has been found 
that the rates vary by as much as 2,500 to I, depend
ing on the variety of wood under test. 

The electron microscope is being developed as an 
experimental tool, and a magnified image of a very 
fine wire gauze was exhibited to show some of the 
possibilities of this instrument. 

In the Aerodynamics Department the pitot
traverse method of measuring aerofoil drag appears 
to be now more widely used, and satisfactory agree
ment has been obtained between this and balance 
measurements. The drags of a number of aerofoils 
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with various surface finishes have been measured in 
the compressed air tunnel up to a Reynolds number 
<Jf 24 millions. Similar experiments on a thin 
aluminium plate with suitably shaped leading and 
trailing edges have given very good agreement with 
the theoretical curve for turbulent flow over a flat 
plate except at low Reynolds numbers, where the 
experimental curve tends to fall to the theoretical 
curve for laminar flow. Two other exhibits in this 
Department were devoted to the investigation of the 
transition from laminar to turbulent flow along the 
boundary of an aerofoil, one employing a visual--<>r 
photographic-method, and the other a hot-wire 
method of detection. 

In the large 'duplex' wind tunnel the effect of the 
slipstream from the propellers of a model monoplane 
on the stability of the model was being studied, the 
propellers being driven by an internal electric motor. 
Another exhibit of interest here was concerned with 
the problem of wing flutter. The aerodynamic forces 
acting on a wing section subjected to a sinusoidal 
pitching motion are measured by the aid of a magneto
striction stress recorder. The high-speed tunnel, 
which operates by induction from the exhaust from 
the compressed air tunnel, has been employed in the 
investigation of the behaviour of aerofoils up to 
speeds of more than 600 miles per hour, where the 
effects of the compressibility of air attain a pre
dominating importance. 

Experiments on the improvement of ships' life
boats enabling them to avoid shipping seas in rough 
water were in progress in the William Froude 
Laboratory, and the results obtained with a model 
have been confirmed by full-scale trials of a lifeboat 
<Jf the best design. Tests were also being made in 
the new tank on a model propeller partially immersed 
in water, as for a ship in ballast condition. Auto
matic records of thrust, torque, revolutions, etc., are 
made at different immersions. By means of a strobo
scope, the action of the blades upon the water during 
emersion and submersion is observed. It should be 
noted that during I936, 88 ship designs were tested 
in this Laboratory, representing 80 per cent of the 
merchant shipping listed as "under construction" in 
Great Britain. 

University Events 
CAMBRIDGE.-Dr. H. J. Bhabha, of Gonville and 

Caius College, has been awarded an I85I Exhibition 
studentship. 

The General Board recommends that three addi
-tional part-time University lectureships in zoology 
be established from October I ; that an additional 
University demonstratorship in zoology be established 
from October I, and that a readership in inverte
brate zoology be established for one tenure only, 
and that the General Board be authorized to 
.appoint Dr. C. F. A. Pantin to this post from 
October I. 

Dr. R. N. Chopra, of Downing College, has been 
approved for the degree of Sc.D. 

At Christ's College, Dr. R. D. Davies, of Gonville 
.and Caius College, has been elected into a research 
fellowship. Dr. Davies was elected to a Salomons 
engineering scholarship in I921, and was placed in 
Class I of the Mechanical Sciences Tripos in 1922. 
He is a University demonstrator in engineering and 
·was formerly a captain in the Royal Engineers. 

Sir David Chadwick, formerly a scholar of Sidney 
Sussex College, secretary of the Imperial Economic 
Committee and of the executive council of the 
Imperial Agricultural Bureaux, has been elected an 
honorary fellow of Christ's College. 

LONDON.-University postgraduate studentships 
of the value of £150 for one year have been awarded 
to W. J. Allum (Imperial College--Royal College of 
Science), W. J. Arrol (Queen Mary College and 
Imperial College-Royal College of Science), Eliza
beth Carey (University College), J. A. Kitchener 
(University College), D. McMillan (University 
College), J. D. Marcantoni (Queen Mary College), 
Dorothee Metlitzky (University College), A. A. 
Ruddock (University College, Southampton) and 
Elizabeth Sweeting (Royal Holloway College). 

The University studentship in physiology of the 
value of £100 has been awarded to J. P. Quilliam 
(University College) who will carry on physiological 
research at University College. 

0. A. Saunders has been appointed as from October 
I to the Clothworkers' readership in applied thermo
dynamics tenable at the Imperial College--City and 
Guilds College. Since 1932 he has been lecturer in 
applied mathematical physics at the College. 

0XFORD.-8ir Farquhar Buzzard, Christ Chmch, 
and I. 0. Griffith, Brasenose College, have been 
elected to the Hebdomadal Council. 

Dr. A. D. Gardner, University College, has been 
appointed to the new readership in bacteriology as 
from October I. The title of professor has been con
ferred on Dr. A. D. Gardner. Dr. A. H. T. Robb
Smith has been appointed assistant director of 
pathology at the Nuffield Institute. 

The senior mathematical scholarship for 1937 has 
been awarded to G. L. Camm of Balliol and New 
Colleges. 

Dr. H. M. Sinclair, Oriel College, has been elected 
to an official fellowship and tutorship in physiology 
at Magdalen College. Miss M. G. Adam, senior 
scholar of Lady Margaret Hall, has been appointed 
assistant tutor in science at St. Hugh's College. 
At Christ Church, J. F. Hope Simpson (Balliol 
College) has been elected to a senior scholarship for 
work in botany and J. A. Moy-Thomas re-elected to 
a lectureship (the equivalent of a research fellowship) 
in z?ology. 

J. A. Boycott, Brasenose College and Miss E. J. 
Cockram, So,ciety of Oxford Home-Students, have 
been granted degrees of M.D. Dr .. N. C. Wright 
(Christ Church), of the Rowett Institute, has been 
granted the degree of D.Sc. for his work on proteins. 

At Queen's College, M. Abercrombie has been 
elected to a junior research fellowship for work in 
zoology and E. P. Abraham, New College, to a 
taberdarship for work in chemistry. 

R. Campbell Thompson, Merton College, has been 
elected Shillito reader in Assyriology in succession 
to the late Prof. S. Langdon . 

ST. ANDREws.-At a graduation ceremonial to be 
held on September 28 in connexion with the celebra
tion of the quater-centenary of St. Mary's College, 
the honorary degree of LL.D. is to be conferred 
on Sir Leonard Woolley, archreologist, among others. 

The following appointments have recently been made: 
J. Dewar to be lecturer in chemistry in the United 
College, St. Andrews; T. G. Cowling to be lecturer 
in mathematics, and R. E. Stedman to be lecturer 
in philosophy, both in University College, Dundee. 
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