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THE NATIONAL PHYSICAL LABORATORY 

T HE National Physical Laboratory held two open 
days on May 27- 28, when about 3,500 guestR 

from industry, the trniversities and Government 
departments viewed 150 exhibits covering the main 
items of the current research programmes. As last 
year, the exhibits were chosen to illustrate certain 
selected topics, but arrangements were made for 
visitors to discuss with specialist mombers of the 
staff items of work not on display. 

The nine scientific divisions of tho Laboratory 
ftrnction largely as independent tmits, but in a 
number of cases the programmes involve close col
laboration between div isions. This is particularly the 
case with tho work of Mathematics Division, much 
of the work of which consists of providing advice 
and computing facilities to other divisions. Excellent 
examples of the fruitfulness of such collaboration 
were seen in the work on machine-tool control by 
the use of diffraction gratings, shown by the Light 
Division, and in a new infra-red spectrometer ex
hibited by the Basic Physics Division. 

The measurement of ftmdamental standards has 
always been one of the basic responsibilities of the 
Laboratory, and a reorganization of Divisions in 
1958 brought such measurements mainly within the 
fields of the Standards and Applied Physics Divisions, 
with the newly created Basic Physics Division con
cerned with more fundamental research in some 
newer fields. 

In an experiment dosigned to measure the gyro
magnetic ratio of the proton, apparatus for which 
was exhibited, the Standards Division is extending 
its field of endeavouring to relate measurement to 
atomic constants. A magnetic fie ld about twenty 
times the strength of tho Earth's field is produced by 
means of a known electric cmTent in wire coils of 
known dimensions. At the centre of the coil system 
a spherical container is filled with water, the source 
of the protons. The latter are polarized in a direction 
perpendicular to the known field by a current main
tained for a few seconds in a coil surrounding the 
sphere. When this polarizing field is removed the 
protons return to a stak) of equilibrimn over a period 
of about 2 sec., during which time an o.m.f. 
is induced in the polm;izing coil, now used as 
a pick-up coil. The frequency of this c.m.f., about 
40 kc./s., is measured, and from it and tho known 
applied field the gyromagnetic ratio is calculated. 
This constant is of importance for defining stronger 
magnetic fields , which may then be used for tho 
determination of efm for ftmdamental particles. 

Tho tendency to relate all standards to more funda
m.ental quantities is also seen in t,he use of mono
chromatic radiation as a fundamental standard of 
length. The precise intercomparison of wave-lengths 
has thus become of increased importance, and a 
high-resolution spectrometer for t.his purpose was 
shown. H uses the method of air-pressure variation 
to scan the fringes of a Fabry-Perot interferometer, 
but, since the instrument is illuminated with light of 
the two wave-lengths to be compared in very rapid 
alternation, it is not necessary to measure tho 
absolute pressm·e of the air very exactly. In syn
chronism with the rotating 'chopper' shutter the 

output of the receiving photomultiplier is switched 
to two amplifiers. Errors due to changes of source 
intensity are eliminated by an additional photocell 
measuring the ratio of transmitted to incident light. 
The variation in intensity of the centre fringe with 
pressure for the two som·ces being compared is 
recorded on a chart recorder. Arrangements are also 
fitted for digitizing the records on ptmched tape, 
which can then be fed to a computer for Fourier 
analysis to obtain data on phase shifts at the semi
reflecting surfaces and other information. The 
instrument will be used for comparisons of standard 
wave-lengths, measurements of isotope shifts and 
work with sources at liquid-helium t emperatures. 

Another new field of standardization, tmdortaken 
in the Applied Physics Division, is that of neutron 
sources, required to produce known noutron fluxes 
for work in problems of reactor design. The strengths 
of the sources are compared by suspending them 
overnight by a fine thread at the centre of a large 
spherical container filled with manganese sulphate 
solution . A correction is applied for the neutrons 
escaping from the vessol. The amount of man
ganese-56 produced is deterrnined by ~-decay 
measurements, which are compared with those 
obtai.ned after the addition of a known amount of 
activo manganese to the same container. It is also 
hoped to obtain a confumatory nw-asurement from 
the amotmt of helium produced in three sources 
over a period of time. Six British sources have 
been compared with a Canadian standard. 

The same Division has several rooms speoially 
designed for the rneasurement of sound, but this is a 
field in which subjective measurements are of more 
than usual importance. The results of extensive 
experiments on the loudness of directional sound 
fields, as measured by pressure at the listener's ear, 
were shown. Such m easurements, however, do not 
indicate tho total loudness to a listener, owing to the 
additive effects of both ears. Clmrts were also shown 
for a group of observers, showing that the directional 
arrival for maximum loudness varies in a com
plicated way with frequency. An approximate 
binaural summation theory has been developed, 
from which some calculations of loudness have been 
made ; these compare fairly well with the results of 
direct rneasurernonts. 

The newer programmes in the Basic Physics Division 
are only now coming into operation. An interesting 
infra-red spectrometer of novel type, for study of the 
wave-length region 50fL-l mm., was shown. This 
region is of particular importance in tho theory of 
superconductors and Qf radiation from the Earth's 
atmosphere. A Michelson interferometer is used to 
scan the spectrum, the output intensity being received 
by a Golay cell. The resulting interferogram is then 
translated into a spect,rum by digitizing the informa
tion and feeding to a comput.or. The instrument has 
considerable advantages over a conventional infra
red spectrometer in speed : in a typical example the 
range 100-300[1- was observed in 25 min., with a 
resolution of 0·4 cm.-1, and computed in 5 min. It 
is hoped that with further development corresponding 
advantages in resolution will also be obtained. 
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The same Division also showed an ultra.<>onic 
goniometer. In this device the critical angle of 
refle.xion of an ultrasonic wave (5 mc.js.) incident 
upon an area of about 1 em. 2 of the surface of the 
specimen is measured. In metals of marked elastic 
anisotropy, any preferred orientation introduced 
during fabrication can be detected from the change 
in this critical angle. It is, for example, in some 
eases possible to determine the rolling direction of a 
plate. By varying the frequency of the incident 
wave (2-15 me./s.) some information on the dept,h of 
surface effects in texture can be obtained. 

In the Metallurgy Division results of importance in 
the f1.mdamental theory of metals are being obtained 
from transmission electronmicrographs of thin iron 
foils. Strip, 0 ·02 in. thick and representative of bulk 
rnaterial, is thinned by electropolishing to 2-3000 A., 
at which thickness electrons can penetrate it. The 
idea that in alpha iron two dislocations with <Ill> 
Burgers vectors unite to form one < 100> dislocation 
with a saving of energy has been confirmed by the 
observation of a hexagonal network formed by the 
interaction of two dislocation systems. Distortion in 
parts of this networl,, shown in some of the photo
graphs exhibited, can also be explained in tet·ms of 
the interaction of stranger dislocations. Photographs 
were also shown of precipitates, about one hundred 
atoms thick, growing from a supersaturated alloy in 
dendritic form on dislocations. 

The recording of creep strain data is often a major 
item in the programme of a large metallurgical 
laboratOI'V, and a new electrical recording extenso
meter, de:Yeloped in the Division, promises to simplify 
this problem. The movements of the extensometer 
are measured by the changes in inductance in a 
linear differential transformer fitted t.o the extenso
meter limbs. The transducer is built into a bridge 
circuit, in which an electronic detector is used to 
determine the balance conditions, and measurements 
are independent of zero drift or changes in ampli
fication. Long-term stability, of great importance in 
tests lasting 10,000 hr. or more, is dependent only on 
the stability of the transducer and resistors. Other 
advantages of the equipment., the sensitivity of which 
is comparable with that of a mirror extensomet.er, 
are the possibility of measurements over a large 
range of strain without readjustment, and the 
application of automation to the recording of the 
data. 

Other Divisions of the Laboratory are concerned 
more with developments in applied science, with 
particular reference to problems of interest to 
industry, and Control Mechanisms and Electronics 
Division demonstrated a technique for the manu
facture of radial coded plates for recording digitally 
the instantaneous position of a revolving shaft. The 
individual code zones are generated circumferentially 
in succession, by optical reduction from a 35-mm. 
film in conjunction with a dividing maehine, and the 
precision of the latter is the limiting factor in the 
angular resolution obtained. This process is much 
qtiicker, particularly for complicated code systems, 
than earlier methods of programming a set of events, 
for example, lamp flashes, to produce one element of 
all the code zones simultaneously in a radial direction. 
An. example was shown of an eighteen-code system 
with a resolution of O·OP and a total radial width 
of 0 ·1 in. 

An application of radial diffraction gratings was 
shown in a system for measm·ing the torque in a 
rotating shaft. Each end carried a radial grating in 

conjunction with a similar stationary grating, pro
clueing an alternating signal by interruption of an 
optical beam. Any torque on the shaft is manifested 
as a phase difference between the signals from the 
two ends ; such a system is sensitive to a few seconds 
of arc. 

In addition to the work on the use of diffraction 
gratings in machine-tool control, several novel uses 
of the interferometric pt·inciple were exhibited by the 
Light Division, a Kosters prism being used as a 
compact Michelson interferometor . When used to 
measure the angle of tilt of a reflecting surfaee by 
the alignment of white light fringes such a system is 
sensitive to 1/10 sec. of arc. The instrument, with 
both coarse and fine adjustments to facilitate setting, 
has possible applications in engineering metrology. 
The Kosters prism is also used as a reverse shearing 
interferometer for testing the revolution symmetry 
and asphericity of large minors. In another method, 
in which no test plate or comparison system is 
needed, such larger systems are examined by the 
superposition of the scattered light from two identical 
plastic scattering screens. The interference colours 
seen on the mirror indicate directly to a millionth 
of an inch how far each point of the surface is above 
or below that of an imaginary perfect sphere. 

The work of the Aerodynamics and Ship Divisions i;; 
from the nature of their subjects rather more special
ized than that of other divisions. Perhaps the field 
of greatest topieal interest on display in Aero
dyna.mics Division was that concerned with the new 
aerodynamic problems that occur in hypersonic flow 
(that is, at speeds greater than about ftve times that 
of sotmd), particularly those associated with the 
temperature of several thousand degrees centigrade 
that arise from aerodynamic heating. The Division 
is doveloping a shock tunnel, in which the flow 
duration is about a millisecond, and a 'hotshot', in 
which about twenty times t,his flow duration can be 
obt.ained. Two sr~ll shock tubes were sho·wn in 
which spectrographic and microwave techniques are 
being developed for temperature measurements and 
for studying the effects of dissociation and ionization. 

Also of current interest is the design of slender 
wings, the planform and section shape of which com
bine to give the required low drag at cruising speeds 
of about twice the speed of sotmd, together with 
satisfactory stability characteristics and good landing 
and take-off performance. Vortex-type flow separa
tions from sharp edges are being studied in transonic 

Fig. 1. Vortex wake behind a swept-back wing at low speeds as 
shown by a tuft grid placed behind the model 
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and supersonic flow, and appear to behave in a 
remarkably similar way to those at low speeds 
(Fig. 1). The work shown included detailed quanti
t-ative explorations in a low-speed tunnel and flow 
visualization experiments on a wing oscillating in a 
water tunnel in which qualitative observations were 
being made on the flow in these dynamic conditions. 

Results were also displayed from an extensive 
series of investigations into the aerodynamic design 
of swept wings for aircraft to cruise in the Mach 
number range 0 · 8- l · 2. A special design of wing 
section has been developed to delay the drag rise 
that occurs at transonic speeds, and methods of 
eombining a high drag-rise Mach number with a large 
drag-rise/buffet margin are being sought. To enable 
drag-rise and buffet boundaries to be predicted, a 
semi-empirical theory has been developed for cal
eulating pressure distributions in two-dimensional 
transonic. flow. The effects of wing planform, camber 
and twist have also been studied, together with the 
design of the junction between wing and fuselage, 
with the objeet of mainta ining the full sweep of the 
isobars over the whole of the wing span. One of the 
biggest problems is to reduce the required body 
'waisting' to an amotmt acceptable for civil aircraft. 

Research displayed on boundary-layer and shear 
flows included theoretical and experimental investi
gations into the mechanics of transition following 

the non-linear growth of small distm·bances, measure
ments of surface frict-ion, and studies of turbulent 
boundary-layer development, wall jets, pipe flow, and 
the flow up an abrupt step at a Mach munber of 2 ·5. 

As part of a long-term progranune of research into 
ship vibration, the Ship Division demonstrated 
apparatus for determining the characteristics of the 
oscillatory pressure distribution around model pro
pellers. A large dynamometer for propellers up to 
24 in. in diameter measures torque and thrust elec
trically by movement of a balanced armature trans
former, connected to a bearing in a helical slot on the 
shaft in one case, and to a flexible coupling allowing 
only axial movement in the othor. A new 12-in. 
opon dynamometer was also displayed : this has a 
capacity of 5 lb./ft. torque and 50 lb. thrust at 0 to 
2,000 r .p.m., torque being measured by balaneing the 
reaction on the motor casing, and thrust by balancing 
the axial load on the shaft. Both components are 
measured by dead-weight and spring systems, 
recording on a built-in chart recorder. 

On the Lithgow water tunnel, techniques for auto
matic data recording and analysis have been installed. 
Measurements of the physical quantities are con
verted into either rotation of a shaft or into voltages : 
shaft digitizers or digital voltmeters then turn these 
into coded electrical pulses suitable for feeding t.o 
computers. 

THE BRITISH GLASS INDUSTRY RESEARCH ASSOCIATION 

NEW LABORATORIES 

T HE official opening of the newly built laboratories 
of t.he British Glass Industry Research Associa

tion by the Right Ron. the Earl of Halifax, chancellor 
of the University of Sheffield, which took place on 
June 6, marked a noteworthy stage in the develop
ment of industrial research for the British glass 
industry. Co-operative research has been continuously 
expanding since the inauguration by W. E. S. Turner 
of a Department of Glass Manufacture in the Univer
sity of Sheffield in the autumn of 1915. Prof. Turner, 
then a lecturer in chemistry in the University, 
pioneered the establishment of a centre of organized 
scientific research into the physical and chemical 
properties of glass, to provide technical and scientific 
advice to the industry, and to include facilities for 
teaching. Under his influence and professorship (he 
occupied the chair from its inauguration in 1920 
until his retirement in 1945) the Department of Glass 
Technology, as it was renamed, became known and 
respected throughout the world by those interested 
in the manufacture and use of glass. 

In his early endeavour to found the Department 
of Glass Manufacture, Turner received great en
couragement from his professor, the late W. P. 
Wynne, who loaned him a small chemical laboratory 
for his investigations and a tiny attic to house his 
glass-melting furnace. He also received the enthusias
tic support of glass manufacturers-particularly those 
of south Yorkshire and of Lancashire. With inm·ease 
of work and staff, Turner expanded his Department 
to occupy first a section of the applied science building 
of the University, and when this became insufficient, 
the site of a derelict glassworks in the Attercliffe 
district of the city. The latter site was occupied 

until 1938 when, with the financial support of 
the glass industry, the present Department was 
built by addition to a large house occupying 
extensive grounds adjoining the main University 
territory. 

After the Second World War it became apparent 
that the requirements of industrial investigations, 
and that part of the research work which formed 
their immediate background, involved so much time 
that staff could not efficiently conduct them coin
cidentally with teaching and long-term research 
duties. Prof. H. Moore, who succeeded Prof. Turner 
on his retirement in 1945, therefore advocated the 
establishment of a research association as a separate 
entity, the function of which would be to attack the 
industrial and development problems, leaving the 
University Department free to concentrate upon 
fundamental research and the education of glass 
technologists. On the retirement of Prof. Moore in 
1955 this plan was adopted, Prof. R. W. Douglas 
being appointed to the chair of glass technology, and 
Dr. R. G. Newton as director of the newly formed 
Research Association. From this time until the occu
pation of its new building in January 1959, the 
Research Association's staff was successfully accom
modated in the University Department's building, 
despite the rapid expansion of both organizations. 
The foregoing will have indicated the close connexion 
between the University, the Research Association 
and the glass industry : the new buildings of the 
Research Association, built to the design of Prof. 
Stephen Welsh, now stand adjacent to the University 
Department, which will enable the close connexions of 
the past to be maintained in the future. 
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