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vou'd pay us to keep it there!

Everyone in your hospital gains immediate and lasting benefits
from soft water — and when you can rent a fully automatic
Permutit water softener so easily, it makes the use of hard
water a very expensive matter. You need spend no capital, your
plant is delivered, erected, commissioned and fully serviced—
all under the one rental charge.

For helpful friendly advice, send us your problem today.
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LIME-FREE WORK WONDERS WITH WATER

GROSVENOR GARDENS HOUSE, LONDON, S.W.1 Telephone: 01-834 4531
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B CONTROL.. HUMIDIFIERS

The need for producing and controlling the
correct level of humidity is now met efficiently in Operating
Theatres, Treatment Rooms, etc., by this Calomax packaged unit
which readily lends itself to independant installation or
incorparation in air conditioning units.

CALOMAX (ENGINEERS) LT D. et or ot wanapy o7 netrec

LUPTON AVENUE, LEEDS 9. Telephone: LEEDS 34988/9

two’s company...

and so’'s three, four or more when they're part of the Moorwood-Vulcan range.
Take these two for instance  the Harleston Cooker and the Maxifry Fryer.
Designed on the unit principle so that any combination of items can be built

up and the greatest use made of available space.

Harleston features heavy gauge stainless steel, solid,
cast-iran hobs, automatic lighting and is down in price !
Maxifry has stainless steel front and side panels,

60 Ib. per hour output of chips from raw, flame failure
control, combined thermostat and ON-OFF tap,

cool zone and large bore emptying tap. An upper limit
temperature control can be fitted.

And the Maxifry too is down in price!

Town, Natural and L.P Gases.

Harleston and Maxifry — the compact cooker and Tryer
from Moorwood-Vulcan. Mare details ? Yours from:

AAccrWoopNJuLCAN LTD

Harleston Strect, Sheffield 54 7QD. Tel: 23063,
Branches: London, Birmingham, Manchester, Bristol, Edinburgh.
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No emergency inWard 10

should the
main electricity supply give out. The stand by
genarators see to that, But dependahbility 1s
overything. 11 must be tolal. That 1s why the
driving power 1s 50 often Holls- Royee diesels
the closest you can get ta miballibility.

Naorm any other part of the hospita

Whoen you bave choson Rolls Boyoee pove-
ared diesel sots yvou have mare than peace of
nund. Lower operating costs for example, lower
maintenance and vibration -free running prove
vear after yvear that the first cholee s the
roht choicoe.
OLL
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N DIESELS

Rolls-Royce Limited, Shrewsbury, England
Tel: 62265 Telex: 35171 Grams: Roycar Shiowshury
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phone your nearest

A.P.GREEN

depot or stockist

PROTECTION

Use SAIRSET refractory cement far
laying-up all types of firebrick. Protect
new and existing brickwork with a [
coating of SAIRSET. Seal cracks— [
reduce risk of spalling and slag attack. 7]
SAIRSET is available in § cwl, 1 ewt., [77]-
and 2 cw!, drums ready mixed. M [
should ke in your maintenance store.
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REPAIRS

Repair damaged walls with HYBOND
plastic refractory. Can be used for
small paps or the complete wall or
arch. For extreme temperatures use
HIGH ALUMINA PLASTIC,

HYBOND is delivered in 90 ib. cartons
sliced ready for ramming-in.
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RE-=LINING

Avoid intricate brickwork and special _
shapes by lining with KAST-SET
refractory concrete. Simply mix and
pour. When an insulating refractory is
required for furnaces use KAST-O-
LiTE. Monolithie linings are econam-
ical on fue! and simplify maintenance.
A, P. Green refractory concretes are
sold in 1 cwt. bags.
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LONDON

01-980Q 1348
NEWPORT
Abercarn 470
STOURBRIDGE
Brierley Hill 78258
NOTTINGHAM
0602-84106
SHEFFIELD
0742-385557
SUNDERLAND
0783-56774
BROMBOROUGH
051 ROC 5594
GLASGOW
069-885 3585
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all A. P. GREEN
depots stock

FIREBRICKS

for immediate delivery

just phong~

A. P. GREEN REFRACTORIES LTD
York House, Wembley
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ARBIGRILL

Method building for hospitals

A new industrialised construction medium
for easy installation of services.

Because the Arbigrill structural
steel frame has been integrally
designed with a Grillcon pre-cast
concrete floor, it achieves a
considerable reduction in the
combined thickness of beam and
floor over traditional methods.

Arbigrill offers other noteworthy
advantages: Low Coste High Per-
formance specificatione Cuts in
planning time ® Complete architec-
tural freedom e Fast site erection
® Maximum provision for services
® Factory made components.

You are invited to inspect a full-scale two storey Arbigrill prototype, specially
erected in London to iflustrate its many benefits.

Contact Redpath Dorman Long at Bedford or The Consulting Civil & Structural
Engineers: Alan Marshall & Partners, Federal House, 2 Down Place, London W.6.
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The Diagnostic X-Ray Tube

Energy Conversion
The X-ray tube as an energy converter

NERGY. defined as the capacitv for doing work,

exists in many forms and we have become very

skilled in the art of converting one form of energy
into another to suit our particular requirements. Energy
conversion is now so commonplace that it frequently
goes unnoticed, but if we look around us we cannot {ail
0 appreciate how greatly our mode of life depends upon
its use. Our own bodies, using fuel prepared from our
food, can generate energy wherever and whenever it is re-
quired to maintain body temperature. 1o move and to
work. either physically or mentally. We use the potential
energy locked up in coal, oil, or gas. petrol and other
fuels to obtain all the forms of energy we require. Some
conversions are accomplished in a single step, for ex-
ample. potential energy in fuel into hear; whilst for the
more tefined forms of energyv, such as motion (kinetic
energy), electricity. radio waves, visible light and X-rays,
more stages are necessary. The form of energy which
most lends itself o ease of conversion is electricity. It is,
indeed, because of its exireme flexibility that electricity
is in such great demand.

Efficiency of energy conversion
In any energy conversion process some “losses™ take
place. This does not mean that some of the energy ceases

By W. TENNET, C.Eng., M.LEE.,
X-Ray Division, Mullard Ltd.

to exist, but only that it is converted into the wrong
energv-form. As an example. let us consider the chain
of energy conversions required to produce the light
from a normal domestic 100 watt bulb. At the power
station. coal is burnt in a furnace and heat energy is
released. The heat is used to generate sieam in a boiler
and the steam drives a turbine. However, so much of
the heat escapes in flue gases and into the air in the
boiler room that the kinetic energy (energy of motion)
delivered to the turbine shaft is only about 30", of the
energy value of the fuel. The next change, from Kkinetic
energy to electricity is, fortunately about 98 efficient.
and the losses in the electricity distribution svstem are
small enough to be ignored. Proceeding further. the effi-
ciency conversion from electricity into light by an in-
candescent filament bulb is very poor. Of the 100 watts
of electricity supplied to the lamp about 98 watts will be
converted into heat and only 2 watts into light. When
converting electrical energv into X-ravs in a diagnostic
tube the efliciency is even less; less than 1=, of the
energy supplied emerges in the form of X-rays. The
remainder becomes heat, and this is one of the major
factors influencing X-rayv tube design and power rating.

The Nature of X-Rays
The electro-magnetic spectrum
X-ravs belong to a family of energy forms known



collectively as the electro-magnetic spectrum. This com-
prises, in descending order of wavclength, radio waves
us used for broadcasting sound and vision, infrared rays
{heat), visible light (red, orvange, yellow, green, bluc,
indigo and violel), ultra-violet rays, X-rays, gamna rays
from radioactive substances or very high-energy particle-
accelerators, and cosmic rays from outer space. The
most striking common property of all electro-magnetic
waves is their abilily to radiate, that is, to make their
influence felt al a distance from the source, even when
there is no medium belween source and receiver, t.e. ina
perfect vacuum. In this way they ditfer from sound waves,
which require a compressible medium, such as air, in
order 1o travel. Electro-magnelic waves travel in vacuum
at a speed of appromixately 300 million {3 X 1(}*) metres,
of 186,000 miles, per second.

Ruadiation wavelengths

The various members of this family of energy-forms
differ from cach other in only vne respect, namely wave-
length, Each cnergy-form occupies a band of wavelengths
and these bands, when taken in order of wavelength,
comprisec a continuous. spectrum  ranging from ("
cenlimetres (cosmic rays) to 10" centimetres, X-rays oc-
cupying a band lying between 1(+% and 10" centimetres.
The name given o any band of electro-magnetic waves
is determined by its mode of generation, not by its wave-
length. For example, radiation having a wavelength of
10-% centimelres would be called respectively “uftra-
violer rays™ if produced by ¢ UV tube and “*X-rays™ if
produced by an X-ray tube. Since X-rays ure so very
short in wavelength, the unit of wavelength used to
measure them is the Angstrom unit, which s equal 1o
[0 centimetres.

The Mechanism of X-Ray Generation
How X-rays dre generated

X-rays are generated when clectrons, travelling at
high speed, come into collision with any kind of matter,
and an X-ray tube is simply a device designed in such
a way that this process lakes place as efficiently as pos-
sible. The requirements of medical X-ray diagnosis make
particular demands upon an X-ray tube and thus strongly
infiuence design and manufaciure, but (his aspect need
not vet concern us. Let us first make sure that we under-
stand the basic principles involved and the meuans by
which they can be put into practice.

The basic X-ray tube

We require a source of electrons (or in other words,
a cathode), some means of accelerating them to high
speed and a target on the surface of which they can im-
pinge, thus converting some of their kinetic energy into
X-rays. The fact that heat will be the major result of this
process is known to us, but we choose for the moment
to ignore it.
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The carhode (thermionic emission)

The most convenient method of obtaining a source of
clectrons is by the process of thermionic emission. This,
as the term itself implies, is the ejection of electrons from
a substance by the application of heat. Electrons, of
course, constitute an essential part of the atoms of any
clement, but Lhere is a class of element in which some of
the electrons are rather loosely bound to the atoms.
These are known as “free™ electrons and (incidentally)
their presence confers on the element a very useful
properly -—that of being able to conduct eleciricity.
Nearly all metals fall into this category, though some,
e.g. silver and copper, have more free electrons and are
therefore bhetter conductors than others. When (hese
metals are heated, sufficient energy may be given o
their atoms to cause the free electrons to escape from
the metal into ihe surrounding medium. This process
has to take place in 4 good vacuum, or at least in the
absence of oxygen, otherwise the metal would oxidise,
or more simply, burn. The rate at which elecirons are
released from the metal depends upon three factors,
namely the temperature, the area heated and the work-
function. The work-function is o measure of the amount
of energy required 1o cause electrons 1o escape from the
substance and is characteristic of the subsiance itself.
The emitting area is, of course, constant for a given
cathade and, therefore, once the cathode is made, tem-
perature is the only means whereby we can vary or
control the number of clectrons freed per second, OF all
clectron-cmilting substances, tungsten has to dale been
found 1o be the most saitable for X-ray twbe cathodes.
One reason for this is that with tungsten the rate of emis-
sion does not rise too steeply with temperature and this
is & valuuble property when tube current is to be con-
trolled almost entirely by the temperature of the cathode.
Other reusons for choosing tungsten will emerge later.
For the moment fet it suffice that by sealing a lungsten
wire or [filament into a glass bulb and bringing out the
ends so that the filament can be connected to a variable
vollage supply we have provided ourselves with a vart-
able source of clectrons. [f we pass only a small healing
current through the filament very few electrons will be
emilted, whereas, if we heat the filament to incandes-
cence, as in an clectric lamp bulb, copious elecironic
emission will take place and a cloud of electrons, or
negative “space charge™. will build up in the immediatle
vicinily of the cathode.

The anode

The next problem is to draw the electron cloud {space
charge) away from the filament or cathode, accelerale
the electrons to high speed, and so give them high kinetic
energy. Since the electrons are negatively charged par-
ticles, the best way of doing this is (o place inside vur
bulh a second electrode which, relative to our cathode,
ix al a high positive potential. We now have a two-
electrode tube, ie. a diode, the positive electrode being
valled the anode, Looking now ai our third requirement,
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namely that the high speed electrons must be stopped
as effectively as possible on arrival at the anode, let us
consider our choice of material for this electrode.

The anade (physical considerations)

Al this point we had betler take a closer look at the
physical problem of stopping missiles as minute as elec-
trons. We have to realise that to anything as small as an
electron (about 10-#cm) there is no such thing as solid
matter. All maitter consists of atoms and atoms are al-
most entirely space. The maost useful concept of the atom
for our purposes is that propounded by the Physicist,
Niels Bohr, in which the atom consists of a central.
positively charged nucleus surrounded by orbital or
planetary clectrons. Elements differ from each other
only in respect of the number of electrons orbiting cach
of their atomic nuclei, and this is numerically equal 1o
the number of positive charges {protons) in the nucleus
(known as the atomic number of the element). The atom.
in its natural state, is, therefore, electrically neutral.
Hydrogen, for example, is the simplest of the elements,
having only one planetary clectron. s aucleus has one
positive charge or proten and its atontic number s,
therefore, 1 Helium has two electrons and a positive
nuclear charge of 2—atomic number 2; Lithium 3.
Beryllium 4, and so on. Elements exist having atomic
numbers in the nincties and indeed, it is among the high
atomic number elements that we have (o look for our
anode material. As stated previously, the atom is mainly
space, Lhis being true even when the atomic number is
high. To assist perception here it is perhaps worthwhile
to create an analogy. If a single atom could be enlarged
1o occupy the same space as St. Paul’s Cathedral, an
electron would be about the size of a tennis ball. Clearly,
even if a hundred tennis balls were flying about St
Paul’s, there would be a great deal of space left, and a
tennis ball arriving from the outside at high speed (repre-
senting a cathode electron) would, in the vast majority
of cases, pass right through without being at all in-
fluenced by the presence of those already there. Fortu-
nately for us, in our cllorts to generate X-rays. this is
not the whole picture. We are dealing with tennis bails,
but with negative charged electric particles and these
do not need Lo collide with other ¢lectrons in order to
have their energies converted into X-rays, 1t is sufficient
if they enter an electric field of force and are, as a con-
sequence., relarded or stopped. Such force fields exisi
within every alom, the mutual attraction helween the
positive nucleus and each (negative} planetuary electron
heing precisely balanced by the centrifugal foree due 10
the orbital speed (kinetic energy) of the electron,

“White' radiation

The atomic foree fields of our anode malterial, then.
constitute the net in which we have (o snarc our high-
speed electrons from the cathode. and it is in this way
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that the continuous or “‘white™ spectrum, in which we
are primarily interested. is generated. This continuous
spectrum extends from (he short X-ray wavelength limit
{determined by the maximum electron-accelerating volt-
age). right through the X-ray, ultra violet and visible
light bands and into the infra-red (heat) region of the
clectromagnetic spectrum. The wavelength of the radi-
ant energy produced by each cathode electron is deter-
mined by its kinetic energy and by the proportion of
this energy given up in each reaction with the atomic
force-lelds of the anode material.

“Characterisiic” radiation

Characteristic radiation is generated whenever a cath-
ode clectron collides with and dislodges an electron
from one of the inner orbits of an atom of the anode.
The resulting burst (quantum) of radiation is due (0 an
electron from an cuter orbit falling into the vacant space
in the depleted inner orbit. The wavelength produced
in this manner is “characteristic™ of the anode malterial,
and is independent (above a threshold value) of accele-
rating potential between anode and cuthode.

The anode (physical requiremeriis)

The above deseription of the true nature of se-called
solid matter goes a long way towards explaining the
very low efliciency with which electrical energy is con-
verted into X-ray cnergy. One essential gualilication
for our anode material is, obviously, that it should
possess a high alomic number. Further, we know that a
great amount of heal is going Lo be generated and, there-
fore, such properties as high melting point and high
refractory qualities are needed. We musi also bear in
mind that, ideally, the electrodes of the X-ray diode
should be c¢ontained within a perfect vacuum. One
reason for this has already been touched upon---the
prevention of oxidation of the hot filament. There are,
of course, other reasons. For example, the flow of elec-
trons from cathode to anode would be seriously in-
hibited, or cven prevented, if their transit were impeded
by multiple collision with atoms of gas or vapour in the
inter-clectrode space. Further, if the vacuum were allow-
ed to deteriorate (oo much, internal ¢lectrical breakdown
would occur due to the so-called ionization of the gas
by the high voltage. The process of ionization is one in
which the negative charge of the atom is stripped away
from the atom by the strong attraction of the positive
anode leaving behind a positively charged remnant (or
iony which will be attracted (o the negative cathode.
Such a (low of electrons and ong is known as a gas
discharge or gas current and is, in a high-vacuum X-ray
tube, highly undesirable. Since therc is no such thing
as a perfect vacuum, some ionic bombuardment of the
cathode always takes place. The cathode malertal must,
therefore, be capable of withstanding this, and here we
have a further reason for choosing tungsten.
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Fig. 1. A basic X-ray tube,

Glass envelope or bulb Vatuum

Anode (Tungstan}

Cathode {Tungsten filament)

The materials we choose for our electrodes must,
therefore, possess “good vacuum properties™, that is to
say, they must not degrade the vacuum by liberating
vapour or gas, even when they are operating at their
maximum working temperatures. This can only be en-
sured by choosing materials which have low vapour
pressures, even at elevated temperatures, and can, fur-
thermore, be most rigorously degassed, under vacuum
at very high temperatures, both before being sealed into
the tube and during the evacuation of the tube itself.

The material which possesses the best combination of
all of these properties is, once again, tungsien, and
having decided this, we now know the fundamental re-
quirements of a simple X-ray tube (see Fig. 1).

There is a vast difference between our rudimentary
tube for producing X-rays and the highly specialised
tube designed as a tool for medical diagnostic radiology,
but the underlying principles are the same. Having estab-
lished these fundamental requirements a study of the
behaviour of a simple vacuum diode will assist in under-
standing the difference between, on the one hand, a diode
for the generation of X-rays and, on the other, a diode
for rectification purposes.

Characteristics of the Diode
FExperimental procedure

As we already know, the rate of liberation of clectrons
from a heated wire or filament depends upon the tem-
perature to which the wire is heated, and ultimately, on

the value of the heating current passing through the
filament. This heating current is in turn dependent upon
the voltage applied across the ends of the filament.

If we connect a vacuum diode inlo a test circuit, as
shown in Fig. 2, we can carry out a simple experi-
ment o show the behaviour of the device, i.c.. lo estab-
lish its characteristics. In the diagram (Fig. 2) the
2,000 volt battery (1) has a variable resistor R, connected
across its terminals and by this means a variable, uni-
directional vollage can be applied to the anode (A) of
the diode. The other (negative) end of the batlery is
connected directly to point (B) on the diode, ie. to the
cathode. Thus, by varying the position of the slider of
the potentiometer R' (denoted by the arrow in the dia-
gram) the degree by which the diode anode is positive
with respect to the diode cathode, i.e. the voltage mea-
sured by the voltmeter V,, may be varied.

Similarly, by varying the position of the slider of R.,
the voltage applied across the ends of the diode filament
(peints B & C) and consequently the filament healing
current measured by the current meter Iy can be varied.

The current meter I, measures any current which may
flow through the diode as a consequence of the voltages
applied to it. The test will comprise setting the filament
heating current I; to a certain valuc and then varying
the anode voltage V, between zero and maximum (2,000
volts) in 200 volt steps, noting the anode current I, at
each step.

When I; is zero, i.e., when the cathode is cold, the
anode current is also zero (see Table 1).

+] @ A
=
\ -
U R
®
e

T

Fig. 2. The diode test circuit.
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TABLE 1
lf - 0

1,600 l 1,800 | 2,000

v, I o200 400 600|800 |1,000]|1,200] 1,300
' 0 I o o

L leflole]lofla] o o0 | o0

This shows that, even when the anode is 2,000 volts
posilive with respect to cathode, no anode current flows,
This is to be expecied, for anode current implies electron-
flow between cathode and anode, and with the cathode
cold, no thermionic emission takes place, and therefove,
no electrons are available to be attracted to the anode no
matter how high the positive potential.

Let us now return the slider of R, to its minimum
position so that once again no potential difference exists
between the anode and cathode of the diode, and let
us adjust R. until a heating current of, for ¢cxample,
8 amperes flows through the diode filament. The filament
now becomes incandescent and we expect to find that
free electrons are being liberated from its surface, ie,
that thermionic emission is taking place. This is im-
mediately confirmed when, on adjusting R, o give a
positive anode potential of 200 volts, the current meter
[, registers, not zero as before, but 33mA. On conlinu-
ing, as before, to increase the anode voltage in 200 volt
steps to 2.000 volis, anode currenl readings like those
given in Table 2 are obtained.

TABLE 2
I; =80 amps

v. || o | 200] 400 | 600 | &0 | 1,000 | 1,200 | 1,400 | 1,600 | 1,800 | 2,000
I o 33105177 (248 | 320! 392 48| aso! 497! s00

On repeating this whole procedure with a filament
current setting of 85 amps, yet another set of emission
readings is obtained (see Table 3) and we would expect
that at, for example, a filament heating current of 9
amps, a very much greater emission still would result.
This is true, but we may (ind that our filament has a very
short life at such high values of 1; and that the highest
practical value on a continuous basis is 85 amps if a
reasonable filament life is to be expected.

TABLE 3
1,- 85 amps

Y, 0 [ 200 | 400 | 600 | BOO | 1,000 | ¢,200 | 1,400 | 1,600 | 1,800 | 2,000

Ia o 45 | 160 | 310 | 461 612 762 881 948 985 | 1,000

It is of interest to note at this point that the mechanism
by which a filament becomes discontinuous in a vacuum
(neglecting mechanical shock and severe overheating) is
by progressive thinning due to evaporation of the fila-
ment material. [t is not normally correct, although this is
frequently done, to refer to such an event as a “burn-
out”, for “burning” can only take place in the presence
of oxygen.
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Returning then 1o the tabulated results of our tests,
let us plot the readings on linear graph paper in order
to abtain a clear picture of what is going on.

If we do this (see Fig. 3) our first table gives a
horizontal line on the X axis of the graph, showing that
no anode current flows at any anode voltage between
0 and 2,000 volts,

Our second and third tables are much more interesting,
showing that the relationship between the anode current
and the anode voltage of a diode is not quite so simple
as the lables may have led us to believe. These two
curves, corresponding to [; values of 80 and &5 amps,
though very different in height and slope have, never-
theless, a typical or “characteristic” shape, and indeed,
were we to do the same experiment with another inter-
mediate value of Iy, eg. 75 or 82 amps., we would
obtain curves again different in height and slope, but
similar in overall shape.

Explanation of the characteristic curves

We must now take a closer look at this characteristic
shape and try Lo explain it,

It will immediately be observed that each curve
divides itself naturally into three parts, a lower bend
represented by OA on the [,=835 plot, a relatively
straight or linear portion AB and an upper bend BC.

Since the steepness of the characteristic is a measure
of the influence of the anode it follows that this electrode
is al its most effective between points A and B. Else-
where, ie. at OA and BC, some factors are at work
to make it more difficult for anode to attract electrons.
These various portions of the characteristic are explained
as follows.

{1} Region & to A, When an electron is emitted from
the filament the atom from which it came is left
with a net positive charge until either the emitted
electron returns or another eleciron arrives to
restore the atom 1o its natural, electrically neutral,
state. Furthermore, electrons freed from the cath-
ode, being all negatively charged particles, mutual-
ly repel each other. Both of these factors cause the
attractive influence of the anode to be resisted 1o
some extent and give rise o 4 lendency for an
electronic cloud or “‘space charge” to build up in
the immediate vicinity of the cathode.

2) Region A to B. When the anode potential is raised
beyond point A, (400 volts in our example) the
anode influence is sufficiently strong partially to
overcome the space charge effect and electrons are
much more easily drawn from the cathode cloud,
the cloud being replenished, without difficulty, by
further emission from the filament.

This state of affairs continues, the space current
of electrons increasing proportionately with in-
creased anode voltage until point B is reached,
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Fig. 3. The anode characteristics of a diode,

1,180 volts in our example. It is known as the
“unsaturated” state of the diode, and is the condi-
tion in which a diode operales when working as a
rectifying valve.

(3) Region B to C. After point ‘B electrons are being
drawn {0 the anode from the space charge at a high-
er rate than the cathode can veplace them. The
deficit is made up by the “pooel™ of clectrons in the
space charge which, consequently, dimintshes. This
continues progressively, the anode finding it in-
creasingly difficult to obtain the electrons it re-
quires until at peint C the space charge is exhausted.
The anode can now only obtain electrons at the rate
at which they are being emilted by the cathode.
Under these conditions the diode is said 0o be
“saturated”, the current at point C (1,000mA in the
example) being the saturation current at that par-
ticular filament temperature.

The only effect of increasing the anode voltage beyond
point C is to increase the speed or kinetic energy achieved
by the electrons in crossing the gap. If we greatly increasc
the anode vollage, heal, light and X-rgyy arc generated
al the anode.

From this rather detailed study two most important
facts have emerged :

(@) A rectifying valve is a diode operating in the un-
saturated region of its characteristic.

(A}  An X-ray tube is a diode operating in the sutirated
region of its characteristic.

The X-Ray Tube as a Tool for Diagnostic Radiology
Rudiographic factors

Having dealt with the fundamentals we can now con-
sider the specific requirements of medical diagnostic
radiology and the means whereby the special features
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dictated by these needs are realised in a practical X-ray
tube. The main problem we encounter will, of course,
he the safe dissipation of the large amounts of heal
gencraled as an unwaniled by-product of the process of
X-ray generation,

In diagnostic radiology we require a beam of X-rays,
the penetrating power, intensity and duration of which
are all independently controllable and capable of accu-
rate preselection. The “radiographic Tactors™ governing
these variables are, of course, the voltage applied be-
tween the anode and cathode of the tube (kvp), the
space current flowing between these electrodes {mA) and
the time for which the current flows (seconds).

Since for a given kVp value the degree of exposure
{or film blackening) is governed by the product of current
and exposure lime, it is customary o describe an ex-
posure simply in terms of kVp and mAs.

The penetraling power of a beam depends upon the
proportion of short waveiength X-rays present. This is
determined by the ratio of fast (o slower electrons in the
space current i.e. ultimately, by the peak value and wave-
form of the applied high volltage and the emission
characteristic of the tube.

We can, therefore, vary our penctrating power by
operating the tube at different values of kV.

Half-value luver

The penetrating power of a beam can be conveniently
expressed in terms of the thickness of un absorbing
substance ¢.g. aluminium or copper which, when tra-
versed by the beam, will reduce its intensily to half that
ol the unlfilicred intensity. This is known as the “half-
value-layer™ of the beam.

As we learnt when studying thermionic emission, the
current passing in a saturated diode is dependent entirely
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ourselves is “what will be the cross-sectional dimensions
of the axial electron beam which, falling on a target
angled at 147 with respect to the ceatral ray, will gener-
ate a focus which, when viewed from the centre of the
field, appears as a 2mm X 2mm square?”” For the answer
we must refer to Fig. 4, thinking, for the moment
only, of the target as a plane mirror. It is obvious by in-
spection that an electron beam of cross-section A im-
pinging on a 14" target would give us our desived
effective focus of 2mm X 2mm as shown at C, and that
the area bombarded, ie. the actual focus, will be that
depicted by the rectangle B. We must, however, now
compule the actual dimensions of these two rectungles
A and B, for A tells us how to design our cathode and
B is the first criterion of the power rating of the tube.
Of course. only the lengths of the rectangles change, the
widths being equal to one side of the square effective

focus C, i.e. 2mm. The length of reclangle A=— .
tan 14
e, 8:03mm. The eleciron beam from the cathode must
then have a rectangular cross-section of 8-03 X 2mm.
The area bombarded on the targel face, i.e. the wctual
focus, corresponds to rectangle B, the length of which is

sine 1a° je 826mm.

Target ungle and “anode heel” effect

At first sight then, a target angle of 14° is very favour-
able, giving an actual focus for heal dissipation of 826
X2mm and an effective focus, for image sharpness, of
2X2mm—a “thermal advantage™ of approximately
4—1. However, as intimated above, if we cul the target
angie right down to that which would theoretically cover
the desired field, we are making an incorrect assumption,
namely that the X-ray intensity is uniform over the
whole range of take-ofl angles. [n fact, of course, X-rays
are not generated at the “surface™ of the target, but at
varying depths wirhin the target malerial. This means
that radiation trying to emerge in a direction nearly
parallel to the target face has to pass through much
more of the target material (and is, therefore, much more
severely attenuated) than thal emerging at larger angles
1o the target face. For this reason the radiation intensity
falls off very sharply at the anode-side margin of the
field. This is known as the anode “‘heel” effect. Some
allowance is made for this effect by incrcasing the target
angle to 167 (approx.) for diagnostic tubes.

Cathode design

Having dealt in principle with the target of the tube,
we should now turn cur attention 1o the electron source
or cathode. Here we meet the second compromise. Our
tube is going o operale with very high voltages applied
between anade and cathode, and there is a limit to the
insulating properties of even the best vacuum we can
produce. We can, of course, assist matiers by rounding
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oll the opposing corners of anode and cathode. Never-
theless, from the point of view of electrical security, the
clectrodes should be as far apart as possible. On the
other hand, it is useless producing an anode which can
stand high currents if, due to too large an anode-lo-
cathode distance (A C D), the anode influence on the
clectrons at source is too small to allow the current to be
drawn. This is particularly important in the light of the
fact that the highest currents are required at the lowest
anode-to-cathode voltages. In practice anode-to-cathode
distances vary approximately beiween 6 and [Smm,
depending upon the maximum rated voltage of the tube.

The cathode design must be such as to produce an
electron beam which, after traversing the cathode-to-
anode gap, falls on a rectangular area measuring 8:26 X
2:0mm, orientated correctly with respect to the angled
face of the anode. 1t must further be capable of accurale
adjustment to deliver any current between a fraction of
a milliamp and several hundred milliamps at a variety of
anode-lo-cathode volluges.

The metal used as the eleciron emitter in an X-ray
tube is tungsten, which in addition to its high melting
point and good general vacuum characteristics, has the
following properties which render it a particularly suit-
able material for this purpose:

() Tungsten is not easily damaged by the high specd
positive ions which, even in the best vacuum
practicable, constantly bombard the cathode of
any high voltage tube.

(b} Tungsten has a relatively low temperature ex-
ponent of emission. This simply means that the
emission increases only fairly gradually with
temperature, and that consequently, filanient heat-
ing current values corresponding to various levels
of space current are sufficiently different Lo allow
accurate and reproducible pre-sctting of milliamp
values to be accomplished.

The X-ray tube emitler, then, consists of a helix of
tungsten wire which has been carefully annealed (o

Fig. 5. The single-focus cathode.
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Fig. 6. The effect of filament depth setting.

ensure that no distortion takes place over its whale work-
ing temperature range. The length of the helix depends
upon the major dimension of the rectangular cross-
section of the electron beam required (rectangle A in
Fig. 4).

The actual length of tungsten wire in the helix, to-
gether with the wire diameter, are chosen such as to
provide the suyrface area to produce the required emis-
sion at temperatures consistent with adequate filament
life.

The filament is set centrally in a slot in a solid metal
block to which at one end it is connected electrically.
The other end of the filament passes through an in-
sulator in the cathode block. Such an arrangement.
shown in Fig. 5, constitutes an electronic lens system,
the focal length of which depends upon:

(¢) The diameter of the filament helix,
(#) The width of the slot.
{¢) The depth of the filament in the slot.

The effect of varying the depth of the filament in the
slot is shown in Fig. 6.

At the design stage these critical dimensions are ad-
justed until a comhbination is reached which gives rise to
sharp focusing of the electrons at the desired A C D on
the required target area, coupled with adequale elec-
tronic emission from the cathode.

At the earliest possible stage in the manufaclure of
each tube the dimensions of its effective foci are
measured to ensure that they fall within the specified

limits. For this purpose a pinhole camera of known
magnification factor is used. A radiographic exposure is
made and this produces an image of the focus on a small
dental film. The film is processed in a carefully con-
trolled manner and the image is measured, using a
magnifying lens.

T he stationury anode X -ray tube

Fig. 7 shows a typical stationary anode diagnostic
tube embodying the design-principles outlined above.
The anode comprises the tungsten tablet, meeting the
high atomic number and high melting-point require-
ments of an X-ray tube target. and the copper mass
which provides the high thermal capacity, high specific
heat, and higher thermal conductivity required efficiently
to drain away the heal generated in the target. Cooling
in 4 stationary anode tube is by conduction through the
copper of the anode to the cooling medium (oil, water or
air) outside the tube.

The stationary anode tube finds its particular applica-
tion in therapy or industrial radiography, in both of
which very long periods of continuous operation are
involved. With a stationary anode the very high short
time ratings demanded by medical radiography can only
be realised by making the focus unacceptably large.
Whilst it is true that some stalionary anode tubes are
still in use for diagnosis, they are restricted to small
apparatus of very limited application, like dental
radiography.

(To he continued)

The stationary anode X-ray tube

Fig. 7. A typical stationary anode X-ray tube. 1, bulb.
2, cathode, 3, filament. 4, cathode block. 5, anode.

6, focus. 7, target.

MAY., 1969

109



“New Town”

face in the 20th cen‘ury with regard o towns is

the sudden growth of population and the subs
sequent increase in traflic, In the pasl, very little plan-
ning was done 1o allow for the future development
of towns, thus Ribbon development and the ‘back-10-
backs® of many industrial arcas occurred.

The appreach required to this problem is that towns
should be designed (0 house and supply work Tor a
fixed number of people-—to be, in Tact, self-contained
inasmuch as services and work are concerned and W
rely on the surrounding farming areas as much as
pussible for food, thereby climinating the necessity for
commutation. The town should be designed Tor an
approximate population of 500,000 with the future de-
signed possibility of [-2 millions, this being about as
farge as a town can become whilst siill remaining
eflicient and retaining a high standard of living and
economic comfort for (he inhabitants.

The sites for such towns should be in areas which
are non-productive from the farming point of view and
yet close enough to be served by an agricultural district.
A network of railways would be required, linking these
towns, and also sea and airports. for transfer of raw
materials and finished products, as well as for public
wse, although this would only consist of people travel-
ling for pleasure or big business encounlers.

Let us now turn to the town itself and ils general
layout which can be on a square or circular configura-
tion. The centre of the town would, by necessity, house
the Local Government offices. the specialised public
services, such as the Courts of Law, large teaching
hospital with resident specialists, Police and emergency
services’ headquarters. Also deali with under Laocal
Government is education, and the centre would include
several colleges forming a university which would cater
primarily for the town but could have graduates from
olther towns and countries. Accommaodation facilities
on university grounds would ke included for the latter,
the former continuing to live at home, thus solving (he
problem of *digs’. For the public and trades points of
view it would contain large luxury hotels for use by
businessinen whilst visiting firms, the head offices of
which would also be housed in the centre o facilitate
trade encounters. also, of course, for visitors and
lourists. Again, from the public point of view, the town
would conlain large slores, comparable to Harrods and
John Lewis in London, which could not exist but for
the market created by the whole population of a town,

T HE major problems which this country has had to

11v

By L. A. BLACHE (Associate Member)

Also in the town centre, entertainment would be catered
for by a large theatre, cinema, opera house or ballel
theatre, depending on the requirements and tastes of the
town’s population. Large churches of various denomina-
tions would also be located in the centre to serve the
different religious amongst the inhabitams. Another
pussibility would be (o have a multiple denominational
church on the lines of the “Church of the Seven Doors”
which houses seven religious denominations under one
roof.

Mowing oul from the centre, there would bz a bzl
of open area containing gardens and artificial lakes,
playing fields and sccondary schools, The open beil
would be about a half mile wide and would very largely
eliminate the housing congestion normally  found
around the centre of a lown. It would also help 1o
break up the town so thal the occupanis could enjoy
open spaces withoul having Lo travel (o the country
Lo find them, thereby allowing for large storev blocks
without the feeling of claustrophobia often encountered
in such places as New York or Los Angeles. Dug to
the lakes and sporls grounds, the population would
have the possibilitics of indulging in sports of their
choice and outdoor activities which help (o brighten
a papulation and would also greatly help with another
problem mel in large 1owns: thal of teenagers who have
nothing 1o occupy their time. By having the schouls
built on this open belt, they are within easy reach of
the playing fields and, also, not tao far away from the
residential districts which are in the next beli.

The residential belt is split up into districts, each of
which is situated so Lhat ils occupanis are close Lo their
work if they are employed by the manufacturing and
processing, industries which are in Lhe third bell and
also close Lo the schools for their children. Included
within these districts would be shopping areas on
modern lines, placed so that a person can shop in any
type of shop or store withoul having Lo travel far,
singe the shopping areas would be integral parts of the
residential district buildings. The public services reguired
by the residential district would also be included with j1-—
i.c. the hospitals, public libraries. emergency services,
swimming pools and recreational halls for the use of
clubs und societies, Some churches would also ha located
here but wauld be smailer than in the town centre and
would be of the predominating denomination in thal
particular arca.,

The housing in these districls would be ol 1two main
lypes. as Tar as accommodation goes, and two {ypes
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in construction. The first type of construction wuould
be on the lines of the *Habitat’ desipned by Moshe
Safdie which was used al the Expo 67 in Canada. Thesce
cansist of pre-made units placed ong on top of another,
much as a pile of bricks would be built, bul placed
so that each unit has maximum privacy. These unils
may be of alinost any size and combination of rooms
desired so as fo suit a wide variely of tasies and needs.
Fach also containg a small garden, somewhal like the
roof gardens on certain large blocks of flats, each built
on the roof of the unit below. As can be scen in the
cutaway sketch and in the artist's impressions the ser-
vices, shaps, ele.. reguired are built within this shell of
units and form the support for them. Towards the base
of the *Pile’, layers of garage space are available for
the oceupants. These are in the form of bays and in-
corporale servicing and repair facilities for the molorists,
The stations of the public transport systent would be
within the “Pile’ for easy access to the population.

The two types of accommodation within the *Pile’
would be, firstly for Tamilies, consisting ol at lcast Lwo
bedrooms, dining room, lounge, kitchen/breaklast room,
bathroom and toilet and a small spare room lor storing
belongings or Tor use by the family for hobhkies or pas-
times; secondly. smaller bachelor flats consisting of
bedroom, lounge, kitchen and bathroom. Healing in the
units would be partly by electrical appliances and parlily
from & main cenlral heating system in each ‘Pile’, In-
cluded within each unit, nermally in the Tounge, would
be an open fireplace in which smokeless Tuel would be

‘burned, as this is found Lo be psychologically beneficial,
The chimney system would consist of several large
common chimneys, serving a whole section of the *Pile’.

Due to the size of the “Piles’ a very eflicient disposal
system would be required, both for sewage and for
household waste. The houschold wasle could be divided
into two lypes, perishable and non-perishable. The latter
would be disposed of by a chute, this waste being col-
lected in the basement of the "Piles” and transported
to waste yards by trucks 1o be sorted and trans-
ferred 1o the usual disposal yards. Such as scrap metal
is senl back to the metal manufacturers and broken
elass 1o the bottle factories. The perishable wasle would
first be pulped by machine and then tipped into the
sewage system which would be on the lines of present
day sewage disposal in large blocks of flats, except that
the pipes would be much larger in diameter Lo enable
servicing teams to enler in the case of blockages. The
waste would be taken from the "Piles’ o the sewape
farms outside the city limils through large tunnels,
which would also contain pas and waler mains, power
cables and lelephone wires so that servicing and main-
wnanee of these would he fucilitated to obviate the
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Fig. 3. Possible layouts for the ‘Pile* Shopping Area.

usual inconvenience when large areas of roads are dug
up for repair work to take place. Such a system may
be seen in Paris where it has been in use for approxi-
mately 150 years. The water supply would come from
one of & number of centralised works, which would
supply several such towns. Gas would be handled in
very much the same way and clectricity would come
ofl the National grid at sub-stations on the outskirts of
the town. The tunnels could well continue under main
roads linking towns, to ease the installation of extra or
replacement facilities.

An attempt would be made so that people living and
working within a ‘Pile’ would think of it as a village
or unil, in order to develop some form of identity and
te this end the ‘Pile’ would house approximately 3,000
people.

The second type ol construction would consist of very
much the same room layoul as the first but would only
have one bedroom and would be slightly smaller in
dimension. This second type of construction would be
on the lines of a Roman villa, and would house three
elderly couples or invalids who could no longer cope
with the way of life of the ‘Pile’ where most things
are on different levels, requiring considerable movement.
Food and supplies would be available from small shops,
located amongst these ‘Villa® constructions, and any-
thing not available from these would be delivered by
the firms concerned from the ‘Pile’ shopping areas, The
*Villa® buildings would be situaled between the ‘Piles’
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and the open belt to help further in keeping the town
centre uncongested and 10 allord a pleasant view for
the old people. Also built belween the *Piles’ and the
open arca would be the infant and junior schools which
have 1o be close enough o the “Piles’ 1o allow easy
access by the parents who have to lake their children
to school and collect them cach day, but far enough
away from the ‘Piles’ 10 allow open space for the
children. The waste disposal for the ‘Villa® dwellings
and the primary schools would be, as at present, by
Council trucks, and sewage by the conventional system.

When the town was first built, the housing would
belong to the Town Council and, when people came to
live in these districts, they would purchase a unit by
placing a deposit and then paying a monthly sum.
Business premises, such as shops and offices, could
cither be boughl outright, rented from the Council or
purchased as for private units.

The next bell out of town would be for industry,
and the firms would buy up land as required within
the industrial area and also the rights to do business.
They would then be given a free hand in design and con-
struction, so long as the factories and works did not
rise above four storeys, with the exception of chimneys
and cooling towers, and that these be designed on
acsthetic lines. The firms would also have to provide
sardens around their buildings so as to keep the general
pleasant layout of the town. There would also be
stringent regulations concerning smoke and waste from
the fuctories to ensure against Lhe dirt and spoilt sur-
roundings which muny towns now endure. even though
of recent construction. This could be achieved by making
greater use of electric power, and litling smoke filters
where chimneys must be used. Unsightly things such as
stockyards could be hidden by screens of irces or
hedging which would also help to enhance the views
in the industrial section. As in the ‘Piles’, the factories
would have underground parking facilities for those
employees who wish to travel by private transport, but
the population would be encouraged to use public
transport as much as possible to remove congestion,
The factories or works, such as the steel industry, which
are by necessily unsightly would be situated several miles
out of any town and would have fast public transport
communications with the town for personnel, and also
efficient road and rail communication. As for (hese
factories, such as the steel and gas works, screens of
trees would be planted, as slag heaps are very unsightly
and difficull 1o dispose of, Although this problem cannot
be dealt with in this paper, one of ihe possible solutions
to it is to dump the slag in the sea off the wesl coast
to help with the sca defences as that coast is being
eroded. In time it would be possible to start land re-
clamation by using slag of the furnace waste type as a
base for sea walls and dykes.

This brings us on o what is probably the biggest
*headache’ for the present day town planner and that
is the problem of transport. We can best deal with
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Fig. 4. Sectional view of service tunne!,

this, as with layout, by starting at the centre and dealing
with each belt in turn.

The cenire would consist of two levels; one for traftic
and one for pedestrians which would be sealed off from
cach other, although arrangements would be made for
Police and emergency service vehicles to travel in the
traffic-free zone when necessary. The purpose of having
roads entering the centre would be for deliveries to the
large hotels and stores, hospitals and university and to
allow access for ambulances to the main hospital and
laxis and cars to the hotels and theatres. ANl vehicles
entering the town centre would find parking space in
whichever building they were visiting. A point which
would require special attention would be to ensure thal
vehicles did not use the town centre streets as a short
cut, although this could be dealt with by the layout of
the approach roads and by making it less complicated
and qguicker to travel around the centre.

The open area would not have any roads al ground
level but the wide concrete paths could again be used by
the Police and emergency services and by council
vehicles used for the upkeep of this belt and the build-
ings within it. The roads leading o the centre would
pass through this belt but at a lower level, in cutlings,
thereby keeping the traffic-frec conceplt.

These cuttings would extend through the ‘Villa’
district of the residential belt, although certain arrange-
ments would be made for slip roads which would be
required for vehicles delivering stores from the shops to
the elderly people. The roads at ground level would be
used by private cars visiting people living in these
districts. The cuttings would finally come up to ground
level between the ‘Piles’ and the ground level roads
forming rings around the town thus serving the resi-
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Fig. §. Sectional view of traftic cutting.
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dential belt and the industrial belt and then joining a
system of fast highways between towns.

Public transport for the town would be in iwo forms
-—it moenorial systemt on the lines of the Lincar-molor-
powered Hover Monorail being experimented with at
present and express coaches. The monoratl system could
be in the form of a clover leaf and two concentric circles
s0 as to cover the town with maximum efficiency in
both ease of travel from any one place to another and
in the minimum of tracks. There would be a station
in each of the ‘Piles’, at strategic points in the *Villa’
and open arcus, and a main station in the centre. The
clover leafs would also cover the industrial belt, stations
being situated for the most eflicient use of personnel.

The coaches would be used mainly for taking children
to school, conveying old and invalided people and would
travel mainly in the residential and open areas. From
the pedestrian point of view, large direct and well made
paths and suspended walk-ways would link the *Piles’
and other buildings in the residential areas and would
cross the open area 1o the centre. These would be large
enough to allow use by pedestrians and cyclists, whilst
maintaining the safety of all who used them. A further
means of transport would consist of taxis, although their
number would be limited.

On the national scale of transport, there would be a
network of roads and railways linking these towns with
seaports, airports and (o each other. The highways would
lerminate at a town by joining a ring road. The railway
stations would be on the outskirts, beyond the factories,
and would be linked to the town by the monorail system.
Alrports would be placed close to the sea, away from
lowns, so as 1o minimise nuisance due lo take-ofl and
landing noise and sonic booms,

In conclusion, | will list the main points to take into
consideration with regard to a new town. The town is
1o be laid out in the form of concentric belts with as
much open area as possible between them. To combal
overcrowding and congestion, factories, offices and
living accommodation are decentralised and the factories
and living accommodation arc grouped collectively in
their own belts.

The living accommodaltion is of two types, the ‘Piles’
on the lines of Moshe Safdie’s ‘Habilat' design and
triplicate bungalows on the lines of Roman villas, These
are surrounded by parkland and gardens. Traffic would
be kept separate from the pedestrians, the residential
areas and the town cenlre by the use of different levels
and cutlings.

These points of view have been thought of before but,
between now and the end of the century, town problems
such as accommodation and {ransport will have o be
faced and lowns such as that covered in this paper could
solve the problem so long as the town planner and
architects are not tied down and people are educated
to move out from the large cities and form new, weil-
integrated societies.



Problems of
Planned Maintenance

A Conference on the Problems of Planned Muaintenance,
sponsored by the King's Fund, was held ar The Hospital
Centre, London on Janwary 8th.

The report of the proceedings, given below, is continued
from ouwr February and March issues and is rerewith concluded.

CAPITAL AND MAINTENANCE —
ECONOMIC COMPARISONS

by B. A. HERMON, C.Eng., F.l.Mech.E, M.LH.V.E,
M.l.Hosp.E., Deputy Regional Engineer, Birmingham
Regional Hospital Board

The Whole Cost 'Concept

Design engineers have for many years been (rained to
take into account the effect that their solutions will have
on e running costs of the finished projecl. Heating and
ventilation engineers have for many years becn conscious
that the selection of the most cconomic fuel is imporlant
Lo his clicnt and that these economics must take into account
the cost of handling, stoking, ash clearing, cleaning and
maintenance. They have insisted on all reasonable measures
to conserve heat by linsulation with a view to reducing
costs. Elcetrical enginecrs have taken the same point of
view towards lighting by trying t0 make the most of day-
light factors by limiting deep planning and investing in the
higher capital cost of fluorescent lighting in the krowledpe
that the running costs will be tower. There are many other
decisions of this type which require the engincers continu-
ally 1o advise and, if necessary, criticise the architeet’s pre-
liminary design in order to arrive at the most acceptable
all-round economic solution.

This is 1the whole codl concept.

The Present Value Approach

The most satisfactory way of making these economic
comparisons is to express all the caleulations in some com-
mon form and to bring them to some common point in
time, The best time datum is the present.

The “Presenl Value” (PV) approach provides the facility
for expressing the capital costs 10 be incurred now and in
the fulure and all annual mainicnance cosls in present
value terms. These calculations take into account the com-
pound interest that the money would have carned if it had
heen invested. This method can easily be adapted to allow
consideration to be given to “Discount Cash Flow™ (DCF)
comparisons where financial events are changing signifi-
canly from year to year during the life of the project.

There is insufficient time at this conference to expand
on these theories for those of you who are not already
familiar with them because 1 want (o show ‘bricflly how
these consideralions are linked with planned maintenance,
but the system does permit a ready means of comparing
solutions where the cost factors are of prime timportance.
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Component Life

One of the difficulties thal the engineer is faced with s
to forecast with any certainty the tife of a component, yet
the calculations for cconomic comparisons are dependent
upon these forecasts. The quile rapid development of engin-
cering components since the hospital ‘building programme
began has made this forecasting even more difficult. If
the designer has to wait until a component has reached
the end of its life before he is certain whether the choice has
been wise, he may find that it is no longer being manufac-
tured or he may have installed many more of them before
he discovers that they will not give the length or slandard
of service expected of them.

Performance Data and Planned Maintenance

This problem can be eased if all components are regu-
larly inspected and if any irregularitics or failings arc logped
and reported back to the designer this is a facility which
can he readily available when planned maintenance is
adopted. T know that some engincers feel that the scheme
described in HTM. 13 does not in fact provide this facility
but there is no reason why it should not be extended or
muodified to do so once the basic system is in operation.

Planned Muintenance and Extended Life

Whilst there seems to be plenty of evidence that regular
planned maintenance will improve Lhe service given by a
component, it is not easy to prove that the extended life will
be achieved with overall total economy. The design engin-
ecr must make his forccast on the assumptian that the com-
ponent will receive proper and regular attention.

The effect of Extended Life on Economic Costs

To demonstrate the effect of extended life on national
hoespital cconomics, one ¢can estimate the capial replacement
of the engincering components of the hospitals in the Bir-
mingham Region which is usually about 1/10th of the
national picture.

To make a correct assessment of capital value we should
try to break the e¢ngineering content down into numerous
components with varying life expectancies but for the pur-
pose of this cxercise assume an average life of 20 years
and sce what the cffect would be if this average is extended
Lo 22 years.

Estimated value of Lhe capital replacement cost of Lhe
hospitals in (he Birmingham Region:

22,000 acute beds x £8,000 = £176m.
18,000 psychiatric beds x £5,000 == £90m,
£266m.

Assume the value of the engineering services are about
3549, say £100m. and assume that these services are being
installed today, then:

PV of the replacement cost on a 20 year cycle in

perpetuity at an interest rate ol 7% p.a. would he

£100m. x 0-35=£35m.

If the eycle is extended 10 22 years the PV of (he cost

of replacement in perpetuity would be:

L100m, x 0-29=£29m.
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The PV of the saving is £6m. or 6%, of the capital
cost.
Nationally the figure would be about £60m.

The cost of implementing Planned Maintenance

Many enginecrs have argued that they are unable to sel
up plannced maintenance schemes because of shortage of
stafl which, in turn, is due to a shortage of finance. But
what is the amount of finance in question?

Assume that all the HMGCs in this country (about 330)
were to appoint an additional assistant engineer for the
next five vears, the PV of their salary al an average of
£2,000 pa. including overheads, ete., would be:

350 x £2,000 x 41 =£3m. approx.

Cxperience is showing that the number of craftsmen/
technicians required for planned majntenance varies from
I to 3 per 100 beds depending upon the complexity of engin-
cering scrvices. Therefore for 500,000 beds we may require
about 7,500 men. The number at present is around 5,000
men; therefore to carry out full planned maintenance using
the frequencies recommended in HTM.13, we may necd
an additional 2,500 craftsmen,

The PV of their wages, insurances, etc. at say £1,500 pa.
in perpetuity would be:

2500 x £1,500 x 14-3=£54m, approx.

On these figures Lhe present value of the extra cost is
quite close fo and less than the present value of the saving.

Obviously, a greatl deal more rescarch would be necessary
before such figures could be used to decide the future levels
of staff but they do suggest that such research should
be cmbarked upon.

Treasurers may well ask where the extra revenue of £4m.
p.a. will come from to pay for the craftsmen, but this is
only about 0-:6% of the total revenuc which exceeds
£675m. p.a.

This other similar calculation poses the question whether
the present system of financing building and engineering
construction, operation and maintenance from separate capi-
tal and revenue pockels needs to be examined.

PLANNED MAINTENANCE — SOME OF
THE PROBLEMS

Summary of points raised by:

K. l. EATWELL,

C.Eng., F.l.Mech.E., M.LH.V.E., M.l.Hosp.E.,
Regional Engineer, South West Metropolitan RHB

1. Is planned maintenance necessary? Need and desira-
bitity usually accepted, but translation of this inlo a
workable scheme is more diflicult. “Spirit is willing but
the flesh is weak.”

2. Planned mainfenance is not merely an engincering
exercise, but concerns all disciplines from consultant
Lo porter.

3. Assessment of basic norm of maintenance a very
neeessary procedure.

4. Should direct or contract labour be used?
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5. Problems in integration of breakdown of planned
maintenance,

6. Is planned maintenance necessary in new buildings?

7. Relationship of planned maintenance to commission-
ng.

8. In old buildings which must be kept in use, mainten-
ance costs are often disproportionately high,

9. [Lffect of tight revenue budget. A stitch in time saves
nine”.

10, Relationship between maintenance and running costs
(electrical, gas, oil firing, ete.).

11. Recruitment and retention of suitable labour.

12, "T'raining of suitable labour.

13. Effect of incentive bonus scheme on working of plan-
ned maintenance system.

DISCUSSION

Subsequent 1o the Papers the eighty or so audienee,
which comprised administrative and technical personnel
from the Hospital Service together with representatives
from industry, went into syndicate discussion, there being
six syndicates for the purpose.

The main opinions expressed later by a spokesman for
each syndicate are quoted below in note form.

Syndicate A. There was a lack of communication between
design and maintenance staffs—the employment of main
engineering stafls for a pre-handover period of, say, six
months would be of great value-- the issue of maimenance
norms by the Ministry would greatly help- -minor capital
works should be deleted from maintenance budpets—
a “flying squad” of experts should be available 1o help
where mnecessary--semi-skilled labour could be used (o
better effect—stalf should receive training—the urnover
of staff was unlikely io aller but they should be more
intelligently used.

Syndicate B. Dircct labour was gencrally better but it
should he supplemented by contract arrangements where
suitable---the employment of specialist labour is expensive
- -4 contractor was useful {o cover statutory reguirements
and usually had facilities not available to direct labour but
was less flexible, not familiar with hospital routine and
breadth of coverage was sometimes difficult —-could a con-
tractor always provide a 24-hour service?

A contractor could well be used on a regular basis bul
too many disciplines, when it was not really their respon-
sibility, dealt with contractors.

Suitable direct labour was not always available for minor
capital works, nor were facilitics when wanted.

Syndicate €. Suggested the use of more contract labour
and advised that some specialist equipment should be
maintained by R.HB. teams-—engineering problems should
be better “sold” to other Service disciplines.

Syndicate I said that costs were high for the maintenance
of so much old plant —planned maintenance must be con-
(Continped on puge 120)
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DOCTORS DIAGNOSE VENTILATION
PROBLEMS

Openene the window is not the best way to improve
ventilation in a surgery, according to a group of Bolton
general practitioners, This merely lets in cold air and causes
uncomfortable draughts with the risk of patients calching
a chill in winter.

The doctors report: “From our experience ithe most
effective way of ventilating a surgery at any time of the
year is to use an extractor fan, which supplies a constant
draught-free change of air without discomfort to patients.
It is also a considerable assel inhygiene control”.

‘These were some of the points stressed by the doctors
when asked 1o assess the performance of an installation
of Xpelair fans, which have now been operating for more
than a year atl the Halliwell Health Centre in Bolton.

The centre, which provides individual furnished suites
for seven general practitioners, is one of the first in Lanca-
shire to accommodate private medical practice along with
a wide range of local authority health services. [t was
opened by the Bollon Corporation in Octlober, 1967.

Fach sujte, comprising & consulting room and an ex-
amination room, is cquipped with a six inch Xpelair
extractor fan with a capacity of 10,000 cu. ft. of air per
hour. The full installation of fans—all GXC6 models—-
are mounted in the windows of the consulting rooms.

When not in use, a shutter on the fan prevents outside
air from blowing into the surgery. Both shutter and fan
switch are operated simultaneousty by a single pull-cord.

The services at Halliwell include clinics for ¢hiid welfare
and schools, dental care, hearing assessment, chiropody,
family planning, post-natal care and cervical cylology,
(lasses are also held in pre-natal relaxation and mother-
craft,

NEW WING ADDED TO DUCHY HOUSE
NURSING HOME

A NEw, two-storey wing has been built onto the Duchy
House Nursing Home in Queens Road, Harrogate, al a
cost of £77,000.

The new wing adds ten beds to the Home, bringing
total patient accommodation up to 35. The new patients’
reoms are on the first floor of the extension; the ground
floor has been used to provide a new operating theatre
suite and a diagnostic X-ray department.

The equipment for the X-ray department was supplicd
by Watson & Sons {Electro-Medical) Lid.—a member of
the GEC group of companies. The main items of equip-
ment in the Duchy House include a Carlton tilting table
and  Autoptic image intensifier which will be used for
fluoroscope techniques, and a Roentgen 8 3-phase generator
and tubestand.

These [atest improvements complete the transformation
of the former small 20-bedded home into a modern ‘mini-
hospital’, fully equipped to undertake major surgical
operations.

The Duchy House Nursing Home was in danger of
closing in 1959 on the retirement of the then owner, the
late Dr. Sinclair Miller, but the premises were purchased,
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modernised and enlarged by Nuflield Nursing Homes Trust,
a charity sponsored by BUPA.

Extensive modernisation, including the addition of a
three-storey extension, was completed by the Trust in 1961,
who made a grant of £57.000 towards the cost of the
project, which totalled £107,000. The remainder came
through a local appeal, which raised the sum required
within four months.

Since it was formed in 1957, Nuflield Nursing Homes
Trust has modernised or built from scratch 14 ‘mini-
hospitals’ throughout the country.

WORK BEGINS ON COMPUTER-LINKED
HEALTH SCREENING CENTRE

Work has now slarted on interior structural alterations and
on the desipn and decoration of the £250,000 Cavendish
Bio-Mcdical Centre, Britain’s first independent health
screening  cenire linked to computer, which is  due
to open in London early this summer. The Centre will
occupy 10,000 square feet of a new building at 99, New
Cavendish Street, London, W.1.

Contracts totalling £36,500 have been awarded to: Rod-
well and Sons Ltd., of Camden Road, London, N.W.I,
the main coniractors; to Christy Brothers of Chelmsford,
cleetrical contractors; to How-Kinnell Ltd., of Southwark
Street, London, S.E.1, heating and ventilating contractors;
to Cunic, of Buckingham Gate, London, SW.I. (a sub-
sidiary of the Cubitt Group), who are erecting partitioning,
and to Insulatall of Holloway Road, London, N.I1, for
false ceilings to lower the original roof level throughout
‘both floors which the Centre will occupy.

Phi Project Management Ltd., are retained as overall
management and systems consultants. Architects to the
Cavendish are Paul, Bath and Lowman of London. Elee-
trical consultants are Power Engincering Associates Ltd.,
and Parsons Brown and Partners are retained as heating
and ventilation consultants,

The Centre is designed so that patients will take approxi-
mately two hours to complete a series of [ health screen-
ing examinations, The cost of the complete health check
will be £21. Patients will move comfortably and smoothly
from one testing room to the next. They will be examined
in complete privacy and the findings of each (est will be
marked on the patient’s personal computer card.

The Centre’s computer will occupy a prominent position
in a glass enclosure on the ground floor, close to the main
centrance. Results from all the medical tests will be fed
into the computer, processed and printed out in the form
of reports for early despatch to the patients’ doctors.

In addition, the Centre will incorporate an aulomated
pathology laboratory, containing equipment worth £6,000,
which will occupy approximately one-third of the first floor
arca. The laboratory will conduet over 20 tests on each
blood sample, in addition to standard urine investigations.
Included within the Centre will be a lounge area in which
paticnts will be able to relax, make private telephone calls
and complete a health questionnaire at leisure.

Within a year the Cavendish Board of Direclors expect
to see the opening of linked screening centres in the main
provingial cities throughout the country, The first is likely
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to be in Manchester. Provincial centres will make use of
the London computer by connecting into il through a
G.P.O. telephone line.

The only existing centre comparable to the Cavendish
is the Kaiser Permanente Centre in Qakland, California,
which was visited by Cavendish Directors during the early
planning stages of the Cavendish Bio-Medical Centre.

YORK WATER CHILLING EQUIPMENT
FOR NEW VIENNA HOSPITAL
Climaco GmbH, of Vienna, have been awarded a con-
tract to supply and install water chilling systems for the
first construction stage of the Allgemeine Krankenhaus
Hospital. When completed, in 1975, this new general hospital

Metrication

The code letters printed on the right hand side of the titles of relevant
standards have the following significance:

M Standards in which the requirements are specified only in
metric units (in some instances, approximate imperial conver-
sions are included),

M-i1 Standards in which the requirements are specified in both
metric and inch units, so that either set of units can be used
exclusively to meet those requirements.

N Standards which by their nature are independent of any
system of units, e.g. colour codes and glossaries.

. Standards not coded are still expressed inimperial units: they generally
include approximate metric equivalents.

NEW BRITISH STANDARDS

BS 919:---Screw gauge limits and tolerances
919: Part 3: 1968 Gauges for ISO metric screw threads
36 pp I6s M
Covers GO and NOT GO screw plugs, rings and callipers; chueck
plugs for adjustable screw rings and callipers; check plugs and
wear check phlugs for solid serew ring gauges; GO and NOT GO
plain plug, calliper and ring gauges. Describes and explains the
uses of the various types of gauges, spedifies tolerances and cerlain
gencral design features and gives details of inspection procedures
and the scitlement of disputes. Supersedes relercnces o gaupes
tor metric threads in BS 919, Part 2. (SBN: 580100384 1)

B.S. 4361: Woodworking machines
4361: Part 1: 1968 Components 6s
Gives dimensional and other requirements for dilferent machine
components, each shown in a separate scction. (SBN: 580 00348 )
4361: Part 2: 1968 Accuracy Tests 32pp 125 M+

Conlains test charts showing ‘tests Tor checking the peometrical
aceuracy of woodworking machine tools and gives guidunce on
the use of ‘these charts, (SBN: 5380 00356 6,

B.S. 4372: 1968 Engineers’ stcel measuring rules [6pp 8s
M

Recommends lenpths and sections of sleel rules and steel folding
rules. Has clauses relating to material and finish, accuracy and
marking. Shows lypical cxamples of rules which comply and
proposes simplified scales for use in the {uture, (SBN: 580700371
X)

B.S. 4376: 1968 Electrically operated blood storage re-
frigerators 24pp 10s M

Rellates o all sizes of ralrigerators, of both “rewch-in® (up to 2.5m:
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situated in the centre of the City, close to the University
of Vienna which it will also serve, will be the largest in
Austria with 2,500 beds,

The completed complex will comprise six major fully
air conditioned building blocks. Three blocks have now
been construcled and, to air condition this first stage,
Climaco will deliver refrigeration equipment supplicd by
the York Division of Borg-Warner Intemational, Zurich.
It comprises two semi-hermetic single-stage Rl Turbopak
and two absorption water chilling systems.

The compressors are electrically driven and the absorp-
lion systems are powered by hot water. Total capacily
of thix first stage is approximately 8 million kcal per hour.
Cooling capacity for the completed complex is expected
to attain 25-30 mitlion keal per hour.

gross internal velume) and “walk-in® types fup to 25m8 pross
internal volume) designed and equipped Tor 'the preservation of
whole bleod, Tuid blood plasma and [ractions, at a temperature of
4°Coe 60°C for the use ol hospitals and blood colledling centres in
temperate andfor tropical dlimates, Requirements for construction,
materials, cquipnient, controls and instrunments and peformance
Lests are given, (SN 580 (D381 7)

SPECIAL 1SSUE

B.S. PD 6031: 1968 Use of the metric system in the con-
struction industry 20pp A4 size 7s 6d
C(Hives more detailed information and guidance than the fimst edition
on the application ol 'the metric system 1o varicus construchion
industry activities, Information relates to units of measure, metric
notation, use of unit symbols, choice of multiples and sub-multiples
ol St units, linear measurements on drawings and preferred scales.
Tubles ol units Tor units Tor use fin speditic sectors of the indusiry
ane indluded as an appendix, together with conversion factars.
(SN 380 (K70 B)

INDUSTRIAL ELECTRICAL PLUGS AND SOCKETS

A new British Standard, B.S. 4343 Industrial plugs, socket
auntlets and couplers for a.c. and d.c. supplies (meteic uniis)
gives requirements and tests for these accessories, including
the arrangement of contacts and dimensions essential [or
interchangeability of the accessories for the standard ratings,
also the necessary gauges. The accessories are for single-
phase and three-phase supplies with a voltage between phases
not exceeding 750 V. and a frequency nol exceeding 500 Hz,
or for d.c. supplies, with a rated current up to 125 A, for use
cither indoors or outdoors in industry, agriculture, or in ships.

Accessories specified in B.S. 4343 are interchangeable with
those conforming with Publication No. 17, second edition, of
the International Commission on Rules for the Approval
of Electrical Equipment (CEE), which is now being prinied. A
summary of the differences between B.S. 4343 and the CEE
publication is given in an appendix.

Included in this standard are numerous lables of informa-
tion, appendices on metric cable sizes and more than 80
pages on standard sheets and figures giving dimensioned
drawings and data on the accessories, and the test apparatus
is described.

B.S. 4343, price 40s.



AUTOMATIC INSTRUMENT WASHING

The Helpex 5.0 Automatic Washing Machince is one of
the specially designed range of Acic Washers produced for
hospital use distributed in the United Kingdom by Sierex
Lad., 1518 Clipstone Strect, London, WP 8AE.

This washing machine works on the principle of a rotat-
ing drum into which perforated baskets containing items
to be washed are placed. Although the Helpex is called
a “washing machine”, it goes beyond the washing-rinsing
cycle because it dries the instruments by centrifugal action
and also by hot air.

The complele operation of washing, rinsing and drying
1 controdled by a punched card control system so that
the entire washing cycle is completely automatic.

Tests have shown that heavily soiled instruments rom
the operating theatre including forceps with boxed joints
and scrrated 1eeth are thoroughly cleaned.

The time cyele fur a complete washing operation for
45 |b. in weight (or all the instruments from 6 major
operafions) is seven minutes and the machine takes very
little space {base mueasurement, approx. 427 wide x 3247
deep) and needs to stand only 167 away from a wall.

“WELEX" STEEL PARTITIONING

To mect the increasing demand for flexibility in office
lay-outs, The Welconstruet Co, Ltd, of Camden House,
Parade, Birmingham |, ar¢ now producing a double range
of their new “Welex” Executive Steel Partitioning. This
has been designed to supplement their industrial partition-
ing.

The double range consists of standard partitioning 77 97
high and barrier partitioning 5 high. Panels are made of
18G and 20G steel, with an entirely new interlocking device
which provides a flush finish and a rigid struciure without
the use of mullions. Panels are stove cvnameiled grey or
any other B.S. colour and doors are made of sapele
veneered wood with masiered lock.

Glazing consists of one piece of glass held in position
by rubber-strip; any types of glass can be supplied and
fitted. Panels are infilled with “Fibreglass' to provide sound
resistance,

Accessories available, including sliding hatches, lelephone
shelves, ventilator units and roofing sections. Welconstruct
provide services for advice, measuring, erecting and glazing
in-all paris of the UK.

NEW CLEANING PAPER CUTS MAINTENANCE
COSTS BY MORE THAN 60 PER CENT

A new cleaning paper for industrial use which offers
considerable cost savings over rags and cotton waste has
been introduced by D.S.0. Supplies 1iad., of 14 Liilian
Road, London, S W.13,

Named “Paperag”, it has a good wer absorbency and
can be used in place of rags for removing grease, solvent,
oil and water spillages in workshops, laborarories and
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kitchens, or for polishing tableware and cleaning work
surfacces.

Unlike rags, there is no danger of cross infection with
Paperag, since each picce is used only once and thrown
away.

Paperag is available in 6,000 feet rolls of 10 in. widc
paper, supplied in 2 roll packs at £6 13s. 04, per packet.
Special floor stands 1o house the paper are obtainable
al £2 each and discounts are available for quantity pur
chases of Paperag rolls. One roll of Paperag is roughly
equivalent to two hundredweight of rag or cotton waste.

TEMPERATURE MEASURING INSTRUMENTS

A range of low cost, high accuracy, electronic tempera-
ture measuring instruments  covering a  wide range of
industrial applications, from checking refrigeration systems
through balancing heating systems ele., is available from
Polkinghorne Industries Ltd., Liilyhall Industrial Estate,
Winscales, Workinglon, Cumberfand.

The Mini-T is produced in three basic models covering
respectively —50 to 100°T; 100 to 250" F, and 250 10 4001,
and ix sujlable for liquid, gas and surface temperalure
measuremaonts.

A range of low cost multi-channel temperature con-
trollers are in the process of development o cover uli-
mately the three basic temperature ranges.

Outstanding features of the three basic measuring instru-
ments include:

. Accuracy +2°F. (guaranteed) with linearity of (-2,

2. Time constant average five seconds.

3. Miniature thermistor sensor housed in a probe extend-
able to three leet.

4. Rugped and  attractive construction in high  impact
polystyrene case.

N

Small handling size 37 x 237 x 217,

6. Batlery operation with zener and transislor regulation
providing long term stability and exiendable battery
lite.

7. Full compensation for ambicnl temperature variations.

NEW AIRLESS SPRAY OUTFIT

Of special interest to the maintenance painter iy a new
all-clectric portable Airless spray outfit announced by The
DeVilbiss Company 1Lid., Bournemouth.

Designated the QRE-60410, and 1o be known as the
“Hustler”, it supersedes the well known and widely used
QBE-501 Eleetric Aidrlesy outlit.

The principle of operation involves a single phase eleetric
motor coupled ta an hydraulic motor, which in tumn. drives
an hydraulic reciprocating paint pump. The latter s of
heavy duty construction, runs well within ils maximum
rating, and delivers a full 40 fluid ounces per minule of
material to the Airless spray gun al pressures up to 3,000
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psi. The -electric motor can be adapted to operate oft 210-
250 volts or 105-125 volts supply.

The Hustler is quiet running and therefore suitable for
use indoors as well as outdoors. Its compact dimensions,
low weight and large wheels enable it to be moved easily
‘through doorways and up flights of stairs.

Servicing is facilitated by an access panel which when
removed exposes the entire mechanism. An integral solvent
reservoir makes cleaning up a quick and simple operation.

NEW CONSOLE UNIT FOR CONTINUOUS-FLOW
GAS BLENDING AND CONTROL

A standardised console unil for gas blending has been in-
troduced by G. A. Platon Ltd., of Basingstoke. Called the
‘Flostat MN Gas Blender’, it provides for flow measure-
ment, and automatic flow control to storage, of up to six
constituent gases so that an accurate blend is achieved and
maintained despite variable and intermittent demand. Varia-
tions in ‘down-stream’ gas pressures are automatically and
accurately compensated for by self-acting, flow controllers.
Solenoid valves with selector switches, in series with non-
return valves for each gas and outlet manifold, complete
the basic unit which, for a 4-way blender with 400 c.f.h.
maximum output, now costs £200. Optional equipment
includes: pressure switching and ‘Floscan’ flow alarms in
component gas supply to cut the operation if required
values are not maintained, output pressure regulator, ete.

Flow outputs are to a maximum of 400 cf.h. or, alter-
natively, they can be increased to a maximum of 1,000
¢.f.h. at a cost increase of no more than 25 per cent.

Apparatus for the production of accurate but widely
variable mixtures of gases is in demand over the range
of medicine, surgery, ete. “Flostat’ Gas Blenders are already
in use, for example, in thoracic surgery and anaesthesia.
The new Gas Blender will allow precise settings to blend
as accurately as 10,000 : 1.

HIGH SPEED STEAM STERILIZERS WITH
FIELDEN RECORDERS

A Fielden Bikini temperature recorder s used as
standard in each of the Hi-Speed Slidelock range of
sterilizers produced by Manlove Alliott & Ceo. Lid., the
recorder being used to provide a continuous 6 hour
temperature record, and to initiate a control signal for
process advancemient.

One of the important developments in the Slidelock
range is the use of a number of pulses of steam interposed
with evacuation to give more effective purging of residual
air from porous loads such as dressings; air being evacuated
before the first steam pulse is injected into the jacketed
chamber under pressure. The final steam pulse is injected
at a pressure of 32 ps.i.g. to achieve the required steriliz-
ing temperature and thus destroy bacteria and micro-
organisms present in the load.

The recorder, produced at the Manchester works of
Fielden Electronics Limited, monitors the temperature in
the sealed chamber by means of a thermocouple tempera-
ture sensing element. The main condition that it watches
for is the occurrence of a drop in temperature following
the final steam pulse, as this signifies the presence of
residual air in the load and thus the non-attainment of a
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sterile condition. Under such a condition, a ‘fail’ warning
lamp is illuminated automatically.

The Bikini recorder is a compact instrument which fits
into less than ft.? of panel space and yet provides a clear
6 hour recording on a 6 in. circular chart, with instan-
taneous indication shown on a 13 in. scale.

A robust servo motor drives the index and a simple
quadrant connects with the recorder pen; there are no
pivots and no galvo or mechanical chopper. The instrument
is potentiometric in operation and is calibrated to an
accuracy of better than 1| per cent.

NEW MULTI-PURPOSE PORTABLE DE-IONISER

The Permutit Company Lid., Pemberton House, 632/652
London Road, Isleworth, Middlesex, announce the intro-
duction of a new low cost, portable de-ioniser designed to
provide a reliable source of purified water at a cost of
only a few pence per gallon.

Known as the Mark 17, the new de-ioniser is a multi-
purpose ion exchange unit of the cartridge type which
produces a continuous supply of de-ionised water ranging
from ultra pure to distilled quality at flow rates of up to
26 gal/h. Compact in size and of lightweight construction,
the unit can be readily carried to any locality requiring a
supply of purified water. It may be connected to the nearest
conventent water tap by means of flexible hose and adapter.
Applications in a wide variety of fields include de-ionised
water for making-up solutions in path. labs; sterilizing;
instrument and glass washing, elc.

The unit, which is housed in a neat fibreglass cabinel.
incorporates a single polythene cartridge of the mixed bed
type charged with “Zco-Karb” 225 and “De-Acidite™ ion
exchange materials. A battery operated conductivity meter
built into the unit checks the qualily of the waler and also
indicates when the ion exchange resins are exhausted.

Cartridge removal and replacement is easily and quickly
accomplished and is backed by a rapid cartridge exchange
service operating on a nationwide basis.

The Mark |7 de-ioniser is supplied ready to use, complete
with service cartridge, and is priced at £22 0s. 0d. Spare
cartridges are priced at £8 Os. 0d. each and replacement
cartridges are £1 10s. 0d. each. Overall weight of the unil
is 18 1b.

REMOTE MONITORING UNIT

The Scientific Systems type 8014 transistorised Monitor
Unit provides anh accurate but inexpensive {under £15)
method of monitoring a wide variety of parameters at a
remote point, for indication, recording or control purposcs.
With suitable signal transducers the unit can monitor:
Rotary or Linear Position, Liquid Level, Pressure,
Temperature, Load, etc.

The compact instrument {approx. 637 x 417 x 37
operates from mains or battery supplies, and gives a 0-1
mA output proportional to the value of the parameter
being measured, into any load up to 4,000 chms.

A major feature of the unit is the wide adjustment range
of the Scale and Zero controls, which eliminates the need
for close matching of the transducer to the actual working
range of values being monitored.

Further details from Scientific Systems [Ltd., Stover
Trading Estate, Yate, Bristol BS17. SPD.
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H.E.M.S.—EUROPE’S MOST IMPORTANT
HOSPITAL EXHIBITION

Tu1s vear British manufacturers are again demonstrating
their regard for Europe’s foremost Hospital Exhibition by
filling the Grand Hall, Olympia, from the 2nd-6th June,
1969, for the 7th Iniernational Hospital Equipment, Medical
Engineering and Services Exhibition. It is sponsored by the
Institute of Hospital Administrators and “The Hospital™.

This biennial Exhibition is a valuable opporntunity for
members of hospital staffs and others to view and discuss
the complete ranges of equipment exhibited by manu-
facturers. An important two-way flow of information
between manufacturers and relevant members of the
medical profession raises the standards, quality and
effectiveness of hospital equipment and ultimately the
effectiveness of the whole medical profession.

Over 95 per cent of the exhibitors will be British and
it is confidently expected to exceed the 1967 figure of more
than 1,700 overseas visitors.

U.K. venue for worldwide Surgeons Congress

This year, for the first time in Britain, the European
Federation Congress of the International College of
Surgeons will be held at Olympia.

Founded in Geneva in 1935, the International College
of Surgeons is the only world-wide organisation dedicated
to the teaching and advancement of the science and art of
surgery. Suvrgical Specialists from 64 member nations
participate in a wide programme of Educational and
Scientific advancement. The College Is governed by an
International Board of Governors, consisting of 140 mem-
bers from every part of the world, and by an International
Executive Council.

It is now hoped that a minimum of 400 members of the
International College of Surgeons will be present during
the course of the Exhibition. Registrations for enrolment
as delegates have been received from the following
countries:

United Kingdom Spain Poland
France Italy Australia
Germany Czechoslovakia  Morocco

Switzerland Dutch Antilles The Dominican
Holland U.S.A. Republic
Belgium Canada [ran

Japan Hong Kong Finland

During the Congress, scientific meetings will be held. at
which delegates will present papers on the major subjects
of surgery. Among the eminent overseas surgeons delivering
papers at the scientific meetings will be:—

Prof. P. Soler-Roig, Barcelona—Cancer of the Breast.

Prof. Max Sagessor, Berne—Carcinoma of the Thyroid.

Prof. Kuntscher, Vienna-—Orthopaedics.

Prof. Louros, Athens—OQObstetrics & Gynaccology.

Prof. Dr. Darget, Bordeaux—Urology.

Dr. Earl Conway Smith, U.SA.—Obstetrics & Gyn-

aecology.
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The delegates to the Congress will also be taken on con-
ducted tours, and exhibiting manufacturers will be invited
to meet these members to arrange individual programmes.

Five other Conferences

During the Exhibition week, there will be confercnces
organised by the Hospital Caterers’ Association, ‘Guild of
Public Pharmacists, National Association of Supplies
Officers, Institute of Hospital Engineering and Institute of
Hospital Building Supervisors,

The Exhibition fills over 250,000 square feet of space
at Olympia and covers an enormous range of products
and services from hospital furniture, through aids for
spastics, to the latest equipment for bio-chemical analysis.
Many of the products will be shown to the world for the
first time and the H.EM.S. will be used as one of the
main springboards for product launching.

The 1969 Exhibition will be the most comprehensive yet
attempted and should again prove a valuable contribution
towards the care and recovery of sick people the world
over,

Seven Ontario Companies at Olympia

Canada is making its first appearance at Olympia, 2nd-6th
June, with a display of specialised equipment, reflecting
the advanced technology and high treatment standards in
Canadian hospitals and medical centres.

Seven companies from Ontario will form a group exhibit
sponsored and organised by the Ontaric Department of
Trade and Development through their London Office.

(Coutinued from page {15y

Problems of Planned Maintenance

sidered with new plant from the beginning and an improved
quality of staff was required-—Regional Boards should
make special grants for outstanding maintenance nceds—
Group Engineers should be allocated funds of which they
have full control.

Syndicate K, Maintenance should be a separate item of
costing and minor capital works should be deleted as a
direct labour responsibility.

If two officers exist in a Group 1o manage cngineering
maintenance and building maintenance, they should co-
operate without the necd for a supervisor.

Symdijcate F, There was a need to train staff in P.P.M.
—the Introduction of planned maintenance would resull in
an initial increase in work load and it should be brought
in progressively, being started in the more critical areas—
Regional Boards should bring in Group Engincers at an
carlier stage in the construction of new hospitals and should
help more with old hospitals—Regional Boards could help
very much with financial guidance and more clerical assist-
ance was necded.

THE HOSPITAL ENGINEER
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ANNUAL GENERAL MEETING

The Second Annual General Meeting of the Institute was
held at the R.N.V.R. Club, London, W.1, on Monday, 2Ist
April, 1969. Towards the conclusion of the meeting the
retiring President, L. G. Northcroft, O.B.E., B.Sc.. handed
over to his successor G. A. Rooley, C.Eng., M.I.CE.,
F.IL.Mech.E. Mr. H. A. Adams, Chairman of Committees,
expressed the warm gratitude of all Members to Mr. North-
croft for the unique contribution he had made during his
two year term of office as the first President of the newly
Incorporated Institute.

PRESIDENT OF THE INSTITUTE
Following his retirement from the office of President,
Council agreed unanimously to elect Mr. L. G. Northcroft
a Companion of the Institute.

THE COMMITTEE OF INQUIRY ON HOSPITAL
BUILDING MAINTENANCE AND THE WORK OF
BUILDING SUPERVISORS

As invited by the Committee, the Institute has now com-
pleted a Memorandum on this subject and this has been
submitted to, and received by, the Committee of Tnquiry.

It is intended that the contents of the Memorandum will
be published in due course,

THE BENEVOLENT FUND
The Secretary of the [Institute would be most grateful
if any Member who has a copy of the rules of the Benevo-
lent Fund of the previous Institution of Hospital Engineers
would pet in touch with him at 20 Landport Terrace,
Southsea, Hampshire.

THE CONFERENCE OF THE INSTITUTE
OF HOSPITAL ENGINEERING

The 26th Annual Conference will be held in the Gallery
Conference Hall, Grand Hall, during the Exhibition.

The contributions being made by the Department of
Health and Social Security are noted, with appreciation.

The Conference is arranged, primarily, for 'Members
of the Institute of Hospital Engineering. There will not be
a Registration Charge.

Visitors

Visitors from other societies and bodies, and from the
Hospital Service, are welcome to attend any technical
session of the Conference. There will be no admission fee.
No tickets of admission will be required.

MAY, 1969

LH.E. Conference Programme

Monday, 2nd June

2,15 pm. OFFICIAL OPENING of the Conference by
4. Bolton, C.Eng, AM.ICE. M.I.McchE.,
AM.Inst.F., F.R.8.H. Chief Engineer, Depari-
ment of Health and Social Security.

230 p.m. ‘THe RoLE oF THR ENGINEER IN THE HOSPITAL
SERVICE’
Speaker:  A.S. MARRE, C.B,
Second Permanent Under-Secrerary
of State, Department of Health and
Social Security.
Chairman: G. A. ROOLEY, M.IL.CE..
F.I.Mech E.
President, The Institute of Hospital
Engineering.

Tuesday, 3rd June
10,30 a.m. 'Disrosal oF HospPiTaL WASTE'
E. M. DAVIES, C.Eng.,
M.EMech E.,
Deputy Regional Engineer, South
West Metropolitan Regional Hospital
Board.
Chairman: 1. L. COOPER, M.1.P.C,,
Director of Cleansing, Westminsier
City Council.

Speaker:

*SOME ASPECTS OF MEDICAL ENGINEERING'
MALCOLM BROWN, B.Sc. (Eng.).
Rescarch Engineer, Depariment of
Medical Electronics, The Royal Hos-
pital of St. Bartholomew, London.
Chairman: L. G. NORTHCROFT, O.BE.,
B.Sc., C.Eng.. F.I.Mech.E.,
Immediate Past President, The In-
stitute of Hospital Engineering.

230 pm.
Speaker:

Wednesday, 4th June

10.30 a.m. “THE ENGINEERING SERVICES OF THE NEw ST.
THomMas™ HospiTal'

POUL HANSEN, M.Sc., M.Ing.F.,

Partner—Steensen, Varming Mul-

cahy & Partners.

Chairman: R. G. HODGE, C.Eng,
M.I.MechE., AMILHVE,
Regional Engineer, North West
Mctropolitan  Regional  Hespital
Board.

*ENGINEERING  ASPECTS OF 7THE BeEsT Buy

Hospitals'

Speaker:

Speaker:

230 pm.

B. R. JOSEPH, C.Eng., M.IC.E,
M.I.Mech.E., M.LEE,,

Department of Health and Social
Security,

Chairman: K. ). EATWELL, C.Eng.,
FIMechE., MIHV.E.,

Regional Engineer, South West
Metropolitan  Regional  Hospital
Board.
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BRANCH OFFICERS
The elections of Branch Ofticers have resulted as follows:
EAST ANGLIA

Chairman: H. Holtz.

Hon. Sccretary: R. G, Freestone, Group Engineer,
Addenbrooke’s Hospital, Trumping-
ton Street, Cambridge.

EAST MIDLANDS

Chairman: G. Pidcock.

Vice-Chairman: G. Metcalfe.

Hon. Secretary: R. R. Blagborough, 70, Maiton Road,
North Hykeham, Lincoln.

GLASGOW AND WEST OF SCOTLAND

Chairman: D. M. Moir,

Vice-Chairman: ). Cadenhead,

Hon. Secretary: G. Doherty, 18, Dixon Road, Glasgow,
8.2,

Hon. Treasurer: R. Urquhart.

LANCASHIRE
Chairman:
Vice-Chairman:
Hon. Secretary:

D, H. Mellows,

T. Dickinson.

T. Hardacre, 21, Ormonlt Avenue,
Cleveleys, Lancs.

Hon. Treasurer: E. Graham.
LONDON
Chairman: E. Peck.

Vice-Chairman: R. 8. Adlington.
Hon. Secretary: W. A. Askew, 17, Bristol House,
Southampton Row, London, W.C.I.

Hon. Treasurer: W. P, Lawrence.

MiDLANDS
Chairman: F.J. Williams.
Vice-Chairman: S. C. Stapley.
Hon. Secretary: H. R, Martin, 3, Churchill Road,
Hasbury, Halesowen, Worcs.
MID-SCOTIAND
Chairman: W. Ewing.
Vice-Chairman: W. Runcie.
Hon. Secretary: A, R. Hunter, 9, Pitroddie Gardens,
Dundee.
NORTH EasT
Chairman: G. C. Elliout.
Vice-Chatrman: W, I. Richards.
Hon. Secretary: C. R. A. Meyer, 23, Green Acres,
Kirkhill, Morpeth, Northumberland.
Hon. Assistant

Secretary: L. Parker
SOUTHERN
Chairman: W. A. J. Whiftin,

Vice-<Chairman: L. R. F. House.
Hon. Secretary: 1. Finney, 73 Torrington Road, North
End, Portsmouth.

SourtH WesT
Chairman:
Joint Hon.

Secretaries :

1. Waillace.

B. R. Eddolls, 24, Durville Road,
Headley Park, Bristol, 3.

K. A. Sweet, 12, Forest Edge, Han-
ham, Bristol,

WALES

Chairman: H. F. H. Dolling.

Vice-Chairmran:  C. R, Davies.

Hon. Secretary: P. Jackson, ‘Roundway’, University
Hospital of Wales, The Heath.
Cardiff, CH4 4XT.

Hon. T'reasurer:  N. Coy.
YORKSHIRE
Chairman: J. Deen.

Vice-Chairman: I, C. Shelton.
Hon. Secretary: ). Black, *Uplands’, Storthes Hall Hos-
pial, Kirkburton, Nr. Huddersfield.

Hon. Treasurer: A, Duffield.

LONDON BRANCH

A domestic meeting of the London Branch was held at
Westminster Medical Schoaol, SW.1, on Saturday, 22nd
February.

The agenda included a discussion on items proposed for
inclusion in the programme for 1969,

It was agreed to hold some of the Branch meetings on
week-day evenings to caler for those Branch Members who
were prevented, through one reason or another, from at-
tending meetings held on a Saturday afternoon,

As will be seen from the lists of Branch Officers published
in these columns, the Annual General Meeting of the Lon-
don Branch saw a change i the office of Branch Hon.
Secretary.

Mr. P. C. Vedast joined the London Branch in 1947,
He joined the Branch Committee in 1952 and shortly after-
wards assumed the office of Branch Hon. Secretary. He has
just retired from this office, then, after a spell of service
of nearly 17 years.

His contribution during that time, to the London Branch
in particu'ar and the Institute in general, cannot be mea-
sured in words. Those wha know Mr. Vedast will know
that his efforis will not cease with the giving up of office.

YORKSHIRE ERANCH

The Annual General Mecting of the Yorkshire Branch
was held at High Royds Hospital, Menston, Nr. Hkicy on
Saturday, 22nd March.

The Sccretary of the Institute, Mr. I, E. Furness, atlended,
and spoke to the meeting on the progress and achievements
of the Institute during 1968,

The retiring Branch Chairman, Mr, K. . M. O’Rourke,
thanked Branch Officers, Branch Committee and Members
for the support they had given him during a year which
had seen a programme of Papers of high standard,

Mr. O'Rourke’s successor as Branch Chairman, Council-
lor J. Deen, spoke with enthusiasm and optimism for the
future and said that he hoped to see a widening range of
programme events with technical papers, too, covering a
wider variety of subjects.

Mr. D, Goldthorpe, who had been Branch Hon. Secre-
tary during the preceding year, is leaving Yorkshire for
Scotland and he is succeeded by Mr. J. Black of Storthes
Hall Hospital, Kirkburton, Nr. Huddersfield.

THE HOSPITAL ENGINEER



You won’t hear of them! 7;

You’ll just hear less about waste disposal problems M

b,
=

Stand No. G.11

Silence, as they say, is golden. In hospitals it's essential.
Which is why Hodgkinson Bennis include almost com-
pletely silent operation among the advantages of their
range of hospital incinerators. It'stypical of their thorough,
scientific approach, As is the specially designed crematory
hearth — utilising gas or oil — that ensures odaurless,
hygienic destruction of all theatre waste.

Hodgkinson Bennis are specialists in hospital inciner-
ation, with a range of economically priced units to suit
every type and size of hospital, Their practical experience
means that every essential feature — such as the ability
to destroy all types of hospital waste, wet ar dry, com-
pliance with the Clean Air Act, 100% flame-failure
profection, full fuel utilisation — are incorporated in every
Hodgkinsen Bennis unit. Their constant research and
development have produced benefits like the improved
charging door for easier disposal of bulky objscts, pack-
aged burners of nozzle-mixing pattern and electric
ignition. Their high quality materials and weorkmanship
ensure you won't hear much about breakdowns or
maintenance eithet!

So if you want to hear less about waste disposal, the
best thing to do is hear more about the Hodgkinson
Bennis range. Write now for full technical details to:

HODGKINSON BENNIS LTD.

Little Hulton, Worsley,

Manchester M28 685 H B
Tel  067-790 447117

Homa castors give
hospitals the quiet
runaround!

Homa have new castors made from Homalon ®, the
advanced new material that guarantees completely silent
running, immense strength and resilience. These cas-
tors are fitted with non vinyl staining tyres, so it's the per-
fect choice for every hospital. Send for catalogue now to

HOMA ENGINEERING LTD.,
Homa Works, Coshy, Leicester.

Tei: Narborough 2151

Grams: Homa, Cosby
Member of the HHOMA Group of Companies

MAY. 19609

ultitone’s
ospital
systems

Large Hospital complex's need Sophisticated
Communications, — Multitone's range of Modern
Hospital Communication Control Units meet these
needs.

Paging systems are just as vital for smail
Hospitals — the Multitone EC10S System meets
their needs efficiently and economically.

See these systems demonstrated on the Multitone
Stand, E2, at the 7th International Hospital Exhibition.

Ready for 1970, — Multitone are also showing their
new G.P.O. approved, V.H.F. pocket receiver.

MULTITONE

MULTITONE ELECTRIC CO. LTD.,
10-28 Underwood Street, London, N.1. Telephone : 01-253 8022
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NORTHERN BRANCHES JOINT MEETING

A joint Meeting of the East Midlands, Lancashire, North
Fastern and Yorkshire Branches was held at Middlewood
Hospital, Sheflield on Saturday, 12th April, 1969, when W.
C. lJeffries, C.Eng., F.[.Mech.E., M.L.H.V_ E., M.l.Plant E,,
M.E.Hosp.E., Regional Engincer, Sheftield R.H.B., gavc a
talk to members entitled “The Engincer—Leader or Labour-
er”. The subject matler was an introduction to the principles
of management, The talk given by Mr. JefTries was sup-
ported by slides and was of great intcrest (o the large
gathering of members from the branches. During the break
for tea, members were joined by the Chairman of Sheflicld
No. 2 HM.C., Alderman M. 1. Sewell, A.LLP.S., J.P., and
in a short address he said how important was the role
of the Engineer—more than ever before—in our hospitals
today, and how gratifying it was when so many gave up a
Saturday afternoon and travelled considerable distances o
hear a talk that was of common interest in their profession.
The meeting was attended, also, by Mr. D. H. Mcllows,
Area Council Member for the Branches concernced.

FIRE PREVENTION CONFERENCE/
HOME SAFETY EXHIBITION

A Conference and Exhibition will be held at Leavesden
Hospital, Abbots Langley, Watford on Monday and Tuesday,
11th/12th August, 1969.

The Exhibition, mounted in the main Conference hall, will
te open from 9 a.m. to 9 p.m. There will be demonstrations
of fire fighting appliances and tours of Hospital departments.

The Conference will comprise two lectures on the first day
and one on the second, followed by a **Brains Trust™ which
will be Question session.

Further and fuller details will be announced later.

PURPOSE-MADE HOTCUPBOARD

Moorwood-Vulcan Ltd., of Sheflicld (a member of the
Brightside Group of companies) has received an order from
Drake and Scull Engineering Company Ltd., for special
purpose-made hoespital ward hotcupboard units waorth
£7.500.

The hotcupboard units are to be installed at ward level
and some of these incorporale water boilers and grills,
The hotcuphboard units will be installed at the New South
Cheshire General Hospital.

A.P. Green Refractories Ltd. . . . . . . . A
Calomax (Engineers} Ltd. . . . . . . Covar ii
Contemporary Exhibitions Ltd. . . . . Back Cover
Grundfos Pumps Ltd. . . . . , . . . A2
Hodgkinson Bennis Ltd. . . . . . . . 123
Homa Engineering Ltd. . . . . . . . . 123
Jackson Boilers Ltd. . . . . . . . Cover iii
Kew Copper & Sheat Metal Co. . . . . . Class. Ads.
Limo-Frea Water & Genaeral Servicaes Ltd. . . Front Cover
Moorwood-Vulcan Ltd. . . . . . . Cover ii
Multitone Electric Co., Ltd. . . . . . . . 123
Redpath Dorman Long Ltd. . . . . . . . Ad
Rolls-Royce Ltd. . . . . . . . . . Al
Static Switching Ltd. . . . . . . . . 124
Tullis, D. & J., Ltd. . . . . . . . Cover iii

With
this
NEW unit
we can take
onanyof our

competitors
single-handed

Single handed operation. That's just cne of the many
advanced features of this new hand set. |t has an
extremely strong aluminium case which js rebated,
into this the front facia panel slides, making the unit
practically tamper-proof. Tough moulded plastic end
caps complete this streamiined unit. These hand
sets can be instantly attached to wall or bedside
table by hooking onto the slimmest bracket yet
devised, another great safety feature!

Hand units with up to 12 radio programmes and
two way speech can be supplied, alsc bedside lacker
and wall mounted units manufactured ta your own
specifications,

Find out more about this new concept in Nurse Cal!
systems and our complete range of solid state
communications equipment, or see us on Stand C15
at the Hospital Exhibition, Olympia.

Static Switching Limited

Heath Mill Road, Wembourne
Wolverhampton
Telephone Wombourne 2696;7

Published for the Tnstitute of Hospital Engineering by John Marchant Publications, 1.1d
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The best ironers’

Tullis ironers are built to serve not
only today but in the future, when
methods haveimproved, and output

sl o e
and_speeds' havg increased. Tullis §n Tulllsbroners

equipmeant is designed to keep pace

for vears with the future nesds of
the industry. are the M

Birmingham Office Stockport Office

54 Villa Road 1 Waterloo Road
Handsweorth Stockport
Birmingham 19 Cheshire

Tel.: 021-554 8814 Tel.: 061-480 8259

have a built-in
juture

~Jillis

OF CIYDEBANK

London Office and
Workshop

Jubilee Works DUNBARTONSHIRE
Chapel Road ) SCOTLAND

Hounslow, Middlesex
Tel.: 01-570 D01 Tel.: 041-852 1861 (5 lines)

Jackson

Boilers
- forquality

Our brilliant new
range of “square look™
quick-service water
boilers and counter sets —
which have attracted
so much attention

— provide all the advantages of advanced
functional design ... more compact.
SQUARE DEAL! Write for full details.

FG320 Counter Set (gas heated) Higher output.
320 pints boiling water per hour.

Approved by Gas Council.

Also electricalfy-heated models.

JACKSON BOILERS LTD.

FULLERTON PARK, ELLAND ROAD, LEEDS 11.

Tel: 76673/7

Area Sales Offices:

42 Lamb’s Conduit Street, London WCT. Tel: 01-242 9215
25 Grange Road, Birmingham 14. Tel: 021-444 4722

219 West George Street, Glasgow C2. Tel: 041-221 3660

75 Ballytore Road, Rathfarnham, Dublin. Tei: 900558

Member of the Catering Equipment Manufacturers’ Association




..... tal Administrators and “The Hospital"

Tel:01-734 0855. Cables: Conib London W1.




ALL METALS UP TO 4ii.. DIAMETER
SHEET METAL WORK UP TO 10 S.W.G.

PIPE BENDING

COPPER CALORIFIER TUBES A SPECIALITY
WELDING FOR THE TRADE
WORKERS IN COPPER, BRASS, ALUMINIUM, ALLOY, STAINLESS STEEL and MILD STEEL

KEW COPPER & SHEET METAL CO.

63 BIDEFORD AVENUE, PERIVALE, MIDDLESEX Tel. PERIVALE 9465

SITUATIONS VACANT

HOSPITAL ENGINEER
To be nsible to the Group Engineer for all en
motntenance and co-ordinate buikding melntenance i1 Gobry and

nce g £0-D! maintenance in G
Whitley Hospitals, Coveniry.

Salary 21,370 a year rising to £1,600 subject to qualification snd

experlence
Full detnlls of the and qualiﬂcatium requlml will be sent

on ap] n to the Group Secretary, Co
% The Birches, Tamworth lel Kem Covent
CV'! 817 by 19th May, 1969. ry

WINCHESTER GROUP HOSPITAL MANAGEMENT
COMMITTEE
HOSPITAL ENGINEER

Applications are invited for this new post In the sub-
comprising the Basing Road, Hackwood Road and the Sh
Maternity branches of the Basingstoke Distriet Hosphal. The first
150 beds of the District General osriul (100 heds} open Auwoma,

9, and the successful candidate will be responsible to the Group
Eugineer for the engineering services In all these units, the com.
missioning of the new unit and the preparation and im entatlon
of a planned maintensnce programme,

Applicants should possess one of the lollowlna qualifications, or
its ::proved equivalent, and have completed an npmmtlceshlp in
mechanical or elecirical engl or have otherwle acquired a
thorough practical trnlnlnu npproprlm to the post.

)] Clty and Guilds Mechanical Engineering Techniclans Certifi-

cate (Part II) which must include Plant Malntenance and

Works Service.

(i) City and Guillds Certificate in Plant Engineering.

(i) Min of Transport First Class Certificate of Competency

includes an O.N.D, er O.N.C.

Salary ll ,270-21,500 (Unit allowance of £50 after opening of first
plnﬁeoltheb&trlctﬁm ‘Hosphtal, Possibility of accommedation).

Application forms from the Group Secretary, Royal Hampshire
Cou?u Hos Winchester, .tobep umdusooumpoglll;‘le.
l'reviuus applicants need not re-apply.

AIREDALE HOSPITAL MANAGEMENT COMMITTEFE,
DEPUTY GROUP ENGINEER required.

bedded district general hospital will be completed in
Oetobar 1969 and commissioned in 1970 and this post provide
experleuce for an applcant interested in making a career

excellent
Inthehospltal
ncalefo:tlu st is £1,370 to £1,605 with a
ndbmtyuﬂowmofllsg applicants’ qualificati
u.:pgom ywhhthel‘oﬂowlml-— ¢ cations

1. Higher Natlonal Certificate or Higher Nationul Diploma in

Maclnni:ll t:lt:tll. mdom? in lndmtﬂal Organ-
Technology, i was not taken ag 8 subjeet of the oouue: or

2

Higher Natlonal Certificate or Higher Natlonal Diploma in
Electrical with mdommems in Industrial Organ.

Isation anageiment and including Mgu S.III or 02 level,
or with endomsement in) Applied Heat ppHethaMcsi
provided he lm suitable practical experlence in mechanica

en
City and ullds Mechanical Engines Techniclane Full
Technological Cextificate (Part 1) whlcr?'mnﬂ lmlud? Plant
Maintenance snd Works Service,

Forms of ap) and job’ denu'tption obtainable tmm
Secreta uuﬂf:”"" osplml Mam Joth
Hos Fell Lane, Keighley, ¥ re, to m a enrly a8

!'.

3

THE DAVID LEWIS EPILEPTIC COLONY
WARFORD, NEAR ALDERLEY EDGE, CHESHIRE SK9 7UD

ASSISTANT HOSPITAL ENGINEER requlnd. resident Candl
dates must have served an engineering a pﬁ
hold an Ordinary National Certificate in edlwhr
Some electrical experience required, [t would co m
advanta have heen emplo hoafl to have
kn%h maintenance and opemtlon oll ﬂrnd boilers,
uu% P.T.B, conditions of service within the
scale 2978—£1,270 p.a. abatul b 8100 pa i the suee

] candidate
does not hold the specified qualiications, dda
Local Government 8 uation Scheme. N.H.S, Superannuatio
transterable, Ac nﬂon at nominal rent "
Applcations cnllons aml ex; names
and pglddmes , should be forwa ed'ttg THE

GROUP WGINEER




GREENWICH DISTRICT HOSPITAL

HOSPITAL ENGINEER

to be mpomlhle vnder the Group eer. for 460

belng replaced in phases by ew 800 bed
built, which is ot ndvmeed
and incorporates large mech-

anical and electrical instaliations,

Applicants must have completed apprenticeship tnmech-
?nlllcgwim electrical engineering and hold one of the
ollowing 1 —

() Higher National Certificate or Higher Natlonal
Diploma in Mechanicad | with endorse-
ments in  Princl of KElectrlcity or Eleclrn
Technology, # this was not taken as & subject of
the course; or

(H) | ther Naﬁoml Certficate or Higher Natlonal
Electricad Engineering including (at
S. ImO.ilevel,orwlthendomment A plied
Hent and Applied Mechanics, ﬁ be has
;Mhblepracﬂmlexpeﬂeuuhmec nical engineer-
ng or
(i) Cl&and Guilds  Mechanical nE Tech-

Full Technological n
which must include Plant Mﬁntmnce and Works

Service.

Sa £1 510 rising to £1,745 p.a. Fumished flat available

ety o Bk, Mo a Tate

N o cations

experience and namin tw’(') refte?ees to G q Secrdary'

gﬁelaich District Hospital, Vanbrugh Hlll, S.E.10 by
ay.

HACKNEY GROUP HOSPITAL MANAGEMENT COMMITTEE

Appointment of Group Laundry Manauer
ppoHackney Houpl!nt London, E '

Applications are invited for the above appoimmeut which becomes
vacant on 16th July 1969, for the laundries in the Group (90,000
115,000 pleces per week).

Applicants sbould have a gootl technical background e rlencu
Iu sfaﬂ MAng, rﬁ tion of a large luundr‘\‘y&
mvidins a hgh output with good qual

ised gualfications and knowledge of laundry equipment
teohnlcﬂl an advantage. Salary scale £1,425-£1,675 per annum
plus 290 per annum Lomdon Weighting allowance.

Applications with detalls of age, quaMfications and ex ce,
to the Group Secretary, Administrative Office, Hackney Hospital,
London, E.9 by 21st May, 1969.

PETERBOROUGH AND STAMFORD HOSPITAL
MANAGEMENT COMMITTEE

AppHeations are Invited for the post of ASSISTANT ENGINEER,
MIPI)OI‘OII h H oﬂers portunitles for g
an All-round e enoe ln neer& and of participating
in the co ning and ma enance of new bulld;

A new Boiler House, Engineering Workshops, elc. Wat [
missioned In 1962, and a new District Hospital of 340 beds In
Angust, 1968. Work on & further extension of 127 beds will com-
mence in May, 196%. A new Mate Howpltal of 97 heds s
now under construction, to be commissioned In June, 1970.

Candidates must have served a nised engineering ap cee
ship or had equivalent experience and bold the Ou'dhmry athonal
Certificate In engineering or oﬂter approved quallfications.

Salary scale £987 per annum, dqd‘l:y annual increments to a

um of £1,270 per annum. Ca te with suitable experience
may start at a poind Iigberin the salary scale than the m um.

Ap licatio of three ns to whom reference

ge m'uﬂ:ul! be addrwsed to_the Secretary, l’e!erbomugh
n Stamford Hospital Management Committee, District Hospital,
Thorpe Road, Peterborough.

PETERBOROUGH AND STAMFORD HOSPITAL
MANAGEMENT COMMITTEE

STAMFORD AND RUTLAND HOSPITAL

HOSPITAL ENGINEER reqgnired, to be directly res
the Grou lp Engineer for the mainfenance of all e
st the following!

Stamford and Rutland Hospital, Stamford.
8t, George's Hospltal, Stamford.

Group Central Laundry, Stamford.
Boume Chest Hospital, Bourne.

Bourne Butterfield Hospital, Bourne.

A cants must have Encﬂcal trainin
':'rlate to the respansllmths and duﬂesoft amd m
ho one of the following qualifications, or an approved equivalent:—

(1) Higher Naﬂonnl Certificate or Higher National Diploma with
enx in Industrial Organisation and Management and

ples o! Electriclty or Electro-Technology, i this was not
taken as a svhject of the course,

(2} Higher National Certificate or Higher National Diploma In
Electrical El#neerlnu, with endorsements in_Industrial Organ-
lestlon and Management and including (at S.II1 or 0.2 level,
or with endorsement in) Applied Heant and lu'%etl Mechanics,
provided he bas sultable experience in M 1 Engineering.

3) and Guilds Mechanical Engineering Technicians Full
%atcyhmloalcal Certificate (Part 1I1) which must Include Pland
Maintenance and Works Service,

National Health Service Whiﬂse&' Council Conditions of Service;

gtesentsalary scale zl,Z‘TIDtoll up toMpo&nh Gto lllunlﬁ
pecial responsibility allowance be pald,

A atlons, s-tatlnu A uuliﬂcaﬂnns and exparlence her
pplic names o thl'uﬁ ge!ereei. to he fo the &w
Secre!ar; Peierbarou and Stamford Hospital Mana
mitiee, Peterborough l)lm-lct Hospital, Thorpe Road, rborough,

asible to
ng services

LISTER AND NORTH HER.‘IS HOSPITALS, HITCHIN,

HOSPITAL ENGINE for the enslneulnn
at the above ., Ca should possess of the
i‘ollowing qualiﬂ of an equivalul approved quallﬁuﬂon.

Technicians Cerﬂﬁcau
I‘t Il) which must includmmﬁnlrumm

or City and Guilds Certificate in Plant Engineering;
or Ministry of Transport Finst Class Certificate of Com, ¥
if it in;l‘tzdes an Ordinary National Diploma or Ordinary National

Salary scale: 11.21041 special responsibility ullow
ance of £50 p.a. Lo naho'st?gu ty also payable. Permanent a
superannuable post,

Appiications, naming two veferces, to Hospital Secretary,



ST e TR R AT

HOSPITAL ENGINEERS

SOLIHULL HOSPITAL, SOLIHULL, WARWICK-
SHIRE {a) and EAST BIRMINGHAM HOSPITAL
(CHEST BRANCH) (h)

plications are invited for the above po 3
scale ]Jost (as) £1,320 rising to £1,550 p.a. l’ost (h) !l.S
rising to £1,578 p.a. both scales Inclustve of respons bii
allowance and an exira duty allowance of 8 per cent Is at
present apﬁlcable. Applicants  should have a broad

experlem operaﬂon and maintenance of engineering
services, plant ent and roven m ent
D or NC Electriead o

abllity, Qualiﬂcations:
Mechanica endorsements in

Oruanlxa
tion and Managemem and either Electro-Technok or
Applied Heat and Mechanles, House avallable in h
cases at moderate rental, w for apﬁlﬂdﬂn forms to
the Group Enclneer, ] ta] Mana
ment eﬁast roup Adm n'htraﬂve Oﬂlcu, h
Bordeslcy Green Birmingbam, 9.

HEREFORDSHIRE HOSPITAL MANAGEMENT COMMITTEE
COUNTY HOSPITAL—331 BEDS

Hospital Engineer required at the County Hospital, Hereford, to
he mﬂ’timslble to the Group Engineer. M

This Hospital s being developed as a District General Ho:rpiul
and capital works are already in progress.

Planned maintenance has been introduced.

Salary scale £1,270/£1,500 sunum ples special responsibllity
allowance of £25. nefndeuum’f;duues ...33 be avalable,

Appllcant! sllould the full stipulated qualification, as
prescribed by apwoprhte bitley Council, but consideration
whl alvo be glven to persons without the academic qualillcaﬂnns,
but who have had an extenslve experence in hospltal plant main-
!emnce. (If such an appoirtment were made then the salary scale
would be abated In accordance with Natlonal Condittons of Service),

Ap tlons, stating age, training, qualifications and full experi-
ence,li)g:aethel with ﬂn nnmes of three l&enes, toi

The Group Engineer, Herdonlshine Horsplu.l Management Com-
mittee, Vicml:la House, i?izn

’

THE MIDDLESEX HOSPITAL TEACHING GROUP
DEPUTY CHIEF ENGINEER

A ations are nvited lor the post of Depuly to the Chief

uf""c who is mdbla for the engineering services in thk
large teaching group ver 1,000 beds.

Applicants should hold Higher National Certlficate in Electrical
E ring or an equivalent qualification, and hnve wide experience

mechanical and electrical plant and modera m; s of

malntenance planning.

Salary from !}fgﬂ-ﬂ.ﬁﬂ! plus £90 London Weighting Allowance
and £200 speclal Allowance,

Appllcatlom with names of two referess by 23rd May, 1969, to
Secret: rintendent, The Middlesex K al, mion, w1 1,
from v?gom Eﬂlm lnformation can be olmined

HEXHAM GROUP OF HOSPITALS
HOSPITAL ENGINEER
required to assist the Group Engincer over the whole range of his

duties. This is n newly crealed which offers good experience
in several forthcoming evelop!mnl:o::hmu. g

Ap must have comploted an apprenticeship in mechanical
m engineering or ve neqnired thorough
pracucal training and must hold one of the following qunliﬁuﬂonsl—
gg‘ ntﬁl Guilds Mechanical Engineering Techniclans® Certlficate
CHty and Guilds Certificate in Plant Enginecering
M.O.T. Flmt Class Certificate of Competency whlch Inclndes an
Ordinary National Diploma or Natlonal Ceetifl
(Certain other qualifications may also be acceptable).
Salary £21,270-£1,500 per annum.
Marred aceommodaﬂon may be available,

‘}?&",%'r rede 10 the Group Seérclary, Goneral Hog

quotng tw
l, Heth.
No beﬂandtromwhom urther details may he o

NORTHWICK PARK HOSPITAL AND
CLINICAL RESEARCH CENTRE

ASSISTANT
ENGINEER

(£1,065-£1360),

An ASSISTANT ENGINEER is required for tha naw 800
bed Distriet Hospital and Clinical Research Centra now
being built at Northwick Park, near Harrow, Middlesex.
Initially. he will work on the commissioning of the plant
and services of this vary large project, and will aventually
aasist the Hospital Engineer by supervizsing the snginaering
maintenance of the hospital and research centre.

Applicants ara required to hold an Ordinary National Cart-
ifieate In Englnesring or an equivalent gualification ap-
proved by the Department of Health and Social Security or
Secretary of State for Scotland.

The satary scale is £876 per annum rising to £1,270, plus
London Waeighting of £80.

Further particulars and application form (returnable by
23rd May, 1969) may be obtalned from the Group Sec-
retary, Northwick Park Hospital, 184 Tottenham Court
Aoad, Londan, WIP 9LH, quoting ref: 1401.2.




ENGINEERING TRAINING CENTRE FOR
THE NATIONAL HEALTH SERVICE,
EASTWOOD PARK, FALFIELD, GLOS,

Applications are invited for the post of PRINCIPAL at
this wewly acquired residentlal Centre situated between
Brstol and Gloucester accommodating 60 trainees. The
Centre will provide short course Instruction In a wide
range of hospital installation subjects for hospltal staff
including design engineers, maintenance engineers and
craftsmen in England, Wales and Scotland, Installation of
hospital plant later will assist practleal demonstrations.

Applicants should be Chartered Mechanical or Elec-
trical Engineers, Tralning experience would be an
advantage. The post will carry overall responsibility for
running the Centre and the training programme. Salary
seale: £2,730-£3,285, National Health Service conditions
of service will apply. Residentla)l accommodation i& avail-
able if required.

Further details and appHeation forms from the Secretary,
South Western Reglonal Hoapital Board, 27, Tyndalls
Park Road, Bristol BS8 1PJ,

Closing date 3t May, 1969,

PETERBOROUGH AND STAMFORD HOSPITAL
MANAGEMENT COMMITTE

GROUP ENGINEER

A fons are invited for the a Nppointmem of Grou%aEnglneer.
B ncering wnd Pmﬂwm ey e e s wanical
an ¥ or ro-Tec
an equivalent qualification approved by the Department of | ealth
ln addition, applicants must Imve a thofouu Jracﬂl:al mechanical

training and a sound knowledge the principles and
E:;acﬂee of the eﬂiclm operation of steam boiler plants, and have
mli:edence in both mechanical and electrical emineerfng services
nene ¥
new Boller House, Engineering Workshops, etc., was com-
nﬂssioned in 1962, and a new District l-lolpiml of 340 beds In
August, 1968, Work on a further extenston of 127 beds will com-
mmelnMnyl%!iAnew Maternity hospital of 97 beds 15 now
nder consl be commissioned In June, 1970.
Salary Scale: !l 'ISM 055 per annum (361 to 48 points).
bl!eespnnslbll!y allowance of #1785 per annum will

pa
Applications, stating age, detalls of practical trnlning and experi-
encelJ together with quaﬂ? thons and the names of two referees,
to the roup Peterbor ﬁl and Stamford Hosphtal Man-
agement Commitiee, eterhorough District Hospltal, Thorpe Road,
Peterhborough.

WATFORD GENERAL HOSPITAL

Applications are invited for the post of Hospital Engineer
Sh ells Wing of the Wntfom Generul Hospl!al. This hospltal |ﬂ

at present u e%hu a8 f:meu(
have a total of beds, Sallu'y ranae £ ,210-!1.500 wﬂh B spedal
responsibility allowance of £50 per annum, Quallﬁcatlom uired

are Hisher attonal Certificate In Mechanical or Electrical Enginecr-
lnn. plicants without qualifications may he considered. pEI: -
ggving full particulars and the mames of two referees
sddressed to Group Secretary, West Herts Group Hospknl
nagement Committee, 9 Rickmnansworth Road, Watford, Heits,,
by 'nh June, 1969,

NORTH WEST METROPOLITAN REGIONAL
HOSPITAL BOARD

COMMISSIONING ENGINEER required for electrical and
mechandcal services, Applicants ghould have had a nound
tralning in services and

bet of years of Im'lencam mm"'tﬁ' the ‘operation of
number of years on n or 0] " o
service Installatons, will bge

plant and equipment

to check Anal instaliation and ensure
i functioning comectly prior to hand-over to the opetating staff,

Salary scale: £2,122—£2,484 Inclusive of London Weighting,

Wn form_ from Secreia Nor!h West Metropolitan
Regional Hospital Board, 40 Terrace, W.2, quoting
reference 21, returnable by "ath June.

WILLESBOROUGH HOSPITAL, NR. ASHFORD, KENT

HOSPI"I‘AJL ENGIN‘EER uired to be responslble to the Group
Engineer for a sub-group ur hospitals. Applicants must have
pl'entieeihip ln mechanical or oact

a wide experience In the maintenance of mecha
plant, and should possess one of the

M C. & G, Mechanical Emeﬂnn Techniclane Certificate
(Part 1I) fo include Plant tengnce and Works Service,
{) C. & G, Certificate in Plant Engineering.

(iti) M.O.T. Finst Class Certificate of Canme which Includes
an Ondinary National Diploma or Natlonal Certifi-

caOe
(iv} Hlshu' Nationa] Certificate or Higher National Diploma in
echanical Engineering,
(v) Hisher National Certificate or Higher National Diploma In
Engincering.

Salary: ﬂl.l‘ﬂ) rising to £1,500 p.a. plus n special responsibility
allowance of £25 p.a.
catjons with details of tralni ualifications and e:ﬁrlence
uam‘:]\': two referees, to Grou Seell'l;"taq South-East Kent tai
Management Committes, “Asb-Efon”, “Rednor Park West, i
stone, by May 30th, 1969

MISCELLANEQUS
CIRCULATING PUMPS and Steam Turbines, C
fric spares snd service, TURNEY 'TURB Ltd,

&7, Station Road, Horrow, Telr 1388 and 3449,




